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EXECUTIVE SUMMARY

This research, as part ofational research project 1.85aimsto identify the variablegbarriers
motivations and strategigghat influence the adoption of products with recycled cont@PivREand
sustainable materials (SM$h the Australian construction industryn addition to the findings
emerging from a comprehensive review of the literature on this topic, this report presents research
findings based oa case study approacfihethree objectivesof this research are:

1. Toidentify the maimnablers of andbarriersto usingPwRGn the construction industry
2. To analyse the utilisation of these product$oar Australian construction projecgtand
3. To explore perceptions kéy stakeholders afsingPwRGn construction projects

The research team conducted an extensive literature review to identify the documented factors known
to impact the use oPwWRGn construction projectsCare was taken to only capture the literature that
describes the use ®wWR0n recent years to reflect the contemporary efforts and advances in using
these materials. In the next step, in consultation witdustry and governmeryroject partners, the
criteria for the selection of case studies were set. The criteria incltiiedubstantial applicatiomf
PwWRCin construction projects completed in recent yeaf$e case study explaéhe experience of

the key stakeholders in usiiywRGn their projectsFollowing the criteria, four construction projects

in transport (Mordialloc Freeway, Tonkin Gapd Associated Works)commercial (Brickworks
Shopping Centre) and residential construction (OneOneFive Hamilton Hill) were selected. Four key
stakeholders (i.eclient headcontractor, designer and supplier) of each case study were interviewed
between June 2022 and January 2023.
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were the main categories of barriers towards usingR&in the selected case projects. Furthermore,
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in the four case studies. Lastly, the top three strategy categories to remove these barriers were found
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the top barrier.The current climate of the waste recovery system in Australia, and possibly all around

the world, urges governments to devise policies that facilitate the utilisation of PWRC and drive a
circular economy in the built environment sector. As such, policymsakan use the information

provided in this study to develop policies that provide a level playing field for all parties operating in
PwWRC supply chains. For instance, informed policies can incentivise the production and purchasing of
PwRC in the sector.
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With rapid urbanisation around the world, construction activities continue to grow to an
unprecedented extent. As a result, the construction industiw account85% of the total waste sent

to landfillsworldwide.2 For instance, in the UK, 49 Mt of C&D waste was generated in 206dore

than half of this amount was landfillédn China, the annual C&D waste generation is 2.36wth

poor recovery ratel and in the US, this figure was 516 Mt in 20D0espite the existing disparity in

C&D waste recovery rates among OECD countries (Table 1), several estimates have predicted that
fundamental changes are underway thatill completely alter the C&D waste management
environment. Recent analyses project that the global C&D waste recovery market williSa&H9¢

300 billion by 202728.78°

Tablel. Latest rates of C&D waste generation and recovery in various countries

Country Waste generated Recovered Year Source
(MY) (%)
Australia 29 77 2021 Blue Environment (2023)
Brazil 48 20 2021 ABRELPE (2022)
China 2,600 n/a 2020 Deng (2022
Germany 229 88 2020 Destatis (2021
India 150 1 2019 BMTPC (2021)
Japan n/a 97 2018 Ministry of Landnfrastructure Transport and Tourism (2020)
The UK 67.8 92.3 2018 UK Government Statistical Service (2021)
The US 600.3 76 2018 US EPA (2020)
Russian Federation 1517 5 2019 The Federal Service for State Statistics (2819)

1ZhengL et al..2017. Characterizing the generation and flows of construction and demolition waste in.@uwonatruction and
Building Materials 136 pp405-413.

2 SolisGuzmanJ et al.2009 A Spanish model for quantification and management of construction wilééste Management
29(9) pp2542-2548.

3 Menegakj M. and DamigosD. 2018 A review on current situation and challenges of construction and demolition waste
managementCurrent Opinion in Green and Sustainable Chemik8ypp8-15.

4ZhengL et al..2017. Characterizing the generation and flows of construction and demolition waste in.@wonatruction and
Building Materials 136 pp405-413.

5 Deng, D. 2022. An insight into China's construction and demolition waste recycling industry. Invest Northern Ireland.
https://bit.ly/3ktLNi1

6 US EPA2019 Advancing sustainable materials management: 2017 Fact sheet. EFR1S3M7. Environmental Protection
Agency. https://bit.ly/30hD3WR

7 Allied Analytics ILP 2023. Construction and demolition waste recycling market is booming worldwide to reach $149.2 billion by
2027. Newswireshttps://bit.ly/3IUtWsO

8 IMARC GROURO023. Construction and demolition waste management market: global industry trends, share, size, growth,
opportunity and forecast 2023028. SR112023A1230. The International Market Analysis Research and Consulting Group
https://bit.ly/3EXA1NnO

9REPORT OCEARN21. Construction and demolition waste recycling market research report. Report Ocean. Chicago, USA.

10Blue Environment2022 National Waste Report 202Zhe Department of Climate Change, Energy, the Environment and Water
Canberra, Australia.

11 BRELPE 2022. Overview of solid waste in Brazil in 2022. Brazil: Brazilian Association of Public Cleaning and Special Waste
Companies.

12peng D. 2022. An insight into China's construction and demolition waste recycling indosest Northern Ireland

13 DESTATIS021. Brief overview waste baland&/aste managementederal Statistical Office of Germany.

14BMTPC2021. Annual report: 2022021. New Delhi, India: Ministry of Housing & Urban Affairs: Building Materials & Technology
Promotion Council.

15 Ministry of Land Infrastructure Transpoand Tourism 2020. Results from the survey on construction and demolition waste in
2018. Japan.

16 UK Government Statistical Service 2021. UK statistics on waste.

17US EPA 2020. Assessing trends in materials generation and management in the United\&tatesng Sustainable Materials
Management: 2018 Fact Sheé&tS EPA.

18 The Federal Servider State Statistic2019. Moscow, Russia
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Italy 59 75.1 2018 ISPRA (2020)
France 227 77 2020 ADEME (2022

The utilisation of products with recycled content (PwR@J sustainable materials (SM%s been
suggested as a way to sustainably manage these resources. If planned properly, this management
strategy will minimise waste disposal, keeping resources value in the economy loop as long as possible
and reducing the need for new material extractoibeveral theoretical initiatives suchtas concepts
oftheWOA NDdzf | NJ SO2y2YeQ 06/ 90 zerohs® [ANIES2 KA SINY INTKR2 YW
using these resources. In addition, there is strong support from Ipatignaland internationalwaste

policies to reuse PWRC in construction projécts is believed the use of PWRC can help governments

meet their waste management targéts Hence, theaim of this application is to address a variety of
wasterelated environmental, social and economic challenges.

On this basis, a few scientific enquiries in social science have explored the factors influencing the
utilisation of these resources in construction projects. The outcoinave suggested that the
utilisation of PWRC is not straightforward mainly because it is subject to a variety of internal and
external factors that need to be well understaét¥* Even the current utilisation of PwRCthe BE

sector is primarily limited to lowalue application® otherwise knowrin waste management research

as Wowncyclin@ Previous researchas provided reasons fothese limitations suchas energy and
transport costs, lack of knowledge, limited technologies, poor quality and contamination, lack of
market, unproductive waste regulations and negative perceptins

To date, most of the research in this area only captures the overall experience of participants regarding
the use of PWRC. Furthermore, a considerable quantity of research studies has a technical focus on the
use of PWRC, limiting the opportunity to undewsd various contextual factors affecting their
application. Hence, this study, by adopting a case study approacht@lridge this gap to provide a
realistic and ugo-date insight into the application of CE in the AustraB&sector at the projectdvel.

1.1. Researchaim and objectives

This research, as part of research project 1’,86tends to identify the variables (barriers agdablers
that influence the adoption dPwRGn the Australian construction industry. Furthermore, this research
aimsto understandthe perspectives of stakeholdersgardingthe implementation of these products
using three case studies. Thpecificobjectivesof this researctare as follows:

19 ISPRA2020. Italian environment: Trend and legislatidkoma, Italy: Division for Environmental Information, Statistics and
Reporting: Italian Institute for Environmental Protection and Research.

20DEME?2021. Treatment performance of the construction products and materials in the building sector. Paris, France: The French
Agency for Ecological Transition.

21 Li, J et al.2020. Key policies to the development of construction and demolition waste recycling industry in Gaiste.
Management 108,pp.137-143.

22 Active Sustainability2020. Expanding reuse opportunities for recycled construction mateRalsh, Australia.

23 Park, Jand Tucker, R. 2017. Overcoming barriers to the reuse of construction waste material in Australia: A review of the
literature. International Journal of Construction Managemetit, pp.228-237.

24 Shooshtarian, RtalH nvnd ! aAy3a NBOeOft SR 02yadNuzOGA2Y |yR RSY2fAlGAZY &
decisions, and motivationRecyclings, pp.31.

25 di Maria, A, et al.2018. Downcycling versus recycling of construction and demolition waste: Combining LCA and LCC to support
sustainable policy makingVaste Management75,pp.3-21.

26 Park, Jand Tucker, R. 2017. Overcoming barriers to the reuse of construction waste material in Australia: A review of the
literature. International Journal of Construction Managemetit, pp.228-237.

27 SBEnrc P1.8&nhancing the use of products with recycled contents in the Australian. https://bit.ly/3ZfY6NS




I. To identify the main enablers ahd barriers tausingPwRC
il. To analyse the utilisation of these productsoar Australian construction projegtand
jii. t2 SELX 2NB AYyRddzZGNE aGPUREK2f RSNEQ LISNDS LI A 2

1.2. Report structure

The next section of this report describes the research approach, followed by the section that presents
the findings of the literature review that focuses on barriers and enablers of using PwWRC in the
construction industry. Furthermore, this section provsdée results of analysis of PWRC application in
previous Australian construction projects extracted from industry reports. Other sections of this report
highlight the findings from four case studies conducted in this research. ®extions provide
parth OA LI yiaQ @ASéa 2y (GKS YIAY oO0FNNASNERS Y2UGAdl i
¢KS flrad (o2 aSOGA2yas F20daA 2y FdzNIKSNI Fylf &a¢
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This study's two data collection methodiscludeda literature review and case study analysis. After
three consultation sessiongere held between June and July 20Zhjective 1 of the project was set
to identify the main factors influencing the useR#RGn construction projectsThe following section
describes the research approach employed in this study.

2.1 Data collection

i. Literature review
The research team conducted an extensive literature review to identify the documented factors known
to impact the use oPWRGn construction projects in Australithe sources used in this step included
journal articlesand government and industry reports that are freely available onlitare was taken
to only capture the literature that descrisethe use of PWRCin recent years to reflect the
contemporary effortsand advances insingthesematerials.

ii. Case study
The case study aimed to explore the experience of the key stakeholders in using PWRC in their projects.
In the next step, in consultation with the project partners and waste expdhts criteria forthe
selection of case studies were s€ase studies had to meet the following criteria

1. Useof recycledand/or processed PwRénd
2. Gompleted recently or due to be completed.

After identifyingthe projects,the perceptiors of four stakeholder groups playing assentialrole in
usingPwRQvere sought These groups included designer, cligr@adcontractorand supplier Figure
1). An invitation email was sent teachstakeholder to arrange suitable interview tisid=or each
project selectedfour separate online interviews were organised.

Construction head

Client
contractor
Supplier of recycled Design engineer
materials

Figurel. Stakeholders who were interviewed in each case study

The online interviewees were conducted between J@822 and January 2023isingthe
Microsoft Teamsonline platform Each interview toolka maximum of one hourand was
recorded for transcription purposes. Three types of questions were asked during interviews:

11



participants details, their experience using tHewRCn the case project, and the enablep$ and
barriersto using such material3.able2 provides the full interview questions:

Table2. Interview questions used in the case study analysis to aclbjeztive 1
No Question

1 Please introducgourself, including your employment history and recent activities in
field of construction and demolition (C&D) waste management?

Can you please tell me a bit about the project and your respective involvement?
Can you please tell me about your organisation's experience using products with re
content in this project?

What were your main motivef®r usingrecycled content in this project?

What were the main five challenges to using recycled content in this project?

In your opinion, howouldthese challenges (and their impact) be overcome?

What is the process of procuring waste materials and repurposing them into usa
products in this construction project?

8 Has your organisatiorpublished any relevant documents describing the projec
planning,designand execution that you could share with us?

N

w

N oo b~

2.2 Overviewof case studies

Following extensive communications with experts and public and private organisatioes
construction projectswere selectedas case studies. These include one commerpiaject, one
residential projecandtwo infrastructure projectsThree of these projects were managed by a public
organisation and various types and quantities of PwWRC were used to construct the built environments.
These projectsised various tools and certificatieto demonstrate achieving sustainable outcomes
including using PwR@he seven performance petals by Living Building Challenge®, Green Star by
Green Building Council of Australia (@BOhfrastructure Sustainability Coundi6G Rating Tool by
ISCand EnviroDevelopment Certification bthe Urban Development Institute of Australia (UDIA).
Table3 provides a summary of the selected caseadiesin thisresearch.

12



Table3. Overview of the selected castudies

Project features

Case Study 1

Case Study 2

Case Study 3

Case Study 4

Name of project

Burwood Brickworks Shoppin
Centre

Mordialloc Freeway

Tonkin Ga@and
Associated Workg

OneOne Fve Hamilton Hill

Construction type

Commercial

Infrastructure

Infrastructure

Residential

Client

Frasers Property Group

Major Road Projects Victoria

Main Roads
Western Australia

WA Development

iThe use of crushed bric
leftover as a finish on
facades

mesh

9 The useof 75t of plastic waste
in 100% recycled higtensity
polyethene (HDPE) stormwat

drainage pipe

1 The use of 1.2
kt of reclaimed
asphalt
pavement

Budget (AUD m) | $120 m $375 m $400 m $2.7m

Demonstration of | { Living Building Challeng&® | 11S@ & NJ G A3 G277L{/ Q& N{TUDIA

sustainability 1 Green Star (GBCA) V.2

Project duration 2018;2019 20192021 20212023 20182019

Recycled products| {The use of crushed concref  The wse of 60Q of plastic wastg § The reuse off § The use of salvaged timber in landscaping featu

used in the subbase of bitumen in noise walls 296 kt of sand (e.g.,shade structures and seating

(quantity/tonnes fThe use of materials fron § The e of 270kt of pavement| § The reuse of| { The reuse of 40,000 clay bricks and roof tiles

where provided slab form working ag material incorporating the 105 kt of spoil| aggregates underneath the drainage infrastructur
hanging timber and timber maximum allowable recycle| (treated ASS) | { The reuse of old bricks to create brick walls an
cladding in the ceiling content 9 The use of 27 k{  brick toilet block

The use of secondand | { The useof 30t of plastic wastg of crushed|  The reuse of crushed brick, tiles, concredte., into

brick purposed into tiles an¢ in 100% recycled polypropyler; recycled the road subbase replacing the need for new
concrete in floors plastic (PP) concrete reinforciry concrete(CRC) | mined materials like crushed limestone

1 The use of 2,425 hof recycled concrete in retainin
walls replacing the need for newly mined limestor]
1 The use of 400 t oPwRGOn different applications
including construct temporary truck access roads

28 |International Living Future Institut@023. Living building challenggtps://living-future.org/lbc/
29 Green Building Council of Australia. 2023. Rating systés://bit.ly/3HhC3jO

30 Infrastructure Sustainability Council. 2022rda8ngs.https://bit.ly/3wx1Z4N

31Urban Development Institute of Australia. 2022. National awahnttps://bit.ly/3CUwwgg



https://living-future.org/lbc/
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https://bit.ly/3CUwwgg

Product 9 Different building codes ang 1 407 VicRoads Standard| § Roads to Reusq T IPWEA/WALGA Specification for the Supply
specifications standards Specifications: Dense Grad{ Product Recycled Road Baée
Asphalt? Specification®

32VicRoads. 2022. Standard sectie#€0 series Asphalt and surface treatments 407 dense graded asphétips://bit.ly/3XgErtW
33 Government of Western Australia. 2021. Roads to Reuse product specific&oysied road base and recycled drainage rbttps://bit.ly/3D0tibd
34|PWEA. 2016. IPWEA/WALSpAcification for the supply of recycled road bak#ps://bit.ly/3wjltqH
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2.3 Data analysis

The data extracted from the literature review was thematically analysed preceding the creation of the
major clusters of enablers aind barriers tousing PwRCin construction projects. These clusters
represented the factors influefreg such products' usen Australia and worldwide. Thigerature
analysigprovided the basis foa case study analysis in the Australian construction industry.

Audio data captured from 17 interviewees were carefully transcribed by a professional transcriber
using the worefor-word method prior to the quality verification of the text data by the research team.
The transcripts were analysed using the NVivo Prgplaation, which facilitates codifying tekased
qualitative data. A thematic analysis method was applied to identify emerging themes that were
related to the three research objectives. Furthermore, to better compare the qualitative data,
gquantitative descriptive analysis methods were adopted. The frequency of distribution of various
categories of factors identified in the interviews was the main statistical measure used to conduct
these comparisons.
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This section of the report identifies the factors (enablers and barriers) that influence the &seRE

in construction project It is assumed that these factors could be specific to the contextual conditions.
Therefore, the review consists tiie analysis of literature ithe Australian and global contexthe last
section presents findings of the analysis of several project cases in Rivielvere used Case study
analysis helpgnhance ourunderstandng ofthe current climate that dves or hinders tb use of
recycled content in new construction projects.

3.1. Barriersto usingPwRdn the construction industry

The uptake of practices related to using recycling C&D prodsistdl limited and continusto have
detrimental impacts on the environmest The main barriers to usinBwRCin the construction
industry have been identifieth previous studiegTable4). The following sectioexplainshow these
factors have hindered the application BfvRGn construction projects.

Tabled. Main barriers to the use dwRGrom stakeholders' perspectives

No | Barrier Shortdescription
1 | Increased costs of energy and transpor{ PwRGre costlier than raw materials
2 | Lackof knowledge é PWRC Unfamiliarity withPwRGimited their application

in construction projects
3 | Limited technologies for waste recovery| Limited technologies in the waste recove
industry resulted in poor quality and expensi

PwWRC
4 | Low quality, contaminatiorand reduced| Lower than expected quality hinders the wid
performance application ofPwRGn the industry

5 | Lack of market availability of the produc, Uncertainty aboutthe market discourages th
production of quality seconttand materials

6 | Limitations caused by specificatior] Specifications and standards have both posit
standardsand permits andnegative impacon the PwRGnarket

7 | Limited acceptability and negative| Negative perceptions towar@wRdimited their
perceptions(public and the industry) usage in the industry

35 Umar, U.A.et al. 2017. A review on adoption of novel technigues in construction waste management and pidigsnal of
Material Cycles and Waste Managemeh$, pp.1361-1373.
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i. Increase in energy and transport costs

Cost is considered to be one of the main barriers to uBiwiRGn the construction industryFigure
2).35 Several studies indicate thRWwRGire costlier than conventional materias83°40 A few reasons
that contribute to higher costs iPwRdnclude longer transport distanc®, industrial waste sorting
procedureé?, increased energyequirements for recycling, landfill levy for residual waste and high
capital costs for recycling facilittdsand equipment*#®. In some circumstancethe use ofPWRds
reported to be less expensive than fresh materfal$lowever, if waste producers and recyclers are
willing to work collaboratively, it can lead to a wirnn situation for both partie$’

o\
/ - ~ \
/ ongy
/ b
(&) &
\ /
AN S
~—— . - ..
Cost & energy Unsupportive Negative Poor performance Limited technology|
Lack of knowled i FEgUlaUOﬂS perceptions Materials low quality, Limited technologies for Lack of market
Increased costs of ack ol knowedge Limitations caused by Limited acceptability & contamination & reduced waste processin availability of the
energy and transport on recycled products specifications, standards| negative perceptions f P N Y
\ / & permits performance products

\. / (public & the industry)

-

F_@urez The primary barriers to using PwR@onstruction projects
ii.  Limited knowledge orPwWRC

There is solid evidence that a lack of knowledge of the various characteristics of recycled waste is a
factor that diminishes the willingness to use them in the construction industry. A lack of awareness
and knowledge leads to negative market demand RwWRC This could als@reate a negative
perception of used materials, final product quality and pricBwRGrom endusers*4° Marketplaces

for re-used andPwRCare yet tobecomemainstream and there isstill limited development of

36Qyedele, L.Cet al.2014 Use of recycled products in UK construction industry: An empirical investigation into critical impediments
and strategies for improvemenResources, Conservation and RecycB8gop.23-31.

37 Tam, V.W2009 Comparing the implementation of concrete recycling in the Australian and Japanese construction industries
Journal of Cleaner Productioh/, pp.688-702

38 Colin, R2019.Systems for Reuse, Repurposing and upcycling of existing building components. Ph.D. Thesis, University College
London, London, UK

39 Dunant, C.F et al.2017. Real and perceived barriers to steel reuse across the UK construction value Rkaources,
Conservation and Recyclirl26 pp.118-131

40 Zou, Pet al. 2015.Barriers to building and constructiowaste reduction, reuse and recycling:case study of the Australian
capital region. In Proceedings of the Building Tad8gaving Tomorrow: Sustainability in Construction and Deconstruction
Conference, Auckland, New Zealandg 1B July

“1Hiete, M.et al. 2011 Matching construction and demolition waste supply to recycling demand: A regional management chain
model.Building& Research Informatiar89, pp333-351

42 Tam, V.W2009 Comparing the implementation of concrete recycling in the Australian and Japanese construction industries
Journal of Cleaner Productiahi7, pp688-702

43Wang, Jet al.2014 Critical factors in effective construction waste minimization at the design stage: A Shenzhen case study, China.
Resources, Conservation and RecycB2gpp1-7.

4 Begum, R.Aet al. 2010 Waste generation and recycling: Comparison of conventional and industrialized building systems.
American Journal of Environmental Scienéggp.383-388.

45Denyer, Dand Tranfield, D. 2009Producing a systematic review. Tine Sage Handbook of Organizational Research Methods
Buchanan, D.AandBryman, A(Eds). Sage Publicationdhousand Oaks, CA, USA

46 Sustainability Victorie2015.Market Summary recycledbrick, stone and concrete. Sustainabilfictoria: Melbourne, Australia

47Liu, Jet al.2020Q Interactive decisions of the waste producer and the recycler in construction waste recyolimgal of Cleaner
Production 256 120403

48 Edge Environment Pty. 2012onstruction and demolition waste guideecycling and raise across the supply chaiBdge
Environment PtySydney Australia

49 Bolden, Jet al. 2013 Utilization of recycled and waste materials in various construction applicatim&rican Journal of
Environmental Scienceg pp.14-24.
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knowledge and practical impactsThe limited communication between key stakeholders such as
contractors and recyclers arld wait and se@attitude are other factorsalso affecting the limited
knowledge orPWRC!

iii.  Limited technologies for waste recovery

Technologies play an important role in safe and effective waste recovery. Limited technological
advances and associated high capital costs in the waste recovery sector historically hinder
manufacturingof commercially competitive producf 3 Limited education on emerging waste
recovel technologies, lack of investmeirt waste management technologiésind limited incentives

for private investment in technolo8y are key reasonfor the poor uptake ofPWRQISE®.

iv.  Low quality and reduced performance

Previous research studies indicate that construction industry stakeholders face issues such as quality,
contamination and unacceptable performance when choofingR@ver conventional material¥ %8

Lack of technologalsupport, such as resources, trainifdimited competent staff and expertisand

the lack ofa benchmarking todP, plus thelack of systematic decontamination procedufeare key
reasons affecting the quality and reduced performancePeiRC As there is no assurance of
maintaining the same quality and performance as virgin resources iRwliCthere is a critical need

for defining standards, producers and training staff memli§érs

v. Lack of market availability of the products

The viable market has a direct mutual relationship with further ugtwgRC When there is an
established market foPwWRC the economy of scale assists with further investment in recycling
facilities, resulting in lower total cost, higher quality and less contamination. The imbalance of supply

50 Tam, V.W2009 Comparing thémplementation of concrete recycling in the Australian and Japanese construction industries
Journal of Cleaner Productioh/, pp.688-702

51 Tam, V.W2009 Comparing the implementation of concrete recycling in the Australian and Japanese construction industries
Journal of Cleaner Productiahi7, pp688-702

52Bolden, Jet al. 2013 Utilization of recycled and waste materials in various construction applicat®mgrican Journal of
Environmental Scienced pp.4-24.

53Ghaffar, S.Het al.202Q Pathways to circular construction: An integrated management of construction and demolition waste for
resource recoveryJournal of Cleaner Productio?d4, 118710

5 Tam, V.W2009 Comparing the implementation of concrete recycling in the Australian and Japanese construction industries
Journal of Cleaner Productioh/, pp.688-702

S%5He, LandYuan, H. 2020 y @S a G A3 A2y 2F O2y&aidNHzOiA2y 61 &GS NBOeOfAy3
Journal of Cleaner Productia259, 120928

56Moher, D et al.2009 Prisma Group. Preferred reporting items for systematic reviews and-aneéyses: The prisma statement.
PLOS Medicin®, e1000097.

57 Edge Environment Pty. 201€onstruction and demolition waste guideecycling and raise across the supply chaiBdge
Environment PtySydney Australia

58 Bolden, Jet al. 2013 Utilization of recycled and waste materials in various construction applicatim&rican Journal of
Environmental Scienceg pp.14-24.

% Tam, V.W2009 Comparing the implementation of concrete recycling in the Australian and Japanese construction industries
Journal ofCleaner Productiorl7, pp.688-702

60 1bid.

61 Sanchez, 1.Gand Lauritzen, E.K. 200tegrated decontamination and rehabilitation of buildings, structures and materials in
urban renewada European project for a sustainable city concept. In Proceedings of the International RILEM Conference on the
Use of Recycled Materials in Buildings &tidictures, Barcelona, Spairgl8 November 2004.

62 Tam, V.W2009 Comparing the implementation of concrete recycling in the Australian and Japanese construction industries
Journal of Cleaner Productiahi7, pp688-702
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and demand foPwRCreates a narrow window of opportunity to trade recycled C&D prodticss.

study in Australia on recycled PVC products application reports that the cBstRfs the same as

virgin material and recommended that the industry needs greater scale or a higher value for PVC to
incentivise more PVC recyclifffdnce these results are achieved, more industry stakeholders will be
persuaded to buy and usewRGn construction projects. Market availability is underpinned by several
factors includingan effective supply chain, properly designed landfill levy, government incentives and
subsidies, and finding new applications outside of the construction indéfstry

vi.  Limitations caused by specifications, standards and permits

There is an ongoing debate within the waste management and resource recovery industry about the
role of specifications, standards and permits in promoting the applicati®twdtGn the construction
industry.®8 7 If the organisations need to provide indemnities, operate trials or accept risk, these also
create an additional layer of complexithat may become impedimentto recycling C&D waste
products® On the one hand, specifications and standards determine the quality of materials recycled,
giving peace of mind to stakeholders to use these materials. On the other hand, many recyclers
indicate that complicated and difficutb-meet specifications and standards are a significant hindrance

in sellingPwRQ@o the market.

vii.  Limited acceptability anchegative perceptions (public and the industry)

Due to various factors, such as a lack of knowledge and a view of the products as unconventional, there
is a negative perception among construction industry stakeholders towards BsiR{:® Different
stakeholder groups may have different perceptidh¥hese perceptions are changing as field trials
show how to use these materials to their optimum performance and as virgin resources become
scarcer. This highlights the critical need for prototypidgring design stages to test acceptability.

3.2. Enablergo usingPwRdn the construction industry

Five clusters of enablers have been identified that can assist key stakeholdersocatinghe use of
PwRG@n the construction industryFigure3).

63 Wang, Jet al. 2014 Critical factors in effective construction waste minimization at the design stage: A Shenzhen case study,
China.Resources, Conservation and Recyc82gpp1-7.

64 Edge Environment Pty. 201€onstruction and demolition waste guideecycling and raise across the supply chaiBdge
Environment PtySydney Australia

65 Tam, V.W2009 Comparing the implementation of concrete recycling in the Australian and Japanese construction industries
Journal of Cleaner Productioh/, pp.688-702

66 Active Sustainability2020. Expanding reuse opportunities for recycled construction mateRalsh, Australia.

67 Spiegel, Rand Meadows, D2010.Green building materials: a guide to product selection and specificatam Wiley &ons
Hoboken, NJ, USA

68 Tam, V.W2009 Comparing the implementation of concrete recycling in the Australian and Japanese construction industries
Journal of Cleaner Productioh7, pp.688-702

69 |bid.

0 Henry, M. and Kato, 2012 Perspectives on sustainable practice and materials in the Japanese concrete indostnal of
Materials in Civil Engineering4, pp.275-288.

7L Edge Environment Pty. 201€onstruction and demolition waste guideecycling and raise across the supply chaiBdge
Environment PtySydney Australia

72 Tam, V.W2009 Comparing the implementation of concrete recycling in the Australian and Japanese construction industries
Journal of Cleaner Productiahi7, pp688-702
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Figure3. Main enablersof usingPwRGn construction projects

i.  Increase community awareness and educationBwRC

Access to information and the education of construction experts are the two points of leverage for
increasing the application ?#wRC?3 Therefore, bolstering efforts to inform stakeholders about the
technical properties and environmental performance (primarily awarding authorities) and existing
regulations and standards is required. Furthermore, the distribution of more data, better
documentation and reports about reference buildings assist with increasing engineers' experience with
PwRC In addition, the scientific community needs to make a more significant effort to convey the
acquired knowledge to professionals.

i. Develop supportive regulations, policies and specifications

The government should prioritise the task of improving specific legislation and regulations, with a focus
on establishinga mandatory degree of normative standards. Notably, design codes should highlight
the environmental aspects of the construction and give designers more flexibility in material sourcing
leading to an increased usageR#RC* Detailed specifications should also be developed in the form

of applicationspecific quality standards for differeRwRCGs another option to increase the demand

for such productg® The introduction of mandatory policies (unified, stakeholdeented policies¥

7 such asustainable procurement to meet specific reuse/recycling targets, more purchasing power
and grants that are offered to companies to help initiate recycling |0€ailguld encourage both
recyclers and builders to invest in waste management solufidns

iii.  Enablingsustainability programs

BKnoerEt [/ ® SG Fftd wnmmd 550rAaizya / 2y a0 NH2OGAz2Y
materials.Resources, Conservation and Recycbbg pp.10391050.

74 Park, Jand Tucker, R. 2017. Overcoming barriers to the reuse of construction waste material in Australia: A review of the
literature. International Journal of Construction Managemetit, pp.228-237.

BYY2SNRAZ /& SG Ffd wnmmed 5S5S0AaAz2ya
materials.Resources, Conservation and Recycbbgpp.10391050.

76 Tam, V.W2009 Comparing the implementation of concrete recycling in the Australian and Japanese construction industries
Journal of Cleaner Productioh7, pp.688-702

TMak, T.M, et al.2019 Extended theory of planned behaviour for promoting construction waste recycling in Hong\Weastg
Management 83,pp.161-170.

78 Huang, Yet al.2007. A review of the use of recycled solid waste materials in asphalt pavenfResaurces, Conservation and
Recycling52,pp.58-73.

79 Bolden, Jet al. 2013 Utilization of recycled and waste materials in various construction applicatm&rican Journal of
Environmental Scienceg pp.14-24.
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Another promising route is the implementation of sustainability programs that suggest the use of
PwRG@n construction projects. Some repofit& have demonstrated that running these programs leads
to further adoption of PWRGn the construction industry. However, there atso evidence proving
otherwisé®2. Among othersiating system desigrdevelopers' biases and lack of incentives to natév
end-users arethe most influential reasongited for it KS & S LIN&f&xiN@n¥sa. Burthermore,
scholarlyand political engagement with business pracigeargently needed to facilitate sustainability
programs®

iv.  Promoterecycledproduct certification(PCR)

A product certification that is awarded following material testing, plus quality control, can increase the
adoption of PWRCin the construction industry. As different supply sources will cause variation in
quality, stricter quality controls fadPwRQare required® A government agency should be established

to control the quality and production of these materials. Guidance on clear technical specifications or
standards on the use of recycled aggregate for structural applications will enable recyclers to produce
andadhere to industry standarcf§

v. Advocate targeted technologies and innovative practice

The waste management and resource recovery industry should embrace new technologies and
innovation. Technological advances h&lwRQroducers meet market demands through products
having reasonable prisand quality. Notably, governments, as the main stakeholder responsible for
protecting the environment, should suppadrtdustryby providing a fund to invest in technologies and
innovation.

3.3. Analysisof utilisation of PwRdn Australia

Sinceadecadeago,the useof recyclablematerialsin the Australianconstructionindustryhasbecome
animportant conceptin resourceefficiencyandrecoverypoliciesfor variouseconomic environmental
and social reasons.This section showcasesthe application of recycled C&D waste materials in
constructionprojects (infrastructure,commercial residential and office buildings)acrossAustralia.
Theseprojectswere constructedbetween2010and2020.

In 2010, Waverley Council,in partnership with the NSW Department of Planning,Industry and
EnvironmentNSWRoadsand TrafficAuthority, Institute of PublicWorksEngineeringhustraliaandthe
PackagingstewardshipForum, providedthe first site within NSWto demonstratealternate use of

80 EisensteinWV. et al.2017. Climate CeBenefits of Green Building Standards: Water, Waste and TransportBudding Research
& Information 45,pp.828-844.

81 Shooshtarian, ®t al.2019 Green construction and construction and demolition waste management in Australia. In Proceedings
of the 43rd AUBEA Conference: Built to Thrive: Creating Buildings and Cities That Support IndivieBaing/eihd Community
Prosperity, Noosa, Australiag® November 2019

82 u, W et al.2019 Evaluating the effects of green building on construction waste management: A comparative study of three
green building rating systemBuilding and Environmen155,pp.247-256.

83 Leipold, Sand Petit-Boix, A.2018 The circular economy and the Himsed sectar Perspectives of European and German
stakeholdersJournal of Cleaner Productiqup.11251137.

8 Tam, V.W.et al. 2009 On the prevailing construction waste recycling practices: A Southeast Queensland \Ataste
Management Researcl27,pp.167-174.

85 bid.
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crushedglassin pavementconstructionas an acceptedproduct in NSWroads® WaverleyCouncil
substituted15t of glassculletinto the road projects,7.5t into the asphaltand 7.5t into concrete.

In2010,the ClemJonesTunnel(CLEMY provided acriticalriver crossinghat bypasseshe CBto link
Brisbane'growingnorthern and southernsuburbs with direct connectionsat BowenHills,Kangaroo

Pointand WoolloongabbaAlex FraserGroupdevelopeda recycledconcreteroadbaseto Sy 3 A Y S S N& ¢
specificationsspecificallyfor the project. The material was stabilisedto meet the demandsof the
application.Recycledoadbasdsapproximatelyl 5¢20%lighter comparedto materialsproducedfrom
Queenslandjuarriedrock,whichmeanslessmaterialisrequired.In the CLEMproject, the benefit of
usingPwRGwvasa costsavingof an estimated$570k, and 725 fewer truck movements.UsingPwRC
alsopreventedthe extractionof 120 kt of natural resourcessavedmore than 100kt of waste from

goingto landfillsandreducedcarbonemissiondy aroundl kt.

In 2018, Downer Pty Ltd in collaborationwith two councils(i.e., Hume City Counciland Randwick
Council)and other organisations constructedasphaltin some NSWroadswith heavyvehicleload

traffic.8¢ The project objectiveswere to minimiserelianceon natural resourcesand virgin materials,
reduce carbon emissions,and amount waste being landfilled. From C&Dwaste stream, reclaimed
asphalt pavement and coarse aggregatewere used. The produced asphalt contained 20¢30%
reclaimedasphaltpavement.Theperformancetesting of the product showsthat it improvesfatigue,

hassuperiordeformationresistancedor heavyvehicleloads,last15%longerthan standardasphaltand

capableof withstandinga 20%increasein traffic loading.

KwinanaFreewayNorthbound Wideningproject was completedin 2019° and used approximately
25,000t of recycledC&Dwaste or crushedrecycledconcrete (CRChas sub-base under full depth

asphalt.Further,the projectteam providedsurplussite materialto smallerlocalprojectsand overall,

sold 56,783t of wastesandsuitablefor reuse.

Meanwhile, for the first time in Victoria, V/Linetrains are rolling over railway sleepersmade from
recycledplastic®® Madefrom amixof polystyreneandagriculturalplasticwaste,the recycledsleepers
provide an environmentallysustainablealternative to concrete,which requiresintensiveresources
andcausesigherlevelsof carbonemissionsTherecycledplasticsleeperdastupto 50yearsandneed
lessmaintenanceduringthat time. Therecycledsleepersare an innovativereplacementfor V/Line's
currentconcretesleepersandwere installedin July2019nearWyndhamValetrain station,in abrand
new storageyardfor regionaltrains.V/Linetrainsare heavierandrun fasterthan metro trains,sothey
need sturdy sleepers.Until now, concrete has always been the most reliable option. For every
kilometreinstalled,the sleepersuse64t of plasticwastethat would haveotherwisegoneto landfill.

The Kororoit CreekRoadLevel CrossingRemovalProjectis the first rail project in Victoriato use
recycledglasssandasbeddingfill, aswell asbackfillfor drainagepiping® Therecycledglasssandis
manufacturedfrom inert recycledglassrecoveredfrom the glassrecyclingprocess.Reusingthis

86 Edge Environment Pty. 201€onstruction and demolition waste guideecycling and raise across the supply chaiBdge
Environment PtySydney Australia

87 Alex Fraser Group. 2011. Clem Jones Tuhitgks://bit.ly/3JogbkV

88| ocal Governments NSW.2020. Recycled materials in roads and pavements a technical review. https:/bit.ly/3ul3bT6

89MainRoads WA. 2019uBding our future: MainRoads WARrojects Update 2019

9 Victoria Government. Whole of Victorian Government social procurement framework. Annual Repori 20018BN 978-
92555150-1. https://bit.ly/3JhRTJ3

9 |bid.
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material reducesthe amount of wastebeingsentto landfill and preservesexistingsanddeposits.It

alsoconserveshe energythat would otherwisebe usedto extractsand.Thecostof the recycledglass
sandusedin this projectwasabouthalfthe priceof virginmaterial,dueto shortertransportdistances.
It is alsosaferto handle,asit presentsa lower respiratoryhazardthan traditional sand.Theproject
used904t of recycledglasssandat the Kororoit CreekRoadsite and another410t at the Aviation

RoadandWyndhamValeStablingYardprojectsites.

Sustainability+ A O (i RésBarciD&velopmentand Demonstrationgrants program has supported
local businessClosethe Loopto develop a new asphalt additive product, TonerPlasmade from
materialsthat would otherwisegoto landfill.®> Every300m of road uses530,000plastichags, 168glass
bottles, toner from 12,500usedprinter cartridgesand 134t of reclaimedroad asphalt.Teststo date
indicatethat asphaltmadefrom recoveredmaterialshasimprovedwear and deformationresistance
in somecircumstancesomparedto standardVicRoadspecifiedasphalt.

In2020,for thefirst time in NT, acollaborationbetweenthe Cityof DarwinandDownerGroupresulted
in the useof recycledasphaltto upgradesevenmajor roadsin Darwin®® The PwRQusedin the road
projectsis estimatedto savel2t of CQ emissiors.

Thereconstructionof CooperStreetKudlawas undertakenby the City of Gawlerworks engineering
departmentwho choseBitumateasthe appropriatematerialfor an unsealedsurface®* CooperStreet
isaregionalaccessoadto five residentialproperties.Reconstructiorof the roadpavementin addition

to installationof side drainagewasrequired due to regularflooding. Asan unsealedsurface patrol

gradingis minimal, and with someresidualbitumen, it providessome cohesionto reduceravelling
(particularlyat the intersection)and somed& N&BS | £ df tiedséirfaceunder traffic in hot weather.
Reclaimedasphaltis receivedat C&Drecyclingfacilities predominantlyin the form of slab asphalt
removed from old pavements.Theraw feed materialis processedhrough crushingand screeningo

a gradingwith little or no plasticity. The product is producedby Resourcecainder the brand name
G. AlddzYFiS¢caé¢ o

BruceHighwayisoneof ! dz& i Naajorhigh@aysand links Brisbaneand Cairns®® The$3.5m Pine
Riverto AnzacAvenueupgradeis beingundertakento improveroad usersafetyat the mostsouthern
sectionof the BruceHighway,around North Lakesnorth of Brisbane Theroad is heavilytrafficked,
carrying 1,500 vehicleshour. Alex FraserGroup supplied5,500t of RecycledConcretePavement
Material (RMO0O1)or the projectthrough civil constructorsALLROADEhoosingPwRds expectedto
resultin approximately47t of carbonsavings;1,335t lessmaterialcomparedto virgin materialsand
45 fewer truck movementsin this project.

The6.4km, $156million DingleyBypasshasbeencompletedwith AlexFraserGroupmaterials® The
bypasswasopenedby Minister for Roadsand RoadSafetyl uke Donnellanin mid-March, a full five
months aheadof schedule.Thenew road makesthe AlexFraserClarindasite, where 96 per cent of
crushed pavement materials for the project were sourced,even easierfor customersto access.
Throughoutthe two-year project, 269,000t of Class4 CrushedConcrete,Class2 and 3 Qushed

92 Sustainability Victoria2019.A circular economy fovictoria 2019 https://bit.ly/340PAOO

93City of Darwin. 2020. Recycled asphalt used for the first time imtgE.//bit.ly/3HJIoSM

94Sustainable Aggregates South Austrdlal8.Reclaimed asphalt as unsealed residential paventetys:/bit.ly/3LuhZuj
95 Alex FraseGroup. YearBruceHighway (Pine River to Anzac Aveninfps://bit.ly/3KalJih

9 Alex Frase6Group 2019. Dingley Bypadsttps://bit.ly/3JeAEZc
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https://bit.ly/3KqlJih

Concrete, andRecycledsandwassupplied AlexFraseiGroupproductsresultedin 23,000t fewer used
dueto the densitysavinggomparedto quarriedrockand770fewertruck movementsin addition,1.7
kt of CQ havebeenpreventedfrom enteringthe atmosphere.
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4.1. Projectbackground

Burwood Brickworks Shopping Centsas completed in 2019 ian eastern suburb of Melbourne,
Victoria. The$120 mprojectis ownedby Frasers Property Australia and was constructed ACER
Group.As a dining and entertainment precinct, tiiBopping centre provideshopping, dining and
entertainment opportunities for Victoriang-igure4).

Figured. Cbnstructin ofBrickworks Shopping Centre
Sources: Joe Armadshoppingcentrenews.com.au




4.2. Project sustainability and recognition

At the 2020 Master Builders Victoria Excellence in Construction Awéndsprojectwon the Best
Sustainable Projeciward. More importantly, the project achieved full accreditation under the Living
.dZAf RAY3 / KIEfSyaSts (KS ¢BENdnRISEred Wy2TadiinteNibtignalNE dza
Living Future Institute (ILFIntheWa I G SNAF £ aQ OF §S3I2NE 2F GKA& | OO
at least one salvaged material per 508 ofi gross building area.

The megesustainable retail complegbranded as the "world's most sustainable shopping centre" and
fallsdzy RSNJ ( KS [Star(6s@ri'globaNBaSeyship' categoryyhich featuresrecycle and
store excess water esite' and 'use natural resources to power the building'. The project has earned
several other awards to datéFigure5). The project wasag  NRSR ! dza i N> f A Q&
Development¢ New Buildings and Best Shopping Centre Development for;2B21Rider Levett
Bucknall Australian Development of the Yehe Landcom Award for Best Sustainable Development
New Buildings; and the Hames Sharley Award for Best Shopping Centre Development.

2020 Master Builders Victoria Green Building Council Australia’s Best Sustainable Landcom Award for Best Sustainable
Excellence in Construction of Australia Development — New Buildings  Development - New Buildings

Living Building Challenge® Australia's Best Sustainable The Rider Levett Bucknall The Hames Sharley Award
Development — New Buildings  Australian Development of for Best Shopping Centre
the Year Development

Figure5. Project sustainability accreditations and awards achieved to date

During the first phase of the construction project, the soil played a significant role. The whole location
was once used as a quarry, with the deepest pit measuring arounti8lepth. This meant that deep
trenches already existed on the site and that they would need to be filled in, while at the same time a
new area would need to be constructed for the subterranean parking of the new retail centre. The sail
on the property wasnoved to createa place for the parking lot while also contributing to theiliivig

of the quarry's deepest hole. The remnants of the old quareye redeveloped into a parkland area

with ponds and open space for future residents and tourists to enjoy. This replenishes the ground and
invites nature back in, a core principle of the Living Building Challenge®. Extra soil that could not be
accommodated orsite was taken to other nearby construction sites to be used as infill.

4.3. Application of PWRC in the case project

While the target set by the client was to use more than 80 different materials and 30 application areas,
most ofthe PWRC itthis project were utilised iarchitectural features and civil work&s part of Living
Building Challenge competition, the project team had to usePw&er 500 nt in the project.The
following are some exampled the PwRG@pplicationinvolved

1 The use of crushed concrete in thebbaseof bitumen

1 The use ommaterials fromslabform workingas hanging timber and timber claddimng the
ceiling

1 The use of secondand brick purposed into tilesnd concrete in floors

26



I The use of crushed brick leftover as a finish on facades

4.4. Descriptivefindings participantSprofile

In this case studynterviewswith representatives of the founainstakeholder groups were conducted
between May and July 2022s tabulated ifTable5, the interviewees were quite experienced in their
respectivefields of expertise.The client repGP) hadhn 1 @ S NBQ SELISNASY OS Ay
and notably environmentally driven buildingsth proven track record of successful interaction with
manyC&Dcontractors over these years;@Q &4 SELISNIAAS Ay aLISOATeéAy3d R
includingSMsPwRGnakesthis participantaware of sustainable management of recycled C&D waste
products.

Table5. Summary of participaidt gofilesin CaseSudy 1

Stakeholder type | Experience / expertise Participant
code
Client 208 S| NE Q SnkeddSrictioBpyoe& development GP:
Headcontractor | About 6 year@vorking experience in the organisation GP,
Architect MM &SI NBEQ afchitedSinlIn&hggdrientA v GP;
Supplier 7 yearsworking experience in the organisation as the sale man{ GPs

The heaecontractor GP:0  NB LIQ & iS the I8gddisatigrOifcludedix years of working in
construction processes including direct engagement in product specification anileo@&D waste
management.The principal architect of the project GPs) had 11 years of experience with a wide
domain architecturatbased activities ranging from private dwellings to large public facilities and
commercial building<GPs was directly involved in projects wheagnix of raw, seconghand andPwRC

were used.Thelastintervieweg who represented theLINE 2 BaRGdpglier GPs), hasworkedin
GKSANI 2NBIFyAal G§A2Y T2 NdlednSWs selling Beytal dmberdadwetel: NI A O
repurposedfrom demolition timbers imported frontlemolitions sites managed likieir organisation

or other demolitioncontractors.

4.5. Organisatiorsinvolvement in the project

Table6 summarises the main involvement areastlod study organisation in Case StudyThe main
FOGAGAGASE 2F GKS LINRB2SO0Qa Ot ASyld 6SNB (2 LINBL
select the heaetontractor.In terms of using PwRthe main responsibility ofte headcontractorwas

to review all waste resources that were instaland to inspect them for the ingredients to ensure only
approved productsvereused.The design organisation was involved in the project at the planning and
feasibility stage. The organisation provided design consultancy with respect to the utilisation of PWRC.
The supplier organisation provided salvaged timber extracted fvamous demolition sites. This
organisation processtil KS GAYOSNJ gl 43S | OO2NRAyYy3 G2 GKS Of A

Table6. Main involvement areas of study organisation€aseSudy 1

Organisation Involvement / activities

Client Preparing the tender documents, supplying the projaetding, and working
with the headcontractorto ensure that Living Building Challenge requiremg
are met.
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Head Procuring waste resourcegith the help of subcontractorand ensuring that

contractor they have the quality required for application in the project

Design Providing design consultancy to the client regarding the use of PWRC prig
during construction phase

Supplier Extracting timber waste from demolition sites angplying salvaged timber t
the projectas per requirements

46. { G 1 SK2f RS NRofellingyh CSa®id@il A 2y Y

Figure6 illustrates a model that shows the contribution of each stakeholder and their interaction in
using PWRC in Case Study 1. As can be seen in the figure, many interactions took place between the
stakeholders to successfully apply PWRC and to meet the Buifding Challenge requirements.

+ Follow Living Building Challenge requirements * Design for disassembly

v

* Design to allow use of waste resources
 Select waste resources according to their usage lifespan
* Consider de-materialisation

 Study materials specification,
appearance & performance

resource availability

+ Rework the design to reflect the waste

various applications
« Establish a network of demolition

in their fit out
« Salvage 80 different materials for 30

« Assist tenancy to include waste resources
contractors

Localise supply chains

Develop a list/map of salvage material yards

Employ a material coordinator to procure waste resources
Engage subcontractors to procure waste resources

v

Builder Supplier

+ Provide bins for different waste resources on the site
+ Find projects requiring waste resources produced in the project
+ Arrange a take-back scheme with manufacturers

Figure6® { (I { SK2f RSNBQ AYyGSNI OGAz2y Y2RSt Ay /&S {GdzRe

4.7. Major motivationsfor usingPwRC

With regards to the main motives for usiRyvRCand participation in this project in the casetbg
supplying organisatiorihe study stakeholders pointed to different factofichese factors are visualised
Figure7 as per each participant interviewed@he following sections further describe these factors.
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Client Builder Designer Supplier
* More health benefits * Sourcing some SM/PwWRC from  + Contractual obligation * The opportunity to work with a
* Spiritual character of SM shorter distances * Reduced carbon footprint  reputable builder
* SM cost less « Social image * Familiarity with the builder
* Contractual obligation * The received recognition by
*Stakeholders input/suggestions participating in the project

Figure?7. Main motivationsfor usingPwRGn Case Studg

GP: mentioned three reasons as to wiRwRGwere used in this projectkirst, the use oEMsbrings
aboutmore health benefitcompared to raw materialsThe participant believed thahe potentialy
toxic materials in the case of secehdnd materials are gradually diminished. Secahé, spiritual
character ofSMsand the associated attractivenegsstify their usage over otheorand-new materials

W |ot of the salvaged materials have kind of a spiritual quality to them. So they have
character and soul and a staor example, we salvaged from local buildings or buildings
around Australia that were being demolished or being refurbiskéal.could take, you
know, parts of those buildings and then reuse tGdGP;]

Third, in some casethe procurement ofSMsPwWRQosts less than virgin materials. According to this
participant, some of these materials were procured from the vicwityre project and localised supply

chains were activatedGP. indicated that the reasorior SMsPwRCwas the combination ofour

factors: cost, social imagecontractual obligation Y R & il { SK2 t RSNA Q. The/ Lddzi
participantY Sy G A2y SR (Kl &G GKS Of ASyiQa RANBOGAZ2Y 4l &
product projectswhich had seemed to bedifficult objective to achieve in the beginning but became

easier as the project progressed

Whatg  a | O2y i NI @nil | ippdse ai thel sthtt, it wa yiakand just felt

like a contractual obligation, like, this is 30 items really hard thing to do. But as you

get the ball rolling, | think you get more creative, you start brainstorming things, you start

looking at differentwagX @ 2 dz a2 NI 2F 3ISG GKFG Y2YSyiddzy Nz
in as many things as your client and architect are ready to take off. | think at the beginning

of the job, it started off as a contractor obligation. That's probably the predominant reason

but, yeah,it evolves as you go on that journey of the prafdCiP.]

The social image that the organisation would buildbeyng involvedn this project and using PWRC
was a major motive according @P.. The participant also indicated that suggestions from various
parties provided further motives to useMs/PwRC in different applicatians

WL AdzlJl2aS FNRY &a20AFf AYF3IS IyR a F RANBOI
we want to be exposed tmore environmentally friendly product projects. So as a whole,
GKFG LINRP2SO0 6l a az2YSGKAYy3 GKIG ¢ S[CBSNBE NBI f

Wavinga brainstorming session with client consultants helped as well. That was sort of
0KS YIFIAYy O2yaARSNIdGA2yazr ¢S | fa@dts &litR Ay Lzl
[architectural features around travelatodpoks like just hanging timber and timber
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cladding. But tha® actually all formwork from the slabs that we pouxeeke actually got
it, stripped it back and reuse it pretty quickly in the building. So that was a subcontractor
adzaasSadAazy GKGR] L Lidzi F2NBIF NRQ

The design team ref(Ps) indicated thathe use ofPwRGvas proposedi 2 | daAad GKS Of A
to fulfil the requirements of the Petal Certification (Living Building Challenge). According to the
calculations done byGP:Q& 2 NHI Yy A & | (iSM8RWRC(eiy Kr&yclddah&rdwaol timber
resultedinalJ2 & A G A @S LINE 2 S O Qsourdnt tNanFrghsharrrandpdtflisfancesR dzS  ( :

Bo obviously, we liked the idea from the start, but | think the certification process assisted
with quantifying what needs to be achieved. In this case, we had a carbon footprint
calculation and transport was part of that conversati&o,transporting fresh hardwood
timber had a much larger impact on the mileage and that's why this have shouldn't in the
end, it was a balancing act because all the figures had to balance out. And in this case, the
hardwood was significant assistance to asfi¢hat outcom@[CPs]

The research participant from the supplying organisati@Ry] listed a few reasons for engaging in the
project. These includerior familiarity with the builderthe opportunity to work with a reputable
builderandthe recognition they received from participation in this environmentally friendly project

What[Project]is pretty impressiveive@ were really excited to be on board with something

like that. | mean, we hold ourselves, especially being part of the recycling part. In terms of

our recycling and stuff like that our reputation, so it was just, there waslaraiaer to

want to be part of it. And as | said, HACER were amazing. In every way, and even the
0dZAf RSNAR GKFG 6SNB | LINIG 2F AG a oSttt XAl ¢
that we did get from it was really good as V@ICiP4]

4.8. Major barriers to usingPwRC

The use of SMs/PwWRC in the Brickworks Shopping Centre project came with some chaleiaes
are presented irFigure8. The analysis of responses showed that the availabiligM&/PWRC was
the most frequent reference issue as indicatedths builder, designer and supplier

L L AL

Client Builder Designer Supplier
» Design team experience * SM/PwWRC’s availability * SM/PwRC’s cost + SM/PwRC's availability
’.SM/PWRCS performance & + SM/PWRC’s cost + SM/PWRC’s sourcing time + SM/PWRC’s matching
insurance + Parties’ agreements on using * Finding qualified sub-contractors  * Unrepresentative sampling

+ Contract design & administration gpg/pwRC
* Unique design process * Time scheduling
* Negative perceptions + SM/PwRC's quality compliance
* Materials application standards &
* Readiness of supply chain to adopt  requirements

SM/PwRC
/ * Functionality & maintenance

« Specific warranty requirements

* Client’s understanding & commitment

* SM/PwRC's availability

Figure8. Major issues around usirwRGn Case Study 1
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GP, listed severalchallengesthat included issues around the design team experience, the
performanceand insuranceof the materials the contract desigrand administrationand negative
perceptions The participant indicated that due to the unique feature of the prgjdesigners need to
do things that are not routinewhich also hindered the design and administration of a contract that
requiresthe effective collaboration of contractors to use these materials

Por example, an architect's might design a room and then the contractor tries to find
NEO& Of SR YIFIGSNRIfA G2 dzasS G2 | OQGdzrffteée odzAfR
what materials are out there in the market first, and then have a palette of n@dseand

then do the design, you know. And I think that's a challenge for our industry, because we

don't generally work in that way, we tend to design something, thentdrprocure

materials to make them fit into what's already been designed, rathan tmderstanding

GKIG 2dzNJ YFEGSNRALFf & EPLR2NIdzyAGASa It NBIRe& | NB

Furthermore, these materials (e.g., salvaged hydraulic tapware, showerheads and taps) might not
perform aswell astheir brandnew alternatives so they might not pass the requirements dictated by
relevant building codes and standards. For this reason, their insurance and guarantee requirements
differ from those of brandnew materials. Lastly, the negative perception towar@8M/PwWRC
embedded inwider society leads people tssociate these materials with lower quality

WLGUa dzadzZffe GKS LISNOSLIWA2Y 2F GKS SyR dzaS)
they kind of some of them are the end users, right? So it depends on the tenancy type, but

they will have their own, like shop fitter or their own contractors tolaolayout work and

their own contractors have their own prejudices as well, you know, saying, Oh, if | use this

recycled product, do it won't last as long or it is not as robust or whatever. Maybe that's

not that's not the case. It's just usually a perdegt {C®i]

The builderrepresentative GP,) enumerated five challenges of usimgwRCin the case
project. These include the availabiliof SM/PwWRCagreements of all parties on using the
proposedPwRCthe cost of the materialgjuality compliance with therelevant policiesand
specifications, and readiness tife supply chain tcadopt these materialsThe participant
reported that it was difficult to procure a widelange of SM/PwWRGCin the high quantity
required for the project. Also, the task of gettitlie agreement of everyone involved in the
project (.e.,client, designer and subontractors) to use th®wRGQvas sea asa challengeby
GP,, echoing the facthat the supply chaisare not well developed to adopt these materials

Bo we would come up with something that we think is great, and the architect would look

at it and think you're out of your mind. That's disguskng G0 Y & 2dza i YIF { Ay 3 & dzN
subcontractors are okay with it. They're the ones that have to iristahd sign it off at

the end of the daySo,they have to be comfortable with the product that they're putting

forward that they can give you the warranty that we nesdl those sorts of thingthat

those who had contract obligations are still met using a pobdhat they're unfamiliar

WithQ[Clpz]

The cost of SM/PWRCwas reported to be another issue; according @, procuring
uncustomary material®f a certain quality with no defined cost limit as reflected in the
specifications made it unaffordable to their organisation. In some cases, this limitation
resulted in procuringof alternative materials in this projecEurthermore, the participant

commented on the difficulty of achieving quality compliance with the relevant regulations. This is the
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direct result of the lack of traceability #wRrocured for the projectAccording to this participant,
sometimes theprocuredSMsthat do not have certification from a recycling facility or manufacture
did not have the intended performance quality or simply did not fit for the purpose

WY you're buying something that's being reused, and it's ftbmsecondhand yard, or

that sort of thing, that wagslefinitely tricky Even after the carpet was one, we use some

carpetthere thatwas reused. But we haven't had trouble with that peeling quarters and

not being able to fisthem down. Because it's not really flat, it's been pulled up from a

previous jobSo,laying that down again. So same sort of thing, just the quirks | guess you

3S0 gAGK | alf@Fr3aSR LINRPRAZOGEZ AGUGCPY20 e2dz Iy

GPs reportedthat the design team faceseveral challenges wheweparing design worto usePwWRC

in this project.The participanpointed to cost, time finding qualified sulcontractors,unique design
processthe material application standards and requirements, functionality and maintenapeeific
warranty requirements G KS Of ASy (i Qa dzy RS NA avhilgbiity gfihateliag§s R  O2 Y
According toGPs, the application oPwRGs typically more expensivand needs extra resources for
double handling The design team also needém spendmore time searchingand souring various
PwRGilternatives Furthermore, not all subontractors were able to handle uncustomd@wRGand
finding the right subcontractor was a challenge in this projeldte design team had issues witte
specification of som@wR(roposedas theywere unableto pass some ratingsnposed by building
codes and internal guidelines or simply did not have the desirable functionality and maintenance
requirements

o for instance, the recycled timber ceilings, they have to follow a certain fire group rating

and in order to achieve that, you have to get a certain thickness, and you have to sign it

off... So that goes back to your fire group ratings, because if you have got a good strategy

in place, you might be able to have a slightly reduced assessment of let's say, the ceiling

treatment. So there's sort of mechanisms that you can use to get it thithegtode that

in the end is obviously dictating the compliak@envould have been probably to do not

necessarily regulatory, but also just in termg$ufctionality and maintenance, that while

something might look good, and might have a narrative around it being recycled, and a

reduced carbon footprint, the realities of it being in an area, which is exposed to a lot of

wear and tear, and a robustness tegement for its functionality would have been a

serious consideration as well. And that's, you know, why we often go with new products,

0S50l dzasS (GKS@UNB Y2NB IyR Y2NB NRo.few{fi= oSOl dza
The other challenge iGP:Q & 2 WAk A iy Of  NAFe GKS Oft ASyidiQa 0O2Y

of the consequences of usifgwRCsuch as the lack of warranty in the case of braes
materials

Wi yR &2dzNJ Of ASyida 320 (2 dzyRSNAGFYR GKSysX o
accreditation for the Living Building Challenge, which is that which was one of the pushes

to use a lot of the recycled material, reduce their carbon footprint. So yealas a

commitment from them as well to understand warranties are not the same as some of the

other commercially available products. | think that's a really important point for Cinder

because, that not every client is willing to do thad | think if yau identify risk, | think

61 NN yie 6AGK NBO&Of SR LINPR[@Pi& A& LINRPOLIOf &

The participant indicated that the procurement of these materials with similar qualities in sizable
guantities was a challeng&hese materials also warranted a unique design prqeesaning that the
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design team had to come up withpreliminary designwhich later had to be checked with suppliers
of PWRC

Wknow, wee talking about a single building here. But a lot of these things are much easier
at amuch smaller scale and you ddneed them in the same amount of quantities. So
sourcing things was not just finding the product is finding enough of the product, because
you®e actually using it for a lot of larger space to actuéhp i@ quite difficult to reuse

NEO&Of SR 202500a YdzOK SIFaASNI G F R2YSadAOo a

they were looking for very specific things like-ptac doors that were completely recycled
windows And so there had to be a, it had to be an initial dedlgen a search for those
particular components that were recycled. And then another redesign based on the
parameters of those found objects. So that change, there had to be a kind of unfinished
RSaAdy O02yO0SLIi (2 &I G(GKNRIdAK (KI G LINRBOSa

TheGPsalso highlighted the challenges of usBigl/PwRGn the case project. These were the difficulty

aqQ

of supplying enough materials, matching the materials, unrepresentative sampling and time gchedul

The participant mentioned thatue to the large scale of the suppometimes it was difficult to get
the quantity of materials require@nd, in some cases, due to the low quality of a fraction of the
feedstock matching the materials asdifficult. Furthermore, a few samplings did not give assurance
of the final look of the products when used in the projelitey described:

Wou might have the feedstock there. But when you're machining it, there mhgllosv

bits in the timber. So which means it collapses, and then you can't get the material that
you think you're going to get out of it. So | guess the machining side was a chéfenpe
think the colour tones and all that kind of stuff was the only thing that was the challenge,
but because of the large scale of the material, you can't make it all look theCsafRé/

The other challenge was to achieve time schedubn.The supply of thePwRQtimber in this case)
was done irdifferent milestones which makes the matchiptactice more difficult.The participant
explained:

We¢KS AO0OKSRdzZ Ay3as 2dzad YIF1Ay3a ada2NBE ¢S 321
didn't all just go out at once. Obviously, there because of the quantity it was done in
{4 IGP] Q@

4.9. Major strategies to overcome the reported barriers

Several strategies were proposed by the participants that would have improved the &seRiEin

this project (Figure 9) GP: indicated thatsome strategies such adear requirementsfor using
SM/PwRGn contracts, normalisgtheir usageacross the supply chain, legislatiBiyl/PwRQisage and
imposing highly rated landfill taxes on waste resounwesid be helpful
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Client
Builder Designer Supplier
* Clear requirements of using * Early involvement of key * Early engagement of stakeholders * Broader sampling
SM/PwRC in contracts stakeholders

*Developed understanding of budget  « appropriate time scheduling

* Normalise usage of SM/PWRC Setting clear expectations of requirements

across the supply chain

warranty conditions *Developed understanding of
* Legislate SM/PwRC usage SM/PwRC'’s cost performance
* Impose high landfill taxes on *SM/PwRC’s post-occupancy test

waste resources

Figure9. Major strategies to remove barrietse usingPwRGn Case Study 1

According to this participant, when the contract was clear aboutrémirementsfor usingPwRC

then the parties involveavere prepared to work with themPreparationfor thisinvolves creating the
capacity to consider these materials in differevaystiGP; also indicated thatvhen applying CE, the
entire construction lifecycle (i.e., desigopnstructionand operation) should be considere@he
participant also reported that although it might not be straightforward, having the application of these
materials legislated would remove some of the barriers. LaGtB,mentioned that having a high rate

of landfill tax on C&D waste resources will enhance the uptake of these materials in construction
projects.They described:

W¢KS aSO2yR StSYSyid Aa tA1S NBIrffte g2NJAy3d 2
that isn't said, a lot of people are happy to give to the circular economy by like, providing

old things, but they won't buy them back themselves. Right. So hiaainghole lifecycle

embeddednto design construction, but also operation like why? Why are we not using

LINE RdzOG &> S@Sy Ay (GUKS 2LISNIYdGA2y 2F o0dzAf RAY 3:
[GP]

Y Kn¥really, reaIIy honest review a reaIIy hlgh landfill tax. | think we've changed the way
LIS2LX S 0SKI @S ' GKS Y2gB)yia> A0Ua +FfvY2a TN

GP, reported that overcoming the challenges of usi8tylsPwRCcan beplanned through early
involvement of key stakeholders and setting clear expectations of available warranties for these
products. Early involvement of the stakeholddtgough establishing a frameworlwould help
everyoneto understand what the final outcome could look like. Furthermore, this participant argued

that there must be clear expectations of warranty requirements of these products that vary from brand
new onesand can create a positive environment among stakeholders in favour of using them.
Clarification woulchelp adjusta G I 1 SK2f RSNAQ SELISOGFGA2ya y2aG (2
these products

Wthink a lot of these is having really early and open involvement with everyone on the
project. So,it's setting that expectation, | think with your client about what they want,
again, having an architect on board early with even just some ideas of what they would
like to have either recycled or salvaged. So you're not starting from scratch and you can
sort of set that expectation with what they would like what an absolut@[CP;]
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ParticipantGP, highlighted the role of reasonable timing and budget Of A Sy i1 Q&4 NBI RA Yy S:

realities, early engagement of key stakeholders, awdreness c6MsPwR@erformanceas the main
strategies in removing the barriers reported by thehecording to this participanhavinga clientwith

a developed understanding ahe specific requiremerg of working with these producissuch as
allocating reasonable timing and cost upliftould reduce the impact ofhe challenges reported
before. Notably,due to the uniqueness of projects usigiisPWRCtime was emphasised to be a
critical factorin the design process

W 2dz YySSR | O8wilfing ib pag fér it.a8nbt bldRap.a\keén it does take its
toll on people in terms of time as wéllthink one thing ther® often a misconception
about a lot of architecture and that is just that we do whatever we want. And that if we
say we want recycled materials, they just get into a project @adt, i@ a conversation
YR | 22dz2NYySECPgAGK GKS Of ASyidQ

WL g2dzf R atké& Y2NB GAYS IyR Y2NB Y2ySes odzi
that's fundamentally like with any of these projects, any sustainable kind of strategies,

whether it's recycled materials, [or]any ofiti KS GAYS 2yS A& |jdA(dS ONMAC

obviously, that's related to money. But it's allowing for those processes to occur. And

often, these projects connected to an opening of a major tenant and that deadline can

absolutely shut down your degsi process and if you're goibg have these large tenants,

you would say straight up, before it even starts, you need to make sure that you allow

enough time to go through this process. Because then it might not all be cost. So some
materials are more expensive, but it's the timeaikés to certify, or the time it takes to

OFtOdA F 68 AG FEt G&F GAYS Al GF18a (2 &2dNDS

GP; mentioned that early engagement of stakeholders is a must in this kind of prdjetably, t
allows them todevelop an understanding of budget requirements associated with using these
products

WIA1S SFENIe& Sy3rasdvysSyid 2F OtASyid FyR dzyRSNE

our supply chain and their budget consideration, because the thing is if a recycled material
is 1.5 times the price of somethitigat isnot recyclegany client who is not committed to

GKFG adNrdS3e gAftt G161 1S GKS OKSILISNI 2LIGA2Yy @
[CiPs]

Another point made by this participant was about developing knowledge regarding the cost
performance of using these materialaP; mentioned that the cost uplift when using these materials
needsto be considered ithe long run, which could have a significant impact on the decision made by
clientsaboutto whetheruse SMsPwWRC

YPWhat] | do want to add is the cost uplifiat sometimes occurs through these decisions

is not necessarily a cost uplift, if you assess a building over a 36yeablime period. So

that's, | think, to be made quite clear. Because when we talk about resilient and
regenerative buildings, you have a performance and a much smaller footprint, and a much
lesser, let's say, energy bill. If you measure that with just gonstruction costs, and let's

say five years, yes, it's a more expensive building. By the time you get to 20 years, you have
a cheape building. So that's something worth maintenance cost if you want to compare
0KS NI g [CPJISNALITAaAQ®

The participant added that having pestcupancy test for each material would facilitate precise
calculation of cost implications of usiyvRGhrough comparing their benefits versus maintenance
cost
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W we werestarting to see what the performance differences are like in terms of electricity
use recyclingwater and all of those things. But in termstbe maintenance cost, you

would think that hardwood, timber would last quite well. For the brick, you know, that's
been used for a long time. And should last as Wallepends on the material, it needs a
postoccupancy assessment set, you also need time, and this is a very new project. So your
project exactly that's, something that not many people, nanmbusinesses know about

it. So that's, really quite new initiative. So we still trying and testing things. And still a long
way to go to understand the issues ahead @@[@P;]

The participant representing the suppli€l,P, noted that taking broader sampling and appropriate
time scheduling would be two strategies to overcome the main challenges of BsWR{Lin the
Brickworks Shopping CentRroject More frequent and precise sampling frdBwRGCsourcedfrom
different sourcesvould provide a realistic viewf the quality of the final work appliedt alarge scale
Having clear, mutually agreeghon,and reasonable time scheduling was also noted torbergortant
factor when handlingPwRC

WL GKAY]l S6AGK alYLEAY3 IyR a0dzFF¥ fAlaS GKIFGX
broader example of what it can be. Because at the end of the day, it is a natural product,
especially with timber. Also noting that there can be movement with tim@raitive

LINR RdzOGZ AU R2Sa Y2@0S P AG Y2@Sa (2 AdGa adzN

WLG OFy o6S | oAl adNBaatdzZ ¢gKSy @2dzd@gS 3240
because they've got people on site that and they need to put this wall up or they've got

that out. Planning and you know what | mean? You got to get the staircase @ruslyes,

2dza iy L GKAYy]l GKS &O0OKSRdzZ Ayad aARS EP] AGI YI |
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5.1. Project background

The Mordialloc Freeway Project (MFP) in Victoria comprisekm &reeway link between Dingley
Bypass and the Mornington Peninsula Freeway, including several-gepdeated interchangesix

new roadbridges over wetlands and Mordialloc Creek, amdr 8 knmof parallel shared user path along

the alignment.The MFP was built between 2019 and 2021 using the delivery method design and build
(D&C).This Major Road Projects Victoria (MRPV) freeway was constructed by McConnell Dowell and
Decmil Joint Venture (MCDDJVhe partnership intended to deliver a wotflidst freeway(Figure 10)

one that would incorporate technological advancements in sustainability, delivering not only-a long
awaited stretch of roadbut also contributing to thetate@ waste reduction goals.

Figurel0. Construction ofMordialloc Freeway
Source: Victoria Big Build 2022
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5.2. Project sustainability and recognition

The project has delivered several social, economic and environneenafits In terms othe traffic
outcome according to MPRYrediction modelling the project willsave 7and 10 minutes in peak
morning and evening trafficespectively. It will alseeduce60¢70%of the traffic loadon Wells Rd and
Boundary Rdy 2031.To drive thesocial outcomethe project teamalso implemented many social
procurement initiatives and achievete following

1 92,702 total hours for local content and employment outcomes;
1 49,242 total hours for Aboriginal employmeiind
1 71,068 total hours disadvantaged Victoriemmmitment

To date, the project has been recognised for its environmental sustainability, contractor performance
and design. As can be seerFigure 1, the projecthas receive@wards betweer2021 and 2022.

2021 Australian Flexible Pavement ‘Excellent Rating’ for its interim
Association (AFPA) Industry Award design submission by Infrastructure
— Outstanding Project Sustainability Australia

Excellence in Environmental 2022 Contractor Excellence

:)l;tcotmecst ?w:rc_i b'I'l':y Award by Infrastructure
Cn ras.:'u ure sustainability Partnerships Australia (IPA)
ounci

Figurell. Project sustainability accreditations and awards achieved to date

5.3. Application of PWRC in the case project

The project had significant environmental impac@nce the project completion, the MFP has been
1y26y a W dza0dNFfAFIQa IAINBSySad FTNBSsIeQd ¢KAA
ddzadr AyroAftAGe AYAGALFGAGSA Ay NIB dHelRegait Recyitlidg + A O
Victoria a New Econonfy. The project saved over 300,000f materials from landfill or aof land

space that may be required for stockpilinghe e of these products compared to comparable
products on the market has saved ove@@0t of greenhouse gas emissions.

ThePwRQuantity, typeand application areai this projectinclude the following:

T 75% recycled plastic rotationally moulded panel (RMP) noise wallsn{1 noise walls
using 600 tonnes of plastic wastgualling 32,000 A)

1 100% recycled subbase pavement materials and B#RCn asphalt pavements (over

270,000t of pavement material incorporating the maximum allowable recycled content)

10% crushed glass and 30% reclaimed asjplaamentin pavemensg

100% recycled polypropylene plastic (PP) concrete reinforcing mesto{glastic waste)

=a =

9Victoria State Government. 202Recycling Victoria A new econonmtps://bit.ly/420TOKP
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1 100% recycled higtensity polyethene (HDPE) stormwater drainage pipe (4.6 km installed
totalling 75t of plastic waste)

The projectapplied407 VicRoads Standard Specificatéis ensure the quality of PWRC to be used

in this projectmet the minimum acceptable range. This specificatiodlosumentwas updated in the
collaboration between the industry and government agencies to allow for more recycled asphalt
products to be used in all pavements going forward.

5.4. Descriptive findingsparticipant<profile

Four key stakeholders of this project wengerviewed between June and August 20d2ble7). The
interviewees were experienced individuals walsignificant track record of involvement in building
public infrastructure in VictoriaThe client representativeGP;) was extensively engaged in the
Mordialloc Freeway Project in two capacities: project director athe pre-construction and
procurement phases, and senior project manager responéiblthe delivery of the southern part of

the project. The participant representing the headntractor GP.) hasworked in the construction
industry for the last 20 years, and experienced different roles from site engineer and project engineer
to project manager in various road infrastructure and mechanical projects. As the project manager,
GP.led a group of engineers working on different parts of the projecK A & LJ- Nliolenkrtdr y (i Q2
in C&D waste management was limited to engaging waste operatotakt the onsite waste to
landfills.

Table7d { dzYYI NB 27F L3inCEsR Sd2J) vy 134 Q LINRPTFAE S

Stakeholder | Experiencéexpertise Participant

type code

Client Senior project manager with extensive experience in pro| GP
managing public infrastructure projects

Head Hn &SI NBQ SELISNASYOS Ay (KS |GP

contractor project engineer and manager
Designer Mmp &SI NBEQ SELIad&kigh yodsbltamt 2 N A y 3 GPs
Supplier Highly experienced corporate communicator with a backgroun| GP,
government, corporate, industry and community organisatio
with a four-yearemployment history in the organisation

The third research participanC{P;), who represented the design team, had more than 15 years of
experience as a design consultant, primarily on road infrastructure projects such as the reni®vdl of
level crossings and the construction of tWéest Gate Tunnel. ThisLJF NI A (Amally gxipefience

with PwRQwas related to the case study project. In this proje@f:; managed the main freeway
alignment packages, the freeway crossings with major local roads and the design coordin#tm®n in
role of civil design lead. The final participar@®s) worked as the orgasation@ communication
manager and participated in the project development process at an early stage. While the participant
was not directly involved in managing the pro@d@wRGsupply,they had a good understanding of

the organgation@ supplying activities due their participation in some communicatiornsith other
stakeholders.

5.5. Organisatiorsinvolvement in the project

Theclient worked withthe PWRC suppliers to increase their application in the project leadittieto
revision of materials specificationhe client had meetings with theIN2 2 teriti& éontractors
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and suppliers to review the projestcope andrequirements.Furthermore, the client project team
established the sustainability committee to monitor and report the use of PWRC in this project.
head-contractor that represented a joint venturavas responsible for conducting the construction
activities according to the design. This organisation also procured PWRC from various suppliers.

The design team was responsible fbe design workmainly inthe civil roads drainage, structural

design, geometric highway, traffic management and alignment of the other rGédssupplier had a

key role in suggesting reforms to the existing PWRC specifications in this project. The main materials
they supplied included reclaimed asphalivement crushed glass, crushed rock and concréte.
adzYYFNE 2F GKS aidl 1SK2f RSNBRQ YI Ay AapeRrt ogSYSyid |

Table8. Main involvement areas afasestudy organisations Case Studg

Organisation Involvement activities

Client Working with stakeholders to develop new materials specificatiamsl
establishinga sustainability committee to monitor sustainability outcome
Headcontractor | Conducting the construction work according to the design

Desim Providing design work fahe civilNR | dRan&ye structural design,
geometric highwaytraffic managementind alignment of the other roads.
Supplier Working with the client to revise PWRC specifications, supplying recla

asphaltpavement crushed glass, crushed rock and concrete

56. {0 1 SK2ft RSNAQ AYyGSNIOUA2Y Y2RS

Figure 2 shows the interaction model between the four study stakeholders in Gasty 2. The
modelling was done based on the responses captured during the interviews.

» Establish sustainability committee to + Provide design consultant with some
report & monitor outcomes support from other consultant

* Push to design to allow use of waste resources before and
during construction

+ Collaborate to use more waste resources
+ Conduct some R&D regarding waste

* resources

+ Sample the waste resources to test the PwRC performance
+ Encourage investment in waste recovery technologies
* Procure waste resources

Builder Supplier

« Stockpile waste resources and regularly
maintain and test the content

Figurel2{ G I 1 SK2t RSNBRQ AYydSN} OGA2y Y2RSt Ay /1 a$ {ddRe n
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5.7. Major motivations for using PWRC

The four stakeholders interviewed in this case study provRi®gasons why they have been engaged

in this project and why they were motivated to use PWRC. The most frequent reason was to contribute
to the environmental sustainability of the construction activitiediich was indicated by the client,
designerand supplier of PwREigure Billustrates these motivations for each interviewee.

L L AL

Client Builder Designer Supplier
* Support from executive « Contractual obligation * Contractual obligation « Business purposes
management « Build organisational capacity  * Provide workable design solutions * Make greater impact
* Revise specifications * Respond to future needs * Develop sustainable design « Set examples of using PWRC
* Financial incentives *Superior PWRC'’s physical characteristics * Make PwRC procurement business as
* Project mission to be green *Less energy intensive usual
* Recyclable « Contribute to carbon emission

*Minimise the need for virgin materials reduction
*Certification for PWRC quality &
performance

Figurel3. Main motivations for using PWRC in Case Study 2

The client representative reported that support from the organisaoexecutive management,

revising the materials specifications, finandnmentivesand the projecf dspiration to be green were

strong motivations to use PwWRC in this proj€3®; highlighted that their executive management team

was astrong supporter of using these materials as it would support recyclers, reduce the quantity of
glaidsS fFryRFAfTEAYI YR O2y(iUNROdziS (2 GKS adl G§SQ:

Wto be fair, if | had been just the project team, we might not have done that, but we were
supported and encouraged to do that from our executive. And that was done on the basis
2F adzZLILR2 NI AYy3I NBOeOt SR YIFGSNRIf gGP]odzi a2 a

Furthermore, according to this participant, the DoT specifications were revised in collaboration with
the supplier to allow more usage of PwRGhis project notably asphalt and plastic noise wall. The
client organisation also provided financial incentives forlihad-contractorto achieve the targets set

for using PWRC in this project, which was based on a 70% ISC rating

W fGAYLFGStes S 62Nl SR 6A0K GKS 52¢ FyR AYyRdz
used it on the Mordialloc freeway pl’OjeCt And that allowed for more recycled asphalt

LINR RdzOG G2 o6S dzaSR )\y Ff IQSYsyuaedEIZ)\yEI T :
LINE RdzOG AyiG2 GKS #AO002NALFY YIFIN] S !'yR GKI G
[GiP1]

W2 KIG 6S ta2 RAR Aa ¢S taz2 LINRPOARSR | FAYL

N} GSR L{.[GP2dzi O2YSQ

Wthink it was a project goal to build the greenest freeway that we could. So there was a
motivation, from the organisation from the individuals who planned that to achieve

0 K I ( Xdibkn®fsln relation to Victorian economy to provide all the support producers

that we®e in Victoria. So the recycled first element of that, you know, to reduce the, you
1y26s GKSI GKS | Y2dzyG[CRAF LINBRdzOG 3I2Ay3 G2 fI
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ChP. referred to three factors as the major enablev§ or motives for ging PwR@n this project

contract obligation, building organisational capacity to work with Py#R@ preparing to respond to

current and future client needs. In the contract awarded to the headtractor organisation, the use

of PWRC was required to meet the ISC sustainability rating requirements. Furthermore, according to
this participant, with theSYSNEBA Y3 GNBYR Ay (GKS adl 6SQa Lz f
LI NOAOALI yiQa 2NBIYAAlLGAZ2Y gAftAyIte | R20IGSR
better address the market needs and secuhe kinds of projects in which the use of PWRC is
necessary

W, S O ladmod forbusiness, you need to differentiate yourself from the otiherthen

you need to respond to your clients know what they want, what they need out of projects.
This is when we sell ourselves on for the next project. Wh@e weed to as our selling
point is we say well, look at all this great stuff, we are a company that does this type of
GKAY3 & LI NG 2FCGPEdzNJ 60dzaiySaa Y2RStaQ

CPs, the representative of the design team highlightelrenfactors as the main motives behind using

0KS tow/ @ ¢KSaS AyOfdzRS NBalLRyRAy3dI G2 (GKS OfAS
stakeholders involved in the projectdeveloping sustainable desigrthe superior physical
characteristics of PWRC, being less enénggnsive beingrecyclable, minimisinghe need for virgin
materialsand certification for their quality and performancthe participant explained:

K we definitely sort of wanted to provide a good sort of sustainable design. That was one
factor of it.It was just about really keeping the client happy, as well as the contractor and
O2YAyYy3A dzLJ ¢ AGK | az2f dzi[@GR]ly GKIFG 62N]J SR T2NJ S¢

This participantemphasisedhe environmental benefits of using PWRC in their project. The
benefits realised included reducing the need for using virgin materials, consumption of materials
that consumed less energy to be produaett ahigher level of recyclability at the end of their
service life which further contributes toa CEin the construction industry The participant
expanded on this, stating:

WC2NJ GKS y2A4S 4, I khdw thedbeylefité cf Gsingftige NdcySliEg pMdtiifs S
is that they@e lightweight, the®e got the certification behind them in terms of testing for

UV resistance and chemical resistance, @eeless sort of energy intensive to make and
manufacture. And then you can also easily replace sections of the wall and also recycle
them at the end of their useful life as well. So you can do, all those things also with other
materials such as concrete dsteel. But yo@ke already starting with a recycled product

to begin with, rather than creating something, and then going on to recycle it later down

0 KS .[CR]Y SQ

GPs also highlighted three main reasons for being involved in this project. These reasons were business
purposes,and to make a greater impact, set examples for other smaller council and private
construction projects, make procurement of PWRC bushasassual and contribute to lowering the
AYRdAzZAGNE OFNb2y F220LINAYyG® ¢KS LI NLAOALI YyiIQa 2
projects for many years, particularly in Victoria and Queensland. Hence, their engagement in this
project was primarilypased on business grounds

Wwe probably the largest recycler, by weight, and volume in the country, we recover

materials to manufacture heavy materials for roads and infrastructure. So this is our bread

and butter. And we would always seek to supply major projects with these msterial
becausethad® 6 KSNB 65 Oly YI.{CPR]GKS o0A33Said AYLI O«
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Furthermore, according tG:Ps, by engaging in this proje¢hey were able to make the greatest impact

due to the scale of supplwhich further resulted in building confidence in the market to use these
materials, particularly in smaller scaled construction projects. This eventually should result in using
these materials as business as usual. This project allowed them to set amplextinthe safe
application of PWRC in the Australian context. Lastly, the use of PWRC contributes to reduced carbon
emissions resulting from construction activitidhiey explained:

Wwe want to make sure that major projects especially are getting, creating, or paving the

way for councils and smaller construction, and setting an exaifideknow that through

the use of our materials, these projects can reduce their caidmmtprint by up to about

65%. So having these materials used in major projects is a really great way to
O2YYdzy AOFGS G2 GKS NBad 2F GKS YINKGEBISE GKI G

Wodzi 6S obyid 2 YIF1S 2d2NJ Y2UAQFGA2y F2N GKAaA
the entire sector. Purchasing and utilising recycled materials and infrastructure should just
0S 0KS[GH2NYQ

5.8. Major barriers to usingPwRC

In response to thguestion regarding therimary challenges associated with the us@ofRC

the respondents identifiecdeveralfactors that inhibit the widespread adoption of these produ@s.
illustrated inFigure Y, unsupportive specifications and availability of PWRC are the major barriers
reported. These two factors were indicated by all participants as the main two major barriers.

Client : .
Builder Designer Supplier
* Cost * Unsupportive specifications * Negative perceptions * Lack of awareness of PWRC
* Positive carbon emissions * Cost * Unsupportive specifications performance
* Unsupportive specifications * Availability of PWRC * Availability of PWRC * Unsupportive specifications
* Availability of PWRC * Immature supply chains * Negative perceptions

* Technical issues

Figurel4. Major issues around using PWRC in Case Study 2

Cost and positive carbon emission, as well as specifications and availability, were cited by the client as
the most significant challenges in this projeCGiP: indicated that the cost of acquirinBwRCwas
greater than that in the case of new materials due to the small scale of production

Wthe cost was one [challenge] and we did take the choice to pay a premium to move from
I BSNE STFAOASY(H LINRPRAzOG Ay GKEPYy2A4S oL ffax

In addition, the participant noted that the use BivRGvould not necessarily result in a reduction in
carbon emissions, which influenced the decision to use some recycled products. Lastly, according to
GPy, while the organisation was able to overcome some of the obstacles imposed by the Department
of Victoria (DoT) material specifications, other restrictions following specifications prevented the use
of additionalPWRC
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Kwe wererRable to do that, ultimately, because the emissions for the trucks to pick up
the water and take them to the site was greater than the benefit of actually using the
recycled wate[PWR(E So yeah, the® a balance in sometimes you get environmental
benefits in one area, but y@ harming the environment in another area., S®re were
trade-offsthat sometimes did not work with in favour of recycled mateQfGP]

Wso we had the contractor who wanted to achieVigaitget of usinPwR(, because they

had commercial benefits. And then we had suppliers who were reluctant. And they were
reluctant, because the DoT had these specificak@uswhilst we were able to overcome
some of those specification challenges with the asphalt there are probably other areas
that we didreven tnQ[GP]

GP. mentioned five factors in response to this question: traditional specifications, the premium cost
of PWRC their availability, immature supply chains and technical challenges. According to this
participant, the problem with conventional specifications is that they do not recognise the use of new
materials in the common elements of infrastructure projectssas the use of recycled plastic instead

of concrete in pipes. It was alsotedthat the high cost oPwR@revented the use of these materials

in this project.The participant further connected thabstacle to the immaturity of the waste recycling
industryand itsinability to produce products at reasonable prices dmelrequired scales

Wirst and foremost is traditional specifications @allow itXthe pipe for instance. Well,

the specification said it had to be concrete pipe. So if | was just to follow the specification
that | car2do it all the recycled asphalt Well, there was no testing regime there was not
an accepted product. So the challenge is to get the specifications to be invited innovation
specifications traditionally. They prevenhovatiorQ[G,P;]

Bomeof these products come at a premium cost. And probably just because the industry
is a bit immature, like they d@have the volume and the scale on some of these products
yet, so | think we need to get more volume and scale and to get to drive the price
downXthere was only one supplier up in Mildufthat could produce sleepers with
recycled plasti¢cland they could only produce like five a day or something which meant
we could only do a very short section of the work, they just@tidwe the capacitynitheir
workshop to produce the amount that we needed. And they®lttkve the money to
invest in that production scale because not enough jobs were uSIfGRt]

Thelast challenge was related the technicality aspect othe application of these materials. The
participant noted that the characteristics ®wRCare different from new productswhich created
issuedor their application in this project

Wfor instance, the thickness of the panel causes any issue. S@ffustehat the maturity

of the engineering that goes into them, so to know how to make the product work with all

GKS NBad 2F (KS aeadsSvya GKIFIG FAG FNRBdzyR Al X!
than a traditional ones. So all of a sudden,Qewgot to know, from a design point of view,

our designers left whatever was a two and a half metre space to fit all @j€iR]

The third participant, &%, indicated that the three major challenges were negative perceptions,
specificationsand the availability oPwRCThey described:

Wthere@ a perception that the newer materials are a bit sort of untested. So getting the
road authorities to approve the use of new materials can be a challenge. So obviously,
with roadside infrastructure, it needs to be sort of performance tested di@you
don®@want to install something which is going to sort of fail or fall apart in the next 10
years, when it should be lasting for much lon{g there is some trepidation around that
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until itQ been demonstrated that the product or the recycled material actually performs a

AAYAEI N FdzyOilA2y . [GR] (N} RAGA2YEE YIEGSNALEaQ

Wavailability of recycled materials as wel@iprobably easier in metropolitan Melbourne

G2 3ASG | O00Saa (2 (KSaS FtGSNYyFrGADSS Y GSNAI§
more difficult whenyo®S 2yt & 320G | €t AYAGSR adzZli. & OKIAY

[CPs]

The last participant in this case studyR:), referred to the lack owareness oPwWRC performancge
unsupportive material specificatiorend people witha sceptical mindset about PWRES the main
three challengesstating:

WL (GKAYy]l GKS OKLI f f SydThlof & talkdbbdiii recycRdNihatizdals A &

0SAY3 ySg 2NIAYyYy20FGABS 2NJ OdzidAy3a SRISXLIS2L

to research [application of] recycled materials findjects. The fact of the matter is that
weQe been manufacturing these materials for decades, and they have been used for
decades in projects across Victoria and Queensland. @aetually past the point where
GKA&d A& YySo .ICPR yS6av2NIKeQ

Wthe specifications are probably the key thing if the specifications allow for the use of
recycled material and that takes away a huge barrier and makes it far easier to get
acceptance for it in the market. So you kno®, d@pen to the regulators and Vic Roads and
major projects and people like that to really, you know, step up and make sure that there
aren®these, you know, ridiculous invisible barriers in the way of people taking up the use
oBB 08 Of SRICH]F G SNA I Q

Bo if you have individugfojects, engineers, or people working on the project that have

old ideals around the use of materials that @rmave experience with recycled materials,
I might be a little bit resistant or reluctant to take that@jC.Ps].

5.9. Major strategies to overcome the reported barriers
Different strategies were suggested by the interviewees to remove batddtse use of PWRC in this

project. As depicted iRigure B, 12 strategieswere captured in the interviews thatan be clustered
under three categories: financiakgulatory support and technical.

L b AL

Client Builder Designer Supplier
* Provide financial incentives * Share risk with the client * Develop demonstration projects * Support from authorities
* Support from the client’s project « Allow more time to complete  * Test materials before applying them  + Revise specifications
management team the project * Have supportive individuals on
* Clients’ willingness to revise project team
specifications * Study emerging PWRC

* Allocate reasonable budget

Figurel5. Major strategies to remove barriets using PWRC in Case Study 2

The first participan{C/P.) noted two majorstrategies: financial incentigeand a supportive client
project management team to monitdhe sustainability progress of the projedthey explained:
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Wwe had a sustainability committee for the project, which met monthly, we reported and
monitored outcome outcomes in that timeframe as Well w&ls8] monitor the success

in this in this area. So yeah, it was not treated as a as a side matter, it was treated as a
significant element of the project that needed to be monitored and managed to be able to
be achieve@[CPi]

The second patrticipant named the main strategies to overcome the reported barriers as sharing the
risk with the client, allowing more time than usudle Of A Sy 1 Qa SFF2Nlia Ay NBG)
specifications anthe Of A Sy (1 Q& LINS Lirddboiable hldgét. ey befietel thatdkiSg

g1 @& a2YS Nxala FTNRY dzaaAy3d GKSAS YIGSNRFf& 0O2dz
of them. Furthermore, the time allowed for exploring options and testing innovative ideaseen as

a way tosolve the technical issues that contractonay face during constructioithey stated:

WL GKAY]l GKS OfASyGa ySSR G2 GI11S Félre GKS
these innovations. So that that would motivate us to use them a lot more. They need to
IAGS dza GKS GAYS (2 SELX 2NB GKS8] 2LJWiA2y & LINEL

According taGP,, the client should be prepared to work with the contractor to revise the specifications
that facilitate utilisation of a wider range d?wRGwith different characteristics. As the costBWRC
materials are somewhat higher thahe usual new materials, the client should consider the premium
cost in budget planning

Wthey will also deal with the specification issue around the spec says explicitly not to use
this type of thing. So if they can, that would be the can be overcome predominantly. You
1y263 YlI@&oS GKSe& ySSR (2.[@F LINBLI NBR G2 LI @&

The participant from the design tea@pPsindicated two strategies to overcoméhe challenges they
faced duringthe design stage of this project. These included developing demonstration projects in
which PWRC are used and testing reperties of the materiabefore specifying them to the project

Wjust having a precedent set from this project about what types of applications you can
dzaS FT2NE (GKS NBO2Oft SR YIFIOSNRIfAa Aa 2ySXuKSe
to do somethinginthag I € 5 06 SOl dzaS Ad OFy o6S | fAGGES oAl
sort of poor outcomes in another project, if they ha®@éeen installed, properly or the or
selected appropriately. So, materials such as plastic wood will need to be considered in
terms of how UVesistant they are, how thegredeal with, | guess impacts loadings, fire
I a HGRt Q
The participant fromthe PWRC supplying organisatjddfP., suggested some strategies to deal with
challenges that are faced when using PWRC in these kinds of prdjbetse includeé support from
authorities revision ofmaterial specificationg favour of using PWRC, having supportive individuals
on the project teamand studyng the application of emerging materialSupportive authorities and

up-to-date specifications could significantly remove many barrieraising PWRC in the project
because according to this participant:

Wthe specifications are probably the key thing if the specifications allow for the use of
recycled material and that takes away a huge barrier and makes it far easier to get
acceptance for it in the mark€So you know, & up to the regulators and Vic Roads and

Major Projects and people like that to really step up and make sure that ther@ threse

NARAOdzZ 2dza Ay @AaAirofS O0FNNASNARA Ay (GKS gle& 27
[GP4]
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YANnd then therdll be emerging materials that come onto the market, whicliveed to

find. Place to use as well. And we need to be open to those sorts of things and be agile and
responsive with specifications so that we can broaden the scope of recycled materials and
constructio2[G,Ps]
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6.1. Project background

Beginningn 202, thisproject, whichwasled by MainRoadsWA, is part of an infrastructure package
announced in 2019 and is located approximai&lymeast of Perth, along Tonkin Highway between
Collier Road, Bayswater and Dunreath Drive, Redcliffe. Connecting Gateway WA andimkovtiA,

this section of Tonkin Highway forms part of a vital freight and commuter access route known as the
Perth to Darwin National Highway. Insufficient capacity to meet current demand at this location has
created a bottleneck that constrains the fudlalisation of the benefits from reogé investments in
Tonkin Highway and planned future investments to upgrade intersections and extend Tonkin Highway
to the south

Theefore, the Tonkin Gapand Associated Work$roject was initiated to address the current
bottleneck where the highway reduces from three lanes to two lanes in Bayswater and Redcliffe,
significantly reducing travel times and improving safétye project is set to alsmakeimprovements

to access and connectivity for road usguedestriansand cyclists in the project are#.will provide
rail-enabling works for the METRONET Moiligdenbrook Line along Tonkin Highway, including
underpasses and dive structures, to enable trains to enter and travel along the median of Tonkin
Highwayandthen exit in MalagaThe construction budget forPGs $100million, and the completion

date is late 2023Figure ).
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Figurel6. Constructionof Tonkin Gagand Associated Works
Source: MairRoads Western Austraffa

Theheadcontractorof this project is Tonkin Gap Alliance (Perth, Australia), the design of the project
was done by GHD and the main supplier of PWRC to be used in the project is WA Recydlingndde
comprising BMD, Georgiou Group, WA Limestone, BG&E andi&wrkingwith Main Roads and
Public Transport Authority (PTA) to deliver the project. Works on this project have bedratasd

to support WA COVIEL9 economic recovery (Figures)l In terms of the project timeline, the
planning and devepment were done in 2012020, followed by the detailed design that was
completed in 20262021, early worksgvhich begann October 2021, and actual construction started in
January 2021. The project is estimated to be completed in late 2023.

6.2. Project sustainability and recognition

This project provides several econongocialand environmental benefits. Frothe social point of
view, the Tonkin Gap and Associated Work Projeatxpected to create more than 3,000 jobs. It is
anticipated that the project would save 17,000 road usgend 11 minutes during themorning and
afternoon peals, respectively

98 WA MainRoads. 2022. Tonkin Gap project and associated vinbifs://bit.ly/3XmZ7Dt
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C2NJ 6GKS RSaA3dy |yR 02yaiNHzOGA 2y usadihe BS %2.02afing i KA &
system(silver badge}o meet their commitment to deliveringoositive sustainable outcomes. The

project managing team hasleveloped asustainability polic’to reflect their commitment to
addressing sustainability issues including growth and economic benefit, efficient resource use,
sustainable procurement, and community and stakeholder influence.

6.3. Application of PWRC in the case project

The projectis usng significantquantitiesof PwRGncludingrecycledconcrete, sand and fill material,
steel, crushed limestone and aggreg&teDuringthe execution phase e project adopted initiatives

that reflect best practice applications to reduce the quantity of virgiterials andemove outputs

from waste streams anBwRGwvhere possible. According to the project constructor, these initiatives
include the CE industrial ecology, industrial symbiosis, cleaner production and resource recovery
concepts. The following initiativegere adoptedwithin the project:

1 Cut to fill optimisation to reduce the import of fill materials
1 Use of imported embankment material from another MRibads project
1 Industry engagement to source materials with lower carbon or higdwrcled content

The project team uses Roads to Reuse Product SpecificatRecycled Road Base and Recycled
Drainage RocR! to evaluate the characteristics of the PwR@olvedin this project.As ofJuly2022,

the projecthad used430 kt of PwR@cludingthe application of 27.%t of crushed concreté® The
breakdown of theapplicatiorsis provided below:

The reuse of 298t of sand

The reuse of 105 kt of spoil (treated ASS)

The use 027kt of CRC

The use ofL.2 ktof reclaimed asphalt pavement

=a =4 -4 -9

6.4. Descriptive findingsparticipant<profile

The interview proces®ok place betweeMay 2022 and January 202Bable9 shows the professional
profiles of the research participants in this case study.

Table9d { dzYYI NB 2 F L3inCisdI0yBI yG1aQ LINPTFAE S

Stakeholder Experience/expertise Participant
type code
Client Experienced sustainability advisor who oversaw individuals fromn GP

client organisation who were involved in the project with
particular focus on driving the uptake of PWRC

Head Four yearQvorking experience in the construction industry wah GP,
contractor focus onmajorroad infrastructure projectin the organisation

99 Tonkin Gaplliance.Project & Associated Works Sustainability Politps://bit.ly/3yLiDUg

100 Tonkin Gap Alliance2022. Tonkin Gap Project and Associated Works: Annual Project Sustainability Repe202D21
https://bit.ly/3AuQvSb

101 Government of Western Australia. 2021. Roads to Reuse product specific&aysied road base and recycled drainage rock
https://bit.ly/3D0tibd

102 Tonkin Gap Alliance2022. Tonkin Gap Project and Associated Works: Annual Project Sustainability Repe202021
https://bit.ly/3AuQvSb
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Structural 18 yearsworking experience in the organisation and was invol GP;
designer in the project as the technical director and oversaw the structl
design of the work
Supplier Working in the organisation as the director since its establishn GPy
10 yearsago

The clienf @articipant(GP1) wasthe sustainability advisan a public agencthat was responsible for
managing the state road infrastructureshis participanthad been involved in many trial projects
related to the use of PWRC including GR@oad infrastructures in WATheirinvolvement in this
project ranged from overseeing the individuals working for the cliémtdriving ISC rating tool
requirementsto report the sustainability performance of the projedihe participant representing the
headcontractor GP20 K R F2dzNJ @ S+ N&B Q S E LIS NJhcéhgtOSiongdfectss 2 NJ A
in WA.Theirrole in this project wasnanaging theconstructionactivities inthe Tonkin Gap portioof

the whole road infrastructure upgrad They wereparticularly responsible for civil construction
activities The designer of the projecG:Ps, worked as a technical director at the design organisation
and had worked for 18earsin this organisation in different roles including pavement design manager.
Prior to joining theorganisationthey had worked in South Africa as a director of a consulting company
working with contractors on road project¥he participant representing the supplier of PWRXP,,

was the director of the recycling facility and had operated the facility for more than 10 yHaiss.
participant provided written responses tbe interview questions.

6.5. Organisatiorsinvolvement in the project

The client organisation is a public agency responsible for managing WA state road infras{iTehlee

1000 ¢KS 2NBFYyAAl GA2YyQa Ay @2f @S MieprdecRallintediiRving” 3 LINJ
the sustainabilityaspect of the project and superintending the use of PWRC in the prdjeetdesign
organisation that was responsible for designing the pavement of the project worked with the alliance
from the tender stage up to execution. The organisation explored the PWRC applications in the project

in close collaboration with the alliancemtractors andproject managementeam.

Tablel0. Main involvement areas of study organisation€aseSudy 3
Organisation Involvement activities

Client Project planning, setting up projeRtalliance and driving sustainabili
(including the increased use of PWRC) within the project lifecycle

Headcontractor | Delivering the project according to the contract, procuring Pvile@ the
approved facilities and assisting the client to achitheemaximum application

of PWRC

Desigrer Working with the projectallianceteamto design the project durinthe tender
and planning stages

Supplier Supplying PWR®@ the project in accordancevith WA Main Roads PwR

specifications, and reporting theesultsof regular waste resourcegsting to
ensure they satisfy theequirements of the specifications

The heaecontractor organisation was responsible for delivering the project which also included

procurement of PWRC. This organisation aided the client to achieve maximum waste recovery and

diversion from landfills through the application of PWRC in thagat. The supplier organisation was

involved in supplying PWRC with recycled roadbase both gra@germanent pavement) and 2

(temporary roads, access tracks and hardstand areas) materials to the project according to WA Main
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Roads PWRC specifications. They also were engadgeshsfer and disposal of concrete, sand and
asphalt for this project.

66. { G {1 SK2ft RSNAEQ AYGSNIXOUA2Y Y2RS

Due to the contract beingf the alliance type, the companidhat participated had a big influenan

the project design and delivery including the use of PwWRCording to the client representative, the
detailed decisioaon using PWRC in the projegeremade by the alliance and the design organisation
while it was generally supported by the client. However, the client organisation set up the auditing
system to ensure the use of PWRC would be safe and according to the relevant specifications. The
following modelFigure ¥) mapsout the interaction between the key dtaholders in this project with

a focus on using PWRC.

+ Set up the auditing system for PWRC
+ Oversee the project sustainability outcome as
perISC V.2 rating requirements

* Maximise the use of PWRC as per
contract

Supplier

Participation in the alliance

+ Supply PWRCto the project
+ Transport and disposal of concrete,
sand and asphalt

Figurel7¢ { G \irfekagtibni8dilE Qase Study 3

6.7. Major motivations forusingPwRC

Overall,12 reasons were specified to be the major motivations for using PWRC in this project. These
reasons were different in nature but can lggouped under five categories: contract, risk, price,
business and socidkigure B summarises the responsgsovidedby four participants about their
motivations to be involved in this project amdth afocus on theuseof PWRC.
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Client Builder Designer Supplier

*State’s policy obligation to « Contractual obligations * Client's commitment to sustainability + Business purposes
use PWRC « Low risk of using the specified * Contractor’s desire to win future
+Support from executive PwWRC similar projects

*Lower costs or no cost difference * Contractor’s fear of reputational
damage if not using PWRC
* Social responsibility

management team
*Achieve requirements of the
sustainability rating tool
*Organisations’ sustainability
policy

Figurel8. Main motivationsfor using PWRC iGaseSudy 3

The fourmain motivations for the client organisatiditsP.) to use PWRC wertate-basedpolicy
obligation®) ‘Bupport from executive management te&mn ¥chieving sustainability rating
requirements) and adhering to® NB I YA & (A 2 Yy Qa QaAhdfirsi tedesfdh pdrticipadte L2 |
(GPy) indicated that the client organisation has a statutory obligation toausgrtain quantity of PWRC

in infrastructure projectl & a G A LJdzA  GSR Ay GKS adl i§SQ® waitchaiS Y
was also echoed in their sustainability organisational polibgy explained:

W{ 2Qe@d obligations with under the West Australian waste strategy to use a certain
amount of crushed recycled concrete per year and to drive the uptake within the
industryXas well as théMain Roads sustainability policy and using recycled material aligns
GAGK GKI[C] L2 AO8Q

Furthermore, achieving the credits for using PWRC as stipulated in the ISC rating toohotagtng
FILOG2N) G2 dzaS G(GKS&S NBaz2dz2NOSad ¢ KS the uddingbiitg | G A 2
performance of this projeavas a driving force for supporting the use of PWRC in this prdjiectce,
there was strong supportfromth®@t A Sy (G Qa S E S Odzii faét&ding to yhis paBiop&nt i G S|

W{25s GKS LINRP2SOU oAttt 0SS f22171Ay[BCldokadd RA T TSNS
getting credit. Sptherefore, recycled material is one way that they potentialiy get
creditdJGPy]

W{ ot just the project managers or the project directors requesting this to happen,
weQe hadthe helpof our managesQ[GPi]

According toGP.the main reasons for using PwR€re the contractual obligations, low risk in using
the selected PWRC and the lower cost and the lack of cost differential between these mdiexials
crushed concretepnd quarried materiali.e., the crushed rock and limestone, respectiyelyhey
stated:

Bo,there@ the contractual obligation. And then th&ethe costSo,the cost between
crushed recycled concrete and crushed rock road base recycled con@r¢he, cheaper

103 Waste Authority. 2012. Waste avoidance and resource recovery strategyY2030 Sa G SN} ! dZAGNI.f A Q&
https://bit.ly/3CFUj30
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alternative to the cost betwee@RCand crushed limestone.Q@tsimilar.So,there isr®®
much for saving either w&[GP;]

GP;, the design managesf the project mentionedfour main reasons for using PWRC in this project.
These werghe clienQ& G N2y 3 O2YYAUYSy(d (2 &dzadl ikofehsettieir A (& =
chanceof & SOdzNA Yy 3 Fdzi dzNBE O2y a i NHzOGA2Yy LINR2SOGazr GKS
not using PWRC as expeciad social responsibilityrhey characterised the scenario as follows:

W 2dz Ffaz2 KIFI@gS G2 NBIftAaS GKIG 6KSy @2dz gAy>
of the things that motivate the client to pick a certain team is based on their team, their

people, and their attitude towards things like sustainabdBut there are some more big

projects coming. And why woul@this team want to bid on that job and be able to put

their hand up and say, we use crushed recycled demolition ve{&ie3]

Uh someO 2 y (i NImbds 2i®.BEveEll, why do heed to bother with this client can do

nothing about it. But the reputational damage of not doing it was huge {2 AT (KS
contractor said® not using crushed recycled demolition waste, [the client] will see that
inavery bad light,and@®@ y 20 Ay GKS &[GRINAG 2F GKS O2y (NI C

W 2dz (Y26 Ye&X Y& RNAODGSNI F2NJ adzadl A®IoAfAGES
GKS NAIKGO (KA @indalargeRdportion af K staff in thé&elzontractors

recognise that as well. | mean, th®@syall mums and dads they understand and so there is

GKAA a20ALf O2yaO0OAN@REa GKIFIG ¢S ySSR (2 R2 AGQO

The last participant in this case studyf, indicated that the main motivation for them toe involved
in this project was purely on business grounds. As indicated before, the organisation is the supplier of
PwRC and a specialist in road waste management.

6.8. Major barriers to usingPwRC

According to the clief? @presentative(GP4), there were manybarriers to using PWRE this project

(Figure ®). Some of the most important ones weMksistance by other stakehold@s®t A Sy (i a Q
minimum role in decisiomaking procel®@WO2 YL SEAGE 2F g2NJAy3I 6AGK
O2YLX X wOB@/ LISNF2NXI YOS IyR Ay&adanNI yOSQs WSEA S
OKIF Ay Qs WyS3l UMD SIS NISNDOBBIE A Ay & @ PwR@aEd WDI2 @711 ANEF 10a1 2
OF LI 0 Af A G 2. The2partizpaBt repasted/th@nt the beginning of the projectthere was
resistance by the alliance partners to use PWRC due to the cost and other risks inVbigaedhallenge

had a significant impact on the use of these resouiioggally given that the commercial decisions

were made by the alliance core teaithey recalled:

WeQe experienced some resistance from the alliance partners to use recycled materials
however, thee come on boa@[GPi]

Whe commercial decisiemaking is with the alliance partners and not with us as the client.
So to get that decision to be made, has taken quite a bit of effort from our [2{@pkR]
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Client Builder Designer Supplier

*+ Resistance by other stakeholders  * Availability of RwPC * Underdeveloped capacity of recycling  + Contract’s complexity regarding
+ Clients’ minimum role in decision  *Restrictions around some facilities defect liability

making process PwRC applications *Absence of a mandate requiring the use * The lack of certainty regarding
+ Complexity of working with of PWRC in road infrastructures procurement,

alliance *Industry's lack of commitment to using  *The lack of contractors’ awareness of
+ PwRC quality compliance PwRC using these materials
* PwRC performance & insurance *Removal of the design organisation
+ Existing commercial arrangement quality considerations in the contract

across supply chain +Client’s tendency to place all the risk on
+ Negative perceptions the contractor shoulder
* Risk-averse design team +Higher transport cost of PWRC
+ Availability of RwPC *Discouraging client’s back processes to
« Contractors’ capability to use use PWRC

PwRC

Figurel9. Major issues around using PWRC in Case Study

The nature of the contract necessitates the interaction and close collaboration between different
partners involved in the allianc&his means that thdecisionmakingprocesswas subject to many
factors emerging from the complexity of the project te@ructure.The other two barriers according

to GPywere related to the PwR@uality compliance and their actual performance in this project, which
had an enormous impact on the decision on the using of PwRC

WhogdArzdzates gAOGKAY FEftAlYyOS &dzOK | a ¢2y 1Ay LC
together, which have all different cultures, and therefore different risk appetites, and then

different capabilities that go together with it in terms of driving thigcome.So,| think

GK2as8 O02YLISGiAy3a Odz dzNBa Oly KI gE]oS02YS || O

Wt NE6lofte GKS YIAYy OKFftSy3asS Aa YI1Ay3 adnNB

is appropriate to be used in its end, from within its purpose on the road as part of the road
construction. So, for example, crushed recycled concrete is suitableefais a subbase
under full deathasphalt it@ engineering appropriate. So then with thaf,ityou know,

z

@2dz 320G G2 YF1S &adNB GKF{G YGFIaA 2dz2NJ adF yRINR
y

The participant mentioned that the use of PWRC in this projectlsmdimitedbyd K S | £ £ A I
negative perceptions, riglakingbehaviourr Yy R G0 KS O2y i N} OG2NEQ OF LI 6

WL { K ByaTeulturaKchal@ge as well around some of the challenges are seen as a
risk some and then that relates both to the risk appetite of using a different product, but
also the capability of being able to use this product and the confidence that the
constriction team can use the product and use it properly and handle it properly to get
the outcome that w@ S X858 ihdd one of them would be the design houses may not be

O2yFARSY (G Ay dzaAy3a (KS LINEBPRIzOG |yYyR &6 NN yiAy

WDAGSY (KIFG G§KSNB ¢ bsing drughedirgtiicted\dgricret® kEya A & G |
that there@ commercial arrangements, so that prevent it being used, aQ@aH]

Despite theexistence of aractive waste recoverindustryin WA, the participant indicated that the
availability of PwR@t the right time, withthe right price andor supplyto the project inthe required
quantity was a challenge
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Whother commercial challeng®as around getting enough product at the right time at
the right cost. So once y®e proven that ® okay to be used, therflitbe can we get it
when we need it, and get it for a reasonable price aQ@dcibmpetitiv[CGP;]

The two major challenges reported 3P, were the availability of the quantity of crushed concrete
required for the scale of the project and restrictiaegardingusing PWRC in the vicinity of waterways

Whe probably the main challenge is the supplybecause wee using this arsh recycled
concrete, fairly new product to Main roads into Perth for road builddegthe suppliers
typically wor® have large stockpiles of materkthere® a restrictions around using this
material near waterwaysSo,when yoe within X distance of groundwater, you need to
switch to limestone or a crushed rock prod¢:P;]

The designer of the project noteskevenobstacles associated wittihe utilisation of PWRC in this
project. The first obstacle was the underdeveloped capacity of state recycling facilities to produce the
requiredquantity and quality oPWRCThe second issue was the absence of a mandate requiring the
use of PWRC in road infrastructures. The third factor was the indaisagk of commitment to using
these alternative materialshe participant explained:

Wne of the big issues | have at the momentMain Roads has approved certain
suppliers...The reality is they @iproduce it[recycled asphalt] They dof® have the
asphalt equipment, manufacturer equipment to produceSo,they market that they
have these approved mdesignsbut they ca® implement iXif you cannot produce a
certain product, ther@ a penalty you have to pay. And | think the asphalt supplier is now
paying this penalt@[GP;]

Wthink the biggest roadblock Main Roads were very, very slow in trying to mandate it,
they dor@mandate iQ[GPs]

The fourth challenge was thhemovalof the design organisation quality considerations in the contract
on the recycle® d&equest which resulted innon-compliance of PWRC features with the design
NBljdZANBYSyliad ¢KS FAFIK OKIFItfSy3aS gl a NBtFGS
contractor@shoulder and not sharthe risk of using PWRC. Furthermore, the higher transport cost of
PwWRC due to its physical properties was a major barrier. PwRDvier bulk density meaningit
requiresmore spa&e to ship to the site compared to alternative quarried materidlse participant
described how this played out practically:

Whe asphalt supplier saidlon®@worry, wee got all this covered. We d@meed these,

this commercial modes in the contract, and they took it out. Now wi@imeant wha®

what has now materialised is their product do@sactually meet our performance
requirements in terms of moduluSog S KI @S y2 &0GA01 G2 o0SIFN 2
[GPy]

Bothere is a hidden, there is an underlying nervousness to do anything that increases the
risk on the contractor in terms of pavement performance. @ugbing to lay some blame
at [client], they do@necessarily comw (1 KS LI Nlie> ¢gKSy jcib) O2YSa

Wheloose bulk density of crushed recycled demolition waste, @& dayy 1800 kg/m3,

that@ loose As asubbasdthe alternative]is crushed limestone, which has a loose bulk
density of about, l€® say 1600. So crushed, recycled demolition waste is heavier. So
what@ happening is the suppliers are pitching the price of the priduttthe haulage

costs of crushed recycled demolition waste are higher, because a truck can only carry a

56

R

y

02



certain number of tonne&o,if he@ carrying crushed recycled demolition waste, he carries
let@ say, 10 or 15%, less matertad,he has to have 10 or 15% more truck movem@nts

[GsP5]

Lastly, the participant mentioned that despite thetial Of A Sy 1§ Qa 202S0OGAGS G2 dz
their processes will discourage further usagelem in the project

W¢KSe Al1AR (KSe& ¢ yGSR adzaidl A yopportursty. &ngl dzZNOA y 3
they didr2 do it. So,they say one thing on the one hand, but their systems and their
LINEOSaasSaszr ad2L) 6KSY TFFPY R2Ay3I AlG 2y GKS 24

The representative of supplying compa(@Ps) indicatedthere were threemain clusters ofbarriers
hindering theutilisation of PWRC in this projecThese included the contract complexity, the lack of
certainty regarding procurement and thack ofcontractor® I ¢ | NJBsih§ thele ngatrialOn
that first point, the participant noted that theontract was complex and was not customised for
infrastructure projectsOne of the main complexities in the contragasthe limitation and the period

of defect liability set afive years or more for the entire job and beyorithey exmined:

Wa 2ditlhe tendershaveinitially requiredthe Tendererto acceptliability to the extent
possible,meaning liability for the cost of the entire job and beyond. Practicallyour
materialwould not causematerial defectsandcommerciallythis riskcannotbetakenz y" Q
[GsP4]

W S E (idefgcilidbity is] not commerciallyviable and oncethe goodsare inspected
and handedover, we losecontrol of them and there are variouspermutationsthat can
arisefrom that point all of whichwe haveno control2 @ J®E)

In terms of procurement, according @Ps, the PWRC procurement did not specify the quantity or the
time of the materialsprocurement, and it was done aanad hoc basisFurthermore, the participant
highlighted that some of the contractors did not have the knowledge required to handle PwWRC and
education was required

4h relation to the quantity and wherthe material was requiredor the project,
communication by the Tonkin Gap could be improved more to provide clarity on when and
what volumes of material are needed, we need to balance the needs of all our clients when
supplying material and we haw finite capacity to produce materidAt the time of
tender, we get receive a bullolume,but it is not stated at the time of the tender when

and how much materidsrequired. It is in our best interest to continuously camicate

with our client and receive regular histogramshed material required on a monthly basis.

We have had no major issues so far even in the busy@fGs?]

6.9. Major strategies to overcome the reported barriers

In response to major strategies to overcome the barriers reported, participants prodidiéatctors
(Figure20). The first participan{GP.) indicated five main strategies that can address the barriers to
dzaAy3a tgw/ Ay O2yaidNMzOlGAz2y LINR2SOGad ¢KSasS AyoOt

dza S 2F tow/ Ay O2y (NP OSHREJIANTAABNIER 8 NBIPBS K @ W @S
SELISNASYOS dzaAy3a téw/ Q YR WiNINAYAYy3d |yR SRdzO} i
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Client Builder Designer Supplier
« Establish and audited system * Sustainable supply of PwWRC * Promote the economy of scale « Effective project contract
* Mandate the use of PwWRC in * Allow reasonable lead time to development
contracts recyclers to produce the required  +Government mandating of using
* Financial incentive PwRC PWRC
+ Overhaul the existing long-term * Develop right contractual * Improved communication and
agreements mechanisms planning regarding PWRC
* Positive experience of using procurement
PwWRC * Continual education of contractors
* Training, education and

awareness raising
Figure20. Major strategies to remove barriete using PWRC in Case Study 3

GPrmaintained that the first strategy is to have an audit system to ensure wide have the quality

and performance as required. The second and third strategies represent the carrot and stick approach
where thestick was to mandate the use of PWRC in construction contrants the carrot was to
provide financial incentive by paying the right price for applying PWRC in construction projeeys.
stated:

W{ 2 QegdBne a number of things to overcome the issues around standards and
specifications. So V@ got a specification that the crushed recycjedncrete] must
YSSisz FyR GKSYy KI@S |y I.@g@P)iSR aeadsSy G2 | aa

WL GKAY{]l (2 2@0SNO2YS a2YS 2F GKS O2YYSNDAL§
between incentives and the mandate of the outcome that you want as a client. So, |

actually think mandating theJNRE RdzOlid A& LINBolofe (GKS gle G2 3
have an incentive to use the product and have the right price associated with using crushed
recycled concrete, to make sure that th@reenough incentive for peoplg@ust for

companies to start to go down in that direction, but you want to set @[@pP;]

The participant opined that one thing that needs to cbatis to overhaul the existing agreements that
had been established in the long run. By implementing this strategy, the opportunities for using PWRC
will significantly increase

WL 6 St AS@Sominddialiarrange®ents internally within companies. So, some
companies will have their supply chains have {tamgh contract agreements with their
supply chains. | d@know whether this is the case in Tonkin Gap. But you need to be able
to overcome, w@ working on a way to overcome those lelegm agreementsfbut] as

a government agency, we want to make sure that evergbnea 2 NIi .[€&M] K I LILIR Q

GP.Qlast twostrategies were related to education and positive experieidecation wasparticularly
SYLKIaAaSR o0& GKA&A LINIHAOALIYyGH RdzS (G2 AGa &aai3d
development and industry practices

Wthink culture comes down to a lot of experience, you need to make sure tha®there
positive experience using the product, and make sure that @&emough training and
education and awareness that can be delivered to the industry on using the product and
what they need to do to use it safelso it works. And the®e confident with those
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processes and systems an@ igot that endorsement. | think, training and education can
go a long way of changing culture, and then changing practice on projet]

GP,suggestedhat planning for the sustainable production of PWRC in WA &gea of improvement
to overcomethe currentissues The main reason for this suggestiasthat the participant believed
that WA MainRoad€2 glan is to keep using these materiatsits road infrastructure projectavhich
createsproblemsregarding longerm supply. Thethree main strategiesuggested by the design
organisation representativePs, to overcome the challenges classified undleur categories Cost,
procurement contractand collaborationThe strategiesvere: promotingeconomy of scale, allowing
reasonable lead timéor recyclers to producéhe required PwR@nd developinghe right contractual
mechanismsEconomy of scale will motivate investment in improving recycling procesgash in
turn reduces the PWRC cosiad makes the products commercially competitives the participant
explained:

W GKAY]l | 20 2F GKSAS Aaadikaredgdefsfth@d S a2t 0S
not motivated to get a lot of recycled materials, because they know that the products

won®be as popular as the virgin materials. But if like more pro, like more organisations

across Australia started, like using this material so that they get more of this stuff. So the

whole processing costs will be reduced. And then eventually the pricd b®Wind of

competitive, comparable to thérgin Y | (i S NB&m]f & Q

According toGPs, gving the PWRC producer motivation for investing in their processing activities will
result ina better outcome such as higiguality production of higlguality materials that can pass all
the requirements and be safely used in construction projelctgarticula, by giving enough time and
reasonable order to recyclerthe clientwill be able tocreate a market for PWRChis includes the
procurement of PWRC from different recyclers to ensure the quantity required will be prepared when
needed. This kind of procurement was described as smart procuremenPhy

¥ you said to the industry, | need 500,000 tonnes of product, | need it in two years. |
recognise you may not be able to producalitout 19l pay you for everything you produce.
Now, if yo@e a smart businessman, what are you going to doZ¥@oing out there and
finding as much waste as you can. Because the more you process and get oriRmiiisn
property, the more money you make. T®awhere the investment com@g:Ps]

The right contractual mechanisms will change the ind@l#ghaviour and encourage them to procure
more PwRCFurthermore, the collaboration between project partners to strategically use road
demolition resourcewas described as dmportant enabler

W{2 L GKAY]l AT @2dz AF @&2dz Llzi GKS NARIKG O2yi
drive those behaviours and you And if the contractor if the asphalt supplier develops a

good solid market, making mix with 20%, wrapping it, what he will dodsb®erunning

around the country trying to pick up as much old asphalt as he can. Because he will make

money, yodl make more money. Argb,it@ G KS NAIKGPJGKAY3I (2 R2Q

We¢KS O2y NI Ol02NI G4SYRSNBR 2y GKS LINBYAaS GKI G
And as a result of that, th& the only waye can afford to build the road is to be able to

reuse these materials. But what he h&joroperly thought through how he was going to

win the materials so that the quality was good enough. And we certainly got pretty

involved in working out a way to win the material without it degrading. So the enabler

here was me and my team, working with a contractor to work out how to get this rahteri

2FF GKS NRIR .IRiK2dzi alLRAfAYy3I AGQ
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GPs provided several suggestions to overcome the isseigseriencedwhen supplying PWRC to the
project. These suggestions includeffective project contract development, government mandating

of using PWRC, improved communication and planning regarding PWRC procurement, and education.
Theparticipantbelieved that the contract needs to be customised for road building materials rather
than having a one size fits all contract for the supply to a major projéet main strategies under this
category includdtimely inspect of PWRC delivered-site andannual review of cost rates

Wncedeliveredto site [recycledmaterials]needto be inspectedwithin a short period of
time to avoid issuesrelating to chain of custodypassingand liability relating to the

YISt Q

Wenerally,the projectsthat require CRGcrushedrecycledconcrete]extendover2 to 3
years. Ratedfor productssuppliedheeda fair basisto bereviewedannuallyor moreoften
in certaincircumstance$.e., fuel pricerises transportpricerisesS G O PG @

GP, also highlighted the role of government increased uptake of PWRC via mandating their
utilisation first as a substitute for virgin materials. Better communications and planning in relation to
the quantity of PWRC required and when they are required was reported to be an important step in
removingthe barriers which willhelp the PWRC producer to better manage their productibimey
suggested:

Uhrelationto the quantityandwhenmaterialwasrequiredfor the project,communication
by the TonkinGapcouldbe improvedmoreto provideclarity on whenandwhat volumes
of material are needed,we needto balancethe needsof all our clientswhen supplying
materialandwe havea finite capacityto producematerialQ[CGsPs]

Lastly, continual education was indicated by the participant t@ becessity when a project is using
PwWRC.
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7.1. Project background

This project which is managed by WA Developmemtimed to redevelop an old high schoaind
neighbouing land (11.9ha) into a residential estate tgrovide residential opportunities for WA
communities Figure 4). The old school was closed in 2017 after 55 years of operagiorording to
the WA Department of Educatidfft The project budget was $2.7 m and completed over 12 moinths
2019 In this project, throughhe extractionof demolitionresourcedrom the old senior high schaol
around86%of wastediversionwas achieved.

Figure21. Constructionof OneOneFivélamilton Hill project
Source:TABEC (202%%

104 Development WA. 2019. Hamilton senior high school redevelopniétmis://bit.ly/3Xkjktw
105TABEC2022. 115 Hamilton Hill Stage 1. https://bit.ly/3Emy8zd
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7.2. Project sustainability and recognition

la 2yS 27F 5 S éobafionIvhoygh DembnStéatiqrojects,OneOneFiveHamilton Hill
targets the highest levels of sustainability addliveredan ecologically sensitive development
YAYAYAAAY3I 6FGSNI YR SySNH& 02y adzyLdidbddivarsityi KAt S

At the time of the case study, the project had been awarded six petalseobtban Development
Institute of Australia (UDIA)der its benchmark Enviidevelopmentertification programThe petals

include Ecosystems, Waste, Materials Energy, Water and CommEnithermore, the project has
been recognised by Water Corporation WA as a Waterwise Platinum develdprien highest

Waterwise Development statuand also won the Waste Sorted Awgrtesentedby Waste Authority
WAIn 2021 Figure 2 illustrates the main project certifications and awards achieved to date.

EnviroDevelopment Certification
by Urban Development Institute
of Australia (UDIA)

AT\

Water Corporation WA

2021 Waste Sorted Award

Figure22. Project sustainability accreditations and awards achieved to date

The project has deliveresbme keyeconomic,socialand environmental benefits. The estimated cost
saving was around $100,008hichwas realised imeducedwastelevies and transpodtion costs This

cost saving could offset the increased cost to complete the crushing process and keep recovered
materials suitably stored and organised.

The new estate featurs approximately 232 lots and offea diverse range of new housing options,
including single residential honsites,town homesand compact lots along with four grouped housing
sites. Furthermore, the project resengethe site heritage value by incorporating the extracted
materials into the new construction.

Lastly, with the minimisation of the need for material movements, the project had a minimum impact
on the local road networksThere was D00 fewer truck movements, ®00 L of dieselsaved and
therefore, 663t of Ca were avoided. This carbon emission reductions were achieved in three keys
areas: onsite, through the replacement of raw materials with recovered demolition products; offsite,
through recycling; anduringtransport, through reduced truck movements.

7.3. Application of PWRC in the case project

About 10,000t of waste resources were extracted from the old schoeing the methodical
deconstruction methodMost of the PwRGapplicatiors were inthe civiland landscape construction
works includingthe drainage system, local access roa@sdscapesand footpaths. About &% of
demolition resources wre crushed onsite for reuse in the projecthrough the reuse of these
materials carbon emissions were achieved by reducing the need for material transportation to and
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from recycling facilitiesThe following represent th®@wRCGquantity and type that were used in this
project:

1 The use of salvaged timber in landscaping featuees,shade structureand seating

1 The reuse 0f40,000 clay bricks and roof tiles as aggregates underneath the drainage
infrastructure

1 The reuse of old bricks to create brick walls and a brick toilet block

1 The reuse of crushed brick, tiles, concrete etc into the roadlbmsde replacing the need for

newly mined materials like crushed limestone

1 The use 02,425 niofrecycled concrete in retaining walls replacing the need for newly mined
limestone

1 The use ofi00t of PWRGn different applications includingonstruct temporary truck access
roads

Furthermore, theheadcontractorhas imported 1,050 of recycled roaliase from other demolition
sites to use in this projecthe project used IPWEA/WALGA Specification for the Supply of Recycled
Road Baséto assess PWRC quality and performance.

7.4. Descriptive findingsparticipant<rofile

Table 1 summarises the research participaf®xperience and involvement in construction projects.
The client representative of this project was a senior development manadgAivith more than 30

& S | dil&serience working in the property industry. At the timetloé interview, P, had worked

for 15 years as a development manager the organisation primarily on residential projects
throughout WA.The second participant in this case study was a civil engineer and the director of a
contracting engineeing company.This participant isan expert in land development engineering
particularly those related to housing estatesidwas directly involved in the design and civil works of
the project.

Tablell. SzY Y NB 2 F LI NInCBaduilyy 1 aQ LINPFAL S

Stakeholder type Experiencelnvolvement Participant
code
Client A senior development manager involved in the prope CGPy
industry for more than 30 years
Headcontractor A civil engineer and the director of the organisation with CP,

year€working experience in the organisation
Design consultant | The director of a private comparsgpecialisesn landscape CP;
architects, urban design and sustainability consultancy
Supplier The director ofthe organisation with more than 2yearsQ CPy
experience in waste recovery WA

The third participantGPs, had different roles at the time of the interview. In addition to being the
director of a private company operating in the field of sustainable design of outdoor spé#uss,
participant hasworked as a senior academat a WA universitywith a focus onenvironmental
engineeringand provided advice to government agencies including WA Waste Authohgy.last
participant in this case stud¥P:) was the director of a consulting compatiat specialises in C&D
waste management and demolitiot. K A & LJI NeXpariénked dh hi§ fefd included 2Bears
working onavariety of demolition projects as well as managing several landfills in the state.
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7.5. Organisatiorsinvolvement in the project

In this section, the engagement and the roles of the four organisaiiorolved in this project are
explored. The organisation that was responsible for land development and civil works was a
consultancycompanybased in PerthAs the contract administratorthis organisation collaborated

with the key stakeholders (i.glanner, developerlocal cainciland demolition contractor) to achieve

the project objectives. In particular, the organisation superintended the demolition contractor to make
sure that material resources extracted from the old school buildings could-bea@.The summary

2T (KS 2 N3AI ahd raspansibitic®pieseNBd irbable D.

Tablel12. Main involvement areas of study organisation€imse Studg
Organisation Involvement / Activities

Client Projectmanaging the property redevelopment from its acquisition of the I3
following the planning process, the demolition, the remediation, the K
earthworks civil works, and land sales and building phase
Headcontractor | Land developmentgcontract administrationdesign of civil works, supervisit
the demolition contractor

Design Multiple roles on the project team including sustainability consultar

consultant landscape architect, urban water consultancy, and estate architect on beh
Development WA

Supplier Involved in the capacity of demolition contractor and also the producer of P
on site

The design consultancy organisation was appointed to the project at the very begiomingencing
master planning at the time when the school was still operational. This organisafidedthe project
team and the client on sustainability initiatives andersawthe process of securing sustainability
accreditation for the project. The supplying organisatiwhichalso managed the demolition activities
were engaged throughtendering processandwasresponsible for demolition and asbestos removal.
However, a few week@to operation, they werdold by the project team to have a particular foous
processing and reusing the demolition resources.

76. {0F 1 SK2ft RSNEQ AYUSNI OiAz2y Y2RS

Figure 3 shows the interaction model between the four study stakeholders in Gasty 4. The
modelling was done based on the responses captured during the interviews
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* Develop urban water management plan
» Conduct environmental assessment of using

+ Develop master planning including sustainability waste resources

planning and practices
« Assist the client team in achieving UDIA certification

Determine the PwRC specifications
« Audit the site to estimate the quantity of

waste resources for their content
+ Consult the local Council about using

demoalition waste resources
+ Engage an independent auditor to inspect

« Inspect and verify waste resources to ensure hazardous
contaminates are non-existent in demolition waste piles
* Superintend the demolition contractor/supplier « Strip off and stockpile extracted waste resources
+ Provide buffer to restrict noise/dust distribution
to neighbouring areas

Figure23® { GF 1 SK2f RSNARQ Ay G SN OGAz2y Y2RSt Ay /FasS {ddzRe

Builder Supplier

7.7. Major motivations for usingPwRC

As illustrated irFigure 2, the participants in this case study highlighted various reasons for using PWRC
on the construction site. The most frequently mentioned factor was to reduce waste disposal or
otherwise increase the waste recovery rate

Client Builder Designer Supplier
*Economic benefits *Less waste disposal *Heritage and aesthetic aspects *Building a working
*Reduced carbon emissions *Economic benefits *Reduce the need for materials relationship with the client
*Less waste disposal *Lowering impact on surrounding extraction *Increase waste recovery
*Demonstration purposes population *Solving PWRC stockpiling issues rate
*Preservation of the site *Educational opportunity *Alignment with circular *Proving the benefits of on-

heritage value *Improve circular economy economy site recycling
*Reduced impact on local road
networks

«Application of advanced
resource recovery machinery

Figure24. Main motivationsfor using PWRC iGase Study

GP. gave various justifications for the utilisation of the PwiR@is construction project. The reasons
included economic benefits, reduced carbon emissions, less waste resource dideasahstration
purposespreservation of the lan@ heritage characteristiceeduced impact on the local road network
and the application of modern waste recovery technologigs previously mentioned, the project
utilised a substantial amount of waste resourcessie, resulting in cost and carbon savings. This
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participant stated that heir uniqgue waste management solution was deemed superfandfill
disposal and obtaining PWRC from recycl&éwsthermore, the use of PWRC reduced the need for
material transportation leading to minimum impact on the local road netwofkey explained:

w{2 (KS& I Oldzrftte NBIfA&aSR (KIFKG (KSe& 02dZ R a
away. They realised that the cost to crush itsite was less than them tracking the

material offsiteXBecause this purely worked out to be the most economical, most
advantageous in terms of carbon footprint and disruption to the residejte,]

W2 § LJzi NBOeOf SR F3IINBIIFGSa FTNRY GKS aoOKz2f
didn@have to buy and import those new materials. And that way@asvbasically cutting
down on what new material needs b@ mine@[CiP]

W¢ KS (NHzO] Y2@0SYSyida FyR GKS AYLIOG 2y GKS N
residential streets, the impact to people, through truck movements and the dangers, you

know that is far worse than allowing a temporary facility #agoing to crush their own

material ona A .{JCHPQ

Furthermore, this projectwasn2 LILJ2 NJidzy A 1@ F2NJ 46 KS Ot ASyiQa 2NHI
agency, to demonstrate the successful utilisation of PWRC in residential construction to other public
and private stakeholders

Wertainly,the purpose of these projects for us is to be able to demonstrate industry.

Whereas as state government, obviously, we want to be showing th@t ywashing the

boundaries and trying to, | suppose provismonstration projects that show what can

0S R2YyS YR GAGKAY | y26MIt O2YYSNOALFE Sy@AN

Lastly, he land on which this project was being built hemine heritage value in two periodpre-
colonisationindigenousand EuropeanThe indigenous population used the land as scrubland and
bushlandas wellas an important place to survey their surrotings due to its locatioron ahill. In the
European period, the land was created, farmed and then became a sé&uwolrding toC,Py, the use

of PWRC derived from thad school coulgreserve the heritage spirit of the residential development

Uh terms of the school heritage, we actually retained a lot of material that wedidrsh

that we actually reused in landscaping elements andlifiberent features within the state

that then show that sort of that old school being reconstituted into the new
developmenX ¢ @ also providing that opportunity for people that perhaps went to this
school to come back and look at the new residential development and still recognise
certain elements out of the school that they might have gonandfillQ[CiPy]

The heaecontractor representativeCP, highlighted thesix motives for using PwRID this case
project. The diversion of waste resources from landfills #r@cost savings associated with it were
the first two main reasoswhy their organisation was motivated to use PwRRey described:

w2 § GKSy KI R Kdz3$ site of2zshadintt&idls ahd ofdinagitge$ NJ G K S
would have been put into trucks and disposed of quite expensive to a landfill facility that
would have been ordinary. Probably outcome we thopghbtl [et@ assist the opportunity

of reusing this as recycled Rd material and there was probably that opportunity to promote
0KS OANDdAGPNI SO2y2YeQ

Furthermore,GP; indicated that the use of PWRC primarily extracted from dieenolition resource
reduced the impact of construction activities on the surrounding populaBynminimisinghe truck
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movementsdue to keeping demolition resources on the sted subsequent applicationsind not

having toship new materials to the site, the usage of PwWRC provided positive social and environmental
impacts.The educational opportunity in using PWRC was the last motivation indicat€giFoy The
participant stated that PwRC was an opportunity to educate their organisation, design consultants and
the wider industryaboutthe possibilitiesof using PWRC in construction projedtastly GP.mentioned
thattheOf A Sy G Qa &adNRy3d &adzZJJ2 NI Tl OAThey éxplainfdR (G KS dza |

K [we wanted to]educate consultants and the widieddustry on what can be done, how
you can do it and try and, you know educate ourselves that we can take that kind of
projects and slowly sort of do our little bit in our pushing the industry forward and sharing
GKFG (y2e6ftSR3IS e (Y29 GKNRIzZEK2dziQ

W [the client waspery supportive in that respect that you djust sort of limit you know
education to one project or one that a group of people try and do your part in nudging the
whole industry forward in that respect so. And there was actually consistent sdippurt

[the client]the whole along thel@[CP;]

In response to the reasons why the design consultancy organisation was involved in this project and
pursued the utilisation of PWRGP; indicated that environmental impactsind heritage valueand
aesthetic aspects of PwR@ere the two main drivers. In terms ofnvironmental sustainability
impacts, the participant noted that the utilisation of PWRC redute need for new extractions,
solving the ongoing issue of stockpiling in the state and alignmentthétlCEaspiration

Xin line with a circular economy aspiration, recognising that there is value in these in
these materials, you know, reduce the need for the extraction and processing of new
materials, and avoiding the issue of seeing materials coming out of the demofitiis o
project stockpile which we know is an ongd@G:Ps]

The two lasimotivating factorswvere related to the heritage value of the construction sitichthe
participant thoughtshould be reflected in the new desidfurthermore, the PWRC produt&om the
demolition resourcehad strong visual impacts thatere perceived tabe beneficial froma design
perspective They explained:

WLEG ¢Fa OSNBE Of SFNJ TNRY GKS SINXé& O2YYdzyAriue
wanted a sense of connection with the old school. So they@didmt to be erasedyou

know, reusing the old bricks, reusing salvaged timbers reusing some of the other school

St SYSyida Ay LlzoftAO NI FYyR az2.[GPANIKXE Aa | ¢

According toGPs, for the demolition and recycling contractor, thieree motives for being engaged in
this project were building working relationship with the clienincreasing the waste recovery rate
and proving the benefits of esite recycling

For me. It was purely and simply about getting maximum recycling and retste@nd
working with the client WA Development who was sensational and working with them. So
it was really clear that we had to maximise reuse and recycling. That was really i@y goal
[CP4]

7.8. Major barriers to usingPwRC

The participants in this case study mentioned 15 unique challenges that hindered the application of
PwWRC irthe One One Five Hamilton Hill project. As illustrateth Figure B, the most frequently
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mentioned challenge was the delatyst occurredin getting permission to use the temporary waste
recovery plan on the demolition site.

L L AL

Client

Builder

Designer

Supplier

*Unsupportive state waste
regulations

*Production of PWRC that
meets standard requirements

*Limited application of PWRC

*Higher labour costs for
application of PWRC

*Limited understanding of PWRC

application

*Limited previous examples
*The lack of relevant and
comprehensive PWRC specifications
*Negative perceptions of using PWRC
*Conservative designs

*Extended delays in obtaining
permission for setting up the

temporary waste recovery plant *
*Higher

*Approval from the nearby city
council to use PWRC

* Limited industry capacity to
handle PWRC

*Availability of PWRC

Figure25. Major issues around using PWRC in Case Study

¢t KS

*Existence of asbestos & other

contaminates

Time constraints

costs for
deconstruction

*Extended delays in obtaining

permission for setting up the
temporary waste recovery
plant

Ot A Sy (,@d, ntBdFduizméajir grilers to using PWRE this project. First, the

unsupportivestate wasteregulationsmade the permission fotremporary setup ofwaste recovery

(e.g.,crushing)machiney unreasonably long. The participant mentioned that they had tolgough

the same process and meet the same requirements as they would in the case of establishing a
permanent recycling facilityhey recalled:

Wthink at least three months, maybe four months for approval, we had to meet all the
same requirements as a permanent facility on the noise side of things, which actually
doesr2make sens¥lt effectively meant we had to go through a process if we were setting

up a permanent crushing facility that was going to be operating for, you know, 5 10 years
or something. So that process is something we tried to challenge and we were unsuccessful
becawse itisleg a t HGFA R Q

The second challengeported by GP;, was toensurethat the final PwR@vould meet the standard

requirements for the intended application$:or this tooccur, the participantshad issus fully

separaingthe waste resources on the site

Uh that [Engineers Australisgpecificatiors, there® certain percentages that are allowed.
So that was a big challenge for us how the demolition contractor was separating bricks
from concrete Sometimes the@e attached, obvioushso,if you®e talking[about a]big

high school, where the@concrete and columns, bricks built in between the columns, then
typically the material just all comes down toget§CtP;]

The two last challenges were related to the application of PWRC. The participant observed that PWRC
cannot be applied everywhere due to regulatory restrictions or lower performance. Moreover, there
wasahigher hbour cost for using salvaged materiatenpared to branehew onesas it needs different

handling andapplicationmethod. They explained:

w{ 2

NB I f f

83 oKI G

A jist t@ t& énld h8 whiat at@wety bpfpdstyhiEly S

where could we put recycled material versus new matdrgaless tha® what wee tried

todo. @ y 2

It 6.[GPA

L2aaArof SQ
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WhereQ probably a cost involved because buying new bricks is cheaper than the labour
required to say chip off the old mortar off an old b@f&:P;]

The second participan€,P., who represented the organisation overseeing the civil works nafined
barriers the limited understanding of PWRC applicapfimited previous exampleghe lack of
relevant and comprehensive PwRC specificationegative perceptions of using PwRahd
conservative design€P; noted thatthe application ofPwWRGvas not common and there were very
limited examples of this application that could be used as a reference. Furthermorpattieipant
mentioned that the only available specificati@hcould not help the design team to understand the
best applicatios for the available PWRC in the projethey stated:

We¢KSNBE gl a y2a4 | 24 2F a2NI 2F aGNRy3 dzy RSN
my knowledge only limited examples of recycled C&D waste being used in road
O2yadNUOGICPY Ay t SNIKQ

Where was no common specification that we could go and refer to or point to and say oh
that@ appropriate to use on this project. Th@ra WALGA specificati®fSo thafd what |
guess sort of specificatiewith a no clear reference that we consider turn to aadvhat

we did is essentially developed our own sort of bespoke specifisaioRr;]

CP,, highlighted the negative perceptions from the local council regarding the use of PWRC in road
construction projects. The participant indicated that a previous applicdtash not performed well,
whichcreatednegative perceptions among stakeholders. This in turn was a challenge for design works
resultingin the production ofconservative designs

Where was some negative perception with the local council who sort of take some
ownership of the roads, be due to sort of, | guess, historic trials | say ofthzddsad

been constructed using recycled materials, and the asphalt had done performed poorly
over time, and so they wanted to know how that was sort of being addre$€?}]

¢KS RSaAay 2NHI yALPinatedyiv@ arimaiyschildages iy Gsingi PWAS in this
project. These include extended delays in receiving permission for the temporary waste recovery plant
operation on the siteapproval fromthe nearby city council to use PwWRC, the industry capacity to
handle PwR@&nd the availability of PwRThe latter factor caused several stages of design refinements
to address the issue of PWRC availability

Yhterms of the design and detail for the landscape architects, again, no problems with the
contractors being happy to use the materials. But just at times, you know, when designing
a large project, but only having a certain amount of materials, that itjuesins you have

to be more nimble in how y@5 RS A[&RAY Ay 3 Q

CPs noted severalchallenges in using demolition resourcanost prominently,the existence of
asbestos and other contaminasin the waste resources

Bo,the biggest challenge was asbestos. We found asbestos in all sorts of places randomly

in the buildings behind whiteboards behind blackboards behind cupboards in window

frames underneath and packitbemoutX  yR a2 GKFd ¢l & GKS o6A33S
making sure the material we crushed was cleftPs]

106 p\WEA/WALG/Specification for the supply of recycled road bastps:/bit.ly/3DndvCJ
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The other challenges included time, cost and getting permission for waste recoveiieoin terms

of time, the client sought to complete the projesithout delay According taGPs, there were extra

costs for additional work to ensure that the waste resources extracted from the old school were free

2F O2y il YAYyLyidiad ¢KS SEGNI 62N)] Ffaz2 AYLEFOGSR

Whetime on the asbestoseemovaland | thinkin the futureyou would just change your
methodology. Because obviously, we were finding it ad Bocwe@ start another
building...So while w&e doing that, we have to go find something else toSlwit was a
bit all over the place because of that iSQ)€:P4]

WeKSy O2aiz 06SO0FdzasS 27 (KS SEGNI ¢2N] GKIQ

K
asbestows & 02t ft SOGSR YR NBY2@SR® ho Q)\zdzatez i K
[CiP]

Wee in the middle of a residential araad weie talking aboutrushing.Youe basically
in Perth. It never happened in a residential area before. So that took, | think, almost six
months to get approvals to be allowed taar K[QP4]

7.9. Major strategies to overcome the reported barriers

The participants in this case study provided 12 strategies that could potentially overcome the issues
faced in this project. The main strategy that was indicated by three participants was to set up
demonstration projects in which PWRC are successfully. i$gdre & summarises the key findings in

this section.

L L A L

Client
Builder Designer Supplier
*Local council early engagement +Demonstration case projects *Effective time management * Effective project contract
*Revise waste regulations *Education on design planning development
* Study various PWRC considerations *Early engagement of stakeholders *Demonstration case projects
applications *Develop local knowledge *Mandate site visits for contractors

*Demonstration case projects

Figure26. Major strategies to remove barriets using PWRC in Case Study 4

The participant representing the client in this project providedr main strategies to increase the
utilisation of PWRC and also remove the barriers mentioned. AccorditigPtothe local councils
should come on board at the early stage of the project development, as some PWRC can be used in
their owninfrastructureprojects:

W{ 2 ¢ KB gonsi2tig those roads, you have to construct them in a way@that
acceptable to the council because they have the-teng liability to maintain those
roads..So,it@ important that the council comes on board because councils also manage
T220LEMBKAQ

The second was to revise the regulatiatetermining the permission for establishing waste recovery
facilities. The participant suggested that permission should be givepoojectby-project basis and
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revisedin the favour of orsite waste recycling and production of Pwi{& tothe massive benefits
associated

Wthink put into the minds of the regulators that they need to probably consider a different
process for short term operations to affect that we coatdshthe whole school and
around about three weebkBut it has to be done on a sibg-site and projectby-project
basis, i not going to suit every demoliti¥h suspect that if we had®crushed this
material on site, the amount of recycled content in our project would be lower than it is
NowQ[CGiPy]

Furthermore, studying the variety of applications for PWRC can increase the uptake of these materials.
In this project, according to the client participant, the project team workshopped the opportunities for
PwWRC application€ven thoughthey cannot be used in all circumstances, the project team was
successful in finding some innovative applications for these materials

What we ended up doing was just doing a blanket instruction to all consultants that in all
their design work, whether @& the civil engineer or the landscape architect, or anyone
that®@ involvedin the land development phase of the project, is that where t@ei@e
recycled material option to specify thatve basically saidpok, briefto us thatif [it] can

be built in recycled material at the same €gI,P].

The last strategy was to facilitate the demonstration aspe€tconstruction projects in which PwWRC
are usedThe client organisation used this strategy to promote this idea among the major stakeholders
in WA

Whenwe do the projects, we now looking at ways to demonstrate. So we had a tour of
the projecK Ind we talked through one of Perth, sortlm§ger private developers, their
project managers came through so @eeable to point out to them, the recycled material,
the fact that wed had these stockpiles of crushed material, showed them our retaining
walls and asked them if they recognise them and they®@lidnognise ther@[CiP;]

The builder representativelyP,, reported thathaving demonstration projects, educatiam design
considerations and local knowledgere the main strategies to promote the use of PwHGey
emphasised that:

Probably [there] needs to be an educational piece around what are the design
considerations that you need to be sort of thought throXigefore you might sort of
charge off and say | wanna do a project with recycled basele® step through what
you need to dehereQ[CiP;]

GP; offered three strategies to reduce the impact of challenges towards using AwR@hstruction
projects. The strategies include effective time management planning, early engagement of
stakeholders and mandatory site visits for contractobgcording to the participant, betterirhe
management can reduce the impacts of different risk factors and will provide insight into the time
implications. Likewisdhey noted thatearly engagement of stakeholders will contribute to managing
risks and ensure that all parties involved understand the project gbhésy explained:

HQ about good planning, understanding the timeline implications. Certgthippugh

time management planningjou would hope that early engagement with regulators helps
identify risk and ensuring that all parties understand what the intention of the project is.
So for examplegnce we designed the landscape and packaged it up, we had a section in
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the landscape specification that actually articulated the intent of waste avoidance and
resource recovery for the proj&jCiP;]

According toCPs, amandatory site inspection is a common practice in the industry to make sure that
the pricing of the jolis done witha high level of confidence antthat the project goals are clearly
understood by the contractord.hey explained:

W [we] had a mandatory site visit inspection for contractors who are going to be tendering
for the landscape construction work&nlpretty sure the civil engineer did the same for
the civil contractors to come and actually see the material to understand what was there
and before they did their priciXgso that would improve our confidence that they would
be pricing appropriate@[CiP]

CPssuggested that having a clear contraleat is informed by negotiating sessions would diminish a
lot of issuesoncerningime and money. This participant noted th&br instance, in the negotiations
it had to be clear that it is a full strput kind of job withthe potential forhavingasbestos

Bo i? probably the only way to overcome that is if @going to do a major ashing

and reuse orsite, Is that in the initial contract negotiation that you need to make it clear
that it@ a full strip out with the potential for asbestos, that would probably save a bit of
time and money, potentialiy[CiP4]

The other suggestiowas to showcase the project to set an example of such activities to ensure that
future projects will run more smoothlyhe participant thought this wouldid in getting the necessary
approvals in a timely manner and also to determine the best methodology for handling the waste
resources.
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8 C'we¢low ! bA[{99{¢hELO{

The following sectionsutline the research findings emerging frotime second round of analyses. First,

in Section 8.1the industry experience and profile of all 16 research participants are cross tabulated.
Secondjn Sections 8.2 to 8.4, the motivations, barriers and strategies that were captured in the four
case studies are juxtaposedhird, by aggregating thee factors the majorrelevant categories are
developed. The new categories aimgive an overall picture of issues around and opportunities for
using PWRC in the Australian construction indudtagt in Section 8.5the most frequently observed
categories acrss the case studies and stakeholder groups are compared.

8.1. ummary participantLexperiencein the case studies

The following table summarises the profiles of the research participants, including their construction
and waste recovery industry experience and knowledge. The majority of participants were
substantially involved in the case projects, allowing them tovjgl® valuable information on the
application of PWRC in the respectaeamples
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Table13. Summary of participants in the case studies

Case study Client Headcontractor Designer Supplier

articipant
Case Study 1 H N @S N&EQ Aboutsixyears working experienc| m m @Sl NBRQ S B Sevenyear)working experience if
(Brickworks shopping | construction project| in the organisation architectural management the organisation as the sale manag|

centre)

development

Case Study 2
(Mordialloc freeway)

Senior project manage

with extensive
experience in projec
managing of  publig

infrastructure projects

H N @SINEQ SEL]
construction industry as a sit
engineer, project engineer an
manager

mp &SIFNBRQ SELIN
design consultant

Highly experienced corporat
communicator with a background
government, corporate, industry an
community organisations, with -4
year employment history in th
organisation

Case Study 3
(Tonkin Gapand
Associated Works

Four year@working experience ir
the construction industry with the
focus on major road infrastructur
projects in the organisation

18 years§working experience in thg
organisation and was involved
the project as the technicg
director and oversaw the structuré
design of the work

Working in the organisation as tH
director since its establishment in
a director of the organisation for 1
years

Case Study 4
(OneOneFive
Hamilton Hill)

A senior developmen
manager involved in thg¢
property industry for

more than 30 years

A civil engineer and the director ¢
the organisation with 20 yea®
working  experience in  thg

organisation.

The director of a private compar
specialises in landscape architeg
urban design and sustainabili

consultancy

The director of organisation wit
more than 27 yeai@experience in
waste recovery itwWA




8.2. An overview of the main motivationgor using PWRC in the
construction projects

In response to the question enquiring about the main motivations for using PwWRC in the selected case
studies,the research participants referred to 64 factors (Figu®. ZAn analysis ofthe responses
suggestedhat the four stakeholders provided a fairly similar quantity of motivation factors during the
interviews.
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Case Study 1

- Contractual obligation

* Reduced ¢ footprint

Designer |.

Motivations

- Sourcing some SM/PwRC from
shorter distances
» Social image

+The opportunity to work with a
reputable builder

+ Familiarity with the builder
+The received recognition by
participating in the project

» Contractual obligation
» Stakeholders’ input/suggestions

Supplier

Case Study 3

« Client's commitment to sustainability

« Contractor’s desire to win future
similar projects

« Contractor’s fear of reputational
damage if not using PWRC

+ Social responsibility

Motivations

» Contractual obligations
« Low risk of using the specified PWwRC

+ Lower costs or no cost difference

» Business purposes

Supplier

Figure27. Motivationsfor using PwWRGn the study construction projects

Case Study 2

Designer |

Motivations

» Business purposes

» Make greater impact

» Set examples of using PWRC

* Make PWRC procurement business
as usual

« Contribute to carbon emission
reduction

Supplier

Case Study 4

Designer |

Motivations

» Build a working relationship with the
client

» Increase waste recovery rate

*Prove the benefits of on-site
recycling

Supplier

«» Contractual obligation

« Provide workable design solutions

+» Develop sustainable design

+ Superior PwRC’s
characteristics

« Less energy intensive

+ Recyclable

+Minimise the need for virgin
materials

« Certification for PwRC quality &
performance

physical

+ Contractual obligation
» Build organisational capacity
* Respond to future needs

« Heritage and aesthetic aspects

*Reduce the need for materials
extraction

« Solve PWRC stockpiling issues

« Alignment with circular economy

» Less waste disposal

+ Economic benefits

»Lower impact on the surrounding
population

+ Educational opportunity

» Improve circular economy

+ Client’s support
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The motivational factors were categorised into 17 groups (Fig8yeThe descriptive analysis showed

GKFG WSY@ANRYYSyidlf o0SySTFAGAQ oO0yImMoOI WOyadzaNAy3

WA GNRY 3 &dzJi2 NI o8 , ¥P520A80I 1 BSKRA KRS ME QNBOREp/ G G A 2

ddzadGlrAylroAtAlGeQ oylrpo YyR WO2Y(iNY OlGdzr t 20t A3 GA:z
using PWRC in the four case studies.

0 2 4 6 8 10 12 14

Financial incentives % 1

-

Procurement from local sources

Superior physical characteristics -E

Waste recovery technological assistance

Contribution to circular economy

Low risk of using the specified PWRC

Aesthetic, heritage and spritual value of PwWRC
Maintain the business-as-usual |

Social benefits

Supportive regulations

Demonstration and educational purposes
Lower PWRC cost and economic benefits

Contractual obligation

Social image & recognition for environmental sustainability
Strong support by key stakeholders

Ensuring the competitive advantage & future proofing

Environmental benefits

Figure28. Frequencydistribution of main motivations categories

¢KS OFGS3I2NE 2F WYWShcHrekReyitY sheutilr% of eSgfaSrifofivatiartiactors

included reduced carbon emissions, less waste landfilling, project vision to be green, solving the issue

of PWRC stockpiling and reducing virgin material extraction. Applying PwieCase studies resulted

in the reduction of raw material extraction, waste disposal and some carbon savings. With respect to
carbon emissions, however, as it was reported li:CV{ 2 YSGAYS&a @&2dz IS0 Sy OANEP
one area, but yo@®e harming the environment in another area. So, there were tatke that

sometm& RAR y20 @2N] Ay 7TllIDi8 dzfdst thak PWRE prodOdtich _and Y I G S N
consumption require energy in transportation, processiagd the application itself. Hence,
construction environmental assessments need to consider the implications of PWRC utilisation to
ensure it will deliver the environmental benefits as expec¢twidhout unintended consequences.

The second most important motivation category refers to the concept of futmosfing. As it

currently stands, the Australian construction industry is preparing to shift towards adoftihg

principles. Irthe near future, construction projects including public infrastructure projedgtsrequire

contractors whocaneffectively handle PWR@sGPsindicated Wyou also have toealise that when

you win a contract as an alliance, a lot of the things that motivate the client to pick a certain team is
0FaSR 2y GKSANI 0SIY>X GKSANI LIS2LIX S YR GKSANI |G

Variation in participant views regarding the cost of PWRC was an intriguing finding of this
research In seven instances, the relevant expenses for using PWRC were viewed as an
impediment, but in four instances, the participants were more interested in the associated
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economic benefits. This observation emphasises the unpredictability and multiplicity of factors that
affect the final cost of PWRC application. These variables include the project type, distance, application
areas and financial incentives eligible to patj@wners that utilise PWRC. Similar results were
achieved in the case of the role of regulationsich were found to bdoth supportive &én enabley

and unsupportived barrier).

8.3. An overview of the mairbarriers tousing PWRC in the
construction projects

The research participants reported 69 factors thdtuencethe barriersto the broad application of
PwWRC in the selected case studies (FigQje The two stakeholder groupkat provided the largest
number of barrier factors in their responses to this questi@mre the designers and builders
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» Unavailability of PWRC

» PWRC’s matching

+ Unrepresentative sampling
» Time scheduling

+ Contract’'s complexity regarding
defect liability

+The lack of certainty regarding
procurement

+The lack of contractors’ awareness
of using these materials

Case Study 1

Case Study 3

e Supplier

Figure29. Barriers to using PWRC in the selected case studies

» PWRC'’s cost

» PWRC’s sourcing time

» Finding qualified sub-contractors

+ Unique design process

+ Materials application standards &
requirements

» Functionality & maintenance

» Specific warranty requirements

* Client’s understanding 3
commitment

« Unavailability of PwRC

« Unavailability of PwRC

» PWRC'’s cost

» Parties’ agreements on using PWRC
* PWRC’s quality compliance

+ Supply chain readiness to use PWRC

« Underdeveloped capacity of
recycling facilities

« Absence of a mandatory utilisation of
PwRC in road infrastructures

« Industry's lack of commitment to
using PWRC

«Removal of the design organisation
quality considerations in the contract

» Client’s tendency to place all the risk
on the contractor’s shoulder

« Higher transport cost

« Discouraging client’s back processes
to use PWRC

» Unavailability of PwRC
» Restrictions around some PwRC
applications

+Lack of awareness of PwRC
performance

+ Unsupportive specifications

+ Negative perceptions

+ Existence of asbestos & other
contaminates

+ Time constraints

» Higher costs for deconstruction
+Extended delays in obtaining
permission for setting up the
temporary waste recovery plant

Case Study 2

Designer .|

@ Supplier

Case Study 4

Supplier

« Negative perceptions
- Unsupportive specifications
« Unavailability of PWwRC

+ Unavailability of PWRC
* Restrictions around some PwRC
applications

+Extended delays in obtaining
permission for setting up the
temporary waste recovery plant

» Approval from the nearby city
council to use PWRC

+The limited industry capacity to
handle PwRC

» Unavailability of PWRC

»Limited understanding of PwRC
application

» Limited previous examples

*The lack of relevant and
comprehensive PWRC specifications

» Negative perceptions of using PWRC

» Conservative designs




To better analyse these factors, they were organised into 11 categories. In three instances, one
responseayivenby participantdell into two categories. The application of descriptive analysis to these
OFGS3I2NASaE aK2gSR (KF{G W yadzZJR2NIAGS NBEIdzZ | (A2
LISNF2NXYIFYOS FTYR S6FNNIyideQ oyroos W AYAGSR | OF At
dzy RSNEGFYRAY3I 2F tow/ dziAf A&l GA2YyQ Oyl g0 6SNB (rF
the selected casstudy projects (Figur&0).

Limited collaboration to using PWRC
Limited commitment to using PWRC
Negative perceptions

Meeting specific design requirements
Contract design & administration

Higher cost of PWRC application

Supply chain immaturity
Inconsistency of PWRC quality, performance & warranty
Lack of expertise & understanding of PWRC utilisation_

Limited availability of PwWRC

Unsupportive regulations i

Figure30. Frequency distribution of barrier categories

The barrier categoryeferred to mosE  W! y & dzLILIR2 NI A @S NBIdzZ F A2y aQ> NF
current state waste regulations. The primary barrier is the complex andtbaadhieve requirements

stipulated in PWRC specifications. According to the interviews, these requireprantgallylimit the

application of these resources in the sector. For instang@,i@@licated that

Wit is traditional specificationsd@ | f t 26 AGXGKS LIALIS F2NI Ayadly
it had to be a concrete pipe. So, if | was judotimow the specification that | c&do it all the

recycled asphalt, well, there was no testing regime there was not an accepted product. So, the
OKIFtfSyasS Aa G2 3ISG GKS aLISOAFTAOI GA2[GR G2 oS

Previous studies also identified materials specifications as a major hurdle to not only the application
of PWR&71%8 put also effective C&D waste managem€ht'®, the creation andstimulation of

107 Park, Jand Tucker, R. 2017. Overcoming barriers to the reuse of construction waste material in Australia: A review of the
literature. International Journal of Construction Managemetit, pp.228-237.
Knoerk / ® S Ffd Hammd 5S50AaA2ya 2y NBOeOftAy3aY [/ 2yaldNdzOGAZ2y &l
materials.Resources, Conservation and Recycbbg pp.10391050.
109 juet al. 2020 Identification of critical factors in construction and demolition waste recycling by the @EMATEL approach:
A Chinese perspectivéEnvironmental Science and Pollution Rese&thpp8507-8525
110 Shooshtarian Set al.2021 An investigation into challenges and opportunities in the Australian construction and demolition
waste management syster&ngineering, Construction and Architectural Managem28{10) pp4313433Q
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markets for PWR& andt more importantlyt the implementation of CE principfé$ In Chinal.iu et

al. (2020 *reported that waste regulations are the most influential factor in the C&D waste recycling
industrythat also affects other important factor8leanwhile, it as been recognised thatAustralia,

W2 GSNNBIdzA F A2y T (2dAK F OO0OSLIiyOS ONRGSNAs = | a
the top barrier to effective C&D waste managemétit

The other complexity of the current waste regulation in Australia pertains tdabiethatregulatory
frameworls are established on a state basis. As a result, each state has its own regulations and
guidelines$'®and a range of materials specifications and standards are applied across Australian states
and territories. Other barriers classified under this category were the frequency and routines of
sampling of PWRC sourced from differ&®&Dsites (Case Study 1), lackatfligationto use PWRC in
infrastructure projects (Case Study 3) adifficulty obtaining permission to set up the temporary
waste recovery plant and approval from city councils to use PWRC (Case Study 4).

Despite the increased C&D waste recovery across Austfaline issue of PWRC availability was
frequently brought up in the interviews. Indeed, the procurement of quality PWRC that can meet
applicable materials specifications and demonstrate consistent quality persists to be a major hurdle.
This particularly was pivotal issue in largscale projects such as Case Study 1 where certain
undersupplied PWRC were specified to be reused in the project in large quantities. Furthermore, the
supply of PWRC was found to be difficult in areas locateal distancdrom the metropolitan areas.

This issue was frequently noted by respondents from the builder category who were responsible for
sourcing these materials for the study projects (Figz8e GP, maintained that

Y X@&another commercial challenge, which is around getting enough product at the right time
at the right cost. So, once y@e proven that ® okay to baised, then @ be can we get it
when we need it and get it for a reasonable price a@dcbmpetitive[@P]

Working with PwR@ecessitatespecial expertise across the supply chain. Until this expertise and
maturity become fully developed, the utilisation of PWRC is unlikely to become a buagessal

practice in the sector. This barrier category represents issues such aR$ha A 3y (St YQa
experience and risk aversion, limited understanding and previous experience of applying these
resources in construction ardifficulty finding qualified contractorsvith the capability to use PwWRC.

GPs highlighted thatWdguess ther@ a process involved in finding the collaborators. That was not a
problem, but it was something that took time and was part of the challe@ges

111 Shooshtarian Set al.2022 Analysis of factors influencing the creation and stimulation of the Australian market for recycled
construction and demolition waste productSustainable Production and Consump}i8#(2022) p.163-176.

112 Shooshtarian Set al.2023 Circular economy in the Australian AEC industry: investigation of barriers and en&hliding
Research & Informatiqrb1(1):5668,

13| juH. et al2020 Identification of critical factors in construction and demolition waste recycling by the[QEMATEL approach:
A Chinese perspectivéznvironmental Science and Pollution Rese&thpp8507-8525

114 Shooshtarian Set al.2021 An investigation into challenges and opportunities in the Australian construction and demolition
waste management syster&ngineering, Construction and Architectural Managem2e¢10) pp43134330

115 Shooshtarian Set al. 2020 Review of waste strategy documents in Australia: analysis of strategies for construction and
demolition waste'International Journal of Environmental Technology and Managen23(t) pp1-21.

116 Blue Environmen®2022 National Waste Report 202Zhe Department of Climate Change, Energy, the Environment and Water
Canberra, Australia.
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The last important barrier according the responses refers to the quality of PWRC and the warranty
thereof. This barrierepresentsa longlasting issue in the sector that has been reported to significantly
limit PWRC application and is linked with the risk of material failure, cost of the project, delays in
project delivery and unwillingnede usethem in the case projest The PWRC quality issues emerge
from various factors such as the inability to meet materials specifications requirements, carbon
emission goals or expected performance, the existence of contaminants, limitations concerning
sourcing materials with similar physical and visual quality, and requirements for special maintenance
practices and warranties (Figug9). This category was among the main concerns expressed by the
client and supplier respondents. For instancg€Contendedthat:

Y Xyou have got performance requirements for, something@hsatructural or load bearing,

or needs to be able to be cleaned in a certain way, or slip resistance, or whatever it might be,
often, the easiest way to achieve those is with brand new products that have been, you know,
factory tested, whereas you c@always guarantee that w&e recycled or salvaged materials

in particulaQ[GP]

8.4. An overview of the mairstrategies for further application of
PwWRC in the construction projects

During these interviews, 45 factors were identified as the main strategies to reduce the impact of
challenges faced in these projects when using PWRC (Figuwrdi3e participants from the four
stakeholder groups almost equally contributed to the identification of strategies to enhance using
PwRC in construction projects.
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Figure31. Main strategies to address barriers regarding the use of PWRC in construction projects
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