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EXECUTIVE SUMMARY 

This research, as part of national research project 1.85, aims to identify the variables (barriers, 
motivations and strategies) that influence the adoption of products with recycled content (PwRC) and 
sustainable materials (SMs) in the Australian construction industry. In addition to the findings 
emerging from a comprehensive review of the literature on this topic, this report presents research 
findings based on a case study approach. The three objectives of this research are:  
 

1. To identify the main enablers of and barriers to using PwRC in the construction industry; 
2. To analyse the utilisation of these products in four Australian construction projects; and 
3. To explore perceptions of key stakeholders of using PwRC in construction projects. 

 

The research team conducted an extensive literature review to identify the documented factors known 
to impact the use of PwRC in construction projects. Care was taken to only capture the literature that 
describes the use of PwRC in recent years to reflect the contemporary efforts and advances in using 
these materials. In the next step, in consultation with industry and government project partners, the 
criteria for the selection of case studies were set. The criteria included the substantial application of 
PwRC in construction projects completed in recent years. The case study explores the experience of 
the key stakeholders in using PwRC in their projects. Following the criteria, four construction projects 
in transport (Mordialloc Freeway, Tonkin Gap and Associated Works), commercial (Brickworks 
Shopping Centre) and residential construction (OneOneFive Hamilton Hill) were selected. Four key 
stakeholders (i.e., client, head-contractor, designer and supplier) of each case study were interviewed 
between June 2022 and January 2023.  

¢Ƙƛǎ ǎǘǳŘȅ ǎƘƻǿŜŘ ǘƘŀǘ Ψ¦ƴǎǳǇǇƻǊǘƛǾŜ ǊŜƎǳƭŀǘƛƻƴǎΩΣ ΨLƴŎƻƴǎƛǎǘŜƴŎȅ ƻŦ tǿw/ ǉǳŀƭƛǘȅΣ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ 

ǿŀǊǊŀƴǘȅΩΣ Ψ[ƛƳƛǘŜŘ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ tǿw/Ω ŀƴŘ Ψ[ŀŎƪ ƻŦ ŜȄǇŜǊǘƛǎŜ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ tǿw/ ǳǘƛƭƛǎŀǘƛƻƴΩ 

were the main categories of barriers towards using PwRC in the selected case projects. Furthermore, 

ǘƘŜ ŀƴŀƭȅǎŜǎ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ΨŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎΩΣ ΨōǳǎƛƴŜǎǎ ǇǳǊǇƻǎŜǎΩΣ ΨŎƻƴǘǊŀŎǘǳŀƭ ƻōƭƛƎŀǘƛƻƴǎΩ ŀƴŘ 

ΨǎǘǊƻƴƎ ǎǳǇǇƻǊǘ ŦǊƻƳ ǘƘŜ ƪŜȅ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ǿŜǊŜ ǘƘŜ ǘƻǇ ŦƻǳǊ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ƳƻǘƛǾŀǘƛƻƴǎ ŦƻǊ ǳǎƛƴƎ tǿw/ 

in the four case studies. Lastly, the top three strategy categories to remove these barriers were found 

ǘƻ ōŜ ΨŜŦŦŜŎǘƛǾŜ ŜŘǳŎŀǘƛƻƴΣ ƛƴǾŜǎǘƛƎŀǘƛƻƴΣ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎΩΣ ΨǊŜǾƛǎƛƴƎ ǊŜƎǳƭŀǘƛƻƴǎ ƛƴ ŦŀǾƻǳǊ 

ƻŦ ǳǘƛƭƛǎŀǘƛƻƴ ƻŦ tǿw/Ω ŀƴŘ ΨŜŦŦŜŎǘƛǾŜ ǇǊƻƧŜŎǘ ƳŀƴŀƎŜƳŜƴǘ ǇƭŀƴƴƛƴƎΩ.  

¢ƘŜ ǊŜǎŜŀǊŎƘ ŦƛƴŘƛƴƎǎ ǿƛƭƭ ƘŀǾŜ ǇƻƭƛŎȅ ƛƳǇƭƛŎŀǘƛƻƴǎ ŀǎ ǘƘŜ ΨǳƴǎǳǇǇƻǊǘƛǾŜ ǊŜƎǳƭŀǘƛƻƴǎΩ ǿŀǎ ǊŜŎƻƎƴƛǎŜŘ ŀǎ 
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, policymakers can use the information 
provided in this study to develop policies that provide a level playing field for all parties operating in 
PwRC 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 industry now accounts 35% of the total waste sent 

to landfills worldwide.1 2 For instance, in the UK, 49 Mt of C&D waste was generated in 2014, and more 

than half of this amount was landfilled.3 In China, the annual C&D waste generation is 2.36 BT4, with 

poor recovery rates5, and in the US, this figure was 516 Mt in 2017.6 Despite the existing disparity in 

C&D waste recovery rates among OECD countries (Table 1), several estimates have predicted that 

fundamental changes are underway that will completely alter the C&D waste management 

environment. Recent analyses project that the global C&D waste recovery market will reach US $149ς

300 billion by 2027ς28.7 8 9 

 

Table 1. Latest rates of C&D waste generation and recovery in various countries  
Country  Waste generated 

(Mt/)  

Recovered  

(%) 

Year Source 

Australia  29 77 2021 Blue Environment (2023)10 

Brazil 48 20 2021 ABRELPE (2022)11 

China  2,600  n/a 2020 Deng (2022)12 

Germany  229 88 2020 Destatis (2021)13 

India  150 1 2019 BMTPC (2021)14 

Japan n/a 97 2018 Ministry of Land Infrastructure Transport and Tourism (2020)15 

The UK 67.8  92.3 2018 UK Government Statistical Service (2021)16  

The US  600.3  76 2018 US EPA (2020)17 

Russian Federation  15-17 5 2019 The Federal Service for State Statistics (2019)18 

 

1 Zheng, L. et al.. 2017. Characterizing the generation and flows of construction and demolition waste in China. Construction and 
Building Materials, 136, pp.405-413. 

2 Solís-Guzmán, J. et al. 2009. A Spanish model for quantification and management of construction waste, Waste Management, 
29(9), pp.2542-2548.  

3 Menegaki, M. and Damigos, D. 2018. A review on current situation and challenges of construction and demolition waste 
management, Current Opinion in Green and Sustainable Chemistry, 13, pp.8-15. 

4 Zheng, L. et al.. 2017. Characterizing the generation and flows of construction and demolition waste in China. Construction and 
Building Materials, 136, pp.405-413. 

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

6 US EPA. 2019. Advancing sustainable materials management: 2017 Fact sheet. EPA 530-F-19-007. Environmental Protection 
Agency. https://bit.ly/3OhD3WR 

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

8 IMARC GROUP. 2023. Construction and demolition waste management market: global industry trends, share, size, growth, 
opportunity and forecast 2023-2028. SR112023A1230. The International Market Analysis Research and Consulting Group. 
https://bit.ly/3EXA1n0  

9 REPORT OCEAN. 2021. Construction and demolition waste recycling market research report. Report Ocean. Chicago, USA. 
10 Blue Environment. 2022. National Waste Report 2022. The 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. 
12 Deng, D. 2022. An insight into China's construction and demolition waste recycling industry. Invest Northern Ireland. 
13 DESTATIS. 2021. Brief overview waste balance. Waste management. Federal Statistical Office of Germany. 
14 BMTPC. 2021. Annual report: 2020-2021. New Delhi, India: Ministry of Housing & Urban Affairs: Building Materials & Technology 

Promotion Council. 
15 Ministry of Land Infrastructure Transport and Tourism. 2020. Results from the survey on construction and demolition waste in 

2018. Japan. 
16 UK Government Statistical Service 2021. UK statistics on waste. 
17 US EPA 2020. Assessing trends in materials generation and management in the United States. Advancing Sustainable Materials 

Management: 2018 Fact Sheet. US EPA. 

18 The Federal Service for State Statistics. 2019. Moscow, Russia. 

https://bit.ly/3ktLNi1
https://bit.ly/3IUtWsO
https://bit.ly/3EXA1n0
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Italy  59  75.1 2018 ISPRA (2020)19 

France  227 77 2020 ADEME (2021)20 

 

The utilisation of products with recycled content (PwRC) and sustainable materials (SMs) has 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 extractions. Several theoretical initiatives such as the concepts 

of the ΨŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅΩ ό/9ύΣ ΨǿŀǎǘŜ ƘƛŜǊŀǊŎƘȅ ƳƻŘŜƭΩ ŀƴŘ ΨƴŜǘ-zero- όŎŀǊōƻƴύ ŜƳƛǎǎƛƻƴǎΩ ǊŜŎƻƳƳŜƴŘ 

using these resources. In addition, there is strong support from local, national and international waste 

policies to reuse PwRC in construction projects21. It is believed the use of PwRC can help governments 

meet their waste management targets22. Hence, the aim of this application is to address a variety of 

waste-related 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 outcomes have 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 understood.23 24 Even the current utilisation of PwRC in the BE 

sector is primarily limited to low-value applications25 otherwise known in waste management research 

as ΨdowncyclingΩ. Previous research has provided reasons for these limitations such as energy and 

transport costs, lack of knowledge, limited technologies, poor quality and contamination, lack of 

market, unproductive waste regulations and negative perceptions.26  

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 understand various contextual factors affecting their 

application. Hence, this study, by adopting a case study approach, aims to bridge this gap to provide a 

realistic and up-to-date insight into the application of CE in the Australian BE sector at the project level. 

 
 

1.1. Research aim and objectives  

This research, as part of research project 1.8527, intends to identify the variables (barriers and enablers) 

that influence the adoption of PwRC in the Australian construction industry. Furthermore, this research 

aims to understand the perspectives of stakeholders regarding the implementation of these products 

using three case studies. The specific objectives of this research are as follows: 

 

19 ISPRA. 2020. Italian environment: Trend and legislation. Roma, Italy: Division for Environmental Information, Statistics and 
Reporting: Italian Institute for Environmental Protection and Research. 

20 DEME. 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 China. Waste 
Management, 108, pp.137-143. 

22 Active Sustainability. 2020. Expanding reuse opportunities for recycled construction materials. Perth, Australia. 
23 Park, J. and Tucker, R. 2017. Overcoming barriers to the reuse of construction waste material in Australia: A review of the 

literature. International Journal of Construction Management. 17, pp.228-237. 
24 Shooshtarian, S. et al. нлнлΦ ¦ǎƛƴƎ ǊŜŎȅŎƭŜŘ ŎƻƴǎǘǊǳŎǘƛƻƴ ŀƴŘ ŘŜƳƻƭƛǘƛƻƴ ǿŀǎǘŜ ǇǊƻŘǳŎǘǎΥ ! ǊŜǾƛŜǿ ƻŦ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ǇŜǊŎŜǇǘƛƻƴǎΣ 

decisions, and motivations. Recycling, 5, 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 making. Waste Management, 75, pp.3-21. 
26 Park, J. and Tucker, R. 2017. Overcoming barriers to the reuse of construction waste material in Australia: A review of the 

literature. International Journal of Construction Management. 17, pp.228-237. 
27 SBEnrc P1.85. Enhancing the use of products with recycled contents in the Australian. https://bit.ly/3ZfY6NS 
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i. To identify the main enablers of and barriers to using PwRC; 

ii. To analyse the utilisation of these products in four Australian construction projects; and  

iii. ¢ƻ ŜȄǇƭƻǊŜ ƛƴŘǳǎǘǊȅ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ǇŜǊŎŜǇǘƛƻƴǎ ƻŦ ǳǎƛƴƎ PwRC. 

 

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 PwRC in the 

construction industry. Furthermore, this section provides the 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. These sections provide 

partƛŎƛǇŀƴǘǎΩ ǾƛŜǿǎ ƻƴ ǘƘŜ Ƴŀƛƴ ōŀǊǊƛŜǊǎΣ ƳƻǘƛǾŀǘƛƻƴǎ ŀƴŘ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ǳǎƛƴƎ tǿw/ ƛƴ ǘƘŜ ŎŀǎŜ ǇǊƻƧŜŎǘǎΦ 

¢ƘŜ ƭŀǎǘ ǘǿƻ ǎŜŎǘƛƻƴǎΣ ŦƻŎǳǎ ƻƴ ŦǳǊǘƘŜǊ ŀƴŀƭȅǎŜǎ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǊŜǎǇƻƴǎŜǎ ŀƴŘ ŎƻƴŎƭǳŘƛƴƎ ǊŜƳŀǊƪǎΦ  
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This study's two data collection methods included a literature review and case study analysis. After 

three consultation sessions were held between June and July 2021, Objective 1 of the project was set 

to identify the main factors influencing the use of PwRC in construction projects. The 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 of PwRC in construction projects in Australia. The sources used in this step included 

journal articles and government and industry reports that are freely available online. Care was taken 

to only capture the literature that describes the use of PwRC in recent years to reflect the 

contemporary efforts and advances in using these materials.  

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 experts, the criteria for the 

selection of case studies were set. Case studies had to meet the following criteria:  

1. Use of recycled and/or processed PwRC; and 

2. Completed recently or due to be completed.  

 

After identifying the projects, the perceptions of four stakeholder groups playing an essential role in 

using PwRC were sought. These groups included designer, client, head-contractor and supplier (Figure 

1). An invitation email was sent to each stakeholder to arrange suitable interview times. For each 

project selected, four separate online interviews were organised. 

 

 

 

 

 

 

 

 

The online interviewees were conducted between June 2022 and January 2023 using the 

Microsoft Teams online platform. Each interview took a maximum of one hour and was 

recorded for transcription purposes. Three types of questions were asked during interviews: 

Figure 1. Stakeholders who were interviewed in each case study  
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participants' details, their experience using the PwRC in the case project, and the enablers of and 

barriers to using such materials. Table 2 provides the full interview questions:  

Table 2. Interview questions used in the case study analysis to achieve Objective 1  

No  Question  

1 Please introduce yourself, including your employment history and recent activities in the 

field of construction and demolition (C&D) waste management? 

2 Can you please tell me a bit about the project and your respective involvement? 

3 Can you please tell me about your organisation's experience using products with recycled 

content in this project? 

4 What were your main motives for using recycled content in this project? 

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

6 In your opinion, how could these challenges (and their impact) be overcome? 

7 What is the process of procuring waste materials and repurposing them into usable 

products in this construction project? 

8 Has your organisation published any relevant documents describing the project 

planning, design and execution that you could share with us? 

 

2.2 Overview of case studies  

 
Following extensive communications with experts and public and private organisations, three 

construction projects were selected as case studies. These include one commercial project, one 

residential project and two infrastructure projects. Three of these projects were managed by a public 

organisation and various types and quantities of PwRC were used to construct the built environments. 

These projects used various tools and certifications to demonstrate achieving sustainable outcomes 

including using PwRC: the seven performance petals by Living Building Challenge®, Green Star by 

Green Building Council of Australia (GBCA), Infrastructure Sustainability Council (ISC) Rating Tool by 

ISC and Enviro Development Certification by the Urban Development Institute of Australia (UDIA). 

Table 3 provides a summary of the selected case studies in this research. 



Table 3. Overview of the selected case studies  

Project features Case Study 1 Case Study 2 Case Study 3 Case Study 4 

Name of project Burwood Brickworks Shopping 
Centre 

Mordialloc Freeway Tonkin Gap and 
Associated Works 

One One Five Hamilton Hill  

Construction type Commercial Infrastructure Infrastructure Residential  

Client Frasers Property Group Major Road Projects Victoria Main Roads 
Western Australia 

WA Development  

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

Demonstration of 
sustainability  

¶ Living Building Challenge®28  

¶ Green Star (GBCA)29  

¶ ISCΩǎ ǊŀǘƛƴƎ ǘƻƻƭ ±Φн30 ¶ L{/Ωǎ ǊŀǘƛƴƎ ǘƻƻƭ 
V.2 

¶ UDIA31 

Project duration 2018ς2019 2019ς2021 2021ς2023 2018ς2019 

Recycled products 
used 
(quantity/tonnes 
where provided) 

¶ The use of crushed concrete 
in the sub-base of bitumen  

¶ The use of materials from 
slab form working as 
hanging timber and timber 
cladding in the ceiling  

¶ The use of second-hand 
brick purposed into tiles and 
concrete in floors 

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

¶ The use of 600 t of plastic waste 
in noise walls  

¶ The use of 270 kt of pavement 
material incorporating the 
maximum allowable recycled 
content 

¶ The use of 30 t of plastic waste 
in 100% recycled polypropylene 
plastic (PP) concrete reinforcing 
mesh  

¶ The use of 75 t of plastic waste 
in 100% recycled high-density 
polyethene (HDPE) stormwater 
drainage pipe  

¶ The reuse of 
296 kt of sand 

¶ The reuse of 
105 kt of spoil 
(treated ASS) 

¶ The use of 27 kt 
of crushed 
recycled 
concrete (CRC) 

¶ The use of 1.2 
kt of reclaimed 
asphalt 
pavement  

¶ The use of salvaged timber in landscaping features 
(e.g., shade structures and seating)  

¶ The reuse of 40,000 clay bricks and roof tiles as 
aggregates underneath the drainage infrastructure  

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

¶ The reuse of crushed brick, tiles, concrete, etc., into 
the road sub-base replacing the need for newly 
mined materials like crushed limestone 

¶ The use of 2,425 m3 of recycled concrete in retaining 
walls replacing the need for newly mined limestone  

¶ The use of 400 t of PwRC in different applications 
including construct temporary truck access roads 

 

28 International Living Future Institute. 2023. Living building challenge. https://living-future.org/lbc/ 
29 Green Building Council of Australia. 2023. Rating system. https://bit.ly/3HhC3jO  
30 Infrastructure Sustainability Council. 2022. IS ratings. https://bit.ly/3wx1Z4N  
31 Urban Development Institute of Australia. 2022. National awards. https://bit.ly/3CUwwgg  

https://living-future.org/lbc/
https://bit.ly/3HhC3jO
https://bit.ly/3wx1Z4N
https://bit.ly/3CUwwgg
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Product 
specifications  

¶ Different building codes and 
standards 

¶ 407 VicRoads Standard 
Specifications: Dense Graded 
Asphalt32 

¶ Roads to Reuse 
Product 
Specifications33  

¶ IPWEA/WALGA Specification for the Supply of 
Recycled Road Base34 

 

32 VicRoads. 2022. Standard sections - 400 series - Asphalt and surface treatments 407 dense graded asphalt. https://bit.ly/3XqErtW  
33 Government of Western Australia. 2021. Roads to Reuse product specifications: Recycled road base and recycled drainage rock. https://bit.ly/3D0tibd  
34 IPWEA. 2016. IPWEA/WALGA specification for the supply of recycled road base. https://bit.ly/3wj1tqH  

https://bit.ly/3XqErtW
https://bit.ly/3D0tibd
https://bit.ly/3wj1tqH


2.3 Data analysis  

The data extracted from the literature review was thematically analysed preceding the creation of the 

major clusters of enablers of and barriers to using PwRC in construction projects. These clusters 

represented the factors influencing such products' use in Australia and worldwide. The literature 

analysis provided the basis for a case study analysis in the Australian construction industry.  

Audio data captured from 17 interviewees were carefully transcribed by a professional transcriber 

using the word-for-word method prior to the quality verification of the text data by the research team. 

The transcripts were analysed using the NVivo Pro 12 application, which facilitates codifying text-based 

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, 

quantitative 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 use of PwRC 

in construction projects. It is assumed that these factors could be specific to the contextual conditions. 

Therefore, the review consists of the analysis of literature in the Australian and global context. The last 

section presents findings of the analysis of several project cases in which PwRC were used. Case study 

analysis helps enhance our understanding of the current climate that drives or hinders the use of 

recycled content in new construction projects.  

3.1.  Barriers to using PwRC in the construction industry 

The uptake of practices related to using recycling C&D products is still limited and continues to have 

detrimental impacts on the environment.35 The main barriers to using PwRC in the construction 

industry have been identified in previous studies (Table 4). The following section explains how these 

factors have hindered the application of PwRC in construction projects.  

   Table 4. Main barriers to the use of PwRC from stakeholders' perspectives  

No Barrier Short description  

1 Increased costs of energy and transport PwRC are costlier than raw materials 

2 Lack of knowledge of PwRC Unfamiliarity with PwRC limited their application 

in construction projects  

3 Limited technologies for waste recovery   Limited technologies in the waste recovery 

industry resulted in poor quality and expensive 

PwRC 

4 Low quality, contamination and reduced 

performance 

Lower than expected quality hinders the wide 

application of PwRC in the industry 

5 Lack of market availability of the products Uncertainty about the market discourages the 

production of quality second-hand materials 

6 Limitations caused by specifications, 

standards and permits 

Specifications and standards have both positive 

and negative impacts on the PwRC market 

7 Limited acceptability and negative 

perceptions (public and the industry) 

Negative perceptions toward PwRC limited their 

usage in the industry 

 

  

 

35 Umar, U.A., et al. 2017. A review on adoption of novel techniques in construction waste management and policy. Journal of 
Material Cycles and Waste Management. 19, 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 using PwRC in the construction industry (Figure 

2).36 Several studies indicate that PwRC are costlier than conventional materials.37 38 39 40 A few reasons 

that contribute to higher costs in PwRC include longer transport distance41, industrial waste sorting 

procedures42, increased energy requirements for recycling, landfill levy for residual waste and high 

capital costs for recycling facilities43 and equipment44 45. In some circumstances, the use of PwRC is 

reported to be less expensive than fresh materials.46  However, if waste producers and recyclers are 

willing to work collaboratively, it can lead to a win-win situation for both parties.47  

 

ii. Limited knowledge on PwRC 

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 for PwRC. This could also create a negative 

perception of used materials, final product quality and price in PwRC from end-users.48 49 Marketplaces 

for re-used and PwRC are yet to become mainstream, and there is still limited development of 

 

36 Oyedele, L.O. et al. 2014. Use of recycled products in UK construction industry: An empirical investigation into critical impediments 
and strategies for improvement. Resources, Conservation and Recycling. 93, pp.23-31. 

37 Tam, V.W. 2009. Comparing the implementation of concrete recycling in the Australian and Japanese construction industries. 
Journal of Cleaner Production. 17, pp.688-702. 

38 Colin, R. 2019. 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 chain. Resources, 
Conservation and Recycling. 126, pp.118-131. 

40 Zou, P. et al. 2015. Barriers to building and construction waste reduction, reuse and recycling: A case study of the Australian 
capital region. In Proceedings of the Building TodayτSaving Tomorrow: Sustainability in Construction and Deconstruction 
Conference, Auckland, New Zealand, 15ς17 July. 

41 Hiete, M. et al. 2011. Matching construction and demolition waste supply to recycling demand: A regional management chain 
model. Building & Research Information. 39, pp.333-351. 

42 Tam, V.W. 2009. Comparing the implementation of concrete recycling in the Australian and Japanese construction industries. 
Journal of Cleaner Production. 17, pp.688-702. 

43 Wang, J. et al. 2014. Critical factors in effective construction waste minimization at the design stage: A Shenzhen case study, China. 
Resources, Conservation and Recycling. 82, pp.1-7. 

44 Begum, R.A. et al. 2010. Waste generation and recycling: Comparison of conventional and industrialized building systems. 
American Journal of Environmental Sciences. 6, pp.383-388. 

45 Denyer, D. and Tranfield, D. 2009. Producing a systematic review. In The Sage Handbook of Organizational Research Methods, 
Buchanan, D.A. and Bryman, A. (Eds.). Sage Publications, Thousand Oaks, CA, USA. 

46 Sustainability Victoria. 2015. Market Summaryτrecycled brick, stone and concrete. Sustainability Victoria: Melbourne, Australia. 
47 Liu, J. et al. 2020. Interactive decisions of the waste producer and the recycler in construction waste recycling. Journal of Cleaner 

Production. 256, 120403. 
48 Edge Environment Pty. 2012. Construction and demolition waste guideτrecycling and re-use across the supply chain. Edge 

Environment Pty. Sydney, Australia. 
49 Bolden, J. et al. 2013. Utilization of recycled and waste materials in various construction applications. American Journal of 

Environmental Sciences. 9, pp.14-24. 

Figure 2. The primary barriers to using PwRC in construction projects 
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knowledge and practical impacts.50 The limited communication between key stakeholders such as 

contractors and recyclers and ŀ Ψwait and seeΩ attitude are other factors also affecting the limited 

knowledge on PwRC.51 

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 

manufacturing of commercially competitive products.52 53 Limited education on emerging waste 

recovery technologies, lack of investment in waste management technologies54 and limited incentives 

for private investment in technology55  are key reasons for the poor uptake of PwRC use56.  

iv. Low quality and reduced performance 

Previous research studies indicate that construction industry stakeholders face issues such as quality, 

contamination and unacceptable performance when choosing PwRC over conventional materials.57 58 

Lack of technological support, such as resources, training59, limited competent staff and expertise, and 

the lack of a benchmarking tool60, plus the lack of systematic decontamination procedures61 are key 

reasons affecting the quality and reduced performance of PwRC. As there is no assurance of 

maintaining the same quality and performance as virgin resources in the PwRC, there is a critical need 

for defining standards, producers and training staff members.62 

v. Lack of market availability of the products  

The viable market has a direct mutual relationship with further using PwRC. When there is an 

established market for PwRC, 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.W. 2009. Comparing the implementation of concrete recycling in the Australian and Japanese construction industries. 
Journal of Cleaner Production. 17, pp.688-702. 

51 Tam, V.W. 2009. Comparing the implementation of concrete recycling in the Australian and Japanese construction industries. 
Journal of Cleaner Production. 17, pp.688-702. 

52 Bolden, J. et al. 2013. Utilization of recycled and waste materials in various construction applications. American Journal of 
Environmental Sciences. 9, pp.4-24. 

53 Ghaffar, S.H. et al. 2020. Pathways to circular construction: An integrated management of construction and demolition waste for 
resource recovery. Journal of Cleaner Production. 244, 118710. 

54 Tam, V.W. 2009. Comparing the implementation of concrete recycling in the Australian and Japanese construction industries. 
Journal of Cleaner Production. 17, pp.688-702. 

55 He, L. and Yuan, H. 2020. LƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ŎƻƴǎǘǊǳŎǘƛƻƴ ǿŀǎǘŜ ǊŜŎȅŎƭƛƴƎ ŘŜŎƛǎƛƻƴǎ ōȅ ŎƻƴǎƛŘŜǊƛƴƎ ŎƻƴǎǳƳŜǊǎΩ ǉǳŀƭƛǘȅ ǇŜǊŎŜǇǘƛƻƴǎΦ 
Journal of Cleaner Production. 259, 120928. 

56 Moher, D. et al. 2009.  Prisma Group. Preferred reporting items for systematic reviews and meta-analyses: The prisma statement. 
PLOS Medicine. 6, e1000097. 

57 Edge Environment Pty. 2012. Construction and demolition waste guideτrecycling and re-use across the supply chain. Edge 
Environment Pty. Sydney, Australia. 

58 Bolden, J. et al. 2013. Utilization of recycled and waste materials in various construction applications. American Journal of 
Environmental Sciences. 9, pp.14-24. 

59 Tam, V.W. 2009. Comparing the implementation of concrete recycling in the Australian and Japanese construction industries. 
Journal of Cleaner Production. 17, pp.688-702. 

60 Ibid. 
61 Sánchez, I.G. and Lauritzen, E.K. 2004. Integrated decontamination and rehabilitation of buildings, structures and materials in 

urban renewal-a European project for a sustainable city concept. In Proceedings of the International RILEM Conference on the 
Use of Recycled Materials in Buildings and Structures, Barcelona, Spain, 8ς11 November 2004. 

62 Tam, V.W. 2009. Comparing the implementation of concrete recycling in the Australian and Japanese construction industries. 
Journal of Cleaner Production. 17, pp.688-702. 
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and demand for PwRC creates a narrow window of opportunity to trade recycled C&D products.63 A 

study in Australia on recycled PVC products application reports that the cost of PwRC is the same as 

virgin material and recommended that the industry needs greater scale or a higher value for PVC to 

incentivise more PVC recycling.64 Once these results are achieved, more industry stakeholders will be 

persuaded to buy and use PwRC in construction projects. Market availability is underpinned by several 

factors including an effective supply chain, properly designed landfill levy, government incentives and 

subsidies, and finding new applications outside of the construction industry.65 

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 application of PwRC in the construction 

industry.66 67 If the organisations need to provide indemnities, operate trials or accept risk, these also 

create an additional layer of complexity that may become impediments to recycling C&D waste 

products.68 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 difficult-to-meet specifications and standards are a significant hindrance 

in selling PwRC to the market.  

vii. Limited acceptability and negative 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 using PwRC.69 Different 

stakeholder groups may have different perceptions.70 These perceptions are changing as field trials 

show how to use these materials to their optimum performance and as virgin resources become 

scarcer.71 This highlights the critical need for prototyping during design stages to test acceptability.72  

3.2.  Enablers to using PwRC in the construction industry  

Five clusters of enablers have been identified that can assist key stakeholders in advocating the use of 

PwRC in the construction industry (Figure 3).  

 

63 Wang, J. et al. 2014. Critical factors in effective construction waste minimization at the design stage: A Shenzhen case study, 
China. Resources, Conservation and Recycling. 82, pp.1-7. 

64 Edge Environment Pty. 2012. Construction and demolition waste guideτrecycling and re-use across the supply chain. Edge 
Environment Pty. Sydney, Australia. 

65 Tam, V.W. 2009. Comparing the implementation of concrete recycling in the Australian and Japanese construction industries. 
Journal of Cleaner Production. 17, pp.688-702. 

66 Active Sustainability. 2020. Expanding reuse opportunities for recycled construction materials. Perth, Australia. 
67 Spiegel, R. and Meadows, D. 2010. Green building materials: a guide to product selection and specification. John Wiley & Sons, 

Hoboken, NJ, USA. 
68 Tam, V.W. 2009. Comparing the implementation of concrete recycling in the Australian and Japanese construction industries. 

Journal of Cleaner Production. 17, pp.688-702. 
69 Ibid. 
70 Henry, M. and Kato, Y. 2012. Perspectives on sustainable practice and materials in the Japanese concrete industry. Journal of 

Materials in Civil Engineering. 24, pp.275-288.  
71 Edge Environment Pty. 2012. Construction and demolition waste guideτrecycling and re-use across the supply chain. Edge 

Environment Pty. Sydney, Australia. 
72 Tam, V.W. 2009. Comparing the implementation of concrete recycling in the Australian and Japanese construction industries. 

Journal of Cleaner Production. 17, pp.688-702. 
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Figure 3. Main enablers of using PwRC in construction projects 

 

i. Increase community awareness and education on PwRC 

Access to information and the education of construction experts are the two points of leverage for 

increasing the application of PwRC.73 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.  

ii. Develop supportive regulations, policies and specifications  

The government should prioritise the task of improving specific legislation and regulations, with a focus 

on establishing a 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 usage of PwRC.74 Detailed specifications should also be developed in the form 

of application-specific quality standards for different PwRC as another option to increase the demand 

for such products.75 The introduction of mandatory policies (unified, stakeholder-oriented policies)76 

77, such as sustainable procurement to meet specific reuse/recycling targets, more purchasing power 

and grants that are offered to companies to help initiate recycling locally78 would encourage both 

recyclers and builders to invest in waste management solutions.79 

iii. Enabling sustainability programs 

 

73 KnoeriΣ /Φ Ŝǘ ŀƭΦ нлммΦ 5ŜŎƛǎƛƻƴǎ ƻƴ ǊŜŎȅŎƭƛƴƎΥ /ƻƴǎǘǊǳŎǘƛƻƴ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ŘŜŎƛǎƛƻƴǎ ǊŜƎŀǊŘƛƴƎ ǊŜŎȅŎƭŜŘ ƳƛƴŜǊŀƭ ŎƻƴǎǘǊǳŎǘƛƻƴ 
materials. Resources, Conservation and Recycling. 55, pp.10391050. 

74 Park, J. and Tucker, R. 2017. Overcoming barriers to the reuse of construction waste material in Australia: A review of the 
literature. International Journal of Construction Management. 17, pp.228-237. 

75 YƴƻŜǊƛΣ /Φ Ŝǘ ŀƭΦ нлммΦ 5ŜŎƛǎƛƻƴǎ ƻƴ ǊŜŎȅŎƭƛƴƎΥ /ƻƴǎǘǊǳŎǘƛƻƴ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ŘŜŎƛǎƛƻƴǎ ǊŜƎŀǊŘƛƴƎ ǊŜŎȅŎƭŜŘ ƳƛƴŜǊŀƭ ŎƻƴǎǘǊǳŎǘƛƻƴ 
materials. Resources, Conservation and Recycling. 55, pp.10391050. 

76 Tam, V.W. 2009. Comparing the implementation of concrete recycling in the Australian and Japanese construction industries. 
Journal of Cleaner Production. 17, pp.688-702. 

77 Mak, T.M, et al. 2019. Extended theory of planned behaviour for promoting construction waste recycling in Hong Kong. Waste 
Management. 83, pp.161-170. 

78 Huang, Y. et al. 2007. A review of the use of recycled solid waste materials in asphalt pavements. Resources, Conservation and 
Recycling, 52, pp.58-73. 

79 Bolden, J. et al. 2013. Utilization of recycled and waste materials in various construction applications. American Journal of 
Environmental Sciences. 9, pp.14-24. 



 

21 
 

Another promising route is the implementation of sustainability programs that suggest the use of 

PwRC in construction projects. Some reports80 81 have demonstrated that running these programs leads 

to further adoption of PwRC in the construction industry. However, there is also evidence proving 

otherwise82. Among others, rating system design, developers' biases and lack of incentives to motivate 

end-users are the most influential reasons cited for ǘƘŜǎŜ ǇǊƻƎǊŀƳǎΩ ineffectiveness. Furthermore, 

scholarly and political engagement with business practice is urgently needed to facilitate sustainability 

programs.83 

iv. Promote recycled product certification (PCR) 

A product certification that is awarded following material testing, plus quality control, can increase the 

adoption of PwRC in the construction industry. As different supply sources will cause variation in 

quality, stricter quality controls for PwRC are required.84 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 

and adhere to industry standards.85  

v. Advocate targeted technologies and innovative practice  

The waste management and resource recovery industry should embrace new technologies and 

innovation. Technological advances help PwRC producers meet market demands through products 

having reasonable prices and quality. Notably, governments, as the main stakeholder responsible for 

protecting the environment, should support industry by providing a fund to invest in technologies and 

innovation.  

3.3. Analysis of utilisation of PwRC in Australia 

Since a decade ago, the use of recyclable materials in the Australian construction industry has become 

an important concept in resource efficiency and recovery policies for various economic, environmental 

and social reasons. This section showcases the application of recycled C&D waste materials in 

construction projects (infrastructure, commercial, residential and office buildings) across Australia. 

These projects were constructed between 2010 and 2020.  

 

In 2010, Waverley Council, in partnership with the NSW Department of Planning, Industry and 

Environment, NSW Roads and Traffic Authority, Institute of Public Works Engineering Australia and the 

Packaging Stewardship Forum, provided the first site within NSW to demonstrate alternate use of 

 

80 Eisenstein, W. et al. 2017.  Climate Co-Benefits of Green Building Standards: Water, Waste and Transportation. Building Research 
& Information. 45, pp.828-844. 

81 Shooshtarian, S. et 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 Individual Well-Being and Community 
Prosperity, Noosa, Australia, 6ς8 November 2019. 

82 Lu, W. et al. 2019. Evaluating the effects of green building on construction waste management: A comparative study of three 
green building rating systems. Building and Environment. 155, pp.247-256. 

83 Leipold, S. and Petit-Boix, A. 2018. The circular economy and the bio-based sectorτPerspectives of European and German 
stakeholders. Journal of Cleaner Production. pp.1125-1137. 

84 Tam, V.W. et al. 2009. On the prevailing construction waste recycling practices: A Southeast Queensland study. Waste 
Management Research. 27, pp.167-174. 

85 Ibid. 
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crushed glass in pavement construction as an accepted product in NSW roads.86 Waverley Council 

substituted 15 t of glass cullet into the road projects, 7.5 t into the asphalt and 7.5 t into concrete. 

In 2010, the Clem Jones Tunnel (CLEM)87 provided a critical river crossing that bypasses the CBD to link 

Brisbane's growing northern and southern suburbs, with direct connections at Bowen Hills, Kangaroo 

Point and Woolloongabba. Alex Fraser Group developed a recycled concrete roadbase to ŜƴƎƛƴŜŜǊǎΩ 

specifications specifically for the project. The material was stabilised to meet the demands of the 

application. Recycled roadbase is approximately 15ς20% lighter compared to materials produced from 

Queensland quarried rock, which means less material is required. In the CLEM7 project, the benefit of 

using PwRC was a cost-saving of an estimated $570 k, and 725 fewer truck movements. Using PwRC 

also prevented the extraction of 120 kt of natural resources, saved more than 100 kt of waste from 

going to landfills and reduced carbon emissions by around 1 kt. 

In 2018, Downer Pty Ltd in collaboration with two councils (i.e., Hume City Council and Randwick 

Council) and other organisations, constructed asphalt in some NSW roads with heavy vehicle load 

traffic.88 The project objectives were to minimise reliance on natural resources and virgin materials, 

reduce carbon emissions, and amount waste being landfilled. From C&D waste stream, reclaimed 

asphalt pavement and coarse aggregate were used. The produced asphalt contained 20ς30% 

reclaimed asphalt pavement. The performance testing of the product shows that it improves fatigue, 

has superior deformation resistance for heavy vehicle loads, last 15% longer than standard asphalt and 

capable of withstanding a 20% increase in traffic loading. 

Kwinana Freeway Northbound Widening project was completed in 201989 and used approximately 

25,000 t of recycled C&D waste or crushed recycled concrete (CRC) as sub-base under full depth 

asphalt. Further, the project team provided surplus site material to smaller local projects and overall, 

sold 56,783 t of waste sand suitable for reuse. 

Meanwhile, for the first time in Victoria, V/Line trains are rolling over railway sleepers made from 

recycled plastic.90 Made from a mix of polystyrene and agricultural plastic waste, the recycled sleepers 

provide an environmentally sustainable alternative to concrete, which requires intensive resources 

and causes higher levels of carbon emissions. The recycled plastic sleepers last up to 50 years and need 

less maintenance during that time. The recycled sleepers are an innovative replacement for V/Line's 

current concrete sleepers and were installed in July 2019 near Wyndham Vale train station, in a brand-

new storage yard for regional trains. V/Line trains are heavier and run faster than metro trains, so they 

need sturdy sleepers. Until now, concrete has always been the most reliable option. For every 

kilometre installed, the sleepers use 64 t of plastic waste that would have otherwise gone to landfill. 

The Kororoit Creek Road Level Crossing Removal Project is the first rail project in Victoria to use 

recycled glass sand as bedding fill, as well as backfill for drainage piping.91 The recycled glass sand is 

manufactured from inert recycled glass recovered from the glass recycling process. Reusing this 

 

86 Edge Environment Pty. 2012. Construction and demolition waste guideτrecycling and re-use across the supply chain. Edge 
Environment Pty. Sydney, Australia. 

87 Alex Fraser Group. 2011. Clem Jones Tunnel. https://bit.ly/3JogbkV  
88 Local Governments NSW.2020. Recycled materials in roads and pavements a technical review. https://bit.ly/3uI3bT6 
89 MainRoads WA. 2019. Building our future: MainRoads WA- Projects Update 2019. 
90 Victoria Government. Whole of Victorian Government social procurement framework. Annual Report 2018-19. ISBN 978-1-

925551-50-1. https://bit.ly/3JhRTJ3  
91 Ibid. 

https://bit.ly/3JogbkV
https://bit.ly/3JhRTJ3
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material reduces the amount of waste being sent to landfill and preserves existing sand deposits. It 

also conserves the energy that would otherwise be used to extract sand. The cost of the recycled glass 

sand used in this project was about half the price of virgin material, due to shorter transport distances. 

It is also safer to handle, as it presents a lower respiratory hazard than traditional sand. The project 

used 904 t of recycled glass sand at the Kororoit Creek Road site and another 410 t at the Aviation 

Road and Wyndham Vale Stabling Yard project sites. 

Sustainability ±ƛŎǘƻǊƛŀΩǎ Research, Development and Demonstration grants program has supported 

local business Close the Loop to develop a new asphalt additive product, TonerPlas, made from 

materials that would otherwise go to landfill.92 Every 300 m of road uses 530,000 plastic bags, 168 glass 

bottles, toner from 12,500 used printer cartridges and 134 t of reclaimed road asphalt. Tests to date 

indicate that asphalt made from recovered materials has improved wear and deformation resistance 

in some circumstances compared to standard VicRoads-specified asphalt. 

In 2020, for the first time in NT, a collaboration between the City of Darwin and Downer Group resulted 

in the use of recycled asphalt to upgrade seven major roads in Darwin.93 The PwRC used in the road 

projects is estimated to save 12 t of CO2 emissions.  

The reconstruction of Cooper Street Kudla was undertaken by the City of Gawler works engineering 

department who chose Bitumate as the appropriate material for an unsealed surface.94 Cooper Street 

is a regional access road to five residential properties. Reconstruction of the road pavement in addition 

to installation of side drainage was required due to regular flooding. As an unsealed surface, patrol 

grading is minimal, and with some residual bitumen, it provides some cohesion to reduce ravelling 

(particularly at the intersection) and some άǊŜ-ƘŜŀƭƛƴƎέ of the surface under traffic in hot weather. 

Reclaimed asphalt is received at C&D recycling facilities predominantly in the form of slab asphalt 

removed from old pavements. The raw feed material is processed through crushing and screening to 

a grading with little or no plasticity. The product is produced by Resourceco under the brand name 

ά.ƛǘǳƳŀǘŜ¢aέΦ 

Bruce Highway is one of !ǳǎǘǊŀƭƛŀΩǎ major highways and links Brisbane and Cairns.95 The $3.5 m Pine 

River to Anzac Avenue upgrade is being undertaken to improve road user safety at the most southern 

section of the Bruce Highway, around North Lakes, north of Brisbane. The road is heavily trafficked, 

carrying 1,500 vehicles/hour. Alex Fraser Group supplied 5,500 t of Recycled Concrete Pavement 

Material (RM001) for the project through civil constructors ALLROADS.  Choosing PwRC is expected to 

result in approximately 47 t of carbon savings, 1,335 t less material compared to virgin materials and 

45 fewer truck movements in this project. 

The 6.4 km, $156 million Dingley Bypass has been completed with Alex Fraser Group materials.96 The 

bypass was opened by Minister for Roads and Road Safety Luke Donnellan in mid-March, a full five 

months ahead of schedule. The new road makes the Alex Fraser Clarinda site, where 96 per cent of 

crushed pavement materials for the project were sourced, even easier for customers to access. 

Throughout the two-year project, 269,000 t of Class 4 Crushed Concrete, Class 2 and 3 Crushed 

 

92 Sustainability Victoria. 2019. A circular economy for Victoria 2019.  https://bit.ly/34OPAOO  
93 City of Darwin. 2020. Recycled asphalt used for the first time in NT. https://bit.ly/3HJIoSM   
94 Sustainable Aggregates South Australia. 2018. Reclaimed asphalt as unsealed residential pavement. https://bit.ly/3LuhZuj  
95 Alex Fraser Group. Year. Bruce Highway (Pine River to Anzac Avenue). https://bit.ly/3KqlJih  
96 Alex Fraser Group. 2019. Dingley Bypass. https://bit.ly/3JeAEZc 

https://bit.ly/34OPAOO
https://bit.ly/3HJIoSM
https://bit.ly/3LuhZuj
https://bit.ly/3KqlJih
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Concrete, and Recycled Sand was supplied. Alex Fraser Group products resulted in 23,000 t fewer used 

due to the density savings compared to quarried rock and 770 fewer truck movements. In addition, 1.7 

kt of CO2 have been prevented from entering the atmosphere. 
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4.1. Project background 

Burwood Brickworks Shopping Centre was completed in 2019 in an eastern suburb of Melbourne, 

Victoria. The $120 m project is owned by Frasers Property Australia and was constructed by HACER 

Group. As a dining and entertainment precinct, this shopping centre provides shopping, dining and 

entertainment opportunities for Victorians (Figure 4).  

 

 
Figure 4. Construction of Brickworks Shopping Centre 
Sources: Joe Armao & shoppingcentrenews.com.au  
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4.2. Project sustainability and recognition  

At the 2020 Master Builders Victoria Excellence in Construction Awards, the project won the Best 

Sustainable Project Award. More importantly, the project achieved full accreditation under the Living 

.ǳƛƭŘƛƴƎ /ƘŀƭƭŜƴƎŜϯΣ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ǊƛƎƻǊƻǳǎ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ BE administered by The International 

Living Future Institute (ILFI). In the ΨaŀǘŜǊƛŀƭǎΩ ŎŀǘŜƎƻǊȅ ƻŦ ǘƘƛǎ ŀŎŎǊŜŘƛǘŀǘƛƻƴΣ ǘƘŜ ǇǊƻƧŜŎǘ Ƴǳǎǘ ŦŜŀǘǳǊŜ 

at least one salvaged material per 500 m2 of gross building area.  

 

The mega-sustainable retail complex is branded as the "world's most sustainable shopping centre" and 

falls ǳƴŘŜǊ ǘƘŜ D./!Ωǎ DǊŜŜƴ Star (6-star) 'global leadership' category, which features 'recycle and 

store excess water on-site' and 'use natural resources to power the building'. The project has earned 

several other awards to date (Figure 5). The project was aǿŀǊŘŜŘ !ǳǎǘǊŀƭƛŀΩǎ .Ŝǎǘ {ǳǎǘŀƛƴŀōƭŜ 

Development ς New Buildings and Best Shopping Centre Development for 2021; the Rider Levett 

Bucknall Australian Development of the Year; the Landcom Award for Best Sustainable Development - 

New Buildings; and the Hames Sharley Award for Best Shopping Centre Development. 

 

 
Figure 5. 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 around 35 m in depth. 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 soil 

on the property was moved to create a place for the parking lot while also contributing to the infilling 

of the quarry's deepest hole. The remnants of the old quarry were 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 on site 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 of the PwRC in this project were utilised in architectural features and civil works. As part of Living 

Building Challenge competition, the project team had to use one PwRC per 500 m2 in the project. The 

following are some examples of the PwRC application involved:  

 

¶ The use of crushed concrete in the subbase of bitumen  

¶ The use of materials from slab form working as hanging timber and timber cladding in the 
ceiling  

¶ The use of second-hand brick purposed into tiles and concrete in floors 
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¶ The use of crushed brick leftover as a finish on facades. 

 

4.4. Descriptive findings: participantsΩ profile   

In this case study, interviews with representatives of the four main stakeholder groups were conducted 

between May and July 2022. As tabulated in Table 5, the interviewees were quite experienced in their 

respective fields of expertise. The client rep (C1P1) had нл ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǇǊƻƧŜŎǘ ŘŜǾŜƭƻǇƳŜƴǘ 

and notably environmentally driven buildings with proven track record of successful interaction with 

many C&D contractors over these years. C1P1Ωǎ ŜȄǇŜǊǘƛǎŜ ƛƴ ǎǇŜŎƛŦȅƛƴƎ ŘƛŦŦŜǊŜƴǘ ŎƻƴǎǘǊǳŎǘƛƻƴ ƳŀǘŜǊƛŀƭǎ 

including SMs/PwRC makes this participant aware of sustainable management of recycled C&D waste 

products.  

 

Table 5. Summary of participantǎΩ profiles in Case Study 1  

Stakeholder type Experience / expertise Participant 
code  

Client  20 ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ in construction project development C1P1 

Head-contractor About 6 yearsΩ working experience in the organisation  C1P2 

Architect  мм ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƛƴ architectural management  C1P3 

Supplier 7 yearsΩ working experience in the organisation as the sale manager C1P4 

 
The head-contractor (C1P2ύ ǊŜǇΩǎ ŜȄǇŜǊƛŜƴŎŜ in the organisation included six years of working in 

construction processes including direct engagement in product specification and on-site C&D waste 

management. The principal architect of the project (C1P3) had 11 years of experience with a wide 

domain architectural-based activities ranging from private dwellings to large public facilities and 

commercial buildings. C1P3 was directly involved in projects where a mix of raw, second-hand and PwRC 

were used. The last interviewee, who represented the ǇǊƻƧŜŎǘΩǎ PwRC supplier (C1P4), has worked in 

ǘƘŜƛǊ ƻǊƎŀƴƛǎŀǘƛƻƴ ŦƻǊ ǎŜǾŜƴ ȅŜŀǊǎΦ ¢ƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ role includes selling recycled timbers that were 

repurposed from demolition timbers imported from demolitions sites managed by their organisation 

or other demolition contractors.   

 
4.5. Organisations involvement in the project  

Table 6 summarises the main involvement areas of the study organisation in Case Study 1. The main 

ŀŎǘƛǾƛǘƛŜǎ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŎƭƛŜƴǘ ǿŜǊŜ ǘƻ ǇǊŜǇŀǊŜ ǘƘŜ ǘŜƴŘŜǊ ŘƻŎǳƳŜƴǘǎΣ ǎǳǇǇƭȅ ǘƘŜ ǇǊƻƧŜŎǘ ŦǳƴŘƛƴƎ ŀƴŘ 

select the head-contractor. In terms of using PwRC, the main responsibility of the head-contractor was 

to review all waste resources that were installed and to inspect them for the ingredients to ensure only 

approved products were used. 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 from various demolition sites. This 

organisation processed ǘƘŜ ǘƛƳōŜǊ ǿŀǎǘŜ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŎƭƛŜƴǘΩǎ ƴŜŜŘǎ ŀƴŘ ƳŀǘŜǊƛŀƭ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ.   

 
Table 6. Main involvement areas of study organisations in Case Study 1 

Organisation  Involvement / activities  

Client  Preparing the tender documents, supplying the project funding, and working 
with the head-contractor to ensure that Living Building Challenge requirements 
are met.  
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Head-
contractor 

Procuring waste resources with the help of subcontractors and ensuring that 
they have the quality required for application in the project   

Design Providing design consultancy to the client regarding the use of PwRC prior and 
during construction phase  

Supplier Extracting timber waste from demolition sites and supplying salvaged timber to 
the project as per requirements  

 

4.6. {ǘŀƪŜƘƻƭŘŜǊǎΩ ƛƴǘŜǊŀŎǘƛƻƴ Ƴodelling in Case Study 1  

Figure 6 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 Living Building Challenge requirements.  

 

Figure 6Φ {ǘŀƪŜƘƻƭŘŜǊǎΩ ƛƴǘŜǊŀŎǘƛƻƴ ƳƻŘŜƭ ƛƴ /ŀǎŜ {ǘǳŘȅ м 

 

4.7. Major motivations for using PwRC 

With regards to the main motives for using PwRC, and participation in this project in the case of the 

supplying organisation, the study stakeholders pointed to different factors. These factors are visualised 

Figure 7 as per each participant interviewed. The following sections further describe these factors.  
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Figure 7. Main motivations for using PwRC in Case Study 1  

 
C1P1 mentioned three reasons as to why PwRC were used in this project. First, the use of SMs brings 

about more health benefits compared to raw materials. The participant believed that the potentially 

toxic materials in the case of second-hand materials are gradually diminished. Second, the spiritual 

character of SMs and the associated attractiveness justify their usage over other brand-new materials: 

ΨA lot of the salvaged materials have kind of a spiritual quality to them. So they have 
character and soul and a storyΦ For example, we salvaged from local buildings or buildings 
around Australia that were being demolished or being refurbished. We could take, you 
know, parts of those buildings and then reuse themΩ. [C1P1] 

Third, in some cases, the procurement of SMs/PwRC costs less than virgin materials. According to this 

participant, some of these materials were procured from the vicinity of the project and localised supply 

chains were activated. C1P2 indicated that the reason for SMs/PwRC was the combination of four 

factors: cost, social image, contractual obligation, ŀƴŘ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ƛƴǇǳǘ ŀƴŘ ǎǳƎƎŜǎǘƛƻƴǎ. The 

participant ƳŜƴǘƛƻƴŜŘ ǘƘŀǘ ǘƘŜ ŎƭƛŜƴǘΩǎ ŘƛǊŜŎǘƛƻƴ ǿŀǎ ǘƻǿŀǊŘǎ ŜǎǘŀōƭƛǎƘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ŦǊƛŜƴŘƭȅ 

product projects, which had seemed to be a difficult objective to achieve in the beginning but became 

easier as the project progressed: 

ΨThat ǿŀǎ ŀ ŎƻƴǘǊŀŎǘ ƻǊ ƻōƭƛƎŀǘƛƻƴΧand I suppose at the start, it was hardΧand just felt 
like a contractual obligation, like, this is 30 items is a really hard thing to do. But as you 
get the ball rolling, I think you get more creative, you start brainstorming things, you start 
looking at different waysΧȅƻǳ ǎƻǊǘ ƻŦ ƎŜǘ ǘƘŀǘ ƳƻƳŜƴǘǳƳ Ǌǳƴ ŀƴŘ ȅƻǳϥǊŜ ƘŀǇǇȅ ǘƻ Ǉǳǘ ƛǘ 
in as many things as your client and architect are ready to take off. I 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 projectΩ. [C1P2] 

The social image that the organisation would build by being involved in this project and using PwRC 

was a major motive according to C1P2. The participant also indicated that suggestions from various 

parties provided further motives to use SMs/PwRC in different applications:  

ΨL ǎǳǇǇƻǎŜ ŦǊƻƳ ǎƻŎƛŀƭ ƛƳŀƎŜ ŀƴŘ ŀǎ ŀ ŘƛǊŜŎǘƛƻƴ ǘƘŀǘ ǘƘŜ ŎƻƳǇŀƴȅ ǎƻǊǘ ƻŦ ǿŀƴǘǎ ǘƻ Ǝƻ ŀƴŘ 
we want to be exposed to more environmentally friendly product projects. So as a whole, 
ǘƘŀǘ ǇǊƻƧŜŎǘ ǿŀǎ ǎƻƳŜǘƘƛƴƎ ǘƘŀǘ ǿŜ ǿŜǊŜ ǊŜŀƭƭȅ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ŦǊƻƳ ŀ ōǳǎƛƴŜǎǎ ƭŜǾŜƭΩ. [C1P2] 

ΨHaving a brainstorming session with client consultants helped as well. That was sort of 
ǘƘŜ Ƴŀƛƴ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎΣ ǿŜ ŀƭǎƻ ƘŀŘ ƛƴǇǳǘ ŦǊƻƳ ǎǳōŎƻƴǘǊŀŎǘƻǊǎΧǘƘŜǊŜΩs lots of it 
[architectural features around travelator] looks like just hanging timber and timber 
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cladding. But thatΩs actually all formwork from the slabs that we pouredΧwe actually got 
it, stripped it back and reuse it pretty quickly in the building. So that was a subcontractor 
ǎǳƎƎŜǎǘƛƻƴ ǘƘŀǘ L Ǉǳǘ ŦƻǊǿŀǊŘΩ. [C1P2] 

The design team rep (C1P3) indicated that the use of PwRC was proposed ǘƻ ŀǎǎƛǎǘ ǘƘŜ ŎƭƛŜƴǘΩǎ ŀǘǘŜƳǇǘ 

to fulfil the requirements of the Petal Certification (Living Building Challenge). According to the 

calculations done by C1P3Ωǎ ƻǊƎŀƴƛǎŀǘƛƻƴΣ ǘƘŜ ǳǎŜ ƻŦ SMs/PwRC (e.g., recycled hardwood timber) 

resulted in a ǇƻǎƛǘƛǾŜ ǇǊƻƧŜŎǘΩǎ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘ ŘǳŜ ǘƻ sourcing them from shorter transport distances.   

ΨSo obviously, we liked the idea from the start, but I 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 conversation. So, 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 achieve that outcomeΩ. [C1P3] 

The research participant from the supplying organisation (C1P4) listed a few reasons for engaging in the 

project. These include prior familiarity with the builder, the opportunity to work with a reputable 

builder and the recognition they received from participation in this environmentally friendly project. 

ΨThat [Project] is pretty impressive.ΦΦwe were really excited to be on board with something 
like that. I 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 was a no-brainer to 
want to be part of it. And as I said, HACER were amazing. In every way, and even the 
ōǳƛƭŘŜǊǎ ǘƘŀǘ ǿŜǊŜ ŀ ǇŀǊǘ ƻŦ ƛǘ ŀǎ ǿŜƭƭΧƛǘ ǿŀǎ ŀ ƎƻƻŘ ǘƘƛƴƎ ǘƻ ōŜ ǇŀǊǘ ƻŦ ŀƴŘ ǘƘŜ ǊŜŎƻƎƴƛǘƛƻƴ 
that we did get from it was really good as wellΩ. [C1P4] 

4.8. Major barriers to using PwRC 

The use of SMs/PwRC in the Brickworks Shopping Centre project came with some challenges, which 

are presented in Figure 8. The analysis of responses showed that the availability of SMs/PwRC was 

the most frequent reference issue as indicated by the builder, designer and supplier.  

 

Figure 8. Major issues around using PwRC in Case Study 1 
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C1P1 listed several challenges that included issues around the design team experience, the 

performance and insurance of the materials, the contract design and administration, and negative 

perceptions. The participant indicated that due to the unique feature of the project, designers need to 

do things that are not routine, which also hindered the design and administration of a contract that 

requires the effective collaboration of contractors to use these materials: 

ΨFor example, an architect's might design a room and then the contractor tries to find 
ǊŜŎȅŎƭŜŘ ƳŀǘŜǊƛŀƭǎ ǘƻ ǳǎŜ ǘƻ ŀŎǘǳŀƭƭȅ ōǳƛƭŘ ǘƘŀǘ ǊƻƻƳΦ .ǳǘΧǿŜ ŦƻǳƴŘ ƛǘ ǿŀǎ ŜŀǎƛŜǊ ǘƻ ŦƛƴŘ 
what materials are out there in the market first, and then have a palette of materials and 
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, then try to procure 
materials to make them fit into what's already been designed, rather than understanding 
ǿƘŀǘ ƻǳǊ ƳŀǘŜǊƛŀƭǎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀƭǊŜŀŘȅ ŀǊŜΩ. [C1P1] 

Furthermore, these materials (e.g., salvaged hydraulic tapware, showerheads and taps) might not 

perform as well as their brand-new 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 brand-new materials. Lastly, the negative perception towards SM/PwRC 

embedded in wider society leads people to associate these materials with lower quality: 

ΨLǘϥǎ ǳǎǳŀƭƭȅ ǘƘŜ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ǘƘŜ ŜƴŘ ǳǎŜǊǎΣ ōǳǘ ŀƭǎƻ ǎƻƳŜǘƛƳŜǎ ǘƘŜ ǘŜƴŀƴǘǎ ǘƘŜƳǎŜƭǾŜǎΣ 
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 to do the layout work and 
their own contractors have their own prejudices as well, you know, saying, Oh, if I 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 perceptƛƻƴΩ. [C1P1] 

The builder representative (C1P2) enumerated five challenges of using PwRC in the case 

project. These include the availability of SM/PwRC, agreements of all parties on using the 

proposed PwRC, the cost of the materials, quality compliance with the relevant policies and 

specifications, and readiness of the supply chain to adopt these materials. The participant 

reported that it was difficult to procure a wider range of SM/PwRC in the high quantity 

required for the project. Also, the task of getting the agreement of everyone involved in the 

project (i.e., client, designer and sub-contractors) to use the PwRC was seen as a challenge by 

C1P2, echoing the fact that the supply chains are not well developed to adopt these materials: 

ΨSo 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 disgustingΧƛǘϥǎ Ƨǳǎǘ ƳŀƪƛƴƎ ǎǳǊŜ ǘƘŀǘ ȅƻǳǊ 
subcontractors are okay with it. They're the ones that have to install it and sign it off at 
the end of the day. So, they have to be comfortable with the product that they're putting 
forward that they can give you the warranty that we need and those sorts of things that 
those who had contract obligations are still met using a product that they're unfamiliar 
withΩ. [C1P2] 

The cost of SM/PwRC was reported to be another issue; according to C1P2, procuring 

uncustomary materials of 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 procuring of alternative materials in this project. Furthermore, 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 of PwRC procured for the project. According to this participant, 

sometimes the procured SMs that do not have certification from a recycling facility or manufacturer 

did not have the intended performance quality or simply did not fit for the purpose: 

ΨIf you're buying something that's being reused, and it's from the second-hand yard, or 
that sort of thing, that was definitely tricky. Even after the carpet was one, we use some 
carpet there that was reused. But we haven't had trouble with that peeling quarters and 
not being able to fix them down. Because it's not really flat, it's been pulled up from a 
previous job. So, laying that down again. So same sort of thing, just the quirks I guess you 
ƎŜǘ ǿƛǘƘ ŀ ǎŀƭǾŀƎŜŘ ǇǊƻŘǳŎǘΣ ƛǘϥǎ ƴƻǘ ȅƻǳ ŀƴŘ ȅƻǳ ƘŀǾŜ ǘƻ ǎƻǊǘ ƻŦ ƳŀƴŀƎŜ ǘƘŀǘΩΦ  [C1P2] 

C1P3 reported that the design team faced several challenges when preparing design work to use PwRC 

in this project. The participant pointed to cost, time, finding qualified sub-contractors, unique design 

process, the material application standards and requirements, functionality and maintenance, specific 

warranty requirementsΣ ǘƘŜ ŎƭƛŜƴǘΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ŎƻƳƳƛǘƳŜƴǘ ŀƴŘ availability of materials. 

According to C1P3, the application of PwRC is typically more expensive and needs extra resources for 

double handling. The design team also needed to spend more time searching and sourcing various 

PwRC alternatives. Furthermore, not all sub-contractors were able to handle uncustomary PwRC and 

finding the right subcontractor was a challenge in this project. The design team had issues with the 

specification of some PwRC proposed as they were unable to pass some ratings imposed by building 

codes and internal guidelines or simply did not have the desirable functionality and maintenance 

requirements: 

ΨSo 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 through the code that 
in the end is obviously dictating the complianceΧit would have been probably to do not 
necessarily regulatory, but also just in terms of functionality 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 requirement for its functionality would have been a 
serious consideration as well. And that's, you know, why we often go with new products, 
ōŜŎŀǳǎŜ ǘƘŜȅϥǊŜ ƳƻǊŜ ŀƴŘ ƳƻǊŜ ǊƻōǳǎǘΣ ōŜŎŀǳǎŜ ǘƘŜȅϥǊŜ ǘŜǎǘŜŘ ǊŜŀƭƭȅ ǘƘƻǊƻǳƎƘƭȅΩ. [C1P3] 

The other challenge in C1P3Ωǎ ƻǇƛƴƛƻƴ ǿŀǎ ǘƻ ŎƭŀǊƛŦȅ ǘƘŜ ŎƭƛŜƴǘΩǎ ŎƻƳƳƛǘƳŜƴǘ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ 

of the consequences of using PwRC, such as the lack of warranty in the case of brand-new 

materials: 

Ψ!ƴŘ ȅƻǳǊ ŎƭƛŜƴǘǎ Ǝƻǘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜƴΣ ōŜŎŀǳǎŜ ƛǘϥǎ ŀ ŎƭƛŜƴǘ ǿƘƻϥǎ ǘƘŜƴ ƘƻƭŘƛƴƎ ǘƘŜ 
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 yeah, it was a 
commitment from them as well to understand warranties are not the same as some of the 
other commercially available products. I think that's a really important point for Cinder 
because, that not every client is willing to do that and I think if you identify risk, I think 
ǿŀǊǊŀƴǘȅ ǿƛǘƘ ǊŜŎȅŎƭŜŘ ǇǊƻŘǳŎǘǎ ƛǎ ǇǊƻōŀōƭȅ ǾŜǊȅΣ ǾŜǊȅΣ ǾŜǊȅ ƘŀǊŘΩΦ [C1P3] 

The participant indicated that the procurement of these materials with similar qualities in sizable 

quantities was a challenge. These materials also warranted a unique design process, meaning that the 
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design team had to come up with a preliminary design, which later had to be checked with suppliers 

of PwRC: 

ΨI know, weΩre talking about a single building here. But a lot of these things are much easier 
at a much smaller scale and you donΩt need them in the same amount of quantities. So 
sourcing things was not just finding the product is finding enough of the product, because 
youΩre actually using it for a lot of larger space to actuallyΧSo itΩs quite difficult to reuse 
ǊŜŎȅŎƭŜŘ ƻōƧŜŎǘǎ ƳǳŎƘ ŜŀǎƛŜǊ ŀǘ ŀ ŘƻƳŜǎǘƛŎ ǎŎŀƭŜ ǘƘŀƴ ƛǘ ƛǎ ŀǘ ŀ ŎƻƳƳŜǊŎƛŀƭ ǎŎŀƭŜΧ.ŜŎŀǳǎŜ 
they were looking for very specific things like pre-Mac doors that were completely recycled 
windows And so there had to be a, it had to be an initial design, then 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 
ŘŜǎƛƎƴ ŎƻƴŎŜǇǘ ǘƻ ƎŜǘ ǘƘǊƻǳƎƘ ǘƘŀǘ ǇǊƻŎŜǎǎΩ. [C1P3] 

The C1P4 also highlighted the challenges of using SM/PwRC in the case project. These were the difficulty 

of supplying enough materials, matching the materials, unrepresentative sampling and time schedule. 

The participant mentioned that, due to the large scale of the supply, sometimes it was difficult to get 

the quantity of materials required and, in some cases, due to the low quality of a fraction of the 

feedstock, matching the materials was difficult. Furthermore, a few samplings did not give assurance 

of the final look of the products when used in the project. They described: 

ΨYou might have the feedstock there. But when you're machining it, there may be hollow 
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 I guess the machining side was a challengeΧSo I 
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 the sameΩ ώ/1P4].  

The other challenge was to achieve time schedule plan. The supply of the PwRC (timber in this case) 

was done in different milestones which makes the matching practice more difficult. The participant 

explained: 

Ψ¢ƘŜ ǎŎƘŜŘǳƭƛƴƎΣ Ƨǳǎǘ ƳŀƪƛƴƎ ǎǳǊŜ ǿŜ Ǝƻǘ ŜǾŜǊȅǘƘƛƴƎ ƻǳǘ ƻƴ ǘƛƳŜΣ ōŜŎŀǳǎŜ ƛǘ ǿŀǎƴϥǘ ƧǳǎǘΣ ƛǘ 
didn't all just go out at once. Obviously, there because of the quantity it was done in 
{ǘŀƎŜǎΩΦ [C1P4] 

4.9. Major strategies to overcome the reported barriers  

Several strategies were proposed by the participants that would have improved the use of PwRC in 

this project (Figure 9). C1P1 indicated that some strategies such as clear requirements for using 

SM/PwRC in contracts, normalising their usage across the supply chain, legislating SM/PwRC usage and 

imposing highly rated landfill taxes on waste resources would be helpful.  
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   Figure 9. Major strategies to remove barriers to using PwRC in Case Study 1 

 
According to this participant, when the contract was clear about the requirements for using PwRC, 

then the parties involved were prepared to work with them. Preparation for this involves creating the 

capacity to consider these materials in different waysΦ C1P1 also indicated that when applying CE, the 

entire construction lifecycle (i.e., design, construction and operation) should be considered. The 

participant also reported that although it might not be straightforward, having the application of these 

materials legislated would remove some of the barriers. Lastly, C1P1 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: 

Ψ¢ƘŜ ǎŜŎƻƴŘ ŜƭŜƳŜƴǘ ƛǎ ƭƛƪŜ ǊŜŀƭƭȅ ǿƻǊƪƛƴƎ ƻǳǘ Ƙƻǿ ǘƻ ŘǊƛǾŜ ǘƘŀǘ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅ ƛƴ ŀ ǿŀȅ 
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 having hat whole lifecycle 
embedded into  design, construction, but also operation like why? Why are we not using 
ǇǊƻŘǳŎǘǎΣ ŜǾŜƴ ƛƴ ǘƘŜ ƻǇŜǊŀǘƛƻƴ ƻŦ ōǳƛƭŘƛƴƎǎΣ ƴƻǘ Ƨǳǎǘ ǿƘŜƴ ǘƘŜȅϥǊŜ ōŜƛƴƎ ŎƻƴǎǘǊǳŎǘŜŘΚΩ. 
[C1P1] 

ΨƛŦ I'm really, really honest review a really high landfill tax. I think we've changed the way 
ǇŜƻǇƭŜ ōŜƘŀǾŜΦ !ǘ ǘƘŜ ƳƻƳŜƴǘΣ ƛǘϥǎ ŀƭƳƻǎǘ ŦǊŜŜ ǘƻ ǇƻƭƭǳǘŜΩ. [C1P1] 

C1P2 reported that overcoming the challenges of using SMs/PwRC can be planned through early 

involvement of key stakeholders and setting clear expectations of available warranties for these 

products. Early involvement of the stakeholders through establishing a framework would help 

everyone to 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 ones and can create a positive environment among stakeholders in favour of using them. 

Clarification would help adjust ǎǘŀƪŜƘƻƭŘŜǊǎΩ ŜȄǇŜŎǘŀǘƛƻƴǎ ƴƻǘ ǘƻ ƻǾŜǊŜǎǘƛƳŀǘŜ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ 

these products: 

ΨI think a lot of these is having really early and open involvement with everyone on the 
project. So, it's setting that expectation, I 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 absolute NOΩ. [C1P2] 
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Participant C1P2 highlighted the role of reasonable timing and budgetΣ ŎƭƛŜƴǘΩǎ ǊŜŀŘƛƴŜǎǎ ǘƻ ŀŎŎŜǇǘ ǘƘŜ 

realities, early engagement of key stakeholders, and awareness of SMs/PwRC performance as the main 

strategies in removing the barriers reported by them. According to this participant, having a client with 

a developed understanding of the specific requirements of working with these products, such as 

allocating reasonable timing and cost uplift, would reduce the impact of the challenges reported 

before. Notably, due to the uniqueness of projects using SMs/PwRC, time was emphasised to be a 

critical factor in the design process: 

Ψ¸ƻǳ ƴŜŜŘ ŀ ŎƭƛŜƴǘ ƻƴ ōƻŀǊŘ ǿƘƻΩs willing to pay for it. ItΩs not cheap. When it does take its 
toll on people in terms of time as wellΧI think one thing thereΩs 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 and itΩs not, itΩs a conversation 
ŀƴŘ ŀ ƧƻǳǊƴŜȅ ǿƛǘƘ ǘƘŜ ŎƭƛŜƴǘΩ. [C1P3] 

ΨL ǿƻǳƭŘ ǎŀȅ ƳƻǊŜ ǘƛƳŜ ŀƴŘ ƳƻǊŜ ƳƻƴŜȅΣ ōǳǘ ǘƛƳŜ ƛǎ ƳƻƴŜȅΦ {ƻ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŘŀȅΣ ƭƛƪŜ 
that's fundamentally like with any of these projects, any sustainable kind of strategies, 
whether it's recycled materials, [or] any of itΧǘƘŜ ǘƛƳŜ ƻƴŜ ƛǎ ǉǳƛǘŜ ŎǊƛǘƛŎŀƭ ŀǎ ǿŜƭƭΣ ǘƻ ǊŜŀƭƭȅΣ 
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 design process and if you're going to 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 time it takes to certify, or the time it takes to 
ŎŀƭŎǳƭŀǘŜ ƛǘ ŀƭƭ ǘƘŜ ǘƛƳŜ ƛǘ ǘŀƪŜǎ ǘƻ ǎƻǳǊŎŜǎΩ. [C1P3] 

C1P3 mentioned that early engagement of stakeholders is a must in this kind of project. Notably, it 

allows them to develop an understanding of budget requirements associated with using these 

products: 

Ψ[ƛƪŜ ŜŀǊƭȅ ŜƴƎŀƎŜƳŜƴǘ ƻŦ ŎƭƛŜƴǘ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ǘƘŜ ǎǳǇǇƭȅ ŎƘŀƛƴΣ ƻōǾƛƻǳǎƭȅΣ ŦƻǊ 
our supply chain and their budget consideration, because the thing is if a recycled material 
is 1.5 times the price of something that is not recycled, any client who is not committed to 
ǘƘŀǘ ǎǘǊŀǘŜƎȅ ǿƛƭƭ ǘŀƪŜ ǘƘŜ ŎƘŜŀǇŜǊ ƻǇǘƛƻƴΦ 5ŜŦƛƴƛǘŜƭȅ ŀ ƳƻǊŜ ǊŜƭƛŀōƭŜ ƻǇǘƛƻƴ ƛƴ ǎƻƳŜ ŎŀǎŜǎΩ. 
[C1P3] 

Another point made by this participant was about developing knowledge regarding the cost 

performance of using these materials. C1P3 mentioned that the cost uplift when using these materials 

needs to be considered in the long run, which could have a significant impact on the decision made by 

clients about to whether use SMs/PwRC:  

Ψ[What] I do want to add is the cost uplift that sometimes occurs through these decisions 
is not necessarily a cost uplift, if you assess a building over a 30 or 50-year time period. So 
that's, I 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 your construction 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 cheaper building. So that's something worth maintenance cost if you want to compare 
ǘƘŜ Ǌŀǿ ƳŀǘŜǊƛŀƭǎΩΦ [C1P3] 

The participant added that having post-occupancy test for each material would facilitate precise 

calculation of cost implications of using PwRC through comparing their benefits versus maintenance 

cost: 
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ΨΧwe were starting to see what the performance differences are like in terms of electricity 
use, recycling water and all of those things. But in terms of the 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 well. It depends on the material, it needs a 
post-occupancy assessment set, you also need time, and this is a very new project. So your 
project exactly that's, something that not many people, not many businesses 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 of usΩ. [C1P3] 

The participant representing the supplier,  C1Pп, noted that taking broader sampling and appropriate 

time scheduling would be two strategies to overcome the main challenges of using PwRC in the 

Brickworks Shopping Centre Project. More frequent and precise sampling from PwRC sourced from 

different sources would provide a realistic view of the quality of the final work applied at a large scale. 

Having clear, mutually agreed upon, and reasonable time scheduling was also noted to be an important 

factor when handling PwRC: 

ΨL ǘƘƛƴƪ ǿƛǘƘ ǎŀƳǇƭƛƴƎ ŀƴŘ ǎǘǳŦŦ ƭƛƪŜ ǘƘŀǘΣ ǿƘƛŎƘ L ǘƘƛƴƪ ǿŜ ŘƛŘ Řƻ ōǳǘ ƛǎ ƳŀȅōŜ ƎƛǾŜ ǘƘŜƳ a 
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 timber, itΩs a live 
ǇǊƻŘǳŎǘΣ ƛǘ ŘƻŜǎ ƳƻǾŜ ǎƻ ƛǘ ƳƻǾŜǎ ǘƻ ƛǘǎ ǎǳǊǊƻǳƴŘƛƴƎǎΩ. [C1P4] 

ΨLǘ Ŏŀƴ ōŜ ŀ ōƛǘ ǎǘǊŜǎǎŦǳƭ ǿƘŜƴ ȅƻǳϥǾŜ Ǝƻǘ ǘƻ ƳŀƪŜ ǎǳǊŜ ȅƻǳϥǾŜ Ǝƻǘ · ŀƳƻǳƴǘ ƎƻƛƴƎ ƻǳǘ 
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 I mean? You got to get the staircase finished or yes, 
ƧǳǎǘΣ L ǘƘƛƴƪ ǘƘŜ ǎŎƘŜŘǳƭƛƴƎ ǎƛŘŜ ƻŦ ƛǘΣ ƳŀƪƛƴƎ ǎǳǊŜ ȅƻǳ ƻǊƎŀƴƛǎŜ ŦǊƻƳ ŜǾŜǊȅƻƴŜϥǎ ŜƴŘΩΦ [C1P4] 
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5.1. Project background  

The Mordialloc Freeway Project (MFP) in Victoria comprises a 9 km freeway link between Dingley 

Bypass and the Mornington Peninsula Freeway, including several grade-separated interchanges, six 

new road bridges over wetlands and Mordialloc Creek, and over 8 km of 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 (MCDDJV). The partnership intended to deliver a world-first freeway (Figure 10), 

one that would incorporate technological advancements in sustainability, delivering not only a long-

awaited stretch of road, but also contributing to the stateΩs waste reduction goals. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

             Figure 10. Construction of Mordialloc Freeway 
             Source: Victoria Big Build 2022 
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5.2. Project sustainability and recognition  

The project has delivered several social, economic and environmental benefits. In terms of the traffic 

outcome, according to MPRV prediction modelling, the project will save 7 and 10 minutes in peak 

morning and evening traffic, respectively. It will also reduce 60ς70% of the traffic load on Wells Rd and 

Boundary Rd by 2031. To drive the social outcome, the project team also implemented many social 

procurement initiatives and achieved the following: 

¶ 92,702 total hours for local content and employment outcomes; 

¶ 49,242 total hours for Aboriginal employment; and 

¶ 71,068 total hours disadvantaged Victorian commitment. 

To date, the project has been recognised for its environmental sustainability, contractor performance 

and design. As can be seen in Figure 11, the project has received awards between 2021 and 2022.  

 

Figure 11. Project sustainability accreditations and awards achieved to date 

5.3. Application of PwRC in the case project  

The project had significant environmental impacts. Since the project completion, the MFP has been 

ƪƴƻǿƴ ŀǎ Ψ!ǳǎǘǊŀƭƛŀΩǎ ƎǊŜŜƴŜǎǘ ŦǊŜŜǿŀȅΩΦ ¢Ƙƛǎ ŎƭŀƛƳ ƛǎ Ƴŀƛƴƭȅ ǎǳǇǇƻǊǘŜŘ ōȅ ŀ ŎƻƭƭŜŎǘƛǾŜ ƻŦ ƛƳǇƭŜƳŜƴǘŜŘ 

ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛƴƛǘƛŀǘƛǾŜǎ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ±ƛŎǘƻǊƛŀΩǎ ǿŀǎǘŜ ŎǊƛǎƛǎ ŀǎ ƘƛƎƘƭƛƎƘǘŜŘ ƛƴ the report Recycling 

Victoria: a New Economy97. The project saved over 300,000 t of materials from landfill or 3 ha of land 

space that may be required for stockpiling. The use of these products compared to comparable 

products on the market has saved over 4,000 t of greenhouse gas emissions.  

The PwRC quantity, type and application areas in this project include the following:  

¶ 75% recycled plastic rotationally moulded panel (RMP) noise walls (10 km of noise walls 
using 600 tonnes of plastic waste equalling 32,000 m2) 

¶ 100% recycled subbase pavement materials and 44% PwRC in asphalt pavements (over 
270,000 t of pavement material incorporating the maximum allowable recycled content) 

¶ 10% crushed glass and 30% reclaimed asphalt pavement in pavements  

¶ 100% recycled polypropylene plastic (PP) concrete reinforcing mesh (30 t of plastic waste) 

 

97Victoria State Government. 2022. Recycling Victoria A new economy. https://bit.ly/42OT0KP  

https://bit.ly/42OT0KP
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¶ 100% recycled high-density polyethene (HDPE) stormwater drainage pipe (4.6 km installed 
totalling 75 t of plastic waste)  

The project applied 407 VicRoads Standard Specifications32 to ensure the quality of PwRC to be used 

in this project met the minimum acceptable range. This specifications document was 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 findings: participantsΩ profile   

Four key stakeholders of this project were interviewed between June and August 2022 (Table 7). The 

interviewees were experienced individuals with a significant track record of involvement in building 

public infrastructure in Victoria. The client representative (C2P1) was extensively engaged in the 

Mordialloc Freeway Project in two capacities: project director at the pre-construction and 

procurement phases, and senior project manager responsible for the delivery of the southern part of 

the project. The participant representing the head-contractor (C2P2) has worked 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, 

C2P2 led a group of engineers working on different parts of the project. ¢Ƙƛǎ ǇŀǊǘƛŎƛǇŀƴǘΩǎ involvement 

in C&D waste management was limited to engaging waste operators to take the on-site waste to 

landfills.  

 
Table 7Φ {ǳƳƳŀǊȅ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǇǊƻŦƛƭŜs in Case Study 2  

Stakeholder 
type 

Experience/ expertise Participant 
code  

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

CнP1 

Head-
contractor 

нл ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴŘǳǎǘǊȅ ŀǎ ŀ ǎƛǘŜ ŜƴƎƛƴŜŜǊΣ 
project engineer and manager 

CнP2 

Designer мр ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ǿƻǊƪƛƴƎ ŀǎ a design consultant  CнP3 

Supplier Highly experienced corporate communicator with a background in 
government, corporate, industry and community organisations, 
with a four-year employment history in the organisation  

CнP4 

 
The third research participant (C2P3), who represented the design team, had more than 15 years of 

experience as a design consultant, primarily on road infrastructure projects such as the removal of PTV 

level crossings and the construction of the West Gate Tunnel. This ǇŀǊǘƛŎƛǇŀƴǘΩǎ primary experience 

with PwRC was related to the case study project. In this project, C2P3 managed the main freeway 

alignment packages, the freeway crossings with major local roads and the design coordination in the 

role of civil design lead. The final participant (C2P4) worked as the organisationΩs communication 

manager and participated in the project development process at an early stage. While the participant 

was not directly involved in managing the projectΩs PwRC supply, they had a good understanding of 

the organisationΩs supplying activities due to their participation in some communications with other 

stakeholders.   

 

5.5. OrganisationsΩ involvement in the project  

The client worked with the PwRC suppliers to increase their application in the project leading to the 

revision of materials specifications. The client had meetings with the ǇǊƻƧŜŎǘΩǎ potential contractors 
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and suppliers to review the project scope and requirements. Furthermore, the client project team 

established the sustainability committee to monitor and report the use of PwRC in this project. The 

head-contractor that represented a joint venture was responsible for conducting the construction 

activities according to the design. This organisation also procured PwRC from various suppliers.  

 

The design team was responsible for the design work mainly in the civil roads drainage, structural 

design, geometric highway, traffic management and alignment of the other roads. The supplier had a 

key role in suggesting reforms to the existing PwRC specifications in this project. The main materials 

they supplied included reclaimed asphalt pavement, crushed glass, crushed rock and concrete. A 

ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΩ Ƴŀƛƴ ƛƴǾƻƭǾŜƳŜƴǘ ŀǊŜŀǎ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ Table 8.  

 
Table 8. Main involvement areas of case study organisations in Case Study 2 

Organisation  Involvement/ activities  

Client  Working with stakeholders to develop new materials specifications and 
establishing a sustainability committee to monitor sustainability outcome  

Head-contractor Conducting the construction work according to the design   

Design Providing design work for the civil ǊƻŀŘǎΩ drainage, structural design, 
geometric highway, traffic management and alignment of the other roads. 

Supplier Working with the client to revise PwRC specifications, supplying reclaimed 
asphalt pavement, crushed glass, crushed rock and concrete  

 

5.6. {ǘŀƪŜƘƻƭŘŜǊǎΩ ƛƴǘŜǊŀŎǘƛƻƴ ƳƻŘŜƭƭƛƴƎ ƛƴ /ŀǎŜ {ǘǳŘȅ н  

Figure 12 shows the interaction model between the four study stakeholders in Case Study 2. The 

modelling was done based on the responses captured during the interviews.  

 

 
Figure 12. {ǘŀƪŜƘƻƭŘŜǊǎΩ ƛƴǘŜǊŀŎǘƛƻƴ ƳƻŘŜƭ ƛƴ /ŀǎŜ {ǘǳŘȅ н 
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5.7. Major motivations for using PwRC 

The four stakeholders interviewed in this case study provided 20 reasons 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 activities, which was indicated by the client, 

designer and supplier of PwRC. Figure 13 illustrates these motivations for each interviewee.  

 

 
Figure 13. Main motivations for using PwRC in Case Study 2 
 
The client representative reported that support from the organisationΩs executive management, 

revising the materials specifications, financial incentives and the projectΩǎ aspiration to be green were 

strong motivations to use PwRC in this project. CнP1 highlighted that their executive management team 

was a strong supporter of using these materials as it would support recyclers, reduce the quantity of 

ǿŀǎǘŜ ƭŀƴŘŦƛƭƭƛƴƎ ŀƴŘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ǎǘŀǘŜΩǎ ŜŎƻƴƻƳȅ: 

ΨΧto be fair, if I 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 
ƻŦ ǎǳǇǇƻǊǘƛƴƎ ǊŜŎȅŎƭŜŘ ƳŀǘŜǊƛŀƭǎΣ ōǳǘ ŀƭǎƻ ǎǳǇǇƻǊǘƛƴƎ ǘƘŜ ±ƛŎǘƻǊƛŀƴ ŜŎƻƴƻƳȅΩΦ [CнP1] 

Furthermore, according to this participant, the DoT specifications were revised in collaboration with 

the supplier to allow more usage of PwRC in this project, notably asphalt and plastic noise wall. The 

client organisation also provided financial incentives for the head-contractor to achieve the targets set 

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

Ψ¦ƭǘƛƳŀǘŜƭȅΣ ǿŜ ǿƻǊƪŜŘ ǿƛǘƘ ǘƘŜ 5ƻ¢ ŀƴŘ ƛƴŘǳǎǘǊȅΧǘƻ ŘŜǾŜƭƻǇ ŀ ƴŜǿ ǎǇŜŎƛŦƛŎŀǘƛƻƴΣ ŀƴŘ ǿŜ 
used it on the Mordialloc freeway project. And that allowed for more recycled asphalt 
ǇǊƻŘǳŎǘ ǘƻ ōŜ ǳǎŜŘ ƛƴ ŀƭƭ ǇŀǾŜƳŜƴǘǎ ƎƻƛƴƎ ŦƻǊǿŀǊŘΧǘƘŀǘ ƻǇŜƴŜŘ ǳǇ ŀ ƭƻǘ ƳƻǊŜ ǊŜŎȅŎƭed 
ǇǊƻŘǳŎǘ ƛƴǘƻ ǘƘŜ ±ƛŎǘƻǊƛŀƴ ƳŀǊƪŜǘΦ !ƴŘ ǘƘŀǘ ǿŀǎ ǘƘŜ ōƛƎ ŘŜŀƭ ǿƛǘƘ ǘƘŜ aƻǊŘƛŀƭƭƻŎ ǇǊƻƧŜŎǘΩ. 
[CнP1] 

Ψ²Ƙŀǘ ǿŜ ŀƭǎƻ ŘƛŘ ƛǎ ǿŜ ŀƭǎƻ ǇǊƻǾƛŘŜŘ ŀ ŦƛƴŀƴŎƛŀƭ ƛƴŎŜƴǘƛǾŜ ƛƴ ǘƘŀǘ ŎƻƴǘǊŀŎǘ ǘƻ ŀŎƘƛŜǾŜ ŀ тл 
ǊŀǘŜŘ L{/ ƻǳǘŎƻƳŜΩ. [CнP1] 

ΨL think 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 
ǘƘŀǘΧǘƘŜǊŜΩs benefits in relation to Victorian economy to provide all the support producers 
that weΩre in Victoria. So the recycled first element of that, you know, to reduce the, you 
ƪƴƻǿΣ ǘƘŜΣ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǇǊƻŘǳŎǘ ƎƻƛƴƎ ǘƻ ƭŀƴŘŦƛƭƭΩΦ [CнP1] 
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CнP2 referred to three factors as the major enablers of or motives for using PwRC in this project: 

contract obligation, building organisational capacity to work with PwRC, and preparing to respond to 

current and future client needs. In the contract awarded to the head-contractor organisation, the use 

of PwRC was required to meet the ISC sustainability rating requirements. Furthermore, according to 

this participant, with the ŜƳŜǊƎƛƴƎ ǘǊŜƴŘ ƛƴ ǘƘŜ ǎǘŀǘŜΩǎ ǇǳōƭƛŎ ǇǊƻƧŜŎǘǎ ǘƻ ǳǎŜ ƳƻǊŜ tǿw/Σ ǘƘŜ 

ǇŀǊǘƛŎƛǇŀƴǘΩǎ ƻǊƎŀƴƛǎŀǘƛƻƴ ǿƛƭƭƛƴƎƭȅ ŀŘƻǇǘŜŘ ǘƘŜǎŜ ƳŀǘŜǊƛŀƭǎ ǘƻ ōǳƛƭŘ ǘƘŜ ƻǊƎŀƴƛǎŀǘƛƻƴŀƭ ŎŀǇŀŎƛǘȅ to 

better address the market needs and secure the kinds of projects in which the use of PwRC is 

necessary: 

Ψ.ŜŎŀǳǎŜ ƛǘΩs good for business, you need to differentiate yourself from the others and then 
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. What weΩre used to as our selling 
point is we say well, look at all this great stuff, we are a company that does this type of 
ǘƘƛƴƎ ŀǎ ǇŀǊǘ ƻŦ ƻǳǊ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎΩ. [CнP2] 

CнP3, the representative of the design team highlighted seven factors as the main motives behind using 

ǘƘŜ tǿw/Φ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ ǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ ŎƭƛŜƴǘΩǎ ǊŜǉǳŜǎǘΣ ǇǊƻǾƛŘƛƴƎ ŘŜǎƛƎƴ ǎƻƭǳǘƛƻƴǎ ǘƘŀǘ ǎŀǘƛǎŦȅ ŀƭƭ 

stakeholders involved in the project, developing sustainable design, the superior physical 

characteristics of PwRC, being less energy intensive, being recyclable, minimising the need for virgin 

materials and certification for their quality and performance. The participant explained:  

ΨΧwe 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 
ŎƻƳƛƴƎ ǳǇ ǿƛǘƘ ŀ ǎƻƭǳǘƛƻƴ ǘƘŀǘ ǿƻǊƪŜŘ ŦƻǊ ŜǾŜǊȅƻƴŜΩ. [CнP3] 

This participant emphasised the 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 produced and a higher level of recyclability at the end of their 

service life, which further contributes to a CE in the construction industry. The participant 

expanded on this, stating: 

ΨCƻǊ ǘƘŜ ƴƻƛǎŜ ǿŀƭƭ ǇŀƴŜƭǎΣ ŦƻǊ ŜȄŀƳǇƭŜ, I know the benefits of using the recycling plastics 
is that theyΩre lightweight, theyΩve got the certification behind them in terms of testing for 
UV resistance and chemical resistance, theyΩre less 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 and steel. But youΩre already starting with a recycled product 
to begin with, rather than creating something, and then going on to recycle it later down 
ǘƘŜ ƭƛƴŜΩ. [CнP3] 

C2P4 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 business-as-usual and contribute to lowering the 

ƛƴŘǳǎǘǊȅ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘΦ ¢ƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ƻǊƎŀƴƛǎŀǘƛƻƴ ƘŀŘ ōŜŜƴ ǎǳǇǇƭȅƛƴƎ tǿw/ ǿƛǘƘ ŎƻƴǎǘǊǳŎǘƛƻƴ 

projects for many years, particularly in Victoria and Queensland. Hence, their engagement in this 

project was primarily based on business grounds: 

ΨΧwe 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 materials, 
because thatΩǎ ǿƘŜǊŜ ǿŜ Ŏŀƴ ƳŀƪŜ ǘƘŜ ōƛƎƎŜǎǘ ƛƳǇŀŎǘΩ. [CнP4] 
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Furthermore, according to C2P4, by engaging in this project, they were able to make the greatest impact 

due to the scale of supply, which 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 an example for the safe 

application of PwRC in the Australian context. Lastly, the use of PwRC contributes to reduced carbon 

emissions resulting from construction activities. They explained:  

ΨΧwe want to make sure that major projects especially are getting, creating, or paving the 
way for councils and smaller construction, and setting an example. We know that through 
the use of our materials, these projects can reduce their carbon footprint by up to about 
65%. So having these materials used in major projects is a really great way to 
ŎƻƳƳǳƴƛŎŀǘŜ ǘƻ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ƳŀǊƪŜǘΣ ǘƘŀǘ ǘƘŜǎŜ ŀǊŜ ǊŜŀƭƭȅ ǾƛŀōƭŜ ƳŀǘŜǊƛŀƭǎ ǘƻ ǳǎŜΩ. [CнP4] 

ΨΧōǳǘ ǿŜ ǿŀƴǘ ǘƻ ƳŀƪŜ ƻǳǊ ƳƻǘƛǾŀǘƛƻƴ ŦƻǊ ǘƘƛǎΧǘƻ ƳŀƪŜ ǘƘƛǎ ǇŀǊǘ ƻŦ ōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭ ŦƻǊ 
the entire sector. Purchasing and utilising recycled materials and infrastructure should just 
ōŜ ǘƘŜ ƴƻǊƳΩ. [CнP4] 

5.8. Major barriers to using PwRC 

In response to the question regarding the primary challenges associated with the use of PwRC, 

the respondents identified several factors that inhibit the widespread adoption of these products. As 

illustrated in Figure 14, 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.  

 

 
Figure 14. 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 project. C2P1 indicated that the cost of acquiring PwRC was 

greater than that in the case of new materials due to the small scale of production:  

ΨΧthe cost was one [challenge] and we did take the choice to pay a premium to move from 
ŀ ǾŜǊȅ ŜŦŦƛŎƛŜƴǘ ǇǊƻŘǳŎǘ ƛƴ ǘƘŜ ƴƻƛǎŜ ǿŀƭƭǎΣ ǘƻ ǘƘŜ ǊŜŎȅŎƭŜŘ ǇƭŀǎǘƛŎ ǇǊƻŘǳŎǘΩ. [CнP1] 

In addition, the participant noted that the use of PwRC would not necessarily result in a reduction in 

carbon emissions, which influenced the decision to use some recycled products. Lastly, according to 

C2P1, 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 additional PwRC: 
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ΨΧwe werenΩt able 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 water [PwRC]. So yeah, thereΩs a balance in sometimes you get environmental 
benefits in one area, but youΩre harming the environment in another area. So, there were 
trade-offs that sometimes did not work with in favour of recycled materialsΩ. [CнP1] 

ΨΧso we had the contractor who wanted to achieve it [target of using PwRC], because they 
had commercial benefits. And then we had suppliers who were reluctant. And they were 
reluctant, because the DoT had these specificationsΧSo whilst we were able to overcome 
some of those specification challenges with the asphalt there are probably other areas 
that we didnΩt even tryΩ. [CнP1] 

C2P2 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 projects, such as the use of recycled plastic instead 

of concrete in pipes. It was also noted that the high cost of PwRC prevented the use of these materials 

in this project. The participant further connected this obstacle to the immaturity of the waste recycling 

industry and its inability to produce products at reasonable prices and the required scales:  

ΨFirst and foremost is traditional specifications donΩt allow itΧthe pipe for instance. Well, 
the specification said it had to be concrete pipe. So if I was just to follow the specification 
that I canΩt do 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 prevent innovationΩ. [CнP2] 

ΨSome of these products come at a premium cost. And probably just because the industry 
is a bit immature, like they donΩt have the volume and the scale on some of these products 
yet, so I think we need to get more volume and scale and to get to drive the price 
downΧthere was only one supplier up in Mildura [that could produce sleepers with 
recycled plastic], and 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 didnΩt have the capacity in their 
workshop to produce the amount that we needed. And they didnΩt have the money to 
invest in that production scale because not enough jobs were using itΩ. [CнP2] 

The last challenge was related to the technicality aspect of the application of these materials. The 

participant noted that the characteristics of PwRC are different from new products, which created 

issues for their application in this project: 

ΨΧfor instance, the thickness of the panel causes any issue. So thereΩs just that the maturity 
of the engineering that goes into them, so to know how to make the product work with all 
ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ǎȅǎǘŜƳǎ ǘƘŀǘ Ŧƛǘ ŀǊƻǳƴŘ ƛǘΧ!ƴŘ ǘƘŜǎŜ ƴƻƛǎŜ ǿŀƭƭǎ ǿŜǊŜ ǉǳƛǘŜ ŀ ƭƻǘ ǘƘƛŎƪŜǊ 
than a traditional ones. So all of a sudden, youΩve got to know, from a design point of view, 
our designers left whatever was a two and a half metre space to fit all this inΩ. [CнP2] 

The third participant, CнP3, indicated that the three major challenges were negative perceptions, 

specifications and the availability of PwRC. They described: 

ΨΧthereΩs 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 doesnΩt itΩs you 
donΩt 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 longerΧso there is some trepidation around that 
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until itΩs been demonstrated that the product or the recycled material actually performs a 
ǎƛƳƛƭŀǊ ŦǳƴŎǘƛƻƴ ǘƻ ǘǊŀŘƛǘƛƻƴŀƭ ƳŀǘŜǊƛŀƭǎΩ. [CнP3] 

ΨΧavailability of recycled materials as well, itΩs probably easier in metropolitan Melbourne 
ǘƻ ƎŜǘ ŀŎŎŜǎǎ ǘƻ ǘƘŜǎŜ ŀƭǘŜǊƴŀǘƛǾŜ ƳŀǘŜǊƛŀƭǎΧōǳǘ ƳŀȅōŜ ǎƻƳŜ ƻǘƘŜǊ ǇŀǊǘǎ ƻŦ !ǳǎǘǊŀƭƛŀΣ ƛǘΩs 
more difficult when youΩǾŜ ƻƴƭȅ Ǝƻǘ ŀ ƭƛƳƛǘŜŘ ǎǳǇǇƭȅ ŎƘŀƛƴ ǘƻ ŘŜƭƛǾŜǊ ƳŀǘŜǊƛŀƭǎ ŦƻǊ ǇǊƻƧŜŎǘǎΩ. 
[CнP3] 

The last participant in this case study (C2P4), referred to the lack of awareness of PwRC performance, 

unsupportive material specifications and people with a sceptical mindset about PwRC as the main 

three challenges, stating:  

ΨL ǘƘƛƴƪ ǘƘŜ ŎƘŀƭƭŜƴƎƛƴƎ ǇŀǊǘ ŦƻǊ ǳǎ ƛǎ ǘƘŀǘ ǘƘŜǊŜΩs a lot of talk about recycled materials 
ōŜƛƴƎ ƴŜǿ ƻǊ ƛƴƴƻǾŀǘƛǾŜ ƻǊ ŎǳǘǘƛƴƎ ŜŘƎŜΧǇŜƻǇƭŜ ǿŀƴǘƛƴƎ ǘƻ Řƻ ǘǊƛŀƭǎ ŀƴŘ ǘƘƛƴƎǎ ƭƛƪŜ ǘƘŀǘ 
to research [application of] recycled materials [in] projects. The fact of the matter is that 
weΩve been manufacturing these materials for decades, and they have been used for 
decades in projects across Victoria and Queensland. So weΩre actually past the point where 
ǘƘƛǎ ƛǎ ƴŜǿ ŀƴŘ ƴŜǿǎǿƻǊǘƘȅΩ. [CнP4] 

ΨΧthe 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 know, itΩs open to the regulators and Vic Roads and 
major projects and people like that to really, you know, step up and make sure that there 
arenΩt these, you know, ridiculous invisible barriers in the way of people taking up the use 
o ΩǊŜŎȅŎƭŜŘ ƳŀǘŜǊƛŀƭΩ. [CнP4] 

ΨSo if you have individual projects, engineers, or people working on the project that have 
old ideals around the use of materials that donΩt have experience with recycled materials, 
I might be a little bit resistant or reluctant to take that onΩ. [CнP4]. 

5.9. Major strategies to overcome the reported barriers  

Different strategies were suggested by the interviewees to remove barriers to the use of PwRC in this 
project. As depicted in Figure 15, 12 strategies were captured in the interviews that can be clustered 
under three categories: financial, regulatory support and technical.   

 

Figure 15. Major strategies to remove barriers to using PwRC in Case Study 2 

 

The first participant (CнP1) noted two major strategies: financial incentives and a supportive client 

project management team to monitor the sustainability progress of the project. They explained: 
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ΨΧwe had a sustainability committee for the project, which met monthly, we reported and 
monitored outcome outcomes in that timeframe as wellΧ ώ²Ŝ also] 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 achievedΩ. [CнP1] 

The second participant named the main strategies to overcome the reported barriers as sharing the 

risk with the client, allowing more time than usual, the ŎƭƛŜƴǘΩǎ ŜŦŦƻǊǘǎ ƛƴ ǊŜǾƛǎƛƴƎκǳǇŘŀǘƛƴƎ ƳŀǘŜǊƛŀƭǎ 

specifications and the ŎƭƛŜƴǘΩǎ ǇǊŜǇŀǊŀǘƛƻƴ ǘƻ ŀƭƭƻŎŀǘŜ a reasonable budget. They believed that taking 

ŀǿŀȅ ǎƻƳŜ Ǌƛǎƪǎ ŦǊƻƳ ǳǎƛƴƎ ǘƘŜǎŜ ƳŀǘŜǊƛŀƭǎ ŎƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ǘƘŜ ŎƻƴǘǊŀŎǘƻǊΩǎ ƳƻǘƛǾŀǘƛƻƴ ƛƴ ǳǎƛƴƎ ƳƻǊŜ 

of them. Furthermore, the time allowed for exploring options and testing innovative ideas was seen as 

a way to solve the technical issues that contractors may face during construction. They stated:   

ΨL ǘƘƛƴƪ ǘƘŜ ŎƭƛŜƴǘǎ ƴŜŜŘ ǘƻ ǘŀƪŜ ŀǿŀȅ ǘƘŜ Ǌƛǎƪ ŦǊƻƳ ǘƘŜ ŎƻƴǘǊŀŎǘƻǊ ƻƴ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ 
these innovations. So that that would motivate us to use them a lot more. They need to 
ƎƛǾŜ ǳǎ ǘƘŜ ǘƛƳŜ ǘƻ ŜȄǇƭƻǊŜ ǘƘŜ ƻǇǘƛƻƴǎ ǇǊƻǇŜǊƭȅ ǘƻ ƭƻƻƪ ŦƻǊ ǘƘŜ ŀƴǎǿŜǊΩ. [CнP2] 

According to CнP2, the client should be prepared to work with the contractor to revise the specifications 

that facilitate utilisation of a wider range of PwRC with different characteristics. As the cost of PwRC 

materials are somewhat higher than the usual new materials, the client should consider the premium 

cost in budget planning:  

ΨΧthey 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 
ƪƴƻǿΣ ƳŀȅōŜ ǘƘŜȅ ƴŜŜŘ ǘƻ ōŜ ǇǊŜǇŀǊŜŘ ǘƻ Ǉŀȅ ŦƻǊ ƛǘ ŀǎ ǿŜƭƭΩ. [CнP2] 

The participant from the design team CнP3 indicated two strategies to overcome the challenges they 

faced during the design stage of this project. These included developing demonstration projects in 

which PwRC are used and testing the properties of the material before specifying them to the project: 

ΨΧjust having a precedent set from this project about what types of applications you can 
ǳǎŜ ŦƻǊΣ ǘƘŜ ǊŜŎȅŎƭŜŘ ƳŀǘŜǊƛŀƭǎ ƛǎ ƻƴŜΧǘƘŜȅ Ŏŀƴ ōŜ ŀ ōƛǘ ƻŦ ŀ Ǌƛǎƪ ƛƴ ōŜƛƴƎ ǘƘŜ ŦƛǊǎǘ ǇǊƻƧŜŎǘ 
to do something in that ǿŀȅΣ ōŜŎŀǳǎŜ ƛǘ Ŏŀƴ ōŜ ŀ ƭƛǘǘƭŜ ōƛǘ ǳƴǘŜǎǘŜŘΧ!ƴŘ ǘƘŜƴ ȅƻǳ Ƴŀȅ ǎŜŜ 
sort of poor outcomes in another project, if they havenΩt been installed, properly or the or 
selected appropriately. So, materials such as plastic wood will need to be considered in 
terms of how UV resistant, they are, how they are dealt with, I guess impacts loadings, fire 
ŀǎ ǿŜƭƭΩ. [CнP3] 

The participant from the PwRC supplying organisation, CнP4, suggested some strategies to deal with 

challenges that are faced when using PwRC in these kinds of projects. These included support from 

authorities, revision of material specifications in favour of using PwRC, having supportive individuals 

on the project team and studying the application of emerging materials. Supportive authorities and 

up-to-date specifications could significantly remove many barriers to using PwRC in the project 

because according to this participant:  

ΨΧthe 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 marketΧSo you know, itΩs up to the regulators and Vic Roads and 
Major Projects and people like that to really step up and make sure that there arenΩt these 
ǊƛŘƛŎǳƭƻǳǎ ƛƴǾƛǎƛōƭŜ ōŀǊǊƛŜǊǎ ƛƴ ǘƘŜ ǿŀȅ ƻŦ ǇŜƻǇƭŜ ǘŀƪƛƴƎ ǳǇ ǘƘŜ ǳǎŜ ƻŦ ǊŜŎȅŎƭŜŘ ƳŀǘŜǊƛŀƭΩ. 
[CнP4] 
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Ψ[And] then thereΩll be emerging materials that come onto the market, which weΩll need 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 
constructionΩ. [CнP4] 
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6.1. Project background  

Beginning in 2020, this project, which was led by Main Roads WA, is part of an infrastructure package 

announced in 2019 and is located approximately 8 km east of Perth, along Tonkin Highway between 

Collier Road, Bayswater and Dunreath Drive, Redcliffe. Connecting Gateway WA and North Link WA, 

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 full realisation of the benefits from recent investments in 

Tonkin Highway and planned future investments to upgrade intersections and extend Tonkin Highway 

to the south.  

Therefore, the Tonkin Gap and Associated Works Project 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 safety. The project is set to also make improvements 

to access and connectivity for road users, pedestrians and cyclists in the project area. It will provide 

rail-enabling works for the METRONET Morley-Ellenbrook Line along Tonkin Highway, including 

underpasses and dive structures, to enable trains to enter and travel along the median of Tonkin 

Highway and then exit in Malaga. The construction budget for TPG is $400 million, and the completion 

date is late 2023 (Figure 16). 
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                     Figure 16. Construction of Tonkin Gap and Associated Works 
                     Source: Main Roads Western Australia98 

 
The head-contractor of 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 Recycling. The alliance, 

comprising BMD, Georgiou Group, WA Limestone, BG&E and GHD, is working with Main Roads and 

Public Transport Authority (PTA) to deliver the project. Works on this project have been fast-tracked 

to support WAΩs COVID-19 economic recovery (Figure 16). In terms of the project timeline, the 

planning and development were done in 2019ς2020, followed by the detailed design that was 

completed in 2020ς2021, early works which began in 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 economic, social and environmental benefits. From the social point of 

view, the Tonkin Gap and Associated Work Project is expected to create more than 3,000 jobs. It is 

anticipated that the project would save 17,000 road users 6 and 11 minutes during the morning and 

afternoon peaks, respectively.  

 

98 WA Main Roads. 2022. Tonkin Gap project and associated work. https://bit.ly/3XmZ7Dt  

https://bit.ly/3XmZ7Dt
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CƻǊ ǘƘŜ ŘŜǎƛƎƴ ŀƴŘ ŎƻƴǎǘǊǳŎǘƛƻƴ ǎǘŀƎŜǎ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘΣ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻǿƴŜǊǎ used the ISC V2.0 rating 

system (silver badge) to meet their commitment to delivering positive sustainable outcomes. The 

project managing team has developed a sustainability policy99 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 project is using significant quantities of PwRC including recycled concrete, sand and fill material, 

steel, crushed limestone and aggregate.100 During the execution phase, the project adopted initiatives 

that reflect best practice applications to reduce the quantity of virgin materials and remove outputs 

from waste streams and PwRC where possible. According to the project constructor, these initiatives 

include the CE, industrial ecology, industrial symbiosis, cleaner production and resource recovery 

concepts. The following initiatives were adopted within the project: 

 

¶ Cut to fill optimisation to reduce the import of fill materials 

¶ Use of imported embankment material from another Main Roads project 

¶ Industry engagement to source materials with lower carbon or higher recycled content 
 

The project team uses Roads to Reuse Product Specification ς Recycled Road Base and Recycled 

Drainage Rock101 to evaluate the characteristics of the PwRC involved in this project. As of July 2022, 

the project had used 430 kt of PwRC including the application of 27.3 kt of crushed concrete.102 The 

breakdown of the applications is provided below:  

 

¶ The reuse of 296 kt of sand 

¶ The reuse of 105 kt of spoil (treated ASS) 

¶ The use of 27 kt of CRC  

¶ The use of 1.2 kt of reclaimed asphalt pavement  

 

6.4. Descriptive findings: participantsΩ profile   

The interview process took place between May 2022 and January 2023. Table 9 shows the professional 

profiles of the research participants in this case study.   

 
Table 9Φ {ǳƳƳŀǊȅ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǇǊƻŦƛƭŜs in Case Study 3  

Stakeholder 
type 

Experience/expertise   Participant 
code  

Client  Experienced sustainability advisor who oversaw individuals from the 
client organisation who were involved in the project with a 
particular focus on driving the uptake of PwRC 

C3P1 

Head-

contractor 

Four yearsΩ working experience in the construction industry with a 
focus on major road infrastructure projects in the organisation  

C3P2 

 

99 Tonkin Gap Alliance. Project & Associated Works Sustainability Policy. https://bit.ly/3yLjDUg  
100 Tonkin Gap Alliance. 2022. Tonkin Gap Project and Associated Works: Annual Project Sustainability Report 2021-2022. 

https://bit.ly/3AuQvSb  
101 Government of Western Australia. 2021. Roads to Reuse product specifications: Recycled road base and recycled drainage rock. 

https://bit.ly/3D0tibd 
102 Tonkin Gap Alliance. 2022. Tonkin Gap Project and Associated Works: Annual Project Sustainability Report 2021-2022. 

https://bit.ly/3AuQvSb 

https://bit.ly/3yLjDUg
https://bit.ly/3AuQvSb
https://bit.ly/3D0tibd
https://bit.ly/3AuQvSb
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Structural 

designer 

18 yearsΩ working experience in the organisation and was involved 
in the project as the technical director and oversaw the structural 
design of the work  

C3P3 

Supplier Working in the organisation as the director since its establishment 
10 years ago 

C3P4 

 
The clientΩǎ participant (C3P1) was the sustainability advisor in a public agency that was responsible for 

managing the state road infrastructures. This participant had been involved in many trial projects 

related to the use of PwRC including CRC in road infrastructures in WA. Their involvement in this 

project ranged from overseeing the individuals working for the client, to driving ISC rating tool 

requirements to report the sustainability performance of the project. The participant representing the 

head-contractor (C3P2ύ ƘŀŘ ŦƻǳǊ ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ǿƻǊƪƛƴƎ ƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ construction projects 

in WA. Their role in this project was managing the construction activities in the Tonkin Gap portion of 

the whole road infrastructure upgrade. They were particularly responsible for civil construction 

activities. The designer of the project, C3P3, worked as a technical director at the design organisation 

and had worked for 18 years in this organisation in different roles including pavement design manager. 

Prior to joining the organisation, they had worked in South Africa as a director of a consulting company 

working with contractors on road projects. The participant representing the supplier of PwRC, C3P4, 

was the director of the recycling facility and had operated the facility for more than 10 years. This 

participant provided written responses to the interview questions.  

 
6.5. OrganisationsΩ involvement in the project  

The client organisation is a public agency responsible for managing WA state road infrastructure (Table 

10)Φ ¢ƘŜ ƻǊƎŀƴƛǎŀǘƛƻƴΩǎ ƛƴǾƻƭǾŜƳŜƴǘ ƛƴŎƭǳŘƛƴƎ ǇǊƻƧŜŎǘ ǇƭŀƴƴƛƴƎΣ ǎŜǘǘƛƴƎ ǳǇ the projectΩǎ alliance, driving 

the sustainability aspect of the project and superintending the use of PwRC in the project. The design 

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 alliance contractors and project management team.  

Table 10. Main involvement areas of study organisations in Case Study 3 

Organisation  Involvement/ activities  

Client  Project planning, setting up projectΩǎ alliance and driving sustainability 
(including the increased use of PwRC) within the project lifecycle  

Head-contractor Delivering the project according to the contract, procuring PwRC from the 
approved facilities and assisting the client to achieve the maximum application 
of PwRC 

Designer Working with the project alliance team to design the project during the tender 
and planning stages   

Supplier Supplying PwRC to the project in accordance with WA Main Roads PwRC 
specifications, and reporting the results of regular waste resources testing to 
ensure they satisfy the requirements of the specifications  

The head-contractor 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 the project. The supplier organisation was 

involved in supplying PwRC with recycled roadbase both grade 1 (permanent 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 engaged in transfer and disposal of concrete, sand and 

asphalt for this project.  

6.6. {ǘŀƪŜƘƻƭŘŜǊǎΩ ƛƴǘŜǊŀŎǘƛƻƴ ƳƻŘŜƭƭƛƴƎ ƛƴ /ŀǎŜ {ǘǳŘȅ о  

Due to the contract being of the alliance type, the companies that participated had a big influence on 

the project design and delivery including the use of PwRC. According to the client representative, the 

detailed decisions on using PwRC in the project were made 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 model (Figure 17) maps out the interaction between the key stakeholders in this project with 

a focus on using PwRC.  

 

 
                  Figure 17Φ  {ǘŀƪŜƘƻƭŘŜǊǎΩ interaction model in Case Study 3 
 
6.7. Major motivations for using PwRC 

Overall, 12 reasons were specified to be the major motivations for using PwRC in this project. These 

reasons were different in nature but can be grouped under five categories: contract, risk, price, 

business and social. Figure 18 summarises the responses provided by four participants about their 

motivations to be involved in this project and with a focus on the use of PwRC.  
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      Figure 18. Main motivations for using PwRC in Case Study 3 

The four main motivations for the client organisation (C3P1) to use PwRC were Ψstate-based policy 

obligationsΩ, Ψsupport from executive management teamΩ, Ψachieving sustainability rating 

requirementsΩ, and adhering to ΨƻǊƎŀƴƛǎŀǘƛƻƴΩǎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǇƻƭƛŎȅΩ. The first research participant 

(C3P1) indicated that the client organisation has a statutory obligation to use a certain quantity of PwRC 

in infrastructure projects ŀǎ ǎǘƛǇǳƭŀǘŜŘ ƛƴ ǘƘŜ ǎǘŀǘŜΩǎ ǿŀǎǘŜ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎȅ ŘƻŎǳƳŜƴǘ103, which 

was also echoed in their sustainability organisational policy. They explained: 

 
Ψ{ƻ ǿŜΩve got 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 
industryΧas well as the Main Roads sustainability policy and using recycled material aligns 
ǿƛǘƘ ǘƘŀǘ ǇƻƭƛŎȅΩ. [C3P1] 

 
Furthermore, achieving the credits for using PwRC as stipulated in the ISC rating tool was a motivating 

ŦŀŎǘƻǊ ǘƻ ǳǎŜ ǘƘŜǎŜ ǊŜǎƻǳǊŎŜǎΦ ¢ƘŜ ƻǊƎŀƴƛǎŀǘƛƻƴΩǎ ŀǇǇŜǘƛǘŜ ǘƻ ǊŜŎŜƛǾŜ ǊŜŎƻƎƴƛǘƛƻƴ ŦƻǊ the sustainability 

performance of this project was a driving force for supporting the use of PwRC in this project. Hence, 

there was strong support from the ŎƭƛŜƴǘΩǎ ŜȄŜŎǳǘƛǾŜ ƳŀƴŀƎŜƳŜƴǘ ǘŜŀƳ, according to this participant:   

Ψ{ƻΣ ǘƘŜ ǇǊƻƧŜŎǘ ǿƛƭƭ ōŜ ƭƻƻƪƛƴƎ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ǿŀȅǎ ƻŦ ƎŜǘǘƛƴƎ Ǉƻƛƴǘǎ ǳƴŘŜǊ ǘƘŜ [ISC] tool and 
getting credit. So, therefore, recycled material is one way that they potentially can get 
credit.Ω [C3P1]  

Ψ{ƻΣ ƛǘΩs not just the project managers or the project directors requesting this to happen, 
weΩve had the help of our managersΩ. [C3P1] 

According to C3P2 the main reasons for using PwRC were the contractual obligations, low risk in using 

the selected PwRC and the lower cost and the lack of cost differential between these materials (i.e., 

crushed concrete) and quarried material (i.e., the crushed rock and limestone, respectively). They 

stated: 

ΨSo, thereΩs the contractual obligation. And then thereΩs the cost. So, the cost between 
crushed recycled concrete and crushed rock road base recycled concrete, itΩs the cheaper 

 

103 Waste Authority. 2012. Waste avoidance and resource recovery strategy 2030Υ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ ǿŀǎǘŜ ǎǘǊŀǘŜƎȅ. 
https://bit.ly/3CFUj3o  

https://bit.ly/3CFUj3o
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alternative to the cost between CRC and crushed limestone. ItΩs similar. So, there isnΩt 
much for saving either wayΩ. [C3P2] 

C3P3, the design manager of the project, mentioned four main reasons for using PwRC in this project. 

These were the clientΩǎ ǎǘǊƻƴƎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ǘƘŜ ŎƻƴǘǊŀŎǘƻǊǎΩ ŘŜǎƛǊŜ ǘƻ increase their 

chance of ǎŜŎǳǊƛƴƎ ŦǳǘǳǊŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇǊƻƧŜŎǘǎΣ ǘƘŜ ŎƻƴǘǊŀŎǘƻǊΩǎ ŦŜŀǊ ƻŦ ǊŜǇǳǘŀǘƛƻƴŀƭ ŘŀƳŀƎŜ ŘǳŜ ǘƻ 

not using PwRC as expected and social responsibility. They characterised the scenario as follows: 

Ψ¸ƻǳ ŀƭǎƻ ƘŀǾŜ ǘƻ ǊŜŀƭƛǎŜ ǘƘŀǘ ǿƘŜƴ ȅƻǳ ǿƛƴΣ ǿƘŜƴ ȅƻǳ ǿƛƴ ŀ ŎƻƴǘǊŀŎǘ ŀǎ ŀƴ ŀƭƭƛŀƴŎŜΣ ŀ ƭƻǘ 
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 sustainabilityΧBut there are some more big 
projects coming. And why wouldnΩt this team want to bid on that job and be able to put 
their hand up and say, we use crushed recycled demolition waste?Ω. [C3P3] 

ΨIn some ŎƻƴǘǊŀŎǘƻǊǎΩ minds, itΩs, well, why do I need to bother with this client can do 
nothing about it. But the reputational damage of not doing it was hugeΧΦ {ƻ ƛŦ ǘƘŜ 
contractor said IΩm not using crushed recycled demolition waste, [the client] will see that 
in a very bad light, and itΩǎ ƴƻǘ ƛƴ ǘƘŜ ǎǇƛǊƛǘ ƻŦ ǘƘŜ ŎƻƴǘǊŀŎǘΩ. [C3P3] 

Ψ¸ƻǳ ƪƴƻǿΣ ƳȅΣ Ƴȅ ŘǊƛǾŜǊ ŦƻǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛǎ L ƘŀǾŜ ŀ ǎƻŎƛŀƭ ŎƻƴǎŎƛŜƴŎŜ ŀƴŘ L ōŜƭƛŜǾŜ ƛǘΩs 
ǘƘŜ ǊƛƎƘǘ ǘƘƛƴƎ ǘƻ ŘƻΧL ǘƘƛƴƪ ȅƻǳΩll find a large proportion of the staff in those contractors 
recognise that as well. I mean, theyΩre all mums and dads they understand and so there is 
ǘƘƛǎ ǎƻŎƛŀƭ ŎƻƴǎŎƛƻǳǎ ǘƘŀǘ ǿŜ ƴŜŜŘ ǘƻ Řƻ ƛǘΩ. [C3P3] 

The last participant in this case study, C3P4, indicated that the main motivation for them to be 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 using PwRC 

According to the clientΩǎ representative (C3P1), there were many barriers to using PwRC in this project 

(Figure 19).  Some of the most important ones were Ψresistance by other stakeholdersΩ, ΨŎƭƛŜƴǘǎΩ 

minimum role in decision-making processΩ, ΨŎƻƳǇƭŜȄƛǘȅ ƻŦ ǿƻǊƪƛƴƎ ǿƛǘƘ ŀƭƭƛŀƴŎŜΩΣ Ψtǿw/ ǉǳŀƭƛǘȅ 

ŎƻƳǇƭƛŀƴŎŜΩΣ Ψtǿw/ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ƛƴǎǳǊŀƴŎŜΩΣ ΨŜȄƛǎǘƛƴƎ ŎƻƳƳŜǊŎƛŀƭ ŀǊǊŀƴƎŜƳŜƴǘ ŀŎǊƻǎǎ ǎǳǇǇƭȅ 

ŎƘŀƛƴΩΣ ΨƴŜƎŀǘƛǾŜ ǇŜǊŎŜǇǘƛƻƴǎΩ, ΨǊisk-ŀǾŜǊǎŜ ŘŜǎƛƎƴ ǘŜŀƳΩΣ ΨŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ PwRCΩ and ΨŎƻƴǘǊŀŎǘƻǊ 

ŎŀǇŀōƛƭƛǘȅ ǘƻ ǳǎŜ tǿw/Ω. The participant reported that at the beginning of the project, there was 

resistance by the alliance partners to use PwRC due to the cost and other risks involved. This challenge 

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

were made by the alliance core team. They recalled: 

ΨWeΩve experienced some resistance from the alliance partners to use recycled materials 
however, theyΩve come on boardΩ. [C3P1] 

ΨThe commercial decision-making 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 peopleΩ. [C3P1] 
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Figure 19. Major issues around using PwRC in Case Study 3 

The nature of the contract necessitates the interaction and close collaboration between different 

partners involved in the alliance. This means that the decision-making process was subject to many 

factors emerging from the complexity of the project teamΩǎ structure. The other two barriers according 

to C3P1 were related to the PwRC quality compliance and their actual performance in this project, which 

had an enormous impact on the decision on the using of PwRC: 

ΨhōǾƛƻǳǎƭȅΣ ǿƛǘƘƛƴ ŀƭƭƛŀƴŎŜ ǎǳŎƘ ŀǎ ¢ƻƴƪƛƴ DŀǇΣ ǘƘŜǊŜ ŀǊŜ ŘƛŦŦŜǊŜƴǘ ŎƻƳǇŀƴƛŜǎ ŀƭƭ ǿƻǊƪƛƴƎ 
together, which have all different cultures, and therefore different risk appetites, and then 
different capabilities that go together with it in terms of driving this outcome. So, I think 
ǘƘƻǎŜ ŎƻƳǇŜǘƛƴƎ ŎǳƭǘǳǊŜǎ Ŏŀƴ ƘŀǾŜ ōŜŎƻƳŜ ŀ ŎƘŀƭƭŜƴƎŜ ƻŦ ǳǎƛƴƎ ǘƘŜ ǇǊƻŘǳŎǘΩΦ [C3P1] 

ΨtǊƻōŀōƭȅ ǘƘŜ Ƴŀƛƴ ŎƘŀƭƭŜƴƎŜ ƛǎ ƳŀƪƛƴƎ ǎǳǊŜ ǘƘŀǘ ǘƘŜ ǊŜŎȅŎƭŜŘ ƳŀǘŜǊƛŀƭ ȅƻǳ ǿŀƴǘŜŘ ǘƻ ǳǎŜ 
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 suitable for use as a subbase 
under full death asphalt, itΩs engineering appropriate. So then with that, itΩs, you know, 
ȅƻǳ Ǝƻǘ ǘƻ ƳŀƪŜ ǎǳǊŜ ǘƘŀǘ ƳŜŜǘǎ ƻǳǊ ǎǘŀƴŘŀǊŘǎ ƻǊ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΩ. [C3P1] 

The participant mentioned that the use of PwRC in this project was also limited by ǘƘŜ ŀƭƭƛŀƴŎŜ ǇŀǊǘƴŜǊǎΩ 

negative perceptions, risk taking behaviour ŀƴŘ ǘƘŜ ŎƻƴǘǊŀŎǘƻǊǎΩ ŎŀǇŀōƛƭƛǘƛŜǎ ǘƻ ǳǎŜ ǘƘŜǎŜ ǇǊƻŘǳŎǘǎ: 

ΨL ǘƘƛƴƪ ǘƘŜǊŜΩs a cultural challenge 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 
construction team can use the product and use it properly and handle it properly to get 
the outcome that weΩǾŜ ƎƻǘΩΧSo that one of them would be the design houses may not be 
ŎƻƴŦƛŘŜƴǘ ƛƴ ǳǎƛƴƎ ǘƘŜ ǇǊƻŘǳŎǘ ŀƴŘ ǿŀǊǊŀƴǘƛƴƎ ǘƘŜ ǇǊƻŘǳŎǘΩ. [C3P1] 

ΨDƛǾŜƴ ǘƘŀǘ ǘƘŜǊŜ ǿŀǎ ŀƴ ƛƴǘŜǊƴŀƭ ǊŜǎƛǎǘŀƴŎŜ ǘƻ using crushed recycled concrete, itΩs likely 
that thereΩs commercial arrangements, so that prevent it being used, as wellΩ. [C3P1] 

Despite the existence of an active waste recovery industry in WA, the participant indicated that the 

availability of PwRC at the right time, with the right price and for supply to the project in the required 

quantity was a challenge:  
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Ψ!nother commercial challenge was around getting enough product at the right time at 
the right cost. So once youΩve proven that itΩs okay to be used, then itΩll be can we get it 
when we need it, and get it for a reasonable price and itΩs competitiveΩ. [C3P1] 

The two major challenges reported by C3P2 were the availability of the quantity of crushed concrete 

required for the scale of the project and restrictions regarding using PwRC in the vicinity of waterways: 

ΨThe probably the main challenge is the supply. So, because weΩre using this crush recycled 
concrete, fairly new product to Main roads into Perth for road building. So, the suppliers 
typically wonΩt have large stockpiles of materialΧthereΩs a restrictions around using this 
material near waterways. So, when youΩre within X distance of groundwater, you need to 
switch to limestone or a crushed rock productΩ. [C3P2] 

The designer of the project noted seven obstacles associated with the utilisation of PwRC in this 

project. The first obstacle was the underdeveloped capacity of state recycling facilities to produce the 

required quantity and quality of PwRC. The second issue was the absence of a mandate requiring the 

use of PwRC in road infrastructures. The third factor was the industryΩs lack of commitment to using 

these alternative materials. The participant explained: 

ΨOne of the big issues I have at the moment is Main Roads has approved certain 
suppliers...The reality is they canΩt produce it [recycled asphalt]. They donΩt have the 
asphalt equipment, manufacturer equipment to produce itΧSo, they market that they 
have these approved mix designs, but they canΩt implement itΧif you cannot produce a 
certain product, thereΩs a penalty you have to pay. And I think the asphalt supplier is now 
paying this penaltyΩ. [C3P3] 

ΨI think the biggest roadblock is Main Roads were very, very slow in trying to mandate it, 
they donΩt mandate itΩ. [C3P3] 

The fourth challenge was the removal of the design organisation quality considerations in the contract 

on the recyclerΩǎ request, which resulted in non-compliance of PwRC features with the design 

ǊŜǉǳƛǊŜƳŜƴǘǎΦ ¢ƘŜ ŦƛŦǘƘ ŎƘŀƭƭŜƴƎŜ ǿŀǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŎƭƛŜƴǘΩǎ ǘŜƴŘŜƴŎȅ ǘƻ ǇƭŀŎŜ ŀƭƭ ǘƘŜ Ǌƛǎƪ ƻƴ ǘƘŜ 

contractorΩs shoulder and not share the risk of using PwRC. Furthermore, the higher transport cost of 

PwRC due to its physical properties was a major barrier. PwRC has lower bulk density, meaning it 

requires more space to ship to the site compared to alternative quarried materials. The participant 

described how this played out practically: 

ΨThe asphalt supplier said, donΩt worry, weΩve got all this covered. We donΩt need these, 
this commercial model is in the contract, and they took it out. Now whatΩs meant whatΩs 
what has now materialised is their product doesnΩt actually meet our performance 
requirements in terms of modulus. So ǿŜ ƘŀǾŜ ƴƻ ǎǘƛŎƪ ǘƻ ōŜŀǊ ƻƴ ǘƘŜƳ ǘƻ ǊŜǎƻƭǾŜ ǘƘƛǎΩ 
[C3P3] 

ΨSo, there is a hidden, there is an underlying nervousness to do anything that increases the 
risk on the contractor in terms of pavement performance. But IΩm going to lay some blame 
at [client], they donΩt necessarily come to ǘƘŜ ǇŀǊǘȅΣ ǿƘŜƴ ƛǘ ŎƻƳŜǎ ǘƻ ƛƴƴƻǾŀǘƛƻƴΩ [C3P3] 

ΨThe loose bulk density of crushed recycled demolition waste, is letΩs say 1,800 kg/m3, 
thatΩs loose. As a subbase [the alternative] is crushed limestone, which has a loose bulk 
density of about, letΩs say 1,600. So crushed, recycled demolition waste is heavier. So 
whatΩs happening is the suppliers are pitching the price of the productΧbut the haulage 
costs of crushed recycled demolition waste are higher, because a truck can only carry a 
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certain number of tonnes. So, if heΩs carrying crushed recycled demolition waste, he carries 
letΩs say, 10 or 15%, less material. So, he has to have 10 or 15% more truck movementsΩ. 
[C3P3] 

Lastly, the participant mentioned that despite the initial ŎƭƛŜƴǘΩǎ ƻōƧŜŎǘƛǾŜ ǘƻ ǳǎŜ tǿw/ ƛƴ ǘƘƛǎ ǇǊƻƧŜŎǘΣ 

their processes will discourage further usage of them in the project: 

Ψ¢ƘŜȅ ǎŀƛŘ ǘƘŜȅ ǿŀƴǘŜŘ ǎǳǎǘŀƛƴŀōƭŜ ǎƻǳǊŎƛƴƎ ƻŦ ƳŀǘŜǊƛŀƭΣ ƛǘ ǿŀǎ ŀ ƳŀǎǎƛǾŜ opportunity. And 
they didnΩt do it. So, they say one thing on the one hand, but their systems and their 
ǇǊƻŎŜǎǎŜǎΣ ǎǘƻǇ ǘƘŜƳ ŦǊƻƳ ŘƻƛƴƎ ƛǘ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΩ. [C3P3] 

The representative of supplying company (C3P4) indicated there were three main clusters of barriers 

hindering the utilisation of PwRC in this project. These included the contract complexity, the lack of 

certainty regarding procurement and the lack of contractorsΩ ŀǿŀǊŜƴŜǎǎ ƻŦ using these materials. On 

that first point, the participant noted that the contract was complex and was not customised for 

infrastructure projects. One of the main complexities in the contract was the limitation and the period 

of defect liability set at five years or more for the entire job and beyond. They explained:  

Ψaƻǎǘ of the tenders have initially required the Tenderer to accept liability to the extent 
possible, meaning liability for the cost of the entire job and beyond.  Practically our 
material would not cause material defects and commercially this risk cannot be taken ƻƴΩ. 
[C3P4] 

ΨώŜȄǘŜƴŘŜŘ defect liability is] not commercially viable and once the goods are inspected 
and handed over, we lose control of them and there are various permutations that can 
arise from that point all of which we have no control ƻǾŜǊΩ. [C3P4] 

In terms of procurement, according to C3P4, the PwRC procurement did not specify the quantity or the 

time of the materials procurement, and it was done on an ad hoc basis.  Furthermore, the participant 

highlighted that some of the contractors did not have the knowledge required to handle PwRC and 

education was required: 

ΨIn relation to the quantity and when the material was required for 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 have a finite capacity to produce materialΧAt the time of 
tender, we get receive a bulk volume, but it is not stated at the time of the tender when 
and how much material is required. It is in our best interest to continuously communicate 
with our client and receive regular histograms of the material required on a monthly basis. 
We have had no major issues so far even in the busy timesΩ. [C3P4] 

6.9. Major strategies to overcome the reported barriers  

In response to major strategies to overcome the barriers reported, participants provided 14 factors 

(Figure 20). The first participant (C3P2) indicated five main strategies that can address the barriers to 

ǳǎƛƴƎ tǿw/ ƛƴ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇǊƻƧŜŎǘǎΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜŘ ΨŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ŀǳŘƛǘŜŘ ǎȅǎǘŜƳΩΣ ΨƳŀƴŘŀǘƛƴƎ ǘƘŜ 

ǳǎŜ ƻŦ tǿw/ ƛƴ ŎƻƴǘǊŀŎǘǎΩΣ ΨŦƛƴŀƴŎƛŀƭ ƛƴŎŜƴǘƛǾŜΩΣ ΨƻǾŜǊƘŀǳƭ ǘƘŜ ŜȄƛǎǘƛƴƎ ƭƻƴƎ-ǘŜǊƳ ŀƎǊŜŜƳŜƴǘǎΩ, ΨǇƻǎƛǘƛǾŜ 

ŜȄǇŜǊƛŜƴŎŜ ǳǎƛƴƎ tǿw/Ω ŀƴŘ ΨǘǊŀƛƴƛƴƎ ŀƴŘ ŜŘǳŎŀǘƛƻƴ ŀƴŘ ŀǿŀǊŜƴŜǎǎ ǊŀƛǎƛƴƎΩ. 
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    Figure 20. Major strategies to remove barriers to using PwRC in Case Study 3 
 
C3P1 maintained that the first strategy is to have an audit system to ensure PwRC in use have the quality 

and performance as required. The second and third strategies represent the carrot and stick approach 

where the stick was to mandate the use of PwRC in construction contracts and the carrot was to 

provide financial incentive by paying the right price for applying PwRC in construction projects. They 

stated:  

Ψ{ƻ ǿŜΩve done a number of things to overcome the issues around standards and 
specifications. So weΩve got a specification that the crushed recycled [concrete] must 
ƳŜŜǘΣ ŀƴŘ ǘƘŜƴ ƘŀǾŜ ŀƴ ŀǳŘƛǘŜŘ ǎȅǎǘŜƳ ǘƻ ŀǎǎƛǎǘ ǿƛǘƘ ǘƘŀǘΩ. [C3P1] 

ΨL ǘƘƛƴƪ ǘƻ ƻǾŜǊŎƻƳŜ ǎƻƳŜ ƻŦ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ŎƘŀƭƭŜƴƎŜǎΣ ǘƘŜǊŜ Ƙŀǎ ǘƻ ōŜ ǘƘŀǘ ōŀƭŀƴŎŜ 
between incentives and the mandate of the outcome that you want as a client. So, I 
actually think mandating the ǇǊƻŘǳŎǘ ƛǎ ǇǊƻōŀōƭȅ ǘƘŜ ǿŀȅ ǘƻ Ǝƻ ƛƴ ŎƻƴǘǊŀŎǘǎΧ{ƻ ȅƻǳ ƳƛƎƘǘ 
have an incentive to use the product and have the right price associated with using crushed 
recycled concrete, to make sure that thereΩs enough incentive for people, just for 
companies to start to go down in that direction, but you want to set it upΩΦ [C3P1] 

The participant opined that one thing that needs to change is 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:  

ΨL ōŜƭƛŜǾŜ ǘƘŀǘ ǘƘŜǊŜΩs commercial arrangements internally within companies. So, some 
companies will have their supply chains have long-term contract agreements with their 
supply chains. I donΩt know whether this is the case in Tonkin Gap. But you need to be able 
to overcome, weΩre working on a way to overcome those long-term agreements. [but] as 
a government agency, we want to make sure that everyoneΩǎ ǎƻǊǘ ƻŦ ƘŀǇǇȅΩ. [C3P1] 

C3P1Ωǎ last two strategies were related to education and positive experience. Education was particularly 

ŜƳǇƘŀǎƛǎŜŘ ōȅ ǘƘƛǎ ǇŀǊǘƛŎƛǇŀƴǘ ŘǳŜ ǘƻ ƛǘǎ ǎƛƎƴƛŦƛŎŀƴǘ ŜŦŦŜŎǘǎ ƻƴ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ŀǘǘƛǘǳŘŜǎΣ ǎƪƛƭƭ 

development and industry practices: 

ΨI think culture comes down to a lot of experience, you need to make sure that thereΩs a 
positive experience using the product, and make sure that thereΩs enough 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 safely, so it works. And theyΩre confident with those 
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processes and systems and itΩs got that endorsement. I think, training and education can 
go a long way of changing culture, and then changing practice on projectsΩΦ [C3P1] 

C3P2 suggested that planning for the sustainable production of PwRC in WA is an area of improvement 

to overcome the current issues. The main reason for this suggestion was that the participant believed 

that WA Main RoadsΩǎ plan is to keep using these materials in its road infrastructure projects, which 

creates problems regarding long-term supply.  The three main strategies suggested by the design 

organisation representative, C3P3, to overcome the challenges classified under four categories: Cost, 

procurement, contract and collaboration. The strategies were: promoting economy of scale, allowing 

reasonable lead time for recyclers to produce the required PwRC and developing the right contractual 

mechanisms. Economy of scale will motivate investment in improving recycling processes, which in 

turn reduces the PwRC costs and makes the products commercially competitive. As the participant 

explained: 

ΨL ǘƘƛƴƪ ŀ ƭƻǘ ƻŦ ǘƘŜǎŜ ƛǎǎǳŜǎ ǿƛƭƭ ōŜ ǎƻƭǾŜŘ ōȅ ŜŎƻƴƻƳƛŜǎ ƻŦ ǎŎŀƭŜǎΧLike recyclers, theyΩre 
not motivated to get a lot of recycled materials, because they know that the products 
wonΩt 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 price would be kind of 
competitive, comparable to the virgin ƳŀǘŜǊƛŀƭǎΩ. [C3P3] 

According to C3P3, giving the PwRC producer motivation for investing in their processing activities will 

result in a better outcome, such as high-quality production of high-quality materials that can pass all 

the requirements and be safely used in construction projects. In particular, by giving enough time and 

reasonable order to recyclers, the client will be able to create a market for PwRC. This 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 procurement by C3P3: 

ΨIf you said to the industry, I need 500,000 tonnes of product, I need it in two years. I 
recognise you may not be able to produce it all, but IΩll pay you for everything you produce. 
Now, if youΩre a smart businessman, what are you going to do? YouΩre going out there and 
finding as much waste as you can. Because the more you process and get onto Main Roads 
property, the more money you make. ThatΩs where the investment comesΩ. [C3P3] 

The right contractual mechanisms will change the industryΩǎ behaviour and encourage them to procure 

more PwRC. Furthermore, the collaboration between project partners to strategically use road 

demolition resources was described as an important enabler:  

Ψ{ƻ L ǘƘƛƴƪ ƛŦ ȅƻǳ ƛŦ ȅƻǳ Ǉǳǘ ǘƘŜ ǊƛƎƘǘ ŎƻƴǘǊŀŎǘǳŀƭ ƳŜŎƘŀƴƛǎƳǎ ƛƴ ȅƻǳǊ ǎǳōŎƻƴǘǊŀŎǘΣ ȅƻǳ ǿƛƭƭ 
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 do is heΩll be running 
around the country trying to pick up as much old asphalt as he can. Because he will make 
money, youΩll make more money. And so, itΩǎ ǘƘŜ ǊƛƎƘǘ ǘƘƛƴƎ ǘƻ ŘƻΩ. [C3P3] 

Ψ¢ƘŜ ŎƻƴǘǊŀŎǘƻǊ ǘŜƴŘŜǊŜŘ ƻƴ ǘƘŜ ǇǊŜƳƛǎŜ ǘƘŀǘ ƘŜ ǿƻǳƭŘ ǿƛƴ ǘƘƛǎ ƳŀǘŜǊƛŀƭ ώǿŀǎǘŜ ƳŀǘŜǊƛŀƭǎϐΦ 
And as a result of that, thatΩs the only way he can afford to build the road is to be able to 
reuse these materials. But what he hadnΩt properly 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 material 
ƻŦŦ ǘƘŜ ǊƻŀŘ ǿƛǘƘƻǳǘ ǎǇƻƛƭƛƴƎ ƛǘΩ. [C3P3] 



 

60 
 

C3P4 provided several suggestions to overcome the issues experienced when supplying PwRC to the 

project. These suggestions included effective project contract development, government mandating 

of using PwRC, improved communication and planning regarding PwRC procurement, and education. 

The participant believed 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 project. The main strategies under this 

category included timely inspect of PwRC delivered on-site and annual review of cost rates: 

ΨOnce delivered to site [recycled materials] need to be inspected within a short period of 
time to avoid issues relating to chain of custody passing and liability relating to the 
ƳŀǘŜǊƛŀƭΩ. [C3P4] 

ΨGenerally, the projects that require CRC [crushed recycled concrete] extend over 2 to 3 
years.  Rates for products supplied need a fair basis to be reviewed annually or more often 
in certain circumstances (i.e., fuel price rises, transport price rises ŜǘŎΧύΩΦ [C3P4] 

C3P4 also highlighted the role of government in 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 

removing the barriers, which will help the PwRC producer to better manage their production. They 

suggested: 

ΨIn relation to the quantity and when material was required for 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 have a finite capacity to produce materialΩ. [C3P4] 

Lastly, continual education was indicated by the participant to be a necessity when a project is using 

PwRC.  
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7.1. Project background  

This project, which is managed by WA Development, aimed to redevelop an old high school and 

neighbouring land (11.9 ha) into a residential estate to provide residential opportunities for WA 

communities (Figure 21). The old school was closed in 2017 after 55 years of operation, according to 

the WA Department of Education.104 The project budget was $2.7 m and completed over 12 months in 

2019. In this project, through the extraction of demolition resources from the old senior high school, 

around 86% of waste diversion was achieved.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 

        Figure 21. Construction of OneOneFive Hamilton Hill project 
       Source: TABEC (2022)105  

 

104 Development WA. 2019. Hamilton senior high school redevelopment. https://bit.ly/3Xkjktw  
105 TABEC. 2022. 115 Hamilton Hill Stage 1. https://bit.ly/3Emy8zd 

https://bit.ly/3Xkjktw
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7.2. Project sustainability and recognition  

!ǎ ƻƴŜ ƻŦ 5ŜǾŜƭƻǇƳŜƴǘ ²!Ωǎ Innovation Through Demonstration projects, One One Five Hamilton Hill 

targets the highest levels of sustainability and delivered an ecologically sensitive developmentτ

ƳƛƴƛƳƛǎƛƴƎ ǿŀǘŜǊ ŀƴŘ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΣ ǿƘƛƭŜ ǊŜǘŀƛƴƛƴƎ ǘƘŜ ǎƛǘŜΩǎ ƭŀƴŘŦƻǊƳΣ ǘǊŜŜǎ and biodiversity. 

 

At the time of the case study, the project had been awarded six petals of the Urban Development 

Institute of Australia (UDIA) under its benchmark Enviro Development certification program. The petals 

include Ecosystems, Waste, Materials Energy, Water and Community. Furthermore, the project has 

been recognised by Water Corporation WA as a Waterwise Platinum development, the highest 

Waterwise Development status, and also won the Waste Sorted Award presented by Waste Authority 

WA in 2021. Figure 22 illustrates the main project certifications and awards achieved to date.  

 

 
Figure 22. Project sustainability accreditations and awards achieved to date 

 

The project has delivered some key economic, social and environmental benefits. The estimated cost 

saving was around $100,000, which was realised in reduced waste levies and transportation 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 features approximately 232 lots and offers a diverse range of new housing options, 

including single residential home sites, town homes and compact lots along with four grouped housing 

sites. Furthermore, the project reserves the 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 networks. There was 1,000 fewer truck movements, 9,000 L of diesel saved, and 

therefore, 663 t of Co2 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; and during transport, through reduced truck movements. 

7.3. Application of PwRC in the case project  

About 10,000 t of waste resources were extracted from the old school using the methodical 

deconstruction method. Most of the PwRC applications were in the civil and landscape construction 

works including the drainage system, local access roads, landscapes and footpaths. About 86% of 

demolition resources were crushed onsite for reuse in the project. Through the reuse of these 

materials, carbon emissions were achieved by reducing the need for material transportation to and 
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from recycling facilities. The following represent the PwRC quantity and type that were used in this 

project:  

¶ The use of salvaged timber in landscaping features, e.g., shade structures and seating  

¶ The reuse of 40,000 clay bricks and roof tiles as aggregates underneath the drainage 
infrastructure  

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

¶ The reuse of crushed brick, tiles, concrete etc into the road sub-base replacing the need for 
newly mined materials like crushed limestone 

¶ The use of 2,425 m3 of recycled concrete in retaining walls replacing the need for newly mined 
limestone  

¶ The use of 400 t of PwRC in different applications including construct temporary truck access 
roads 

 
Furthermore, the head-contractor has imported 1,050 t of recycled roadbase from other demolition 

sites to use in this project. The project used IPWEA/WALGA Specification for the Supply of Recycled 

Road Base34 to assess PwRC quality and performance.  

 

7.4. Descriptive findings: participantsΩ profile   

Table 11 summarises the research participantsΩ experience and involvement in construction projects. 

The client representative of this project was a senior development manager in WA with more than 30 

ȅŜŀǊǎΩ of experience working in the property industry. At the time of the interview, C4P1 had worked 

for 15 years as a development manager in 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 engineering company. This participant is an expert in land development engineering, 

particularly those related to housing estates, and was directly involved in the design and civil works of 

the project.  

 
Table 11. SǳƳƳŀǊȅ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǇǊƻŦƛƭŜs in Case Study 4 

Stakeholder type Experience/Involvement  Participant 
code  

Client  A senior development manager involved in the property 
industry for more than 30 years 

C4P1 

Head-contractor A civil engineer and the director of the organisation with 20 
yearsΩ working experience in the organisation 

C4P2 

Design consultant  The director of a private company specialises in landscape 
architects, urban design and sustainability consultancy  

C4P3 

Supplier The director of the organisation with more than 27 yearsΩ 
experience in waste recovery in WA 

C4P4 

 
The third participant, C4P3, 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 spaces, this 

participant has worked as a senior academic at a WA university with a focus on environmental 

engineering and provided advice to government agencies including WA Waste Authority. The last 

participant in this case study (C4P4) was the director of a consulting company that specialises in C&D 

waste management and demolition. ¢Ƙƛǎ ǇŀǊǘƛŎƛǇŀƴǘΩǎ experience in this field included 28 years 

working on a variety of demolition projects as well as managing several landfills in the state.   
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7.5. OrganisationsΩ involvement in the project  

In this section, the engagement and the roles of the four organisations involved in this project are 

explored. The organisation that was responsible for land development and civil works was a 

consultancy company based in Perth. As the contract administrator, this organisation collaborated 

with the key stakeholders (i.e., planner, developer, local council and 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 be re-used. The summary 

ƻŦ ǘƘŜ ƻǊƎŀƴƛǎŀǘƛƻƴΩǎ ǊƻƭŜǎ and responsibilities is presented in Table 12.   

Table 12. Main involvement areas of study organisations in Case Study 4 

Organisation  Involvement / Activities  

Client  Project managing the property redevelopment from its acquisition of the land 
following the planning process, the demolition, the remediation, the bulk 
earthworks civil works, and land sales and building phase 

Head-contractor Land development, contract administration, design of civil works, supervising 
the demolition contractor  

Design 
consultant 

Multiple roles on the project team including sustainability consultancy, 
landscape architect, urban water consultancy, and estate architect on behalf of 
Development WA 

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

 
The design consultancy organisation was appointed to the project at the very beginning, commencing 

master planning at the time when the school was still operational. This organisation guided the project 

team and the client on sustainability initiatives and oversaw the process of securing sustainability 

accreditation for the project. The supplying organisation, which also managed the demolition activities, 

were engaged through a tendering process, and was responsible for demolition and asbestos removal. 

However, a few weeks into operation, they were told by the project team to have a particular focus on 

processing and reusing the demolition resources.  

7.6. {ǘŀƪŜƘƻƭŘŜǊǎΩ ƛƴǘŜǊŀŎǘƛƻƴ ƳƻŘŜƭƭƛƴƎ ƛƴ /ŀǎŜ {ǘǳŘȅ п  

Figure 23 shows the interaction model between the four study stakeholders in Case Study 4. The 

modelling was done based on the responses captured during the interviews.  
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Figure 23Φ {ǘŀƪŜƘƻƭŘŜǊǎΩ ƛƴǘŜǊŀŎǘƛƻƴ ƳƻŘŜƭ ƛƴ /ŀǎŜ {ǘǳŘȅ 4 
 

7.7. Major motivations for using PwRC 

As illustrated in Figure 24, 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.  

 

 

  Figure 24. Main motivations for using PwRC in Case Study 4 

 
C4P1 gave various justifications for the utilisation of the PwRC in this construction project. The reasons 

included economic benefits, reduced carbon emissions, less waste resource disposal, demonstration 

purposes, preservation of the landΩs heritage characteristics, reduced impact on the local road network 

and the application of modern waste recovery technologies. As previously mentioned, the project 

utilised a substantial amount of waste resources on-site, resulting in cost and carbon savings. This 
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participant stated that their unique waste management solution was deemed superior to landfill 

disposal and obtaining PwRC from recyclers. Furthermore, the use of PwRC reduced the need for 

material transportation leading to minimum impact on the local road networks. They explained: 

Ψ{ƻ ǘƘŜȅ ŀŎǘǳŀƭƭȅ ǊŜŀƭƛǎŜŘ ǘƘŀǘ ǘƘŜȅ ŎƻǳƭŘ ǎŀǾŜ ǎƻƳŜ ƳƻƴŜȅ ōȅ ƴƻǘ ǘǊŀŎƪƛƴƎ ŀƭƭ ǘƘŀǘ ƳŀǘŜǊƛŀƭ 
away. They realised that the cost to crush it on-site was less than them tracking the 
material off-siteΧBecause this purely worked out to be the most economical, most 
advantageous in terms of carbon footprint and disruption to the residenceΩ. [C4P1] 

Ψ²Ŝ Ǉǳǘ ǊŜŎȅŎƭŜŘ ŀƎƎǊŜƎŀǘŜǎ ŦǊƻƳ ǘƘŜ ǎŎƘƻƻƭ ǳƴŘŜǊ ǘƘŜ ŘǊŀƛƴŀƎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǎƻ ǿŜ 
didnΩt have to buy and import those new materials. And that way, weΩre basically cutting 
down on what new material needs to be minedΩ. [C4P1] 

Ψ¢ƘŜ ǘǊǳŎƪ ƳƻǾŜƳŜƴǘǎ ŀƴŘ ǘƘŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǊƻŀŘ ƴŜǘǿƻǊƪǎΣ ǘƘŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǎǳōǳǊōŀƴ 
residential streets, the impact to people, through truck movements and the dangers, you 
know that is far worse than allowing a temporary facility thatΩs going to crush their own 
material on-ǎƛǘŜΩ. [C4P1] 

Furthermore, this project was an ƻǇǇƻǊǘǳƴƛǘȅ ŦƻǊ ǘƘŜ ŎƭƛŜƴǘΩǎ ƻǊƎŀƴƛǎŀǘƛƻƴΣ ǿƘƛŎƘ ƛǎ ŀ ǎǘŀǘŜ ƎƻǾŜǊƴƳŜƴǘ 

agency, to demonstrate the successful utilisation of PwRC in residential construction to other public 

and private stakeholders: 

ΨCertainly, the purpose of these projects for us is to be able to demonstrate industry. 
Whereas as state government, obviously, we want to be showing that weΩre pushing the 
boundaries and trying to, I suppose provide demonstration projects that show what can 
ōŜ ŘƻƴŜ ŀƴŘ ǿƛǘƘƛƴ ŀ ƴƻǊƳŀƭ ŎƻƳƳŜǊŎƛŀƭ ŜƴǾƛǊƻƴƳŜƴǘΩ. [C4P1] 

Lastly, the land on which this project was being built had some heritage value in two periods: pre-

colonisation indigenous and European. The indigenous population used the land as scrubland and 

bushland as well as an important place to survey their surroundings due to its location on a hill. In the 

European period, the land was created, farmed and then became a school. According to C4P1, the use 

of PwRC derived from the old school could preserve the heritage spirit of the residential development:  

ΨIn terms of the school heritage, we actually retained a lot of material that we didnΩt crush 
that we actually reused in landscaping elements and for different features within the state 
that then show that sort of that old school being reconstituted into the new 
developmentΧǿŜΩre 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 gone to landfillΩ. [C4P1] 

The head-contractor representative, C4P2, highlighted the six motives for using PwRC in this case 

project. The diversion of waste resources from landfills and the cost savings associated with it were 

the first two main reasons why their organisation was motivated to use PwRC. They described:  

Ψ²Ŝ ǘƘŜƴ ƘŀŘ ƘǳƎŜ ǎǘƻŎƪǇƛƭŜǎ ŀƭƭ ƻǾŜǊ ǘƘŜ site of crushed materials and ordinarily, they 
would have been put into trucks and disposed of quite expensive to a landfill facility that 
would have been ordinary. Probably outcome we thought, well letΩs assist the opportunity 
of reusing this as recycled Rd material and there was probably that opportunity to promote 
ǘƘŜ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅΩ. [C4P2] 

Furthermore, C4P2 indicated that the use of PwRC primarily extracted from the demolition resource 

reduced the impact of construction activities on the surrounding population. By minimising the truck 



 

67 
 

movements due to keeping demolition resources on the site and subsequent applications, and not 

having to ship new materials to the site, the usage of PwRC provided positive social and environmental 

impacts. The educational opportunity in using PwRC was the last motivation indicated by C4P2. The 

participant stated that PwRC was an opportunity to educate their organisation, design consultants and 

the wider industry about the possibilities of using PwRC in construction projects. Lastly, C4P2 mentioned 

that the ŎƭƛŜƴǘΩǎ ǎǘǊƻƴƎ ǎǳǇǇƻǊǘ ŦŀŎƛƭƛǘŀǘŜŘ ǘƘŜ ǳǎŀƎŜ ƻŦ tǿw/ ƛƴ ǘƘƛǎ ǇǊƻƧŜŎǘΦ They explained: 

ΨΧ[we wanted to] educate consultants and the wider industry 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 
ǘƘŀǘ ƪƴƻǿƭŜŘƎŜ ȅƻǳ ƪƴƻǿ ǘƘǊƻǳƎƘƻǳǘΩ. [C4P2] 

ΨΧ[the client was] very supportive in that respect that you donΩt just 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 support from 
[the client] the whole along thereΩ. [C4P2] 

In response to the reasons why the design consultancy organisation was involved in this project and 

pursued the utilisation of PwRC, C4P3 indicated that environmental impacts, and heritage value and 

aesthetic aspects of PwRC, were the two main drivers. In terms of environmental sustainability 

impacts, the participant noted that the utilisation of PwRC reduces the need for new extractions, 

solving the ongoing issue of stockpiling in the state and alignment with the CE aspiration: 

ΨΧin 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 demolition of this 
project stockpile which we know is an ongoingΩ. [C4P3] 

The two last motivating factors were related to the heritage value of the construction site, which the 

participant thought should be reflected in the new design. Furthermore, the PwRC produced from the 

demolition resource had strong visual impacts that were perceived to be beneficial from a design 

perspective. They explained: 

ΨLǘ ǿŀǎ ǾŜǊȅ ŎƭŜŀǊ ŦǊƻƳ ǘƘŜ ŜŀǊƭȅ ŎƻƳƳǳƴƛǘȅ Ŏƻƴǎǳƭǘŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ǇǳōƭƛŎΣ ǘƘŀǘ ǇŜƻǇƭŜ 
wanted a sense of connection with the old school. So they didnΩt want to be erasedΧyou 
know, reusing the old bricks, reusing salvaged timbers reusing some of the other school 
ŜƭŜƳŜƴǘǎ ƛƴ ǇǳōƭƛŎ ŀǊǘΣ ŀƴŘ ǎƻ ŦƻǊǘƘΣ ƛǎ ŀ ǿŀȅ ƻŦΣ ƻŦ ƪŜŜǇƛƴƎ ǘƘŀǘ ŎƘŀǊŀŎǘŜǊΩ. [C4P3] 

According to C4P3, for the demolition and recycling contractor, the three motives for being engaged in 

this project were building a working relationship with the client, increasing the waste recovery rate 

and proving the benefits of on-site recycling: 

ΨFor me. It was purely and simply about getting maximum recycling and reuse on-site and 
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 my goalΩ. 
[C4P4] 

7.8. Major barriers to using PwRC 

The participants in this case study mentioned 15 unique challenges that hindered the application of 

PwRC in the One One Five Hamilton Hill project. As illustrated in Figure 25, the most frequently 
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mentioned challenge was the delays that occurred in getting permission to use the temporary waste 

recovery plan on the demolition site.  

 
Figure 25. Major issues around using PwRC in Case Study 4 

 

¢ƘŜ ŎƭƛŜƴǘΩǎ ǊŜǎǇƻƴŘŜƴǘ, C4P1, noted four major barriers to using PwRC in this project. First, the 

unsupportive state waste regulations made the permission for temporary setup of waste recovery 

(e.g., crushing) machinery unreasonably long. The participant mentioned that they had to go through 

the same process and meet the same requirements as they would in the case of establishing a 

permanent recycling facility. They recalled: 

ΨL think 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 
doesnΩt make senseΧIt 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 
because it is legƛǎƭŀǘŜŘΩ. [C4P1] 

The second challenge reported by C4P1 was to ensure that the final PwRC would meet the standard 

requirements for the intended applications. For this to occur, the participants had issues fully 

separating the waste resources on the site:  

ΨIn that [Engineers Australia] specifications, thereΩs certain percentages that are allowed. 
So that was a big challenge for us how the demolition contractor was separating bricks 
from concrete. Sometimes theyΩre attached, obviously. So, if youΩre talking [about a] big 
high school, where thereΩs concrete and columns, bricks built in between the columns, then 
typically the material just all comes down togetherΩ. [C4P1] 

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 

was a higher labour cost for using salvaged materials compared to brand-new ones as it needs different 

handling and application method. They explained: 

Ψ{ƻ ǊŜŀƭƭȅΣ ǿƘŀǘ ƛǘ ōŜŎŀƳŜ ŀ ŎƘŀƭƭŜƴƎŜ ǘƘŜǊŜ just to try and find what at every opportunity, 
where could we put recycled material versus new material. I guess thatΩs what weΩve tried 
to do. ItΩǎ ƴƻǘ ŀƭǿŀȅǎ ǇƻǎǎƛōƭŜΩ. [C4P1] 
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ΨThereΩs probably a cost involved because buying new bricks is cheaper than the labour 
required to say chip off the old mortar off an old brickΩ. [C4P1] 

The second participant, C4P2, who represented the organisation overseeing the civil works named five 

barriers: the limited understanding of PwRC applications, limited previous examples, the lack of 

relevant and comprehensive PwRC specifications, negative perceptions of using PwRC and 

conservative designs. C4P2 noted that the application of PwRC was not common and there were very 

limited examples of this application that could be used as a reference. Furthermore, the participant 

mentioned that the only available specification106 could not help the design team to understand the 

best applications for the available PwRC in the project. They stated: 

Ψ¢ƘŜǊŜ ǿŀǎ ƴƻǘ ŀ ƭƻǘ ƻŦ ǎƻǊǘ ƻŦ ǎǘǊƻƴƎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ōŜŎŀǳǎŜ ǘƘŜǊŜ ƘŀŘ ōŜŜƴ ƛƴ ǎƻǊǘ ƻŦ ǘƻ 
my knowledge only limited examples of recycled C&D waste being used in road 
ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴ tŜǊǘƘΩ. [C4P2] 

ΨThere was no common specification that we could go and refer to or point to and say oh 
thatΩs appropriate to use on this project. ThereΩs a WALGA specificationsΧSo thatΩs what I 
guess sort of specifications with a no clear reference that we consider turn to and so what 
we did is essentially developed our own sort of bespoke specificationsΩ. [C4P2] 

C4P2, highlighted the negative perceptions from the local council regarding the use of PwRC in road 

construction projects. The participant indicated that a previous application had not performed well, 

which created negative perceptions among stakeholders. This in turn was a challenge for design works, 

resulting in the production of conservative designs: 

ΨThere was some negative perception with the local council who sort of take some 
ownership of the roads, be due to sort of, I guess, historic trials I say of roads that had 
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 addressedΩ. [C4P2] 

¢ƘŜ ŘŜǎƛƎƴ ƻǊƎŀƴƛǎŀǘƛƻƴΩǎ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ, C4P3, noted five primary challenges in using PwRC in this 

project. These include extended delays in receiving permission for the temporary waste recovery plant 

operation on the site, approval from the nearby city council to use PwRC, the industry capacity to 

handle PwRC and the availability of PwRC. The latter factor caused several stages of design refinements 

to address the issue of PwRC availability: 

ΨIn terms 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 it just means you have 
to be more nimble in how youΩǊŜ ŘŜǎƛƎƴƛƴƎΩ. [C4P3] 

C4P4 noted several challenges in using demolition resources, most prominently, the existence of 

asbestos and other contaminants in the waste resources:  

ΨSo, 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 packing them outΧŀƴŘ ǎƻ ǘƘŀǘ ǿŀǎ ǘƘŜ ōƛƎƎŜǎǘ ŎƘŀƭƭŜƴƎŜ ǿŀǎ 
making sure the material we crushed was cleanΩ. [C4P4] 

 

106 PWEA/WALGA. Specification for the supply of recycled road base. https://bit.ly/3DndvCJ  

https://bit.ly/3DndvCJ
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The other challenges included time, cost and getting permission for waste recovery on-site. In terms 

of time, the client sought to complete the project without delay. According to C4P4, there were extra 

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

ƻŦ ŎƻƴǘŀƳƛƴŀƴǘǎΦ ¢ƘŜ ŜȄǘǊŀ ǿƻǊƪ ŀƭǎƻ ƛƳǇŀŎǘŜŘ ǘƘŜƛǊ ƻǊƎŀƴƛǎŀǘƛƻƴΩǎ ƻǇŜǊŀǘƛƻƴ ƻƴ ǎƛǘŜ: 

ΨThe time on the asbestos removal and I think in the future you would just change your 
methodology. Because obviously, we were finding it ad hoc. So, weΩd start another 
building...So while weΩre doing that, we have to go find something else to do. So, it was a 
bit all over the place because of that issueΩ. [C4P4] 

Ψ¢ƘŜƴ ŎƻǎǘΣ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ŜȄǘǊŀ ǿƻǊƪ ǘƘŀǘ ǿŜ ƘŀŘ ǘƻ Ǝƻ ǘƘǊƻǳƎƘ ǘƻ ƳŀƪŜ ǎǳǊŜ ǘƘŀǘ ŀƭƭ 
asbestos ǿŀǎ ŎƻƭƭŜŎǘŜŘ ŀƴŘ ǊŜƳƻǾŜŘΦ hōǾƛƻǳǎƭȅΣ ǘƘƛǎ Ŏƻǎǘ ƛƳǇŀŎǘǎ ǘƘŜ Ƨƻō ƛƴ ŘƻƛƴƎ ǘƘŀǘΩ. 
[C4P4] 

ΨWeΩre in the middle of a residential area and weΩre talking about crushing. YouΩre basically 
in Perth. It never happened in a residential area before. So that took, I think, almost six 
months to get approvals to be allowed to cruǎƘΩ. [C4P4] 

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 used. Figure 26 summarises the key findings in 

this section.  

 
Figure 26. Major strategies to remove barriers to using PwRC in Case Study 4 

 
The participant representing the client in this project provided four main strategies to increase the 

utilisation of PwRC and also remove the barriers mentioned. According to C4P1, the local councils 

should come on board at the early stage of the project development, as some PwRC can be used in 

their own infrastructure projects: 

Ψ{ƻ ǿƘŜƴ ȅƻǳΩre constructing those roads, you have to construct them in a way thatΩs 
acceptable to the council because they have the long-term liability to maintain those 
roads...So, itΩs important that the council comes on board because councils also manage 
ŦƻƻǘǇŀǘƘǎΩ. [C4P1] 

The second was to revise the regulations determining the permission for establishing waste recovery 

facilities. The participant suggested that permission should be given on a project-by-project basis and 
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revised in the favour of on-site waste recycling and production of PwRC due to the massive benefits 

associated: 

ΨI think put into the minds of the regulators that they need to probably consider a different 
process for short term operations to affect that we could crush the whole school and 
around about three weeksΧBut it has to be done on a site-by-site and project-by-project 
basis, itΩs not going to suit every demolitionΧI suspect that if we hadnΩt crushed this 
material on site, the amount of recycled content in our project would be lower than it is 
nowΩ. [C4P1] 

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 

PwRC applications. Even though they cannot be used in all circumstances, the project team was 

successful in finding some innovative applications for these materials:  

ΨWhat we ended up doing was just doing a blanket instruction to all consultants that in all 
their design work, whether itΩs the civil engineer or the landscape architect, or anyone 
thatΩs involved in the land development phase of the project, is that where thereΩs a 
recycled material option to specify thatΧwe basically said, look, brief to us that if [it] can 
be built in recycled material at the same costΩ. [C4P1]. 

The last strategy was to facilitate the demonstration aspects of construction projects in which PwRC 

are used. The client organisation used this strategy to promote this idea among the major stakeholders 

in WA:  

ΨWhen we do the projects, weΩre now looking at ways to demonstrate. So we had a tour of 
the projectΧŀnd we talked through one of Perth, sort of bigger private developers, their 
project managers came through so weΩre able to point out to them, the recycled material, 
the fact that weΩd had these stockpiles of crushed material, showed them our retaining 
walls and asked them if they recognise them and they didnΩt recognise themΩ. [C4P1] 

The builder representative, C4P2, reported that having demonstration projects, education on design 

considerations and local knowledge are the main strategies to promote the use of PwRC. They 

emphasised that: 

ΨProbably [there] needs to be an educational piece around what are the design 
considerations that you need to be sort of thought throughΧbefore you might sort of 
charge off and say I wanna do a project with recycled base. OK letΩs step through what 
you need to do thereΩ. [C4P2] 

C4P3 offered three strategies to reduce the impact of challenges towards using PwRC in construction 

projects. The strategies include effective time management planning, early engagement of 

stakeholders and mandatory site visits for contractors. According to the participant, better time 

management can reduce the impacts of different risk factors and will provide insight into the time 

implications. Likewise, they noted that early engagement of stakeholders will contribute to managing 

risks and ensure that all parties involved understand the project goals. They explained: 

ΨItΩs about good planning, understanding the timeline implications. Certainly, [through 
time management planning] you 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 example, once 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 projectΩ. [C4P3] 

According to C4P3, a mandatory site inspection is a common practice in the industry to make sure that 

the pricing of the job is done with a high level of confidence and that the project goals are clearly 

understood by the contractors. They explained: 

ΨΧ[we] had a mandatory site visit inspection for contractors who are going to be tendering 
for the landscape construction works. IΩm pretty 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 pricingΧSo that would improve our confidence that they would 
be pricing appropriatelyΩ. [C4P3] 

C4P4 suggested that having a clear contract that is informed by negotiating sessions would diminish a 

lot of issues concerning time and money. This participant noted that, for instance, in the negotiations 

it had to be clear that it is a full strip-out kind of job with the potential for having asbestos: 

ΨSo itΩs probably the only way to overcome that is if youΩre going to do a major crushing 
and reuse on-site, Is that in the initial contract negotiation that you need to make it clear 
that itΩs a full strip out with the potential for asbestos, that would probably save a bit of 
time and money, potentiallyΩ. [C4P4] 

The other suggestion was to showcase the project to set an example of such activities to ensure that 

future projects will run more smoothly. The participant thought this would aid 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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The following sections outline the research findings emerging from the second round of analyses. First, 

in Section 8.1, the industry experience and profile of all 16 research participants are cross tabulated. 

Second, in Sections 8.2 to 8.4, the motivations, barriers and strategies that were captured in the four 

case studies are juxtaposed. Third, by aggregating these factors, the major relevant categories are 

developed. The new categories aim to give an overall picture of issues around and opportunities for 

using PwRC in the Australian construction industry. Last, in Section 8.5, the most frequently observed 

categories across the case studies and stakeholder groups are compared.  

8.1. Summary participantsΩ experience in 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 to provide valuable information on the 

application of PwRC in the respective examples.  

 

 

 



Table 13. Summary of participants in the case studies  

Case study 
          Participant 

   Client  Head-contractor Designer  Supplier  

Case Study 1 
(Brickworks shopping 
centre) 

нл ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƛƴ 
construction project 
development 

About six years working experience 
in the organisation  

мм ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƛƴ 
architectural management  

Seven yearsΩ working experience in 
the organisation as the sale manager 

Case Study 2 
(Mordialloc freeway) 

Senior project manager 
with extensive 
experience in project 
managing of public 
infrastructure projects 

нл ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǘƘŜ 
construction industry as a site 
engineer, project engineer and 
manager 

мр ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ǿƻǊƪƛƴƎ ŀǎ 
design consultant  

Highly experienced corporate 
communicator with a background in 
government, corporate, industry and 
community organisations, with 4-
year employment history in the 
organisation  

Case Study 3  
(Tonkin Gap and 
Associated Works) 

 Four yearsΩ working experience in 
the construction industry with the 
focus on major road infrastructure 
projects in the organisation  

18 yearsΩ working experience in the 
organisation and was involved in 
the project as the technical 
director and oversaw the structural 
design of the work  

Working in the organisation as the 
director since its establishment in as 
a director of the organisation for 10 
years  

Case Study 4 

(One One Five 

Hamilton Hill) 

A senior development 
manager involved in the 
property industry for 
more than 30 years 

A civil engineer and the director of 
the organisation with 20 yearsΩ 
working experience in the 
organisation. 

The director of a private company 
specialises in landscape architects, 
urban design and sustainability 
consultancy 

The director of organisation with 
more than 27 yearsΩ experience in 
waste recovery in WA 
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8.2. An overview of the main motivations for using PwRC in the 
construction projects  

In response to the question enquiring about the main motivations for using PwRC in the selected case 

studies, the research participants referred to 64 factors (Figure 27). An analysis of the responses 

suggested that the four stakeholders provided a fairly similar quantity of motivation factors during the 

interviews.  
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Figure 27. Motivations for using PwRC in the study construction projects 
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The motivational factors were categorised into 17 groups (Figure 28). The descriptive analysis showed 

ǘƘŀǘ ΨŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎΩ όƴҐмоύΣ Ψ9ƴǎǳǊƛƴƎ ǘƘŜ ŎƻƳǇŜǘƛǘƛǾŜ ŀŘǾŀƴǘŀƎŜ ϧ ŦǳǘǳǊŜ ǇǊƻƻŦƛƴƎΩ όƴҐфύΣ 

ΨǎǘǊƻƴƎ ǎǳǇǇƻǊǘ ōȅ ƪŜȅ ǎǘŀƪŜƘƻƭŘŜǊǎΩ όƴҐрύ, ΨǎƻŎƛŀƭ ƛƳŀƎŜ ϧ ǊŜŎƻƎƴƛǘƛƻƴ ŦƻǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 

ǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ όƴҐрύ ŀƴŘ ΨŎƻƴǘǊŀŎǘǳŀƭ ƻōƭƛƎŀǘƛƻƴΩ όƴҐрύ ǿŜǊŜ ǘƘŜ ǘƻǇ ŦƛǾŜ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ƳƻǘƛǾŀǘƛƻƴǎ ŦƻǊ 

using PwRC in the four case studies.  

 

Figure 28. Frequency distribution of main motivations categories 

¢ƘŜ ŎŀǘŜƎƻǊȅ ƻŦ ΨŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎΩ, which represents about 17% of the total motivation factors, 

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

of PwRC stockpiling and reducing virgin material extraction. Applying PwRC in the case 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 by C2P1: Ψ{ƻƳŜǘƛƳŜǎ ȅƻǳ ƎŜǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎ ƛƴ 

one area, but youΩre harming the environment in another area. So, there were trade-offs that 

sometimeǎ ŘƛŘ ƴƻǘ ǿƻǊƪ ƛƴ ŦŀǾƻǳǊ ƻŦ ǊŜŎȅŎƭŜŘ ƳŀǘŜǊƛŀƭǎΩ. It is a fact that PwRC production and 

consumption require energy in transportation, processing and the application itself. Hence, 

construction environmental assessments need to consider the implications of PwRC utilisation to 

ensure it will deliver the environmental benefits as expected, without unintended consequences.   

The second most important motivation category refers to the concept of future-proofing. As it 

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

principles. In the near future, construction projects including public infrastructure projects will require 

contractors who can effectively handle PwRC. As C3P3 indicated, ΨΧyou also have to realise that when 

you win a contract as an alliance, a lot of the things that motivate the client to pick a certain team is 

ōŀǎŜŘ ƻƴ ǘƘŜƛǊ ǘŜŀƳΣ ǘƘŜƛǊ ǇŜƻǇƭŜΣ ŀƴŘ ǘƘŜƛǊ ŀǘǘƛǘǳŘŜ ǘƻǿŀǊŘǎ ǘƘƛƴƎǎ ƭƛƪŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΩΦ 

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 project owners that utilise PwRC. Similar results were 

achieved in the case of the role of regulations, which were found to be both supportive (an enabler) 

and unsupportive (a barrier).   

8.3. An overview of the main barriers to using PwRC in the 
construction projects  

The research participants reported 69 factors that influence the barriers to the broad application of 

PwRC in the selected case studies (Figure 29). The two stakeholder groups that provided the largest 

number of barrier factors in their responses to this question were the designers and builders.  
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Figure 29. Barriers to using PwRC in the selected case studies 
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To better analyse these factors, they were organised into 11 categories. In three instances, one 

response given by participants fell into two categories. The application of descriptive analysis to these 

ŎŀǘŜƎƻǊƛŜǎ ǎƘƻǿŜŘ ǘƘŀǘ Ψ¦ƴǎǳǇǇƻǊǘƛǾŜ ǊŜƎǳƭŀǘƛƻƴǎΩ όƴҐмоύΣ ΨLƴŎƻƴǎƛǎǘŜƴŎȅ ƻŦ tǿw/ ǉǳŀƭƛǘȅΣ 

ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ǿŀǊǊŀƴǘȅΩ όƴҐфύΣ Ψ[ƛƳƛǘŜŘ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ tǿw/Ω όƴҐфύ ŀƴŘ Ψ[ŀŎƪ ƻŦ ŜȄǇŜǊǘƛǎŜ ŀƴd 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ tǿw/ ǳǘƛƭƛǎŀǘƛƻƴΩ όƴҐфύ ǿŜǊŜ ǘƘŜ Ƴŀƛƴ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ōŀǊǊƛŜǊǎ ǘƻǿŀǊŘǎ ǳǎƛƴƎ tǿw/ ƛƴ 

the selected case study projects (Figure 30).  

 

Figure 30. Frequency distribution of barrier categories 

The barrier category referred to mostΣ Ψ¦ƴǎǳǇǇƻǊǘƛǾŜ ǊŜƎǳƭŀǘƛƻƴǎΩΣ ǊŜǇǊŜǎŜƴǘǎ ǎŜǾŜǊŀƭ ƛǎǎǳŜǎ ǿƛǘƘƛƴ 

current state waste regulations. The primary barrier is the complex and hard-to-achieve requirements 

stipulated in PwRC specifications. According to the interviews, these requirements practically limit the 

application of these resources in the sector. For instance, CнP2 indicated that:  

ΨΧit is traditional specifications donΩǘ ŀƭƭƻǿ ƛǘΧǘƘŜ ǇƛǇŜ ŦƻǊ ƛƴǎǘŀƴŎŜΦ ²ŜƭƭΣ ǘƘŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ǎŀƛŘ 

it had to be a concrete pipe. So, if I was just to follow the specification that I canΩt do it all the 

recycled asphalt, well, there was no testing regime there was not an accepted product. So, the 

ŎƘŀƭƭŜƴƎŜ ƛǎ ǘƻ ƎŜǘ ǘƘŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ǘƻ ōŜ ƛƴǾƛǘŜŘ ƛƴƴƻǾŀǘƛƻƴ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ǘǊŀŘƛǘƛƻƴŀƭƭȅΩ. [C2P2] 

Previous studies also identified materials specifications as a major hurdle to not only the application 

of PwRC107 108, but also effective C&D waste management109 110, the creation and stimulation of 

 

107 Park, J. and Tucker, R. 2017. Overcoming barriers to the reuse of construction waste material in Australia: A review of the 
literature. International Journal of Construction Management. 17, pp.228-237. 

108 KnoeriΣ /Φ Ŝǘ ŀƭΦ нлммΦ 5ŜŎƛǎƛƻƴǎ ƻƴ ǊŜŎȅŎƭƛƴƎΥ /ƻƴǎǘǊǳŎǘƛƻƴ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ŘŜŎƛǎƛƻƴǎ ǊŜƎŀǊŘƛƴƎ ǊŜŎȅŎƭŜŘ ƳƛƴŜǊŀƭ ŎƻƴǎǘǊǳŎǘƛƻƴ 
materials. Resources, Conservation and Recycling. 55, pp.10391050. 

109 Liu et al. 2020. Identification of critical factors in construction and demolition waste recycling by the grey-DEMATEL approach: 
A Chinese perspective', Environmental Science and Pollution Research. 27, pp.8507-8525 

110 Shooshtarian S. et al. 2021. An investigation into challenges and opportunities in the Australian construction and demolition 
waste management system. Engineering, Construction and Architectural Management, 29(10), pp.4313-4330. 
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markets for PwRC111 andτmore importantlyτthe implementation of CE principles112. In China, Liu et 

al. (2020)113 reported that waste regulations are the most influential factor in the C&D waste recycling 

industry that also affects other important factors. Meanwhile, it as been recognised that in Australia, 

ΨƻǾŜǊǊŜƎǳƭŀǘƛƻƴΣ ǘƻǳƎƘ ŀŎŎŜǇǘŀƴŎŜ ŎǊƛǘŜǊƛŀΣ ŀǎ ǎǇŜŎƛŦƛŜŘ ƛƴ tǿw/ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΣ ŀƴŘ ƛƴŎǊŜŀǎŜ ǘŜǎǘƛƴƎΩ is 

the top barrier to effective C&D waste management.114 

The other complexity of the current waste regulation in Australia pertains to the fact that regulatory 

frameworks are established on a state basis. As a result, each state has its own regulations and 

guidelines115 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 different C&D sites (Case Study 1), lack of obligation to use PwRC in 

infrastructure projects (Case Study 3) and difficulty 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 Australia116, the 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 a pivotal issue in large-scale 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 located at a distance from 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 (Figure 29). C3P1 maintained that:  

ΨΧƛtΩs another commercial challenge, which is around getting enough product at the right time 

at the right cost. So, once youΩve proven that itΩs okay to be used, then itΩll be can we get it 

when we need it and get it for a reasonable price and itΩs competitiveΩΦ [C3P1] 

Working with PwRC necessitates special expertise across the supply chain. Until this expertise and 

maturity become fully developed, the utilisation of PwRC is unlikely to become a business-as-usual 

practice in the sector. This barrier category represents issues such as the ŘŜǎƛƎƴ ǘŜŀƳΩǎ ǇƻƻǊ 

experience and risk aversion, limited understanding and previous experience of applying these 

resources in construction and difficulty finding qualified contractors with the capability to use PwRC. 

C1P3 highlighted that ΨL guess thereΩs a process involved in finding the collaborators. That was not a 

problem, but it was something that took time and was part of the challengesΩ. 

 

111 Shooshtarian S. et al. 2022. Analysis of factors influencing the creation and stimulation of the Australian market for recycled 
construction and demolition waste products. Sustainable Production and Consumption, 34(2022), p.163-176. 

112 Shooshtarian S. et al. 2023. Circular economy in the Australian AEC industry: investigation of barriers and enablers, Building 
Research & Information, 51(1):56-68, 

113 Liu H. et al. 2020. Identification of critical factors in construction and demolition waste recycling by the grey-DEMATEL approach: 
A Chinese perspective', Environmental Science and Pollution Research. 27, pp.8507-8525 

114 Shooshtarian S. et al. 2021. An investigation into challenges and opportunities in the Australian construction and demolition 
waste management system. Engineering, Construction and Architectural Management, 29(10), pp.4313-4330 

115 Shooshtarian S. et al. 2020. Review of waste strategy documents in Australia: analysis of strategies for construction and 
demolition waste', International Journal of Environmental Technology and Management, 23(1), pp.1-21. 

116 Blue Environment. 2022. National Waste Report 2022. The Department of Climate Change, Energy, the Environment and Water. 
Canberra, Australia. 
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The last important barrier according to the responses refers to the quality of PwRC and the warranty 

thereof. This barrier represents a long-lasting 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 unwillingness to use them in the case projects. 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 (Figure 29). This category was among the main concerns expressed by the 

client and supplier respondents. For instance, C1P1 contended that:  

ΨΧƛf you have got performance requirements for, something thatΩs structural 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 canΩt always guarantee that weΩve recycled or salvaged materials 

in particularΩ. [C1P1] 

8.4. An overview of the main strategies for further application of 
PwRC 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 (Figure 31). The 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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  Figure 31. Main strategies to address barriers regarding the use of PwRC in construction projects 














