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Appendix A: List of reviewed studies on concrete waste recycling based on systematic literature review
	Number
	Author(s) and year
	Country
	Source title
	Methodology
	Study description

	1
	Badraddin, Rahman, Zakaria, et al. (2021)
	Malaysia
	IOP Conference Series: Earth and Environmental Science
	Semi-structured interview
Questionnaire Survey
	Investigates the factors affecting the adoption of concrete recycling in construction projects in Malaysia.

	2
	Oyejobi et al. (2024)
	Botswana
	Results in Engineering
	Literature review
	Explores the integration of CE into concrete technology

	3
	Badraddin et al. (2022)
	Malaysia
	Sustainability
	Interview 
Quantitative Survey
	Examine the critical success factors for concrete recycling in construction projects.

	4
	Bao et al. (2020)
	Hong Kong

	Science of the Total Environment
	Case study, site visits and interviews
	Implementing on-site construction waste recycling in Hong Kong: Barriers and facilitators.

	5
	Zhang and Tan (2020)
	China
	Waste Management & Research
	Case Study
	Investigates the demolition waste recycling practices and the challenges

	6
	Hu et al. (2023)
	China
	Advances in Transportation and Development
	Case study
	Explore the demolition of a road construction project.

	7
	Broujeni et al. (2016)
	Iran
	Engineering Technology & Applied Science Research,
	Case study
	Investigates the recycling and reuse of construction and demolition (C&D) waste in Tehran

	8
	Ma et al. (2020)
	China
	Waste Management
	Interviews
Site visit
	Identify and analyze the obstacles in the recycling of construction and demolition (C&D) waste. 

	9
	Domingo and Luo (2017)
	New Zealand
	International Journal of Disaster Risk Reduction
	Semi-structured interviews, questionnaire survey
	Examine post-disaster construction and demolition waste management

	10
	Ram et al. (2019)
	India
	Indian Concrete Journal
	Semi-structured interviews
	Identifies several key challenges and opportunities in the recycling of demolition waste

	11
	Senaratne et al. (2017)
	Australia
	Procedia Engineering
	Interviews
	Examine the barriers and enablers to promote the use of recycled concrete in structural applications.

	12
	Akhtar and Sarmah (2018)
	New Zealand
	Journal of Cleaner Production
	Review 
	Construction and demolition waste generation and properties of recycled aggregate concrete: A global perspective

	13
	Thompson and Bashford (2012)
	USA
	Construction Research Congress Proceedings
	Interviews
	Explores the barriers and drivers of concrete recycling and recycled concrete utilization

	14
	Tam (2009)
	Australia and Japan
	Journal of Cleaner Production
	Survey
Structured interview
	Investigates the benefits and challenges of concrete waste recycling between Australia and Japan

	15
	Jin and Chen (2019)
	USA
	Journal of Construction Engineering and Management
	Interview
Survey
questionnaire

	Concrete recycling legislation and regulations challenges

	16
	Superti et al. (2021)
	Switzerland
	Sustainability
	Survey questionnaire
	Investigates the factors influencing the adoption of recycled concrete (RC) in the construction and demolition (C&D) sector

	17
	Crawford et al. (2017)
	Austrailia
	Procedia Engineering
	Case study
	Explore the barriers and strategies to the reuse and recycling of construction waste management.

	18
	Di Maria et al. (2018)
	Belgium
	Waste Management
	Case study
	Focuses on drivers for C&D waste in Flanders, Belgium: landfilling, downcycling, advanced recycling, and recycling after selective demolition

	19
	Song et al. (2024)
	China
	Buildings
	Evolutionary Game Theory and numerical simulations
	Explore the recycling and resource utilization of construction waste 

	20
	Barbhuiya et al. (2024)
	UK
	Journal of Environmental Management
	Literature review
	Explore sustainable practices and circular-economy principles in the concrete industry.

	21
	Chinda (2016)
	Thailand
	Civil Engineering and Environmental Systems
	Interview, questionnaire survey
	Examines the key factors influencing construction waste recycling decisions

	22
	Inazumi and Manabe (2016)
	Japan
	Waste Management & Research: The Journal for a Sustainable Circular Economy
	Interview
Case study
	Evaluate the practical challenges and opportunities of processing and recycling of concrete sludge.

	23
	Mendoza et al. (2017)
	Spain
	Waste Management
	Case study
	Focus on the economic and technical feasibility of recycled products from recycling plant

	24
	Saimanova et al. (2022)
	Russia
	Bio Web of Conferences
	Case study
	Explore the efficiency of construction waste recycling 

	25
	Vojnovic-Calic et al. (2017)
	Serbia
	Facta Universitatis - Series Architecture and Civil Engineering
	Case study
	Investigates the potential of recycling construction and demolition waste to achieve sustainability in the construction industry

	26
	Nitichote and Yodsudjai (2022)
	Thailand
	International Journal of Sustainable Construction Engineering Technology
	Case study
	Examines the feasibility and economic viability of investing in concrete recycling 

	27
	Lauritzen (2004)
	Denmark
	International RILEM Conference
	Interview
Survey questionnaire
	Addresses the challenges of concrete recycling

	28
	Lockrey et al. (2016)
	Vietnam
	Journal of Cleaner Production
	Interviews case study
	Addresses the practices, opportunities, and challenges of recycling construction and demolition (C&D) waste

	29
	Ding et al. (2023)
	China
	Journal of Cleaner Production
	Semi-Structured Interviews, Site Investigations
	Explores barriers and measures for construction and demolition waste recycling enterprises in the circular economy context

	30
	Jin and Chen (2015)
	China
	Procedia Engineering
	Survey
questionnaire
	Comparative analysis of the current state of concrete recycling and the challenges in Australia and Japan

	31
	Tam et al. (2010)
	Australia and Japan
	Waste Management


	Questionnaire survey
Structured interviews
	Investigates a comparative study on concrete recycling practices between Australia and Japan.

	32
	Atta and Bakhoum (2024)
	Egypt
	International Journal of Environmental Science and Technology
	Case study
	Environmental feasibility of recycling construction and demolition waste.

	33
	NoParast et al. (2021)
	Iran
	Sustainable Production and Consumption

	Case study

	Highlights the potential of advanced genetic algorithms to promote recycling in the concrete industry, aligning with circular-economy principles.


	34
	Darof et al. (2021)
	Malaysia
	IOP Conference Series: Earth and Environmental Science,
	Survey questionnaire
	Identify potential barriers and factors affecting concrete recycling.

	35
	Tam and Tam (2006)
	Hongkong
	Building and Environment
	Interviews
Site Visits
	The study identifies several barriers to effective construction waste recycling.

	36
	Mahpour (2018)
	Iran
	Resources, Conservation and Recycling
	Literature Review
	Identifies and prioritizes the key barriers to construction and demolition (C&D) waste management in CE

	37
	Marsh et al. (2022)
	UK
	Journal of Cleaner Production
	Literature review
	Explore the successful implementation and integration of circular economy strategies for concrete.

	38
	Zhao et al. (2023)
	Japan
	Energy and Buildings
	Case study
	Focused on carbon emission reduction through C&D waste recycling in Japan's construction industry.

	39
	El-Shaboury et al. (2018)
	Egypt
	Waste Management & Research: The Journal for a Sustainable Circular Economy
	Case study
	Focuses on evaluating the economic performance of recycling and reuse of concrete waste

	40
	Senarathna and Perera (2021)
	Sri Lanka
	World Construction Symposium
	Questionnaire survey
Semi-structured interviews
	Drivers and barriers to implementing concrete waste management

	41
	Knoeri et al. (2014)
	Germany
	Journal of Artificial Societies and Social Simulation
	Survey
	Factors influencing construction waste recycling and the use of recycled aggregate

	42
	Stuetzer et al. (2024)
	Germany
	IOP Conference Series Earth and Environmental Science
	Case study
	Explores the recyclability of building materials

	43
	Torgautov et al. (2021)
	Kazakhstan
	Buildings
	Semi-structured interview
	Explore the barriers and benefits of construction materials reuse in a circular economy context.

	44
	Esa et al. (2017)
	Malaysia
	Journal of Material Cycles and Waste Management
	Semi-structured interview
Case study
	Explores the challenges and opportunities for implementing CE-based waste management strategies.

	45
	Jin et al. (2017)
	UK
	Resources, Conservation and Recycling
	Survey questionnaire

	Highlights the perceptions of Chinese field practitioners towards the benefits, challenges, and recommendations for C&D waste recycling and reuse.

	46
	Hasan and Elmualim (2023)
	Australia
	Multi-Functional Concrete with Recycled Aggregates
	Literature review
	Investigate concrete waste reuse in concrete production

	47
	Shooshtarian et al. (2022)
	Australia
	Sustainable Production and Consumption
	Semi-structured interview
	Factors affecting the market for recycled construction and demolition (C&D) waste products 

	48
	Tam et al. (2018)
	Australia
	Sustainability
	Questionnaire survey
	Investigates the attitudes and behavioural factors influencing recycling practices in the construction industry

	49
	Oyedele et al. (2014)
	UK
	Resources, Conservation and Recycling
	Unstructured interview
Survey questionnaire
	Factors influencing the use of recycled products in the construction industry

	50
	De Luca et al. (2021)
	Australia
	International Journal of Building Pathology and Adaptation
	Case study from the UK, Australia, and Japan
	Explores the barriers and benefits of recycling construction and demolition wastes and the utilization of recycled aggregates

	51
	Lauritzen (2018)
	
	CRC press
	Literature review
	Overview of case studies on managing construction and demolition waste

	52
	Yuan (2017)
	China
	Journal of Cleaner Production
	Survey
Interviews
Case study
	Identifies several challenges and proposes solutions to construction waste management practices

	53
	Zhang et al. (2019)
	China
	Journal of Cleaner Production
	Experimental
	Explore the utilization and feasibility of recycling mixed aggregates and identify the barriers.

	54
	Ma et al. (2023)

	China
	Journal of Building Engineering
	Case study; A system dynamics model
	Evaluates the financial perspective of concrete recycling and recycled concrete 

	55
	Wang et al. (2024)
	China
	Buildings
	Evolutionary Game Theory
	Investigates the strategies and behavioural factors of stakeholders in the C&DW recycling industry

	56

	Lin et al. (2022)
	China
	Environmental Science and Pollution Research
	Case study
	Explores the use of advanced techniques to improve the classification of construction and demolition (C&D) waste

	57
	Huang et al. (2018)
	China
	Resources, Conservation and Recycling
	Interview
	Investigate the barriers and strategies for reducing, reusing, and recycling C&D waste.

	58
	Katerusha (2021)
	Germany and Switzerland
	Research Policy
	Case study: Interview and survey
	The barriers and solutions to the widespread use of recycled concrete in building construction

	59
	Li et al. (2024)
	China
	Environmental Engineering and Management Journal
	Survey questionnaire
	Analyzes the key factors that influence the successful use of recycled concrete

	60
	Liu et al. (2020)
	China
	Environmental Science and Pollution Research
	system dynamics model 

	Investigates the challenges and potential solutions for improving the construction waste recycling industry in China

	61
	Bao and Lu (2021)
	Hong Kong
	Journal of Cleaner Production
	Mixed method, case study, site visits and interviews
	Investigate the barriers and drivers for on-site construction waste recycling

	62
	Tam (2008)
	Hong Kong, China
	Resources, Conservation and Recycling
	Case study
	Investigates the economic feasibility of recycling concrete waste compared to traditional disposal methods.

	63
	Badraddin, Rahman, Almutairi, et al. (2021)
	Malaysia		
	Sustainability
	Semi-structured interview; Quantitative Survey
	Examine the challenges to concrete recycling in Malaysia.

	64
	Pacheco-Torgal et al. (2025)
	China
	Advances in Construction and Demolition Waste Recycling
	[bookmark: OLE_LINK37]Literature review
	[bookmark: OLE_LINK48]Highlights the challenges and potentials of construction and demolition waste recycling.

	65
	Al-Sharif et al. (2024)
	Jordan
	Frontiers in Sustainability
	Literature review
	Investigates concrete recycling in Jordan





Appendix B. Major barriers to concrete waste recycling (CWR) implementation based on systematic literature review
	Category
	Barriers
	Reference numbers
	Frequency

	Regulatory and policy barriers
	Lack of comprehensive regulations and guidelines for recycling 
	[1,2,4-10,63]
	10

	
	Limited governmental financial support and economic incentives for concrete recycling initiatives
	[4,7,8,14-19]
	9

	
	Unclear standards for recycled concrete applications
	[2,11-13]
	4

	
	Inadequate enforcement of recycling-related regulations
	[1,10]
	2

	Financial and economic barriers
	High initial investment costs for recycling equipment and infrastructure
	[4,10,14,17,20,21,23-29,63]
	14

	
	Increased project costs due to labor, management, and recycling processes
	[1,3,14,18,20,25,30,31]
	8

	
	Transportation expenses
	[3,14,29,30,32,33]
	6

	
	Inadequate funding and budgetary support for recycling initiatives
	[26,34]
	2

	Technical and technological barriers
	Limited availability of advanced technologies for demolition, sorting, and recycling activities and treatment techniques
	[1,3,5,10,27,29,34-36,57]
	10

	
	Insufficient training and education on concrete recycling technologies and waste minimization strategies
	[4,8,14,17,29,41,42]
	7

	
	Lack of information tools for concrete waste classification, estimation, and monitoring processes
	[3,8,12,23,37,38]
	6

	
	Limited expertise in effective concrete waste recycling methods
	[1,10,14,34,39,40]
	6

	
	Presence of impurities and other materials in concrete waste during recycling
	[2,22,37]
	3

	Social, behavioral, and awareness barriers
	Resistance to change and preference for traditional practices
	[14,19,20,40,43-46]
	8

	
	Concerns about the quality and reliability of recycled concrete products.
	[1,11,16,23,25,37,40,49]
	8

	
	Limited public and industry awareness of the benefits of recycling and recycled aggregates
	[4,5,10,15,20,47]
	6

	
	Lack of staff participation and engagement in recycling initiatives.
	[14,40,48]
	3

	
	Health and safety concerns with the recycling process
	[6,14]
	2

	Market barriers
	Poor quality and limited applications of recycled concrete
	[12-14,16,25,30,33-35,50,51,53]
	[bookmark: OLE_LINK41]12

	
	Restricted market for recycled concrete products
	[5,7,18,21,29,49,52,57]
	8

	
	Low demand for recycled concrete products
	[1,20,23,52,58, 63]
	6

	
	Availability of raw materials
	[1,37,47]
	3

	
	An imbalance between supply and demand for recycled materials.
	[14,50,51]
	3

	
	High cost of recycled concrete waste products compared with virgin materials
	[29,49,54]
	3

	Organizational and operational barriers
	Insufficient recycling facilities or companies
	[7,9,10,14,18,36,47,54,56,57]
	10

	
	Project time and schedule constraints
	[1,17,22,35,48,63]
	6

	
	Lack of cooperation among stakeholders on recycling initiatives
	[8,9,13,14,47,55]
	6

	
	Difficulty in developing and implementing recycling plans for specific projects
	[1,7,27,31]
	4

	
	Insufficient space for the recycling facility and processes 
	[4,14,24,51]
	4

	
	Poor data management quality
	[1,20,7, 64]
	4


Note: Numbers in brackets refer to supporting references for each barrier. Full reference details corresponding to these numbers are provided in Appendix A. 








[bookmark: OLE_LINK43]Appendix C: Critical success factors (CSFs) for concrete waste recycling (CWR) implementation based on systematic literature review
	[bookmark: OLE_LINK66][bookmark: OLE_LINK30]Category
	Critical success factors
	References
	Frequency

	Legal and Regulatory Frameworks
		
	Detailed technical, standard specification and certification for recycled concrete products 
	[10,14,15, 19,31,46]
	6

	
	Concrete recycling inclusion in design and tender appraisal
	[10,31,45,50,58]
	5

	
	Restrictions on concrete waste volume generation 
	[14,15]
	2

	
	High landfill charges for concrete waste disposal 
	[10,14,15,19,35]
	5

	
	Mandatory policies on concrete recycling and the use of recycled concrete 
	[10,65,54]
	3

	
	Government oversight intensity 
	[59,60]
	2

	Economic and market factors
	Government financial support for recycling enterprises 
	[26,34,54]
	3

	
	Economic incentives for compliance 
	[3,49,53,54,58,59,61,63]
	8

	
	Establishment of reasonable purchasing prices for recycled concrete products 
	[37,63]
	2

	
	Efficient transportation logistics 
	[59,61]
	2

	
	Market demand creation through awareness programs 
	[29,59]
	2

	Infrastructure and technology factors
	[bookmark: OLE_LINK65][bookmark: OLE_LINK28]Investment in advanced concrete recycling technologies 
	[2,29,45,56,61]
	5

	
	Provision of recycling centers and infrastructure 
	[2,35,53,63]
	4

	
	Implementing information technologies 
	[37,54]
	2

	Knowledge and education factors
	Training programs and education of construction workers and stakeholders 
	[10,13,14,15,29,49,63,65]
	8

	
	Effective Communication and collaboration among stakeholders 
	[14,15,29,60,63]
	5

	
	Public awareness campaigns on the environmental and economic advantages of recycling concrete 
	[10,29,63]
	3

	
	Investment in research and development 
	[10,19,45]
	3

	
	Create demonstration projects that showcase effective concrete recycling techniques. 
	[19,59]
	2


[bookmark: OLE_LINK42]Note: Numbers in brackets refer to supporting references for each CSFs. Full reference details corresponding to these numbers are provided in Appendix A. 
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