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SUMMARY
The purpose of this project was to assist Main Roads Western Australia in
improving the sustainability and productivity of constructing asphalt
pavements through increased utilisation of warm-mix asphalt (WMA)
technologies. WMA technologies include foaming, chemical, wax and
synthetic additives that allow for the production of asphalt with similar
performance properties as traditional hot-mix asphalt (HMA) but
manufactured at significantly (> 25 °C) lower temperatures.
This report presents preliminary findings from the review of current
national and international literature regarding the use of WMA
technologies, consultation with the asphalt industry and a preliminary
analysis of sustainability benefits. It is envisaged that findings from this
project will contribute towards changes in Main Roads Western Australia
practice and guidance documents.
Interim findings from the information in the report include:
▪

Carbon emissions can be reduced by approximately 6–20% using
WMA technologies, while the use of 20% Reclaimed Asphalt
Pavement (RAP) can further reduce emissions by up to 13%.

▪

Most WMA technologies can be successfully implemented; however,
chemical and organic additives may require minor modifications to
the asphalt plant.

▪

Field trials have indicated that the performance of HMA and WMA
sections containing different percentages of RAP is similar.

▪

Moisture susceptibility of early-age WMA is greater than the
equivalent HMA.

▪

Main Roads is the only jurisdiction that specifies a proprietary WMA
additive.

▪

Queensland Department of Transport and Main Roads (Queensland
TMR) and NSW Roads and Maritime Services (RMS) specify the
maximum WMA additive contents that may be added to mixes.

▪

VicRoads, the Tasmanian Department of Stage Growth (DOSG) and
the South Australia Department of Planning, Transport and
Infrastructure (DPTI) have the most openly specified additives of the
agencies reviewed, allowing a number of technologies to be used
(subject to approval).

▪
▪

▪
▪

Main Roads requires the same mix design requirements regardless
of whether or not WMA additives are used.

Although the Report is believed to be
correct at the time of publication,
Australian Road Research Board, to the
extent lawful, excludes all liability for loss
(whether arising under contract, tort,
statute or otherwise) arising from the

TMR, RMS and the Northern Territory Department of Infrastructure,
Planning and Logistics (DIPL) specify added requirements for WMA
mix designs.

contents of the Report or from its use.

Main Roads is the only agency that does not specify additional
performance testing for WMA mixes.

should apply their own skill and

Asphalt production temperature reductions of 20 °C can decrease
the plant process carbon emissions by up to 21%, and the asphalt
production emissions by up to 5%.

Where such liability cannot be excluded,
it is reduced to the full extent lawful.
Without limiting the foregoing, people

judgement when using the information
contained in the Report.

Main Roads will evaluate its position regarding the use of WMA based on the information in this
report.
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INTRODUCTION

1.1

Background

PRP16018-Final Report

Environmental, economic and efficiency gains can be realised in projects where warm-mix asphalt
(WMA) technologies are adopted. WMA technologies including foaming, chemical, wax and
synthetic additives allow for the production of asphalt with similar performance properties as
traditional hot-mix asphalt (HMA) but manufactured at significantly (> 25 °C) lower temperatures.
WMA technologies temporarily reduce the viscosity of conventional bitumen facilitating the
following production efficiencies:
▪

decreased emissions

▪

reduced energy costs

▪

cleaner and safer working environments (lower fumes and temperatures)

▪

extended hauling distances

▪

prolonged construction season.

The principal concerns regarding the use of WMA are increased residual moisture (less aggregate
drying) and debonding potential as a result of lower production temperatures. Both national and
international studies have shown that laboratory performance, including volumetrics, Marshall
stability and flow, indirect tensile modulus, moisture sensitivity, deformation and fatigue
performance of WMA are similar to HMA (Sharp & Rebecchi 2012; Choi et al. 2013; NCHRP
2017). A recent study in the USA found that the benefits of WMA including significantly reduced
energy consumption, emissions and fumes exposure were achieved without substantial differences
required for the production and construction, nor any differences in early-life performance as
compared to identical HMA mixtures (West et al. 2014). However, the increased potential for
debonding has recently been identified by Martin et al. (2014) although exhaustive investigations
have not yet been conducted.
Main Roads Western Australia (Main Roads) currently permits the use of organic wax compound
(Sasobit®) in the production of WMA or as a compaction and construction efficiency aid for HMA.
While the use of Sasobit® is well-established in WA, alternative warm-mix technologies such as
foaming, chemical and synthetic additives have not been extensively evaluated.

1.2

Objectives

The purpose of the project was to improve the sustainability and productivity of constructing
asphalt pavements in WA through the increased utilisation of warm-mix technologies. The
objectives included:
▪

modification of Main Roads Specifications 504 Asphalt Wearing Course, and 510 Asphalt
Intermediate Course, to reflect the range of warm-mix technologies currently available

▪

generation of an engineering road note (ERN) detailing a protocol for assessing warm-mix
additives, the associated production method and the WMA end product

▪

generation of an ERN outlining selection criteria for WMA to include project, material and
logistical considerations.

1.3

Approach

In order to increase the utilisation of warm-mix technologies in WA the project scope included the
following activities:
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1.

documenting current Main Roads practice regarding warm-mix technologies

2.

consulting with practitioners within Main Roads and the WA asphalt production and
construction industry on current practice and perceived barriers to greater utilisation of warmmix technologies

3.

reviewing existing guidelines and documents in relation to warm-mix technology utilisation to
determine current practice, both nationally and internationally

4.

investigating standardised tools for comparing sustainability (carbon footprint calculator) of
asphalt materials, to include crumb rubber modified (CRM) binder and warm-mix additives

This report documents the activities listed above.

-2-
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2

REVIEW OF AUSTRALIAN AND SELECTED
INTERNATIONAL LITERATURE

2.1

Performance of Warm-mix Asphalt Pavements

PRP16018-Final Report

From 2010 to 2013, Austroads sponsored a project (TT1454: Performance of Warm Mix Asphalt
Pavements) to evaluate WMA technologies for Australian road conditions. The project comprised
the following components:
▪

a review of environmental aspects of the use of WMA as opposed to HMA

▪

a review of field trials using WMA technologies around the world with emphasis on field
performance data that could be used to complement the Austroads WMA evaluation field
trials for Australian road conditions

▪

a validation construction trial carried out with three different WMA technologies in Melbourne

▪

a laboratory testing program to support the validation of the field trial

▪

the preparation of a WMA evaluation protocol setting out the conduct of appropriate
laboratory tests and field validation projects so that the performance of WMA and HMA can
be compared.

The findings of the project were summarised in five Austroads technical reports. A summary of the
main findings in each report is presented below.
2.1.1

Review of the Environmental Aspects of Warm-mix Asphalt

Alderson (2010) reviewed comparisons of the carbon emissions produced during the production of
HMA and WMA using different technologies.
Mixing temperatures were found to have a small but not insignificant effect on emissions. By
reducing the mixing temperature of the asphalt from 155 °C to 130 °C it is possible to reduce
carbon emissions by about 5.7% (Rippol & Farré 2008). More significant reductions in the carbon
emissions could be gained with the use of increasing quantities of reclaimed asphalt pavement
(RAP). The use of 20% RAP, for example, can contribute to a reduction in carbon emissions of
about 12.6% (Rippol & Farré 2008).
Other factors that affect the production of emissions during asphalt production are: the fuel used in
the burner at the asphalt plant, aggregate stockpiling practices (which influence the energy
required to heat the aggregates) and material transport costs.
Alderson (2010) presented data obtained from different sources to compare the reduction in
emissions and energy from the use of different WMA technologies compared to HMA, as
presented in Table 2.1. The first row in the table corresponds to data from an FHWA report
(D’Angelo et al. 2008) for a number of WMA processes. Advera, Aspha-Min, Evotherm and
Sasobit® are additives included in the production of WMA. The Double Barrel® Green process is a
specific water-injection process developed by Astec for the production of WMA. WAM foam® is a
two-stage process where softer binder and harder foamed binder are mixed separately to produce
WMA. More detailed information on each of the technologies compared can be found in Vuong et
al. (2012).
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Table 2.1: Reduction (%) in emissions and energy compared to HMA
CO

CO2

SO2

NOx

Energy

10 – 30

15 – 40

18 – 35

18 – 70

20 – 35

Advera

62

*

83

30

*

Aspha-Min

19

3 – 18

18

6 – 23

23 – 30

Double Barrel Green process

10

11

*

8

24

EvoTherm

63

45

81

58

30 – 55

Sasobit®

32

18

*

34

20

8 – 29

31 – 35

25 – 30

62

24 – 35

FWHA (2008) ^

WAM foam

^ Included organic waxes: Sasobit®, Asphaltan-B, Licomont and 3E LT or Ecoflex. foaming processes: Aspha-min, ECONAC, low-energy asphalt (LEA) (also lowenergy coated (EBE) and coated low temperature (EBT)), low-energy asphalt concrete (LEAB), Nynas low temperature (LT) asphalt and WAM foam.
* Unable to locate reliable data.
Source: Alderson (2010).

The values presented in the table are indicative only and do not account for upstream factors such
as the manufacture and transport of additives.
Actual reduction in emissions is specific to each project, as it depends on many factors such as the
condition of the asphalt plant used, weather conditions during production and the WMA technology
used.
2.1.2

Review of Overseas Trials of Warm-mix Asphalt Pavements and Current Usage by
Austroads Members

Vuong et al. (2012) presents a review of field trials using WMA technologies conducted in different
countries with the objective of identifying field performance data that could be used to complement
Austroads WMA evaluation field trials.
A list of commercially available WMA technologies grouped into six main categories is provided in
the report, which is presented here in Table 2.2.
Table 2.2: Commercially available WMA technologies
Category
Sequential
aggregate coating
and binder foaming

Water-based
binder foaming

Product /
Process
Low energy
asphalt (LEA1)

Availability of
laboratory/field
validation trials

Supplier

Description

Yes

LEA-CO (France)

Sequential coating process where coarse
aggregate is coated with hot binder, followed
by addition of cold wet fine aggregate to create
foaming action developed in 2005

Low emission
asphalt (LEA2)

Suit-Kote
(McConnaughay)
Corporation (USA

As in LEA with chemical additive added to the
hot coarse aggregates

Yes

WAM-Foam®

Shell International (UK)
/
Kolo-Veidekke
(Norway)

Two-stage process where softer binder (for
aggregate coating) and harder foamed binder
are mixed separately

Yes

AQUABlack®

Maxam Equipment,
Inc. (USA)

High-pressure foaming gun (7000 kPa) using
MicroBubble™ technology

Not reported herein

Double Barrel®
Green

Astec Industries (USA)

A nozzle to inject a small amount of water into
the hot binder stream to create foaming action

Yes
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Availability of
laboratory/field
validation trials

Supplier

Description

Terex® WMA

Terex® Corporation
(USA)

Foamed asphalt produced outside of drum &
immediately injected into drum's mixing
chamber

Not reported herein

Ultrafoam GX®

Gencor Industries, Inc.
(USA)

Pumps to supply the bitumen; steam is injected
into the centre of the bitumen flow to create
foaming action

Yes

Binder foaming
with water-bearing
additive

Advera® WMA

PQ Corporation (USA)

Manufactured Zeolite which releases water
during production, creating foaming action

Yes

Aspha-Min®

Eurovia Services
GmbH (Germany)

Synthetic Zeolite powder which releases water
during production, creating foaming action

Yes

Chemical additive
(surfactants /
emulsions)

CECABASE
RT®

Arkema Group
(France)

Additive containing surface active agents
composed of at least 50% renewable raw
materials (chemical additives in wax-based
liquid form)

Yes

Evotherm®

MeadWestvaco
Asphalt Innovations
(USA)

Chemical package of emulsification agents and
anti-stripping agents

Yes

Evotherm 3G

MeadWestvaco
Asphalt Innovations
(USA)

Chemical package of surfactants and antistripping agents; does not contain water

Yes

Rediset® WMX

Akzo Nobel NV
(The Netherlands)

Chemical additives in pellet form; does not
contain water

Yes

Asphaltan B

Romonta GmbH
(Germany)

Wax extracted from coal

Yes

Sasobit®

Sasol Wax (South
Africa)

Synthetic wax produced from coal gasification
using the FT process

Yes

LEADCAP®

Kumho Petrochemical
(Korea)

Pellets in paper bag or jumbo bag

Yes

Shell Thiopave®

Shell

Combination of sculpture, plasticiser and other
additives

Yes

TLA-X®

Trinidad and Tobago
Ltd

Uncoated and coated pellets with binder
stiffening additive

Not reported herein

Organic additives

Combined binder
modifier/ and
organic additives

Source: Vuong et al. (2012).

Vuong et al. (2012) subdivided reported WMA trials into three categories:
▪

Development trials: aimed at meeting a manufacturer’s desire to obtain supporting evidence
of material workability and performance for the purposes of developing the additive,
processes and equipment prototypes used to produce WMA. This type of trial consists of
low-cost laboratory studies. With WMA technologies that cannot be manufactured in the
laboratory without expensive equipment, full-scale mixing plants and road trials are used to
produce samples for laboratory testing.

▪

Production/demonstration trials: aimed at obtaining supporting field evidence of the
production and placement of a WMA technology to support road agency requirements in
regard to quality control and assurance. The work consists of field trials using full-scale
mixing plants at a commercial production rate.
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Validation/implementation trials: aimed at obtaining information on material workability and
field performance (short and long-term) so that road agencies can develop and validate mix
designs, specifications and construction standards. This category includes a larger number
of field trials constructed using different asphalt mixes and subjected to different load and
environmental conditions.

A large number of demonstration and validation trials have been identified, most of them in the
USA. In most cases WMA with water-bearing, chemical and organic additives was used rather than
technologies using water-based mechanical systems.
The findings of the trials indicate that most WMA technologies can be successfully implemented,
with technologies involving chemical and organic additives requiring only minor modifications to the
asphalt plant. At the time the report was written, there were 23 registered WMA technologies in
approved state road agency mix designs in the USA.
There is still, however, some reported concern regarding the long-term performance of WMA
associated with the lower production temperatures (including moisture damage if the aggregates
are not properly dried) and the altering of binder viscosity. The main performance concerns include
moisture susceptibility, rut resistance and durability.
2.1.3

Field Validation of Warm-mix Asphalt Pavements

Details of a validation trial conducted using three different WMA technologies and a ‘control’
dense-graded asphalt (DGA) HMA section are reported by Sharp et al. (2012). The trial was
conducted on thin surfacing layers (40 mm thick) of an existing road in Melbourne (Sydney Road,
also called the Old Hume Highway), with a traffic volume of about 24 000 vehicles per day and
percentage of commercial vehicles of 14%. Prior to construction, the existing road was crack
sealed and patched.
The WMA technologies tested comprised: an organic additive (Sasobit®), a chemical additive
(CECABASE RT®) and the Astec water-based binder foaming method (water-based binder
foaming). Additional to the use of WMA technologies, the trial also included sections with varying
percentages of RAP (0%, 10% and 50%). A summary of the tested mixes is presented in
Table 2.3.
Table 2.3: General details of mixes tested in validation trial
14 mm HMA, 0% RAP, C320 Binder (VicRoads DGA Type H mix)
14 mm WMA 0% RAP (organic additive)
14 mm WMA 10% RAP (organic additive)
14 mm WMA 0% RAP (water-based binder foaming)
14 mm WMA 10% RAP (water-based binder foaming)
14 mm WMA 0% RAP (chemical additive)
14 mm WMA 0% RAP (water-based binder foaming)
14 mm WMA 50% RAP (water-based binder foaming)
Source: Sharp et al. (2012).

Performance measures used to evaluate the trial sections included the collection of cracking,
roughness, rutting, texture and maximum surface deflection data. After almost two years, the trial
did not show any obvious difference between the WMA and HMA sections and sections containing
different percentages of RAP. Some cracking was observed but was mostly attributed to reflection
cracking and differential movement under the pavement.
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Laboratory Evaluation of Warm-mix Asphalt Mixes

Choi et al. (2013) presents the findings of the laboratory testing program conducted in conjunction
with the field evaluation trial presented in Sharp et al. (2012). Laboratory tests included:
▪

mix composition (binder content/aggregate grading)

▪

volumetrics (maximum/bulk density, air voids)

▪

Marshall stability (Marshall compacted specimens)

▪

resilient modulus (gyro compacted specimens)

▪

moisture sensitivity (laboratory and field samples)

▪

wheel tracking

▪

fatigue life

▪

viscosity of binder (fresh/recovered).

The test results indicated that the laboratory performance of the HMA and WMA mixes was
generally similar, except that:
▪

WMA produced using the water foaming method presented indirect tensile modulus similar or
lower than WMA mixes produced with additives

▪

the recovered viscosities of WMA (without RAP) were lower than the viscosities of HMA.

The authors noted that the results obtained may have been influenced by issues such as variations
in sampling methods, prolonged mix storage time, inaccurate compaction of specimens and
equipment problems. Furthermore, each of the industry participants conducted their own laboratory
testing which may have influenced the results.
2.1.5

Evaluation Protocol for Warm-mix Asphalt

Sharp and Malone (2013) documented the final version of the WMA evaluation protocol, which sets
out the conduct of appropriate laboratory tests and field validation projects so that the performance
of WMA and HMA can be compared. The aim of the protocol was to assist different road agencies
in Australia and New Zealand in the acceptance of WMA technologies without the need for
redundant testing and trials.
The document was prepared for dense-graded asphalt wearing courses with conventional binders,
although it could be adapted to other mixes.
The protocol includes recommendations for testing of laboratory-manufactured and production
samples, as well as desirable site conditions for a validation site, the timeframe for the evaluation,
and data and information exchange.
The final protocol is included in Appendix A.

2.2

Validation and Specification for Warm-mix Asphalt

Main Roads conducted a WA Pavements and Assets Research Centre (WAPARC) project closely
linked with Austroads Project TT1454 to investigate how the use of WMA would affect the
specification for conventional asphalt mixes in Western Australia. The project details are presented
in the ARRB report Validation and Specification for Warm Mix Asphalt (Sharp & Rebecchi 2012).
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The project tasks included a review of current practices at the time, as well as the preparation of a
report summarising the risks associated with the use of WMA and recommended actions to
manage the risks. Professionals from different road agencies and industry across Australia
(including Austroads, Main Roads, VicRoads, Australian Asphalt Pavement Association (AAPA)
and asphalt manufacturers in Queensland and Victoria) were interviewed. Based on the findings,
changes to Main Roads Specifications 504 and 510 were proposed to allow the use of WMA
technologies.
One of the topics investigated was the use of WMA technologies with granite aggregates, which
are typical in the Perth region. Those interviewed either did not identify any perceived risks or did
not have experience with the use of granite aggregates.
The project identified the use of WMA technology in different Australian jurisdictions at the time.
Technologies trialled in Australia included the water-based Astec foaming system, the Astec
Double Barrel® Green technology, the WAM-foam®, Sasobit®, Aspha-Min® and CECABASE. All
the trials were very recent, but generally, no significant differences between the performance of
WMA sections and the control HMA sections were identified. The most common WMA technology
used across Australia is Sasobit®. However, on most occasions this additive appears to be used to
improve workability of mixes produced as HMA that are placed at low temperatures due to long
haul distances.
The project also reviewed each Australian state and territory specifications for WMA at the time,
which are summarised below:
▪

VicRoads: allows different WMA techniques (for projects where WMA is permitted), WMA
mixes are registered as separate mix designs, except for type SI (‘a multi-purpose Size 14 or
20 mm structural asphalt for intermediate course in heavy-duty pavement of basecourse in
medium duty pavements’), where the mix registered for HMA may be used for WMA.

▪

Main Roads: includes the use of Sasobit® only, no allowance for foamed WMA.

▪

Roads and Maritime Services NSW (RMS): WMA allowed in DGA, no preference for a
particular WMA mix, maximum proportion of additive limited.

▪

Queensland Department of Transport and Main Roads (Queensland TMR): Sasobit® allowed
in DGA and open-graded asphalt (OGA), mix registration process requires all constituents to
be nominated (including additives), if the additive is unknown to TMR the contractor needs to
undertake evaluation of the mix properties and field performance.

▪

Department of Planning, Transport and Infrastructure South Australia (DPTI): WMA additives
to be approved by superintendent, mixes with additive must obtain the target air voids
specified, placement temperature lower than required in AS 2150, performance of WMA
assumed to be equivalent to HMA.

▪

Australian Capital Territory (ACT) Department of Territory and Municipal Services (TAMS):
includes the use of WMA by foaming the bitumen in the plant.

▪

Other jurisdictions: Department of Construction and Infrastructure Northern Territory (NT)
(DCI) and Department of Infrastructure, Energy and Resources, Tasmania (DIER) did not
have specifications for WMA.

A review of overseas field trials of WMA pavements concluded that although the field trials
indicated that the performance of WMA was generally as good as HMA, there was still some
concern regarding long-term performance associated with moisture susceptibility, rut resistance
and durability. It was suggested that outputs of projects being conducted overseas be monitored to
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help in the establishment of a list of approved WMA technologies suitable for Australian conditions
and in reviewing the evaluation protocol prepared as part of the Austroads project.
At the time the report was written, a trial was planned in Western Australia using the water-based
Astec foaming system attached to a Boral batch plant. The trial was to take place as a component
of a large construction contract being managed as an alliance between industry contractors and
Main Roads. The specifications for the trial were reviewed by John Rebbechi following a workshop
with representatives of the alliance and external experts (Sharp & Rebecchi 2012). The
specifications allowed for the use of 10% RAP in intermediate courses and the use of a foamed
bitumen technology for the construction of WMA. The findings of the trial were presented by
Clayton (2015), as summarised in Section 2.3.
Only two technologies were identified as commercially available in WA: Sasobit® and the Astec
Double Barrel® Green foaming technology. Sasobit® is an organic (wax) modifier that reduces
binder viscosity at mixing temperatures but slightly increases it at service temperatures. Waterfoaming processes reduce binder viscosity during production and compaction. The reduced
production temperatures result in less oxidation of the binder, which leads to a slightly lower
asphalt stiffness. Although this was found to be an issue in laboratory performance of the asphalt,
it did not appear to be an issue in field trials. Moisture susceptibility was identified as one of the
major risks with the use of these technologies.
The general approach identified in the report was to require the supplier to nominate all
constituents as part of a mix design registration process. It was recommended that this approach is
adopted by Main Roads, with all WMA mix designs becoming ‘job mixes’. However, for processes
using foam technologies, where there is no available equipment for replicating the mixing process
in the laboratory, the HMA mix design could be used and the mix properties (volumetric and
performance) verified on samples taken from production.
The main findings of the study were:
▪

Field trials indicate that the performance of WMA and HMA are generally similar, although
there is still some concern on the long-term pavement performance associated with rutting
resistance and moisture susceptibility.

▪

The use of adhesion agents or hydrated lime, as well as QA procedures to monitor moisture
content should be adopted to reduce risks associated with moisture susceptibility.

▪

The risks associated with rutting performance can be reduced by the choice of binder,
including the use of polymer modified binder (PMB) if required for heavy-duty applications.

▪

PMBs can be used with the foam technology.

2.3

Introduction of Warm-mix Asphalt into Western Australia

Clayton (2015) documents the conduct of the WMA and RAP field trial described in Section 2.2.
The WMA and RAP trial was conducted in WA as part of the Great Eastern Highway reconstruction
project. The project utilised the free-water foamed bitumen technology, chosen because it only
requires water other than the initial capital outlay and routine maintenance. Sections with 10% RAP
and without RAP were constructed, as well as a control section, to allow comparison of the
performance of each section.
The asphalt mixes produced as WMA included a 20 mm mix using C320 binder and a 14 mm mix
using A15E PMB.
The original plan was to produce WMA at 130 °C, but at this temperature the aggregates were not
properly drying, and the binder coating was not acceptable. A temperature of 140 °C was found to
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be acceptable, but only for the mixes with C320 binder. Contrary to the findings of the WAPARC
study, the A15E polymer modified binder did not foam properly at this temperature and only
allowed a small reduction in temperature, not enough to be considered a WMA.
Performance testing included modulus, indirect tensile strength, tensile strength ratio (TSR
stripping evaluation), fatigue and wheel rutting. The test results, as well as a visual inspection
conducted two years after construction, did not indicate any significant difference between the
HMA and WMA sections and the sections with and without RAP.

2.4

US Studies Reported after Austroads and WA WMA Studies

A series of US studies, all conducted under the National Cooperative Highway Research Program
(NCHRP) have been reported since the literature reviews for the previously discussed Austroads
and WA projects were conducted. The findings of these newer studies are discussed below.
2.4.1

Properties and Performance of Warm-mix Asphalt Technologies

The findings of this project are presented in the NCHRP Report 779: Field Performance of Warm
Mix Asphalt Technologies (West et al. 2014). The objectives of this project were to:
▪

establish relationships between engineering properties of WMA and field performance of
pavements constructed using WMA technologies

▪

compare long-term and short-term performance of WMA and HMA

▪

compare production and construction practices between WMA and HMA

▪

compare WMA and HMA emissions.

The report is divided in two parts, as summarised below.
Part 1: Engineering Properties and Field Performance of Warm-mix Asphalt Technologies
The study investigated surface mixes using WMA technologies from 14 field projects, conducted at
the National Center for Asphalt Technology (NCAT) Test Track. In all the cases, the existing HMA
volumetric mix design was adopted with the WMA technology simply added in (‘drop in’ WMA mix
design). The technologies evaluated included chemical additives (Cecabase RT® and
Evotherm® D), asphalt foaming processes (Advera®, AQUABlack® WMA Systems, Aspha-min,
Astec Double Barrel Green® (DBG) Systems and Terex® WMA Systems) and organic additives
(BituTech PER, Sasobit® and SonneWarmixTM).
The laboratory testing evaluated recovered binder performance grade, mixture modulus over a
wide temperature range, moisture susceptibility, fatigue cracking, thermal cracking, and permanent
deformation. The main findings were:
▪

Although the binder absorption for HMA was found to be slightly higher than for WMA, the
differences were not significant over time, which led to the conclusion that the binder content
on WMA mixes does not need to be reduced to account for reduced absorption.

▪

Flow number tests on samples compacted on the field and in the laboratory indicated that
WMA mixes are more prone to rutting than HMA mixes.

▪

In most cases the tensile strength of the WMA and HMA sections did not show statistically
significant differences.

▪

In general, the tensile strength ratio values were not significantly different for WMA and HMA
mixes.
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▪

Except for one case using Sasobit®, WMA mixes presented higher Hamburg rut depths than
HMA mixes.

▪

Fatigue results showed generally similar performance for WMA mixes and the control HMA.
In most cases, the dynamic moduli of the WMA mixtures were lower than the corresponding
HMA.

The pavement performance in terms of surface-down cracking length and rut depth was predicted
using the MEPDG Version 1.003 software and compared to field observations. The main findings
of the MEPDG analysis conducted in conjunction with the field trials were:
▪

The MEPDG over-predicts rut depths and cracking, especially for WMA mixes.

▪

In general, the MEPDG indicates that WMA sections should perform as well as HMA in terms
of rutting and cracking.

The comparison between laboratory tests and field performance indicated that:
▪

The Hamburg criteria developed to assess rutting based on the NCAT Test Track experience
appeared to be too conservative for WMA mixes, whereas the flow number criteria seemed
to be appropriate.

▪

Although six mixes did not meet the standard tensile strength ratio (TSR) criteria (minimum
of 0.80) and eleven mixes did not meet the NCAT minimum Hamburg SIP criteria (5000
cycles), no moisture damage was observed in any of the projects.

▪

Laboratory fatigue testing was only conducted for three projects and did not lead to
conclusive findings in regard to the relationship between laboratory results and field
performance (one project indicated the same trends as the laboratory results, another project
indicated the opposite trend and a third project did not seem to present any load-related
cracking).

▪

No clear relationship was found between indirect tensile (IDT) creep compliance and strength
test results and field performance.

Based on the findings of the study, West et al. (2014) recommended that:
▪

Mix designs are conducted without WMA technology when determining optimum bitumen
content and with the proposed WMA technology when determining coating, compactability
and TSR.

▪

Flow number testing should only be required for pavements where the predicted traffic
exceeds 3 x 107 equivalent standard axles.

▪

The criteria to evaluate moisture susceptibility using the Hamburg test needs to be revised to
extend the conditioning of WMA mixtures from 2 hours to 4 hours at 32 °C. Alternatively, the
Hamburg test may be revised by adjusting the rut depth criteria according to the predicted
traffic, similar to the flow number criteria.

Part 2: Effects of WMA on Plant Energy and Emissions and Worker Exposures to Respirable
Fumes
Part 2 of the Field Performance of Warm Mix Asphalt Technologies project compared WMA and
HMA in regard to the relative plant energy expenditure, plant emissions and fume exposure. WMA
technologies investigated included chemical additives (Cecabase RT® and Evotherm® D), asphalt
foaming processes (Advera®, Astec Foam®, AQUABlack® Maxam Foam and Gencor Foam TM) and
organic additives (BituTech PER, Heritage Wax® and SonneWarmixTM).
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The comparison between WMA and HMA emission measurements during production indicated
that:
▪

The average reduction in mix temperature of 27 °C associated with WMA technologies
resulted in average fuel savings of 22.1%.

▪

There was an average of a 20% reduction in carbon dioxide (CO2) emissions, however,
carbon monoxide (CO) emissions were not reduced with the use of WMA.

▪

Volatile organic compound emissions were reduced by up to 50% in one plant.

▪

Sulphur dioxide (SO2) emissions from reclaimed oil fuel were significantly reduced with
WMA, suggesting better control at lower baghouse temperatures.

▪

A slight reduction in nitrogen oxide (NO2) emissions was observed using WMA.

▪

WMA technology reduced asphalt worker exposure of total organic matter (TOM) by an
average of 36% within the breathing zones, however, exposures were not the same across
different WMA technologies.

Therefore, the findings of this study indicate that the use of WMA technologies may lead to
reductions in fuel usage which can help offset the cost of WMA technologies or equipment as well
as decreasing the asphalt worker exposure to TOM during paving. Furthermore, reductions in fuel
usage correspond to a decrease in greenhouse gas emissions
2.4.2

Performance of WMA Technologies – Moisture Susceptibility

The findings of this project are presented in the NCHRP Report 763: Evaluation of the Moisture
Susceptibility of WMA Technologies (Martin et al. 2014). The main objective of the project was to
develop guidelines for identifying (by means of laboratory testing) and limiting moisture
susceptibility in WMA pavements. The study included testing on laboratory-mixed laboratorycompacted specimens, plant-mixed laboratory-compacted specimens and plant-mixed fieldcompacted cores. Laboratory-conditioning protocols and test methods were evaluated to propose
protocols for WMA and HMA.
The overall findings from the project were:
▪

The laboratory-conditioning experiments indicated that WMA was more sensitive to
conditioning temperature than conditioning time and that the proposed conditioning
temperatures for WMA and HMA were 116 °C and 135 °C, respectively.

▪

The moisture susceptibility of early-age WMA (prior to summer aging) was greater than the
equivalent HMA mix, however, following summer aging moisture susceptibility performance
was comparable to HMA.

▪

Dry and wet indirect tensile strengths, dry and wet resilient modulus stiffness and Hamburg
wheel-tracking (HWT) test results indicated that HMA mixes have higher stiffness, strength
and moisture resistance than WMA mixes at initial field and laboratory stages. However, after
aging, comparable results between HMA and WMA were observed.

Based on the findings, Martin et al. (2014) recommended that to ensure the WMA mixes are
resistant to moisture ingress, the mix should include anti-stripping agents or ensure construction is
completed in summer, before being exposed to wet environmental conditions.
2.4.3

Performance of WMA Technologies – Long-term Field Performance

NCHRP (2017) presents a comparison between material properties and field performance of WMA
and HMA pavement sections constructed in the USA. The main objective of the project was to
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propose best practice regarding the usage of WMA by evaluating distresses during long-term field
performance of HMA and WMA.
The study investigated 23 in-service pavements constructed prior to 2011 and five in-service
pavements constructed between 2011 and 2012. The in-service pavements were selected where
the existence of a similar HMA control section could be used to reduce the number of variables
affecting performance where the HMA and WMA pavements were either in the same traffic lane or
parallel traffic lane, depending on HMA pavement availability. The project covered WMA in four
climate zones and technologies in three main categories, chemical additives (Cecabase RT®,
Evotherm® and Rediset®), asphalt foaming processes (Advera®, AQUABlack® WMA Systems,
Aspha-min, Astec Double Barrel Green® (DBG) Systems, Gencor Ultrafoam GX2TM and LEA) and
an organic additive (Sasobit®).
The long-term performance of the WMA pavements was evaluated by comparing the transverse
cracking, wheel-path longitudinal cracking and rutting distresses with a control HMA pavement.
The key findings were:
▪

Long-term field performance of WMA was found to be comparable to HMA and performed
similarly for WMA and HMA pavements ranging between 4 and 10 years old. No moisturerelated distress was observed in either WMA or HMA pavements that were up to 10 years
old.

▪

Short-term performance of the three WMA technologies (chemical additive, foaming and
organic) was similar. However, in the longer term, chemical and foaming WMA pavements
appeared to have better transverse cracking and longitudinal cracking resistance than
organic modified WMA pavements.

▪

The mixture’s fracture work density value was found to have an inverse proportional
relationship with transverse cracking, where a higher fracture work density value correlates
with less transverse cracking.

▪

The mixture’s tensile strength was found to have a proportional relationship with longitudinal
wheel-path cracking for the range of indirect tensile strength values measured.

▪

Results from the HWT test indicated that when an anti-stripping agent was not used, both
HMA and WMA may have stripping concerns.

▪

The MEPDG has limited capability in predicting the long-term performance of WMA and HMA
pavements, especially about transverse and longitudinal cracking.

▪

In general, the performance of WMA mixes can be treated as similar to HMA mixes.

Based on the findings of the field and laboratory tests conducted as part of this study, it was
proposed that the mixture fracture work density value and tensile strength be validated for local
conditions and integrated into a performance-based mix design for both HMA and WMA mixes.
Furthermore, it was recommended that anti-stripping agents are used for both HMA and WMA
mixes.
2.4.4

Performance of WMA Technologies – Moisture Susceptibility – Validation

Martin et al. (2016) performed a survey of the US state departments of transportation to validate
and revise WMA mix design and quality controls to identify and minimise moisture susceptibility.
The study included identifying WMA mixes with available field performance, mix design and quality
control data.
After reviewing 64 WMA mixes the project produced a revised flowchart, shown in Figure 2.1, for
evaluating WMA moisture susceptibility. This details the proposed laboratory short-term oven aging
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protocols on loose asphalt and long-term oven aging protocols on compacted asphalt for three
different standard laboratory tests used to assess moisture susceptibility of WMA mixes.
Evaluation commences after mixing WMA laboratory-mixed laboratory-compacted (LMLC)
specimens. The mix is then subjected to short-term oven aging (STOA) and based on available
equipment, costs and prior experience, moisture susceptibility can be evaluated using one of three
options. Strength measurements are then taken using indirect tensile or resilient modulus testing. If
the mix passes the STOA thresholds, it is expected to have adequate performance in terms of
moisture susceptibility, otherwise early-life susceptibility is likely.
The mixture must then be modified by adding or modifying the dosage of, or changing stripping
agents and/or by altering the asphalt mix design. The modified WMA mix is then evaluated using
the same criteria, where subsequent failure to meet the STOA thresholds will require evaluation
after long-term oven aging (LTOA) to assess whether performance improves with aging.
After long-term aging, the same selected laboratory test is used but with revised criteria that reflect
the stiffening effects due to oxidative aging. Passing the LTOA thresholds indicates that moisture
susceptibility in early life is probable and construction should be scheduled to ensure summer
aging occurs prior to multiple freeze-thaw cycles or wet and cold days, otherwise the mixture is
moisture susceptible. It is important to note that if plant-mixed laboratory-compacted (PMLC)
samples are used in lieu of LMLC specimens, the thresholds are increased as noted in Figure 2.1.
Figure 2.1: WMA moisture susceptibility evaluation for mix design or quality assurance

Note: LMLC = laboratory mixed laboratory compacted, PMLC = plant mixed laboratory compacted, PMFC = plant mixed field compacted, MIST = moisture induced
stress tester, HWB = hot water bath, IDT = indirect tensile, MR = wet resilient modulus, HWTT = Hamburg wheel tracker test, SIP = HWTT stripping inflection point,
STOA = short-term oven aging, LTOA = long-term oven aging.
Note a: if WMA LMLC is not available, use trial batch prior to production for verification: on-site PMLC or off-site PMLC with minimal reheating
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Note b: select a single moisture conditioning protocol and use it throughout the mix design verification
Note c: select a single test method and use it throughout the mix design verification
Note d: if trial batch off-site PMLC specimens are used, employ the following thresholds (tensile strength ratio and resilient modulus remain unchanged): Wet IDT ≥
100 psi, wet resilient modulus ≥ 300 ksi, stripping inflection point ≥ 6 000 cycles, stripping slope ≤ 2.0 µm/cycle.
Source: Martin et al. (2016).
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3

CURRENT WARM-MIX ASPHALT PRACTICES IN
AUSTRALIA

3.1

Main Roads

The use of WMA is covered in Main Roads Specification 504 Asphalt Wearing Course (Main
Roads 2017) and Specification 510 Asphalt Intermediate Course (Main Roads 2018). The current
documents only mention the use of Sasobit® for the production of WMA. Sasobit® may be used in
the production of asphalt in the applications outlined in Table 3.1.
Table 3.1: Sasobit® applications
Application

Conditions

Type A

Production of asphalt at normal temperatures where asphalt is being transported for long distances and temperature loss may
occur during transport or transfer at the paving site. This application is not applicable to asphalt manufactured using a polymer
modified binder or open graded asphalt.

Type B

Production of asphalt at normal temperatures where asphalt is being paved in cold weather and the asphalt is transported only
for short distances. This may include asphalt manufactured using a polymer modified binder and open graded asphalt.

Type C

Production of asphalt at a lower temperature (warm mix). This may include the use of a polymer modified binder but not open
graded asphalt.

Source: Main Roads (2017).

Specification 510 also allows the use of up to 10% RAP. The asphalt mix design is the same for
HMA without including any WMA additive or RAP (i.e. it does not include Sasobit®).
The specification requires that WMA temperatures are not less than 130 °C at the discharge point,
between 135 °C and 155 °C when wearing courses are delivered to the work site and between
125 °C and 155 °C when asphalt intermediate courses are delivered to the work site.
Additionally, the specification allows the use of Sasobit® to improve workability of HMA mixes
during compaction when:
▪

the asphalt is transported long distances (excluding polymer modified binder and OGA)

▪

construction takes place in cold weather and asphalt is transported short distances (including
polymer modified binder and open-graded asphalt).

3.2

Queensland Department of Transport and Main Roads
(Queensland TMR)

The use of WMA in Queensland is covered in Technical Specification MRTS30 Asphalt Pavements
(Queensland TMR 2017a). The specification allows the use of additives in the production of WMA
but requires the proponent to submit the proposed amendments to the mix design procedure,
operational and/or test methods proposed and classification of the additive. The additive content is
limited as follows:
▪

wax: maximum of 2.0% by mass of binder

▪

surfactants: to be nominated by the contractor

▪

water: maximum of 3.0% by mass of binder.

The mix design for WMA should include test results showing the equivalent compaction
temperature for WMA (Test Method Q323 (Queensland TMR 2017b)). The moisture content is
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required to not exceed 0.5% by mass of the total mix when tested in accordance with test method
AS/NZS 2891.10.
Queensland TMR allows up to 40% of RAP depending on the nature of the project and function of
the asphalt layer. This limit is reduced to 15% for asphalt containing PMB. RAP is not allowed in
stone mastic asphalt (SMA) and OGA.
Queensland TMR has a separate document with guidance on the use and procedures for
registration of WMA: Technical Note 75 Registration of Mix Designs for Asphalt Manufactured
Using Warm Mix Asphalt Technologies (Queensland TMR 2012). This document restricts the use
of non-registered WMA mixes to low-risk applications. Registered mixes can also be used in highrisk and very high-risk applications if approved by the principal. The document contains tables that
specify when WMA can be used depending on the mix type (nominal aggregate size and binder
used) and traffic. In general, for smaller-size aggregates and medium-duty binders, WMA is
allowed only for lighter traffic conditions whereas for larger-size aggregates and heavy-duty
binders WMA is also allowed for heavier traffic conditions.
Queensland TMR specifies the following compaction temperatures for specimens used in different
tests:
▪

Moisture sensitivity, wheel-tracking and resilient modulus testing: standard HMA
temperatures.

▪

Voids at 250 cycles testing: compaction temperature nominated by the contractor for
Marshall test specimens.

▪

Binder drainage testing: not less than the maximum asphalt manufacturing temperature
nominated by the contractor.

▪

Characterisation tests: compaction temperature nominated by the contractor for Marshall test
specimens.

Wheel-tracker testing is also required for heavy-duty asphalt mixes. Resilient modulus and fatigue
testing is required for WMA using Sasobit® at concentrations higher than 1.5%.
With the use of WMA technologies the maximum temperature at the time of opening to trafficking is
reduced from 65 °C (HMA) to 60 °C.

3.3

New South Wales Roads and Maritime Services (RMS)

RMS generally allows the use of WMA additives in DGA in the following design and construct
(D&C) specifications:
▪

Specification D&C R116 – Heavy Duty Dense Graded Asphalt (RMS 2013a)

▪

Specification D&C R117 – Light Duty Dense Graded Asphalt (RMS 2013b)

▪

Specification D&C R118 – Crumb Rubber Asphalt (RMS 2013c)

▪

Specification D&C R121 – Stone Mastic Asphalt (RMS 2013d).

The contractor is requested to submit evidence of the performance of the additive, proposed
amendments to the mix design procedure, operational processes and/or test methods proposed
and the classification of the additive. The additive content is limited as follows:
▪

wax: maximum of 2.0% by mass of binder

▪

surfactants: to be nominated by the contractor
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water: maximum of 0.06% by mass of the total mix.

The moisture content is required to not exceed 0.5% by mass of the total mix when tested in
accordance with Test Method RMS T660 (RMS 2012).
RMS allows up to 20% or RAP on heavy-duty wearing course dense-graded mixes and 25% on
other course heavy-duty mixes. On light-duty dense-graded mixes and heavy-duty mixes
containing PMB, RMS allows 10% on wearing courses and 15% otherwise. Specification D&C
R116 states that higher levels of RAP may be permitted for mixes produced as WMA without PMB,
subjected to additional testing.
Additional testing required for asphalt containing WMA additive includes resilient modulus in
accordance with AS/NZS 2891.13.1 and deformation resistance (rut depth) in accordance with
Austroads Test Method AGPT/T231 (Austroads 2006).

3.4

South Australia Department of Planning, Transport and
Infrastructure (DPTI)

DPTI Specification R27 – Supply of Asphalt (DPTI 2017) allows the use of WMA additives and
foaming techniques subjected to prior approval. The contractor must provide the testing
temperature of gyratory compaction and disclose the proprietary product of the proposed additive.
DPTI allows the use of up to 10% of RAP on coarse dense-mix asphalt and 20% on fine densemix asphalt used as a wearing course, up to 50% on levelling, intermediate and basecourse mixes
without PMB and 20% on levelling, intermediate and basecourse mixes with PMB.

3.5

VicRoads

WMA is covered in the VicRoads Standard Specification for Roadworks and Bridgeworks Section
409 – Warm Mix Asphalt (VicRoads 2012), and Code of Practice RC 500.01 – Registration of
Bituminous Mix Designs (VicRoads 2016).
Section 409 (VicRoads 2012) specifies additional performance testing to be carried out for WMA,
which includes:
▪

moisture sensitivity testing (minimum wet strength and tensile strength ratio) at a frequency
of one per 10 000 tonnes

▪

indirect tensile modulus testing for mixes produced using the sequential aggregate coating
method with two different binder grades at a frequency of one per 2000 tonnes.

The Code of Practice RC 500.01 (VicRoads 2016) allows WMA to be produced using six types of
generic WMA technologies:
▪

sequential aggregate coating and binder foaming

▪

water-based binder foaming

▪

binder foaming with water-bearing additives

▪

chemical additives

▪

organic additives

▪

combined chemical and organic additives.

- 18 -

November 2018

Development of Specifications and Technical Guidelines for Warm Mix Asphalt

PRP16018-Final Report

In general, the use of WMA technologies is allowed for all mixes that do not incorporate multigrade
bitumen, PMB and the French high modulus asphalt Enrobés à Module Elevé Class 2 (EME2).
Mixes where WMA is not allowed include:
▪

multi-purpose heavy to very heavy-duty 10 or 14 mm wearing course with multigrade binder
where high resistance to deformation is required

▪

high performance 10 or 14 mm heavy to very heavy-duty wearing course with PMB where a
high resistance to deformation and flexural cracking is required

▪

high performance heavy to very heavy-duty 10 mm structural intermediate course with PMB
for high resistance to deformation and flexural cracking

▪

multi-purpose heavy to very heavy-duty 20 mm structural intermediate course with multigrade
binder for high resistance to deformation particularly at intersections.

VicRoads allows the use of up to 30% RAP depending on the asphalt mix. For heavier-duty mixes
and mixes with smaller-size aggregates the maximum percentage of RAP allowed is usually lower
(15% or 20%). RAP is not allowed with PMB.

3.6

Tasmanian Department of State Growth (DOSG)

The DOSG has a Standard Section 409 identical to the VicRoads one, which requires additional
moisture sensitivity and indirect tensile modulus testing to be carried out for WMA.

3.7

Northern Territory Department of Infrastructure, Planning and
Logistics (DIPL)

The DIPL covers the usage of WMA in Standard Specification for Roadworks (DIPL 2017) and the
Materials Testing Manual (DIPL 2014). However, DIPL is relatively silent on the usage
requirements of WMA in comparison to other Australian road agencies.
The Standard Specification for Roadworks WMA requirement is that asphalt at discharge from the
asphalt mixing plant is a minimum of 130 °C, whereas the Materials Testing Manual states that
additional information is required for WMA registration, including:
▪

information, classification and nominated proportions of the WMA technology and/or WMA
additives proposed for the mix

▪

the established target rate for water and additives as well as the acceptable variation from
production as supplied by the WMA technology manufacturer

▪

documentation of proven field performance of the proposed WMA technology for a minimum
of two years; trials undertaken through Austroads or other Australian road agencies are
acceptable.

3.8

Comparison of Current Practice

A summary of the requirements specified by Australian road agencies is presented in Table 3.2.
Generally, although there is commonality between the specifications for WMA between the
agencies, some jurisdictions are more prescriptive than others, which may be attributed to varying
local materials, industry experience and individual requirements.
General observations from the comparison between current Main Roads requirements and the
other Australian agencies include:
▪

Main Roads is the only jurisdiction that specifies a proprietary WMA additive.
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▪

Queensland TMR and RMS specify the maximum WMA additive contents that may be added
to mixes.

▪

VicRoads, DOSG and DPTI have the most openly specified additives of the agencies
reviewed, allowing a number of technologies subject to approval.

▪

Main Roads is the only agency that specifies the delivery temperatures of WMA.

▪

Queensland TMR is the only jurisdiction that specifies the maximum temperature at opening
to traffic.

▪

Main Roads requires the same mix design requirements regardless of whether or not WMA
additives are used.

▪

Queensland TMR, RMS and DIPL all require additional requirements for WMA mix designs.

▪

Main Roads is the only agency that does not specify additional performance testing for WMA
mixes.
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Table 3.2: Comparison of current WMA practices adopted by Australian road agencies
Criteria
Permitted
additives

Main Roads
▪

Sasobit®.

Queensland TMR
▪

Wax – max. of 2.0% by mass of binder.

▪

Wax – max. of 2.0% by mass of binder.

▪

Surfactants – to be nominated by
contractor.

▪

Surfactants – to be nominated by contractor.

▪

Water – max. of 0.06% by mass of total mix.

▪

Implementation

Mix design

▪

WMA temperatures are not
less than 130 °C at
discharge point.

▪

Wearing course delivery
temperatures between 135 –
155 °C.

▪

Intermediate course delivery
temperatures between 125 –
155 °C.

▪

Same mix design
requirements whether RAP
and/or WMA additives are
included.

RMS

▪

Not specified.

▪

Allows the use of WMA additives and
foaming techniques subject to prior
approval.

Water – max. of 3.0% by mass of
binder.

VicRoads/DOSG
▪

Sequential aggregate coating and binder
foaming.

▪

Water-based binder foaming.

▪

Binder foaming with water-bearing additives.

▪

Chemical additives.

▪

Organic additives.

▪

Combined chemical and organic additives.

DIPL
▪

Not specified.

▪

Maximum temperature at time of
opening to traffic is reduced from 65 °C
(HMA) to 60 °C.

▪

Generally permits WMA additives in DGA and
SMA.

▪

Not specified.

▪

WMA technologies are permitted for all mixes
that do not incorporate multigrade bitumen,
PMB and EME2.

▪

WMA temperatures are not less than 130 °C at
discharge point.

▪

Mix design must show equivalent
compaction temperature for WMA.

▪

▪

Not specified.

▪

Not specified.

▪

WMA registration must be carried out.

▪

▪

Moisture content must not exceed 0.5%
by mass of total mix.

Evidence of performance of the additive,
proposed amendments to mix design procedure,
operational processes and/or test methods
proposed for classification of additive.

Information, classification and nominated
proportions of the WMA technology and/or
WMA additives proposed for the mix.

▪

The established target rate for water and
additives, including acceptable variation from
production as supplied by the WMA technology
manufacturer.

▪

Documentation of proven field performance for
a minimum of 2 years, trials undertaken
through Austroads or other Australian road
agencies are acceptable.

▪

Not specified.

▪

Performance
testing

DPTI

▪

Moisture sensitivity, wheel tracking and
resilient modulus testing – standard
HMA temperatures.

▪

Voids at 250 cycles testing –
compaction temperature nominated by
the contractor for Marshall test
specimens.

▪

Binder drainage testing – not less than
the maximum asphalt manufacturing
temperature nominated by the
contractor.

▪

Characterisation tests – compaction
temperature nominated by the
contractor for Marshall test specimens.

▪

Resilient modulus and fatigue testing
required when using Sasobit® at
concentrations higher than 1.5%.

▪

Moisture content must not exceed 0.5% by mass
of total mix.

Additional testing required for asphalt containing
WMA additive include resilient modulus and
deformation resistance (rut depth).

▪
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▪

Moisture sensitivity testing (minimum wet
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Indirect tensile modulus testing for mixes
produced using sequential aggregate coating
method with two different binder grades at a
frequency of one per 2000 tonnes.
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SUSTAINABILITY BENEFITS OF WMA

Sustainability benefits vary depending on the WMA technology adopted. D’Angelo et al. (2008)
reported reductions in emissions in European plants with the use of different WMA technologies of
15–40% for CO2, 18–35% for SO2, 19–50% for VOC, 10–30% for CO, 18–70% for NOX and 25–
55% for dust. According to Hanson et al. (2012), there is evidence that temperature is the
dominant factor influencing CO2 emissions during asphalt production, while asphalt transient
emissions have only a minor contribution. Zhu et al. (2016) indicate that at the construction phase,
the asphalt mixing process represents about 50% of the total energy consumption, while paving
and compaction represent about 4%.
There are currently only two WMA technologies available in WA: the use of the organic additive
Sasobit® and the water-based foaming technique developed by Astec. Several studies have
quantified the reduction in emissions with the use of these technologies, as summarised by
Alderson (2010). Table 4.1 indicates the reduction in emissions from the use of the two
technologies currently available in WA.
Table 4.1: Reduction (%) in emissions and energy compared to HMA
CO

CO2

NOx

Energy

Double Barrel Green process (Astec foaming system)

10

11

8

24

Sasobit®

32

18

34

20

Source: Alderson (2010).

It should be noted that there is no standard method established for reporting emissions from
production and placement of asphalt. The numbers presented above are indicative only. Different
authors have reported different values, as discussed below.
CO and CO2 measurements from projects in Louisiana showed significant reduction in CO
emissions during production and placement of WMA using the Astec foaming technology. The
reduction in CO emissions was not as prominent with the use of Sasobit®, although still
considerable. Reductions in CO2 emissions were also observed with both technologies, but to a
lesser extent (Mohammad et al. 2015).
Mallick et al. (2009) reported a 32% reduction in CO2 emissions by dropping the production
temperature by 20 ˚C with the use of Sasobit®, whereas Keches and LeBlanc (2007) reported 28%
and Hanson et al. (2012) reported only 8%. Ripoll and Farré (2008) reported a 6% reduction in airborne emissions by reducing the temperature by 25 ˚C. Field measurements conducted in Ohio,
where Sasobit® was used to reduce the maximum compaction temperature by 25 ˚C, indicated
reductions of SO2, NOX, CO and VOC emissions of 83.3%, 21.2%, 63.2% and 51.3% respectively
(Sargand et al. 2012). Despite the wide range of values encountered in the literature, it is evident
that the use of WMA technologies can considerably reduce greenhouse gas emissions and
improve sustainability.

4.1

Sustainability Tools

4.1.1

Infrastructure Sustainability Council of Australia (ISCA) Rating Scheme

The ISCA rating scheme, also called the IS rating scheme, was launched in WA in 2012. It is a
sustainability performance rating scheme to evaluate planning, design, construction and operation
of infrastructure assets.
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Transport Authorities Greenhouse Group (TAGG) Carbon Gauge

The Carbon Gauge is a Microsoft Excel-based tool developed by TAGG as a means of estimating
the greenhouse gas emissions associated with road projects, aiming to provide road agencies a
better understanding of greenhouse gas emission generation and how it may be reduced (Dilger et
al. 2013). The tool estimates the greenhouse gas emissions for road construction, operation and
maintenance and includes all of the Kyoto greenhouse gases: carbon dioxide, methane, nitrous
oxide, sulfur hexafluoride, hydrofluorocarbons and perfluorocarbons. Emission estimates are in
carbon dioxide equivalents, calculated by multiplying the amount of a greenhouse gas by its global
warming potential, thus comparing the warming potential of a gas with the same mass of carbon
dioxide.
The assessment tool categorises greenhouse gas emission sources into three scopes:
▪

Scope 1 – direct emissions, such as combustion of fuel by plant during construction or
maintenance.

▪

Scope 2 – indirect emissions resulting from whole-of-life activities from the consumption of
electricity, heating, cooling or steam, including consumption of energy by street lights or
traffic lights during road operation.

▪

Scope 3 – indirect, embodied emissions associated with the project across its whole-of-life,
such as the mining and production of materials used in the road.

Emission factors related to the use of WMA assume an energy consumption of 372 MJ/t,
compared to HMA with an energy consumption of 400 MJ/t, where the carbon dioxide equivalent
units are also reduced with increasing percentages of RAP contents. The WMA figures are based
on a study by Rippol and Farré (2008).
The Carbon Gauge may be used by road agencies to evaluate greenhouse gas emissions at
various stages of the design life of a road. However, conducting the analysis during the design
stage is desirable to understand the implications of using different materials and methods to aid
decision making and requires thorough knowledge of the quantities, types and transport distances
of the materials and fuels used in the project.
4.1.3

eToolLCD

John Holland is currently using the eToolLCD software to conduct a life-cycle assessment (LCA)
on the NorthLink WA Stage 1 project. This software utilises data from the Australian National Life
Cycle Inventory (AusLCI) database and the Australasian LCI database. Reporting lists ratings
using impacts, which include carbon dioxide equivalents, cost, energy consumption, water
consumption, land use, ozone depletion and human toxicity. The eToolLCD ratings are based on
the impact savings of the final design compared to an applicable benchmark (eTool Global n.d.).

4.2

Carbon Calculator Tools

There are many available carbon calculator tools developed for the road industry. A literature
review identified the following calculators:
▪

▪

Australia
—

Carbon Gauge (TAGG)

—

Sustainable Aggregates SA CO2 Emissions Estimator (RMCG).

France
—

EcoLogicieL (Colas)
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▪

—

Gaïa (Eurovia)

—

Calculette Carbone (Eiffage)

—

ECORCE 1.0 (LCPC)

—

SEVE (USIRF).

Netherlands
—

▪

▪

4.2.1
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Afwegingsmodel wegen.

UK
—

Carbon Dioxide (CO2) Emissions Estimator Tool

—

asPECT.

—

Envrionmental Sustainability of Recycled and Secondary Aggregates (ESRSA) Tool.

USA
—

PaLATE (University of California Berkeley)

—

ASF software

—

GREENROADS (University of Washington)

—

NAPA calculator.
EcologicieL (Colas)

EcologicieL was the first carbon footprint comparison tool developed for road projects. The
software was developed by Colas to calculate energy and greenhouse gases produced from road
construction, rehabilitation and maintenance activities. It allows for consideration of the entire life
cycle (life-cycle analysis) of the road from the extraction of raw materials to the construction of the
road and the end of its service life.
4.2.2

SEVE (Système d’Evaluation des Variantes Environnementales)

SEVE is a software developed by USIRF (Union des Syndicats de l’Industrie Routière Française)
for the road industry that allows the comparison of different technical solutions for a project in
respect to seven quantitative indicators and two qualitative indicators. The quantitative indicators
comprise: energy consumption, CO2 emissions, savings in natural resources (natural aggregates
consumption, RAP consumption, recycled materials consumption and excavated materials
consumption in the project) and tonne-kilometres. The qualitative indicators comprise water
management and consideration of biodiversity (IDRRIM 2013; USIRF n.d.).
In France, this software is adopted in tender submissions, allowing comparison of proposed
solutions to a base case. Inputs include transport type and distances, fuel type, manufacture
temperatures, percentage of each material in the mix, project quantities, water content, the project
duration and the operations within the project (earthworks, different pavement layers etc.).
Although maintenance activities can be considered in the analysis, they are not included when the
software is used for tendering purposes (IDRRIM 2013; USIRF n.d.).
The software is made available to the road industry through an annual subscription.
4.2.3

Asphalt Pavement Embodied Carbon Tool (asPECT)

The Transport Research Laboratory (TRL) developed a whole-of-life greenhouse gas emissions
tool for asphalt used in highways, known as the Asphalt Pavement Embodied Carbon Tool
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(asPECT). This tool enables users to calculate the greenhouse gas emissions for each stage of the
life-cycle, including procurement, during and after construction and at periodic stages of the
asphalt pavement design life. The tool calculates the greenhouse gas emissions in carbon dioxide
equivalent units and does not include non-carbon-dioxide emissions in the analysis as they are
assumed to be insignificant in terms of asphalt life, based on research (TRL 2011).
The tool focusses on greenhouse gas emissions related to asphalt and its life-cycle rather than
road construction projects as a whole. Furthermore, related to the use of WMA, asPECT provides
detailed guidance on the data required for assessment and how to calculate emissions for each
component. However, the input information regarding asphalt production is limited and considers
carbon dioxide equivalent per tonne for each plant based on data for energy and water usage from
the previous calendar year (TRL 2011).
The user-friendly tool allows practitioners to assess the greenhouse gas emissions of individual
road constructions based on the whole-of-life asphalt emissions. However, it is limited in regard to
asphalt production and is focussed on the asphalt rather than the project as a whole.
4.2.4

Pavement Life-cycle Assessment Tool for Environmental Economic Effects
(PaLATE)

The purpose of the Pavement Life-cycle Assessment Tool for Environmental Economic Effects
(PaLATE) is to provide life-cycle environmental effects and costs related to the road design, initial
construction, maintenance, plant use and project cost. Environmental outputs include emissions of
carbon dioxide, nitrous oxide, particulate matter-10, sulphur dioxide and carbon monoxide as well
as energy consumption and leachate information (University of California 2007).
Although the tool allows users to determine the greenhouse gas emissions based on the choice of
material production, pavement structure, construction technique and maintenance methods, due to
the source data, the tool is only applicable for use in US conditions (Valentin et al. 2015).
4.2.5

National Asphalt Pavement Association’s (NAPA’s) Greenhouse Gas Calculator
(GHGC2)

US NAPA’s Greenhouse Gas Calculator (GHGC2) calculates greenhouse gas emissions from
asphalt manufacturing based on a gate-to-gate analysis. This tool was developed to calculate
emissions from asphalt production only, and is not a life-cycle-analysis tool. The software includes
carbon dioxide, methane and nitrous dioxide emissions and converts them into an equivalent
quantity of carbon dioxide. The calculator uses emission factors (greenhouse gas emitted per unit
of energy) set by The Climate Registry. It allows the user to choose from an extensive list of fuels
including natural gas, biofuel, coal, fuel oil, heavy oil, kerosene, landfill gas, propane and recycled
oil. Emission offset credits are calculated with the use of WMA, RAP and reclaimed asphalt
shingles (RAS) (NAPA n.d.).
Credits that relate to the use of recycled aggregates (RAP and RAS) correspond to avoided
emissions from mining, processing and transportation of aggregates and bitumen. The factors
used in the calculations are based on the COLAS Materials Road Forward report: 10 kg
CO2e/tonne of aggregate and 285 kg CO2e/tonne of bitumen (NAPA n.d.).
Credits that relate to the use of WMA correspond to the energy savings from reduced asphalt
production temperatures. Since fuel consumption is already accounted for within the use inputs,
these credits are not accounted for in the emissions calculation. The energy savings are based on
the NCRHP project 9-47A, which indicates savings of about 1000 British thermal units
(BTU)/ton – °F, assuming a conventional mix production temperature of 310 °F (154 °C) (NAPA
n.d.).
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GHGC2 is a relatively simple tool that allows comparison of greenhouse gas emissions from the
production of different asphalt mix technologies and the use of different sources of energy. It
provides a more accurate estimation of emissions than other generic LCA tools. However, it
requires knowledge of quantities of different types of fuel used in the production of asphalt and the
factors included in the calculation are based on US conditions.

4.3

Environmental Product Declaration (EPD)

An EPD consists of a standard document that registers verified information on the environmental
impact of goods and services in accordance with the international standard ISO 14025 (Type III
Environmental Declarations) (ISO 2006). It allows information to be comparable and readily
available for use in LCA tools. EPDs can also communicate environmental improvement of
products and services.
The Australasian EPD® Programme was launched in 2014 aligned with the International EPD®
System. There are currently only 27 EPDs registered within Australia, none of them for asphalt
mixtures.
An EPD is prepared by conducting an LCA based on a Product Category Rules (PCR) document.
The PCR document sets the methodology for creating an EPD for a given product or service. If a
relevant PCR does not exist, a pre-certification may be granted to an EPD. Currently, there is no
PCR for asphalt production in Australia.
In the USA, NAPA is conducting an EPD Program (‘NAPA EPD Program’) aimed at providing
comprehensive, credible and comparable environmental data on asphalt production. NAPA
prepared a draft PCR for asphalt mixtures, which is currently under review. This document does
not differentiate HMA and WMA when calculating environmental impacts, but requires a
declaration on the plant production temperature and on any WMA technologies being used. The
document also acknowledges the lack of publicly available life-cycle inventories for warm-mix
additives. These materials should be declared in the EPD and included in the analysis as soon as
reliable information becomes available.
In 2016, France’s Roadway Industry Association (USIRF) published an EPD for the production of
HMA representative of the French market (USIRF 2016). This document defines HMA as asphalt
produced at a temperature between 130 °C and 180 °C. According to this document, the
proportion of WMA used in preparing the EPD was less than 5%, so WMA was assimilated into
HMA.

4.4

Life-cycle Inventory Databases

4.4.1

AusLCI Database

The AusLCI database is developed by the Australian Life Cycle Assessment Society (ALCAS) and
contains life-cycle assessment (LCA) data for over 430 processes. The asphalt database includes
six different datasets (AusLCI n.d.):
▪

asphalt, 4% virgin bitumen, at plant (30% RAP)

▪

asphalt, RAP, at point of origin

▪

asphalt, 2% virgin bitumen, at plant (70% RAP)

▪

asphalt, 3% virgin bitumen, at plant (50% RAP)

▪

asphalt, 5% virgin bitumen, at plant (10% RAP)
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asphalt, standard mix, 5.5% virgin bitumen, at plant.

The datasets were generated by the AAPA Technical Committee assuming typical Australian
conditions, transport distances for raw materials, asphalt mixes, energy, plant type (batch plant)
and fuel type. Natural gas was assumed to be used for heating raw materials in the rotary dryer,
electricity throughout the plant for various purposes and diesel in a front-end loader and onsite
RAP processing.
The data is considered to be representative for 2015. No differentiation was made between WMA
and HMA, although it was acknowledged that the operating temperature would have an impact on
the energy usage. It was also acknowledged that plant efficiency and technology could represent a
variation of ±60% on gas use and ±100% on electricity and diesel use.
Emissions from asphalt production are based on the US Environmental Protection Agency (EPA)
document AP 42, Compilation of Air Emission Factors, Hot Mix Asphalt Plants (United States EPA
2004) and on emissions from natural gas use. RAP is considered to have no impact prior to its
incorporation into asphalt. The transport of RAP is not included.
4.4.2

Australasian LCI Database

The Australasian LCI database has been developed over the past 12 years as part of a project
originally funded by the four state EPAs, the Commonwealth government and the Cooperative
Research Centre for Waste Management and Pollution Control.

4.5

WA Carbon Savings Estimation Tool

To estimate the reduction in carbon emissions that may result from producing asphalt mixtures at
lower temperatures, a comparison between reported Australian asphalt supplier data, the AusLCI
database and NCHRP findings was considered. For benchmarking purposes, the pavement
configuration and material properties are based on extracts from the NorthLink Stage 2 – Area 10
Design Report (15% pavement design report), supplied by MRWA, which is summarised in
Table 4.2 (source document commercial in confidence). Furthermore, the emissions and energy
assumptions used for calculations are presented in Table 4.3. Emission savings calculations are
presented in Appendix B.
Table 4.2: NorthLink Stage 2 pavement configuration used for evaluation
Pavement layer

Quantity (kT)

Temperature reduction (°C)

10 mm OGA wearing course with A20E binder

20

0

10 mm DGA wearing course with A15E binder

30

20

14 mm DGA wearing course with A15E binder

70

20

14 mm DGA intermediate course with A15E binder

100

20

20 mm DGA intermediate course with A15E binder

130

20

20 mm DGA intermediate course with C600 binder

300

20

Table 4.3: Emissions and energy assumptions for calculations
Category
Energy savings (GJ/tonne/Δ°C)
Emissions from HMA standard mix (CO2e/kg)
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Reference

0.00375

Australian asphalt supplier data

0.0023

West et al. (2014)

6.48

ISCA (2016)
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Value

Reference

454.00

Australian asphalt supplier data

300.003

AusLCI (n.d.)

Emissions from natural gas distributed in pipeline, CO2, CH4 and N2O (CO2e/GJ)

51.53

DEE (2016)

Diesel consumption asphalt plant HMA (MJ/tonne)

8.49

AusLCI (n.d.)

Emissions for diesel oil, CO2, CH4 and N2O (CO2e/GJ)

70.20

DEE (2016)

6.00

AusLCI (n.d.)

Emissions for electricity consumption (CO2e/kWh)

0.72

DEE (2016)

Emissions for lime production (CO2e/tonne)

675

DEE (2016)

0.97

EPA (2009)

Natural gas consumption asphalt plant HMA (MJ/tonne)

Electricity consumption asphalt plant HMA

(kWh/tonne)1

Correction factor for the production of hydrated

lime2

1 With a +/- 100% variation between plants.
2 Assuming 90% of hydrated lime produced is lime with a water content of 90%.
3 With a +/- 60% variation between plants.

The calculated reduction in emissions using the assumptions presented in Table 4.3 for asphalt
production (raw materials received at plant to asphalt mix ready for transport) was between 3.2%
and 5.2%. Plant process emissions could be reduced by between 9.0% and 20.9%, varying with
the data sources used for calculation. It is important to note that the effect of different WMA
additives was not considered in the calculation, instead a temperature reduction of 20 °C with
foaming technology was used as the baseline temperature reduction.
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CONSULTATION WITH INDUSTRY

A workshop with industry practitioners for the development of specifications and technical
guidelines for WMA was conducted on 24 January 2017 with the purpose of presenting the project
and soliciting feedback on current practices and possible barriers for the use of WMA in Western
Australia. The industry and Main Roads addressed different issues concerning the implementation
of WMA.
Primary issues covered were in relation to:
▪

▪

▪

▪

Building capability:
—

Build capabilities during contracts (not excluding trials).

—

Document when, where and how to use WMA in ERNs, user guidelines, advisory
notes.

Sustainability and economic impacts:
—

Sustainability is the main driver behind the implementation of WMA.

—

Lower mixing temperatures will reduce energy savings, however the price of the energy
used in WA asphalt manufacture is relatively low.

—

The use of additives adds cost to asphalt manufacture that may not be offset by
reductions in energy consumption.

—

Although the implementation of WMA may lower environmental impacts and lead to
cost savings, it is estimated that these benefits would be less than RAP (depending on
the amount and percentage used). Therefore, determining whether WMA and RAP are
compatible may lead to maximum benefits.

—

WMA produces less greenhouse gas emissions. However, there is currently no carbon
calculator (not feasible). At present, Main Roads may not want to pay more to achieve
lower greenhouse gas emissions.

WMA temperatures:
—

Define the boundary between WMA temperatures and HMA temperatures.

—

Temperature estimates include: (20IC-C600: 170 °C (expected around 30 C lower),
14/20 A15E: 175–180 C, 20IC-320: 165 C (can achieve around 135–145 C), 150 C
bitumen and 165 C PMB).

—

Find adequate temperatures that will not affect the product and will offer all the benefits
of WMA. There are no temperature requirements in the eastern states as the focus is
achieving compaction through the use of the chosen WMA technology. It is noted that
C600 bitumen is not used a lot in the eastern states.

—

Temperature reduction in wearing courses containing PMB may require additives.
Therefore, a temperature reduction of 15 °C may be more achievable. However,
Marshall testing indicated that a temperature reduction of 15 °C is used as a starting
point.

—

Outline the maximum temperatures a product can be mixed at while still defined as a
WMA.

WMA technologies:
—

There are currently only two WMA technologies used in WA, Sasobit® and a waterbased foaming technique (available in a single plant).
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Implementation:
—

A potential way to introduce WMA may be to include its usage in the specification and
require a quota of WMA for large jobs, approximately 100 000 tonnes in size. Quotas
may vary for mixes using conventional-class bitumen compared to mixes using PMBs.

—

May include removing specific references to Sasobit® and foam out of the
specification.
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CONCLUSIONS

This project reviewed current WMA practices in WA and compared them to other road agencies in
Australia, as well as international literature regarding the use of WMA technology. The scope
included a review of current specification requirements, consultation with local practitioners, and
investigating standardised tools for comparing sustainability and benchmarking carbon impacts of
WMA technologies used in WA.
Interim conclusions based on the information in the report include:
▪

Carbon emissions can be reduced by approximately 6–20% using WMA technologies, while
the use of 20% RAP can further reduce emissions by up to 13%.

▪

Most WMA technologies can be successfully implemented; however, chemical and organic
additives may require minor modifications to the asphalt plant.

▪

Field trials have indicated that the performance of HMA and WMA sections containing
different percentages of RAP is similar.

▪

Moisture susceptibility of early-age WMA is greater than the equivalent HMA.

▪

Main Roads is the only jurisdiction that specifies a proprietary WMA additive.

▪

Queensland TMR and RMS specify the maximum WMA additive contents that may be added
to mixes.

▪

VicRoads, DOSG and DPTI have the most openly specified additives of the agencies
reviewed, allowing a number of technologies to be used (subject to approval).

▪

Main Roads is the only agency that specifies the delivery temperatures of WMA.

▪

Queensland TMR is the only jurisdiction that specifies the maximum temperature at opening
to traffic.

▪

Main Roads requires the same mix design requirements regardless of whether or not WMA
additives are used.

▪

Queensland TMR, RMS and DIPL all specify additional requirements for WMA mix designs.

▪

Main Roads is the only agency that does not specify additional performance testing for WMA
mixes.

▪

Asphalt production temperature reductions of 20 °C can decrease the plant process carbon
emissions by up to 21%, and the asphalt production emissions by up to 5%.

Main Roads is evaluating its position regarding the use of WMA based on the information in this
report and following the industry consultation.
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WMA EVALUATION PROTOCOL

The following sections are extracted from Evaluation Protocol for Warm Mix Asphalt (Sharp &
Malone 2013).

A.1

Introduction

There is increasing emphasis on the need to reduce emissions and energy usage which contribute
to global warming. In the asphalt area this means minimising emissions from asphalt plants and
during the placement and compaction processes, and also increasing overall efficiency. Several
products under the generic title of ‘warm mix asphalt’ (WMA) have been introduced into Australia to
address the need for production and placement efficiency gains. However, from an Austroads
member agency perspective, it is necessary to understand and define the performance
characteristics of these new products. This Protocol provides information which will assist
Austroads and industry in this task.
The purpose of this WMA Evaluation Protocol is to provide a guide to the evaluation of specific
WMA technologies and processes such as additives, surfactants and foamed bitumen. The
Protocol sets out the conduct of appropriate laboratory tests and field validation projects in order
that the performance of WMA and conventional hot mix asphalt (HMA) can be compared. The
Protocol is an evaluation tool only; it is not a specification.
The Protocol is written in such a way that, as a type of WMA is evaluated, the results can be
distributed and discussed across Australian States and New Zealand through the Austroads
framework. It is expected that the use of this Protocol will assist road agencies in the acceptance of
the use of WMA without the need for additional testing and trials.
For WMA to be adopted as an alternative form of surfacing, its performance should be equivalent
to that of conventional HMA. Austroads test methods should be adopted as a first priority. Where
appropriate, other test methods may be considered.

A.2

Scope

Whilst the Protocol could be applied to any asphalt mix, the scope of this Protocol is confined to
wearing courses consisting of dense-graded asphalt and conventional binders. Recycled asphalt
pavement (RAP), if included in the WMA, is also addressed.
The Protocol addresses:
▪

the testing of both laboratory-manufactured and production samples of asphalt containing
additives and surfactants

▪

the testing of asphalt containing foamed bitumen: during production only

▪

desirable site conditions for a field validation site

▪

the timeframe for the evaluation

▪

data and information exchange.

Additional testing may be required subject to agreement between the road agency and the
proponent of the technology relevant to the region where the works are occurring. This includes the
adoption of alternative test methods.
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Environmental Assessment

The Transport Authorities Greenhouse Group (TAGG) has recently developed a greenhouse
workbook and calculator, and recommended that it be adopted as a national standard. Further
work should focus on local data collection and the development of improved data sets to derive
local carbon dioxide emissions factors for the main components of road construction using the
TAGG workbook and calculator as the basis.

A.3

Laboratory Evaluation

A.3.1

Initial Testing of WMA Incorporating Additives and Surfactants

While test methods are referenced in this section the actual test methods to be used for any
particular trial need to be confirmed with the jurisdiction concerned before sampling and testing
commences.
In situations where additives and surfactants can be managed within the laboratory environment, it
is proposed that a set of laboratory tests on the design mix, and a set of tests on the production
mix, be conducted. This requirement may be waived with the mutual agreement between the road
Agency and the industry. It is not necessary to retain reference material for further testing.
Given that some road agencies test production mixes rather than laboratory mixes, the testing
outlined in Section 3.1, together with the following tests, should be conducted on WMA and
conventional HMA mixes:
▪

moisture content of each aggregate used in the production mix (optional)

▪

recovered binder viscosity.

It is envisaged that industry will conduct this testing. However, this requirement may be waived
with the mutual agreement of the road agency and industry.
Bitumen content and aggregate grading
The following testing is proposed for the bitumen and aggregate:
A sample of the binder should be collected from the asphalt plant during production for capillary
viscosity testing at 60 °C (e.g. AS 2341.2: 1993).
▪

A sample of the asphalt should be collected from the plant for binder extraction (ARRB
Group 2005) and viscosity testing at 45 °C (e.g. AS 2341.5: 1997):
—

▪

A sample of the asphalt should be collected from the site for binder extraction and viscosity
testing at 45 °C (e.g. ARRB Method M07 (ARRB Group 2005) and AS 2341.5: 1997):
—

▪

note that the asphalt samples must be supplied in sealed containers, not plastic bags.

note that the asphalt samples must be supplied in sealed containers, not plastic bags.

Bitumen content and grading, e.g. AS 2891.3.3 or equivalent.

Testing of production mixes in the laboratory
It is proposed that the following tests be conducted on both WMA with additives and surfactants
and the same HMA mix composition without additives and surfactants so that data can be collected
for comparison purposes. The laboratory mix for WMA additives should be prepared at the ‘target’
concentration and production temperature, or at the temperature recommended by the
manufacturer (details to be determined on a site-by-site, or product-by-product basis). The asphalt
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should be conditioned in an oven at 5–10 °C below the production temperature for 60 ± 10
minutes.
Each mix type shall be prepared under the following conditions:
▪

samples to be compacted within one day of manufacture

▪

samples can only be re-heated for three hours at the compaction temperature and cannot be
re-heated more than once.

Each mix type shall be prepared under the following conditions:
▪

age of sample, i.e. compacted within one day of manufacture

▪

laboratory mix to be prepared at production temperature, or at the temperature
recommended by the manufacturer (details to be determined on a site-by-site, or product-byproduct basis)

▪

re-heating time, i.e. re-heated for three hours at compaction temperature

▪

asphalt sample cannot be re-heated more than once.

1.

For initial assessment purposes only, one sample is conditioned in an oven at 150 ± 5 °C for
60 ± 10 minutes with the sample compacted using the desired compaction process at the
nominated compactive effort(s). The resulting air voids are then compared with those
obtained after conditioning and compacting at the lower temperature. The temperature after
60 minutes shall be recorded. Note that the appropriateness of the suggested conditioning
temperature of 150 °C needs to be considered for WMA processes that utilise considerably
lower temperatures, e.g. 90 °C. The sample conditioned at 150 ± 5 °C shall be tested for bulk
density and modulus only.4

2.

The bulk density of the compacted sample is determined using the appropriate test method.
The bulk density shall be determined from duplicate samples compacted over a suitable time
period – e.g. 0.5 hours, 1 hour, 1.5 hours, 2 hours, 3 hours and 4 hours (after mixing) – using
the desired compaction process at the nominated compactive effort(s). This approach
assesses the effectiveness of the additive with time. This will ensure that the data shows a
trend for each trial set.

This is an optional requirement in the Protocol due to the potential strain on laboratory facilities and
staff. Each laboratory should assess the possibility of this prior to the commencement of a trial.
The following testing is proposed for WMA and conventional HMA:
Sample preparation
▪

Preparing samples of asphalt, e.g. AS 2891.2.1: 1995.

Volumetric tests
▪

Bulk density at the design binder content (AS 2891.9.2: 2005):
—

Gyratory compaction5, e.g. AS 2891.2.2: 1995 or Marshall, e.g. AS 2891.5: 2004).

▪

Maximum density (voids free bulk density), e.g. AS 2891.7.1: 2004.

▪

Stability and flow Marshall samples only, e.g. AS 2891.5: 2004.

▪

Air voids at design binder content, e.g. AS 2891.8: 2005.
—

Note that the samples should be immediately compacted in the laboratory when at the
desired temperature; some conditioning time may be required.
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Performance tests
▪

▪

▪

▪

A.3.2

Resilient modulus (indirect tensile), e.g. AS 2891.13.1:1995:
—

Asphalt sample to be conditioned at the desired temperature for one hour prior to
compaction.

—

Compaction of samples: note that the correct number of cycles to achieve 5.0 ± 0.5%
should be determined during this step.

—

Samples to be tested within test method timeframe.

Moisture sensitivity (stripping potential), e.g. AGPT/T232 Austroads 2007) and T640 (RTA
NSW 2011):
—

Asphalt sample to be conditioned at the desired temperature within 2 hours prior to
compaction.

—

Compaction of samples: note that the correct mass to achieve a nominal height of 65
mm to achieve 8.0 ± 1.0%.

—

When testing according to AGPT/T232, freeze/thaw option to be used.

Wheel tracking, e.g. AGPT/T23 (Austroads 2006a):
—

Asphalt samples may be left to cool for later re-heating and compaction at the target air
voids (5.0 ± 1.0%) within one week of production. Air voids to be determined; nominal
values are not acceptable. Minimise sample re-heating to achieve compaction at the
desired temperature.

—

Samples to be tested within test method timeframe.

—

Samples to be compacted within one week of production.

Fatigue life, e.g. AGPT/T233 (Austroads 2006b):
—

Asphalt samples may be left to cool for later re-heating and compaction to target beam
air voids (5.0 ± 0.5%) within one week of production. Minimise sample re-heating to
achieve compaction at desired temperature.

—

Samples to be tested within test method timeframe.

—

Samples to be compacted within one week of production.
Testing of Field Cores in the Laboratory

Moisture sensitivity testing should be conducted on field cores (taken from the site shortly after the
construction) according to T649 (RTA NSW 2010).
A.3.3

Initial Testing of WMA Incorporating the Foaming Process

It is understood that foamed asphalt must be produced through the asphalt plant as it cannot be
adequately replicated in the laboratory (without expensive equipment), i.e. testing of foamed
asphalt is conducted on production samples.
The asphalt from a nominated design is to be produced using a recognised mix design procedure
(e.g. Austroads, Marshall, etc.). Trials may need to be undertaken to determine the appropriate
WMA compaction temperature to achieve the same volumetric properties as the HMA.
A sample must be taken as soon as possible after manufacture and forwarded to the laboratory for
evaluation. The time of asphalt production, temperature and any other relevant details must be
recorded. Immediately prior to, or after, the manufacture of the WMA, conventional HMA shall be
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produced in the plant using the same mix design at normal temperatures, e.g. 165 °C (for an
asphalt with an unmodified binder), without the foaming unit being operated.
Once the mix design and production criteria (i.e. production temperature) have been established,
the procedures given in Appendix A.3.1 (Bitumen content and aggregate grading and testing of
production mixes in the laboratory) should be adopted, notwithstanding any contractual
requirements, with the following two additions:
▪

moisture content (one specimen)

▪

moisture content of each aggregate used in the production mixes (optional).

A.4

Field Validation

The Protocol includes the need to monitor the field performance of WMA and conventional HMA
‘controls’, i.e. manufactured using the same mix design method without the WMA additive or
foaming. The field validation shall be conducted after the successful completion of the testing of
the laboratory and/or production mixes.
Care should be taken to ensure that only a single variable (i.e. WMA process) is evaluated during
the field validation. Factors that might affect the evaluation must be addressed adequately.
It is envisaged that road agencies will identify and select a suitable site for the field validation. The
road agency and industry will negotiate the costs of supply and placement of the asphalt
depending on the aim of the validation trial (product endorsement, research project, etc.).
Local asphalt specifications will form the basis for the acceptance of the asphalt works. At the
completion of placement the asphalt should be homogeneous and not rut or ravel.
A.4.1

Types of Trials

A review of overseas and local studies has suggested that field trials of WMA technologies have
progressed through three stages in an attempt to gain acceptance by the road industry:
development trial, production/demonstration trial, and validation/implementation trial. Each type of
trial can have a different framework depending on the technologies developed, the asphalt
producer’s marketing strategy and the road agency’s implementation strategy.
Development trials
The main aim of a development trial is to meet a manufacturer’s desire to obtain supporting
evidence of material workability and performance for the purposes of developing the additives,
processes and equipment prototypes used to produce a product (in this case WMA mixes).
The investigative works used during this stage include low-cost laboratory studies to assess
workability and performance. In cases where replicated samples can easily be produced in the
laboratory (e.g. technologies using chemical and organic additives), then the laboratory-prepared
samples are often used in the laboratory testing program. However, if replicated samples cannot
be manufactured in the laboratory without expensive equipment (e.g. foaming technologies), then
full-scale mixing plants and road trials are also used to produce production and field samples for
laboratory testing.
The laboratory assessment methods used in conventional HMA mix design, and their acceptance
performance criteria, can also be used to assess the performance of WMA mixes. There is always
some concern that some laboratory performance tests do not truly represent field performance.
Therefore, a common strategy when testing both WMA and HMA samples is to use the same
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equipment, with samples prepared and tested by the same operators, to allow direct comparison
between the results.
Most asphalt producers will generally proceed to the next demonstration (commercial) stage if the
laboratory results obtained in the development trial show that:
▪

the WMA has equal or better workability (at low temperatures) than conventional HMA (at
high temperatures)

▪

when WMA and HMA have similar volumetric properties, the mechanical properties of WMA
are similar to those of HMA, e.g. the modulus of WMA could be lower than the modulus of
HMA and this will also impact on fatigue life.

It is assumed that the asphalt producer will conduct the investigative works and control the
reporting of the works. However, for reasons of commercial patents and confidentiality, the
manufacturers often provide limited information externally. This may not allow a thorough analysis
of the trials and the purchaser may be required to take claims of success at face value.
Production/demonstration trials
The aim of a production/demonstration trial is to meet a road agency’s desire to obtain supporting
field evidence of the production and placement of a specific WMA product for the purposes of
quality control and assurance (in terms of day-to-day production from mixing plants, contractor
laying experience, product consistency, material quality, etc.).
The works during this stage include field studies using full-scale mixing plants of reasonable size to
allow a full run of plant-production (to achieve a commercial production rate), and a road trial of
reasonable length (to enable an assessment of workability and field performance immediately after
compaction).
The laboratory assessment methods used in the development trial stage are also used in the
demonstration stage. In addition, field testing is also carried out to validate the material quality and
consistency (quality control) and assess short-term performance. It should be noted that different
road agencies may require different evidence of production and placement and performance
criteria in the field. Generally, the asphalt producer would conduct the field trials whilst both the
asphalt producer and the road agency would conduct performance measurements.
A common strategy in the promotion of a new product is to include a ‘control’ HMA section in the
demonstration trial which has the same specified asphalt mix and is placed under the same
conditions (pavement, climate). This allows a direct comparison between workability and field
performance of the WMA and HMA mixes.
Most road agencies would proceed to the next (validation/implementation) stage if the field results
at the demonstration stage show that:
▪

the field compaction of the WMA is equal to or better than the conventional HMA

▪

in the case when field WMA and HMA samples have similar volumetric properties, the shortterm field performance (observed after compaction) of the WMA is at least equal to that of
the HMA.

Validation/implementation trials
The purpose of a validation/implementation trial is to address a road agency’s desire to obtain
information regarding material workability and field performance (including both short-term
performance after compaction and long-term performance over the design period) for the purposes
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of developing/validating mix designs (material specifications), construction standards and
pavement design procedures. This stage may include a large number of field trials involving
various asphalt mixes (binders, aggregate types, RAP, etc.) and applications (pavement structure,
traffic and environmental conditions, etc.).
A common strategy for reducing the number of required implementation field trials is to examine
studies of previous, or existing, field trials in terms of their relevance to the issues being
addressed. Such a study was conducted as part of the Austroads project.
Validation trials of WMA technologies may be used to address various concerns regarding its use,
including incomplete drying of the aggregate (especially with absorptive limestones), the potential
for increased moisture susceptibility when utilising WMA processes that involve the use of water,
the effects of chemical additives on the long term performance of the binder, the ability of WMA to
provide enough radiant energy to heat the reclaimed asphalt component in mixes containing RAP,
and the general lack of information regarding the long term performance of new asphalt mix
designs (e.g. with high RAP content or rubber asphalt).
Asphalt producers and road agencies have collaboratively conducted accelerated loading studies
of the comparative performance of WMA and HMA technologies under heavy loading. These trials
have involved the production of the mixes, the construction of test pavements, and the monitoring
of field performance, including detailed (within-pavement) response-to-load data. In addition,
extensive laboratory studies of both field and laboratory samples were carried out in order that the
relative performance of WMA with HMA could be compared with recommendations made
regarding the implementation of WMA in the current HMA mix design procedures.
Validation/implementation trials are the most expensive of the three options. As a result, evaluation
Protocols of WMA technologies involving the use of field trials have been established to maximise
the benefits of these trials.
A.4.2

Site Selection

The WMA validation sites and the HMA ‘control’ sites should meet the following criteria to ensure
that the evaluation can be conducted as objectively as possible:
▪

minimum length of 100 metres

▪

straight section, consistent crossfall and longitudinal grade

▪

reasonable shape (assessed visually and by roughness and shape testing using a MultiLaser Profilometer (MLP))

▪

strong structural condition (assessed visually and by pavement strength testing)

▪

uniform distress condition

▪

known traffic counts and commercial vehicle percentage

▪

medium to heavy traffic conditions

▪

minimum level of rutting and uniform rutting.

The following information should be recorded:
▪

site ID (a suitable site ID should be assigned for easy reference)

▪

road name and location

▪

lane number (where appropriate) and lane width
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▪

direction of travel

▪

chainage

▪

existing structural and functional condition

▪

existing traffic load spectrum

▪

other relevant information, e.g. drawings, other reference points, the location of structures,
intersections, etc.

A.4.3

Field Validation Details

The validation sites, including the ‘control’ sections, should be offset in such a way that both the
WMA validation sites and the HMA ‘control’ sites are subject to the same level of traffic. This layout
will obviously be influences by local conditions, including the number of traffic lanes.
For each validation project the following information must be recorded:
▪

▪

Production details:
—

mix and bitumen type

—

bitumen content

—

other additives used (if any)

—

WMA type and concentration

—

date and time of production

—

specification used for mix production

—

production temperature (at asphalt plant)

—

production mix test results (volumetric)

—

mix design details

—

tonnage of asphalt produced

—

haulage time (from plant to site).

Placement details:
—

site details, e.g. site ID, road name, chainage, etc.

—

construction specification adopted

—

overlay, or mill and replace

—

thickness of asphalt laid

—

asphalt temperature upon arrival at the site

—

asphalt temperature at initial and final compaction

—

paver type

—

shuttle buggy (if used)

—

roller type and pattern

—

temperature at which rolling commenced

—

ambient temperature and wind speed

—

temperature at opening to traffic
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any other specification compliance requirements.

Practical considerations would determine the frequency of testing and the level of detail (e.g. roller
pattern) recorded. This would be agreed prior to the commencement of the trial.
A.4.4

Initial Field Performance

The asphalt works shall meet the local applicable contractual or specification requirements. For the
purpose of the evaluation the following parameters are to be measured and recorded for both the
WMA and ‘control’ sites:
▪

rutting at 10 metre interval (using 3 metre straightedge or MLP – minimum of nine lasers)

▪

texture at 10 metre interval (using sand patch or MLP)

▪

roughness profile (MLP – minimum of nine lasers).

Surface deflection (strength) testing may be conducted if required.
It is envisaged that both industry and road agencies will conduct the performance measurements.
All parties would reach agreement regarding the conduct of the performance assessment prior to
the commencement of the trial.

A.5

Performance Monitoring

The field performance of WMA under traffic and variable climatic conditions is the key factor in this
investigation. It is therefore important that the validation sites are monitored for a number of critical
performance parameters, both in the short term and over the long term.
A.5.1

Short-term Monitoring

Given the importance of field validation sites in demonstrating the viability of WMA and its adoption
into practice by road agencies in Australia and New Zealand as soon as possible, validation sites
shall be initially monitored for two summers and two winters, on the basis that any early problems
with WMA will by identified during this period. The following performance parameters are to be
measured and recorded at the end of two summers and two winters after placement:
▪

roughness

▪

cracking (visual assessment):
—

as a visual cracking survey is time-consuming and involves lane closures, etc., digital
imagery crack surveys could be undertaken instead if all parties agree.

▪

rutting at 10 metre interval (using straightedge or MLP – minimum of nine lasers)

▪

texture at 10 metre interval (using sand patch or MLP)

▪

stripping potential (using RTA T649) (optional).

It is envisaged that both industry and road agencies will conduct the performance measurements.
A.5.2

Long-term Monitoring

It is desirable to continue to monitor the performance of the validation sites over the longer term.
The following performance parameters are to be measured and recorded every two years:
▪

cracking (visual assessment):
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as a visual cracking survey is time-consuming and involves lane closures, etc., digital
imagery crack surveys could be undertaken instead if all parties agree.

rutting at 10 metre interval (using straightedge or MLP)
texture at 10 metre interval (using sand patch or MLP)

▪

stripping potential (using RTA T649) (optional)

▪

actual traffic.

Surface deflection (strength) testing may be conducted if required.
It is envisaged that both industry and road agencies will conduct the performance measurements.

A.6

Reporting and Data Exchange

It was noted in Section 1 that the purpose of the Protocol is to assess the performance of WMA
and share data, experience and knowledge among the road agencies and industry in Australia and
New Zealand using the Austroads framework.
A.6.1

Reporting

This information would include:
▪

process type (e.g. foamed, additive) and name of additive (if used) of WMA
technology/processes considered

▪

asphalt mix type and aggregate size

▪

bitumen grade and percentage

▪

mix design method

▪

design void content

▪

test results for design (laboratory mix)

▪

test results for production mix

▪

field validation site details

▪

performance monitoring.

A written agreement is recommended for release of the data. Both industry and the road agencies
may reserve the right to request changes to any reports or media information regarding the
validation sites. However, if the information presented is deemed to be accurate, then the
information will be published.
The information published will present details of the WMA mixes without the need for industry to
divulge details of any proprietary products.
Road agencies may wish to adopt the results as a basis for changing specifications in consultation
with industry.

- 45 -

November 2018

Development of Specifications and Technical Guidelines for Warm Mix Asphalt

APPENDIX B

PRP16018-Final Report

CARBON SAVINGS ESTIMATIONS

Table B 1 to Table B 4 present the detailed carbon emissions savings for the NorthLink 2
pavement design configuration using varying emissions and energy consumption figures.
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Table B 1: Emission savings using Australian asphalt supplier data

Temperature
reduction (oC)

Energy
savings
(GJ)

Reduction in
emissions (t
CO2e)

Total
asphalt
emissions HMA
without lime
(t CO2e)

Hydrated Lime
production
emissions (t
CO2e)

Energy
consumption
from gas usage HMA (GJ)

CO2e
emissions
from gas
usage - HMA
(t CO2e)

Energy
consumption
from diesel
usage - HMA and
WMA (GJ)

CO2e
emissions
from diesel
usage - HMA
& WMA (t
CO2e)

Energy
consumption
from electricity
usage - HMA &
WMA (GJ)

CO2e
emissions
from
electricity
usage HMA& WMA
(t CO2e)

TOTAL CO2e
emissions (t
CO2e)

Asphalt layer

Asphalt type

Quantity
(kT)

Intermediate course

20 mm C600

300

20

2.3E+04

1 159

19 440

2 750

1.4E+05

7 018

2.5E+03

179

3.6E+03

720

7 917

Intermediate course

20 mm A15E

130

20

9.8E+03

502

8 424

1 192

5.9E+04

3 041

1.1E+03

77

1.6E+03

312

3 431

Intermediate course

14 mm A15E

100

20

7.5E+03

386

6 480

917

4.5E+04

2 339

8.5E+02

60

1.2E+03

240

2 639

TOTAL intermediate course

530

Wearing course

14 mm A15E

70

20

5.3E+03

271

4 536

642

3.2E+04

1 638

5.9E+02

42

8.4E+02

168

1 847

Wearing course

10 mm A15E

30

20

2.3E+03

116

1 944

275

1.4E+04

702

2.5E+02

18

3.6E+02

72

792

Wearing course

OGA

20

0

0.0E+00

0

1 296

183

9.1E+03

468

1.7E+02

12

2.4E+02

48

528

42 120

5 958
1 560

17 154

TOTAL wearing course

120
TOTAL

650

2 435

Percentage savings including all mixes

5.1%

Percentage savings excluding OGA

5.2%

Percentage savings including all mixes

14.2%

Percentage savings excluding OGA

14.6%

48 078

15 207

387

Reduction in emissions (from asphalt production from raw materials received at plant to asphalt mix ready for transport)
Reduction in emissions - plant processes only

Table B 2: Emission savings using energy savings from Australian asphalt supplier data and natural gas consumption from AusLCI database

Temperature
reduction (oC)

Energy
savings
(GJ)

Reduction in
emissions (t
CO2e)

Total
asphalt
emissions HMA
without lime
(t CO2e)

Hydrated Lime
production
emissions (t
CO2e)

Energy
consumption
from gas usage HMA (GJ)

CO2e
emissions
from gas
usage - HMA
(t CO2e)

Energy
consumption
from diesel
usage - HMA and
WMA (GJ)

CO2e
emissions
from diesel
usage - HMA
& WMA (t
CO2e)

Energy
consumption
from electricity
usage - HMA &
WMA (GJ)

CO2e
emissions
from
electricity
usage HMA& WMA
(t CO2e)

TOTAL CO2e
emissions (t
CO2e)

Asphalt layer

Asphalt type

Quantity
(kT)

Intermediate course

20 mm C600

300

20

2.3E+04

1 159

19 440

2 750

9.0E+04

4 638

2.5E+03

179

3.6E+03

720

5 537

Intermediate course

20 mm A15E

130

20

9.8E+03

502

8 424

1 192

3.9E+04

2 010

1.1E+03

77

1.6E+03

312

2 399

Intermediate course

14 mm A15E

100

20

7.5E+03

386

6 480

917

3.0E+04

1 546

8.5E+02

60

1.2E+03

240

1 846

TOTAL intermediate course

530

Wearing course

14 mm A15E

70

20

5.3E+03

271

4 536

642

2.1E+04

1 082

5.9E+02

42

8.4E+02

168

1 292

Wearing course

10 mm A15E

30

20

2.3E+03

116

1 944

275

9.0E+03

464

2.5E+02

18

3.6E+02

72

554

Wearing course

OGA

20

0

0.0E+00

0

1 296

183

6.0E+03

309

1.7E+02

12

2.4E+02

48

369

42 120

5 958
1 560

11 996

TOTAL wearing course

120
TOTAL

650

2 435

Percentage savings including all mixes

5.1%

Percentage savings excluding OGA

5.2%

Percentage savings including all mixes

20.3%

Percentage savings excluding OGA

20.9%

48 078

10 048

387

Reduction in emissions (from asphalt production from raw materials received at plant to asphalt mix ready for transport)
Reduction in emissions - plant processes only
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Table B 3: Emission savings using energy savings from NCHRP and natural gas consumption from Australian asphalt supplier data

Temperature
Reduction (oC)

Energy
savings
(GJ)

Reduction in
emissions (t
CO2e)

Total
asphalt
emissions HMA
without lime
(t CO2e)

Hydrated Lime
production
emissions (t
CO2e)

Energy
Consumption
from Gas Usage HMA (GJ)

CO2e
emissions
from gas
usage - HMA
(t CO2e)

Energy
Consumption
from Diesel
Usage - HMA and
WMA (GJ)

CO2e
emissions
from diesel
usage - HMA
& WMA (t
CO2e)

Energy
Consumption
from Electricity
Usage - HMA &
WMA (GJ)

CO2e
emissions
from
electricity
usage HMA& WMA
(t CO2e)

TOTAL CO2e
emissions (t
CO2e)

Asphalt Layer

Asphalt Type

Quantity
(kT)

Intermediate course

20 mm C600

300

20

1.4E+04

711

19 440

2 750

1.4E+05

7 018

2.5E+03

179

3.6E+03

720

7 917

Intermediate course

20 mm A15E

130

20

6.0E+03

308

8 424

1 192

5.9E+04

3 041

1.1E+03

77

1.6E+03

312

3 431

Intermediate course

14 mm A15E

100

20

4.6E+03

237

6 480

917

4.5E+04

2 339

8.5E+02

60

1.2E+03

240

2 639

TOTAL Intermediate course

530

Wearing course

14 mm A15E

70

20

3.2E+03

166

4 536

642

3.2E+04

1 638

5.9E+02

42

8.4E+02

168

1 847

Wearing course

10 mm A15E

30

20

1.4E+03

71

1944

275

1.4E+04

702

2.5E+02

18

3.6E+02

72

792

Wearing course

OGA

20

0

0.0E+00

0

1296

183

9.1E+03

468

1.7E+02

12

2.4E+02

48

528

42 120

5 958
1 560

17 154

TOTAL Wearing course

120
TOTAL

650

1 493

Percentage savings including all mixes

3.1%

Percentage savings excluding OGA

3.2%

Percentage savings including all mixes

8.7%

Percentage savings excluding OGA

9.0%

48 078

15 207

387

reduction in emissions (from asphalt production from raw materials received at plant to asphalt mix ready for transport)
reduction in emissions - plant processes only

Table B 4: Emission savings using energy savings from NCHRP and natural gas consumption from AusLCI database

Temperature
Reduction (oC)

Energy
savings
(GJ)

Reduction in
emissions (t
CO2e)

Total
asphalt
emissions HMA
without lime
(t CO2e)

Hydrated Lime
production
emissions (t
CO2e)

Energy
Consumption
from Gas Usage HMA (GJ)

CO2e
emissions
from gas
usage - HMA
(t CO2e)

Energy
Consumption
from Diesel
Usage - HMA and
WMA (GJ)

CO2e
emissions
from diesel
usage - HMA
& WMA (t
CO2e)

Energy
Consumption
from Electricity
Usage - HMA &
WMA (GJ)

CO2e
emissions
from
electricity
usage HMA& WMA
(t CO2e)

TOTAL CO2e
emissions (t
CO2e)

Asphalt Layer

Asphalt Type

Quantity
(kT)

Intermediate course

20 mm C600

300

20

1.4E+04

711

19 440

2 750

9.0E+04

4 638

2.5E+03

179

3.6E+03

720

5 537

Intermediate course

20 mm A15E

130

20

6.0E+03

308

8 424

1 192

3.9E+04

2 010

1.1E+03

77

1.6E+03

312

2 399

Intermediate course

14 mm A15E

100

20

4.6E+03

237

6 480

917

3.0E+04

1 546

8.5E+02

60

1.2E+03

240

1 846

TOTAL Intermediate course

530

Wearing course

14 mm A15E

70

20

3.2E+03

166

4 536

642

2.1E+04

1 082

5.9E+02

42

8.4E+02

168

1 292

Wearing course

10 mm A15E

30

20

1.4E+03

71

1 944

275

9.0E+03

464

2.5E+02

18

3.6E+02

72

554

Wearing course

OGA

20

0

0.0E+00

0

1 296

183

6.0E+03

309

1.7E+02

12

2.4E+02

48

369

42 120

5 958
1 560

11 996

TOTAL Wearing course

120
TOTAL

650

1 493

Percentage savings including all mixes

3.1%

Percentage savings excluding OGA

3.2%

Percentage savings including all mixes

12.4%

Percentage savings excluding OGA

12.8%

48 078

10 048

387

reduction in emissions (from asphalt production from raw materials received at plant to asphalt mix ready for transport)
reduction in emissions - plant processes only
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