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OPTIMISING CIRCULAR ECONOMY PRACTICES IN CONSTRUCTION: A 
SYSTEMATIC REVIEW OF MATERIAL MANAGEMENT STRATEGIES

Abstract
Purpose: Although circular economy (CE) principles are gaining increased attention, systematic understanding of material management 
strategies for effective CE transition in construction is still lacking. This review addresses this gap by examining global construction 
practices, focusing on waste reduction and recycled materials. The study identifies key material management strategies for optimizing 
CE practices, supporting an integrated sustainable approach in construction.
Design/Methodology/Approach: A bibliometric analysis of 17,600 papers published from 2015 to 2022 was conducted, leading to an 
in-depth investigation of 44 relevant articles. Systematic review revealed material management strategies such as on-site sorting, 
deconstruction planning, modular building, and reverse logistics which were evaluated using quantitative and qualitative comparative 
analysis.
Findings: China emerges as a leader in construction material management research, reflecting significant global interest. Key findings 
indicate that strategies like design for deconstruction (DfD), minimization at design, modular construction, achieve higher waste 
reduction while Building Information Modelling (BIM) and on-site sorting show lower cost-saving potential. This research uniquely 
validates the structural feasibility of most common recycled materials through qualitative comparative analysis of studies examined, 
emphasizing the critical role of CE design principles in sustainable construction.
Practical Implications: The study validates circular design concepts like DfD, minimization of resource use at design, and 
modularization, which facilitate closed-loop planning. Circular construction systems are technically and economically feasible, 
underscoring the need for mass implementation. Recommendations on material management and transition strategies are provided for 
stakeholders based on CE principles.
Originality/Value: This study synthesizes recent research on sustainable material management, uniquely validating recycled materials’ 
structural viability and comparing material management strategies for optimal waste reduction and cost savings. It emphasizes multi-
stakeholder initiatives spanning policy, industry, and academia, providing practical insights to embed circular economy practices in 
sustainable construction.
Keywords: circular economy, construction waste, material management, sustainable construction, BIM, Deconstruction
Paper Type: Review Paper
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1. Introduction
The construction industry accounts for approximately 50% of global raw materials use and generates over 40% of global waste (UNEP, 
2019). Optimizing material management strategies in construction is crucial for advancing sustainability given its outsized 
environmental impacts (Gálvez-Martos et al., 2018). The construction industry has moved from linear "take-make-waste" materials 
management to circular economy methods in recent decades. Despite the increasing interest in circular economy principles, there is 
limited systematic understanding of how these principles can be effectively implemented in construction. This review aims to address 
this gap by evaluating the current state of the art in material management in construction, focusing on waste minimization and the use 
of recycled materials.
Transitioning construction practices towards circular economy principles of keeping products and materials in use at their highest utility 
is estimated to significantly reduce raw material demand and waste generation through material reuse and recycling (Kerdlap et al., 
2019; Rahla et al., 2021). With the world's population projected to reach 10 billion people by 2050 who will require new and refurbished 
built infrastructure (Macarthur & Heading, 2019), implementing circular material flows that decouple economic growth from finite 
resource consumption is imperative. Adopting management strategies such as designing for deconstruction, source separation, digital 
tracking and collaborative exchanges between builders and manufacturers under a circular economy framework can help minimise the 
environmental footprint and address future resource needs of the growing global population.

Material management plays a crucial role in the environmental impact of construction projects (Vipin and Rahima Shabeen, 2019). It 
encompasses planning, controlling, receiving, storing, handling, distributing, and monitoring construction materials and equipment 
(Jusoh et al., 2018). As material management accounts for over 60% of total project costs (Koriom et al., 2019), its efficiency is also 
critical for project success and profitability (Aasonaa, 2022). Effective material management, including vendor selection, inspection, 
storage, transportation, stock control, and waste management (Choudhury, 2021), can boost productivity, reduce waste, and enhance 
project outcomes.

Traditional practices involve linear processes like extraction, construction, demolition, and landfill disposal which are unsustainable 
(Ghisellini et al., 2018). Thus, circular approaches, such as reusing buildings and recycling construction waste, are gaining increasing 
interest (Behún and Behúnová, 2023; Samourkasidou et al., 2022). Life cycle assessments highlight the environmental benefits of 
circular options over conventional methods (Dong et al., 2021; Lei et al., 2021). However, challenges related to quality, cost, logistics, 
and regulation hinder the widespread adoption of these practices (Luciano et al., 2022; Mahpour, 2018). Industry stakeholders are 
developing innovative systems for sorting, collecting, processing, and controlling construction waste (Lu and Yuan, 2010; Zhao et al., 
2021), and numerous studies are assessing the properties and performance of recycled aggregates for non-structural uses (Adu and Jolly, 
2017; Soni et al., 2022). These research efforts aim to overcome existing barriers and promote circular economy practices in construction 
(Hart et al., 2019; Torgautov et al., 2021).

Several review studies highlight opportunities to optimise construction material management. For example, Chen et al., (2022), 
examined circular economy strategies in the construction supply chain concluding that design for deconstruction, reuse, and recycled 
material use are essential for resource loop closure. They noted a lack of research on logistics network optimisation for industrial 
symbiosis. To address this, they developed a circular framework spanning design, manufacturing, construction, operation, and end-of-
life phases. This framework guides construction project participants and researchers in optimising material governance to achieve 
sustainability goals, such as net zero emissions by 2050. 

Research on material management and circular economy practices in construction has made significant strides; however, gaps remain, 
particularly in optimizing logistics networks and enhancing stakeholder collaboration for industrial symbiosis. Moreover, there is a need 
for a comprehensive evaluation of how these strategies can be effectively integrated across all phases of construction projects, from 
design to end-of-life, to maximize sustainability benefits. Addressing these gaps will provide the necessary guidance for transitioning 
to a circular economy in construction.

This systematic review aims to evaluate the current state-of-art of material management in construction, focusing on waste minimization 
and the use of recycled materials. The objectives are to (1) examine current construction material management strategies, (2) identify 
key material management strategies for waste reduction in the construction industry that support the transition to a circular economy, 
(3) explore the use of recycled materials in construction, and (4) evaluate global research efforts on these strategies.
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2. Methodology
2.1 Analysis Tools
A Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)-compliant systematic literature search was first 
conducted. Following that, VOSviewer mapping was used to analyse author collaborations and influence, aiming at revealing research 
landscape and knowledge development trends. The Dimension Artificial Intelligence (Dimension AI) database was used for bibliometric 
analysis which included PubMed, ScienceDirect, Scopus, and Web of Science. Slamet Rusydiana et al., (2023) defined Dimension AI 
as an index that requires Digital object identifiers (DOIs) for all articles. Digital Science provides Dimension AI, an inter-linked research 
information system (García-Sánchez et al., 2019). It consists of a large set of bibliometric data, including publication citations and offers 
an Application Programming Interface (API) for customisable Domain Specific Language queries. These queries can be run in any 
programming language and return JavaScript Object Notation (JSON) data for efficient processing and quantitative analysis. Dimension 
AI is ideal for large-scale bibliometric mapping and knowledge gap identification to assess material management practices. Multi-
database coverage identifies more relevant publications than searching individual databases (García-Sánchez et al., 2019). 

The search strategy aimed to assess current material management strategies in construction, focusing on circular economy (CE) 
principles. Although the study centres on material reduction and recycling, broader CE principles—including reuse, remanufacturing, 
refurbishment, and extending product lifecycles —were also considered. Each study evaluated for relevance to these CE aspects; articles 
addressing reuse or lifecycle extension were analysed for their contributions to material management in construction. However, the 
primary focus remained on waste reduction and recycling due to their prominence and applicability in industry practices. Book review 
and expert consultation determined search terms like "construction waste," "material management," "circular economy," "waste 
reduction," "recycled aggregate," "secondary material," and "by-product," to ensure comprehensive coverage. The Boolean search 
strategy used in the Dimension AI database was as follows: (("construction waste" OR "material management" OR "circular economy" 
OR "waste reduction" OR "recycled aggregate" OR "secondary material" OR "by-product") AND (construction OR building) AND 
(sustainability OR recycling OR reuse OR waste OR material)). Articles from 2015 to 2022 were included, reflecting significant 
advances in CE research during this period (Ismail, 2023; Minunno et al., 2018; Rodrigo et al., 2024). This timeframe aligns with 
increased interest in sustainable construction, highlighting the need for innovative material strategies (Rodrigo et al., 2024). The 
literature review revealed substantial growth in global publications on circular construction and waste minimization since 2015. The 
selected timeframe captures recent advancements, focusing on research following this notable increase. Additional criteria included 
peer-reviewed original research/review articles in English on construction industry material management and recycled/secondary 
materials. Conference papers, book chapters, editorials, and commentaries were excluded. 

2.2 Filtering and Selection Process
The initial search yielded over 17,600 articles. A multi-stage filtering process was applied to manage this dataset. The first stage involved 
screening titles and abstracts to exclude irrelevant publications, resulting in approximately 600 articles. The remaining articles were 
further reviewed for relevance and methodological rigour, focusing on peer-reviewed original research or review articles published in 
English between 2015 and 2022. The final selection comprised 44 articles that met all inclusion criteria.

The reliability of the thresholds used for evaluating waste reduction and cost savings is grounded in established literature. Specifically, 
waste reduction potential was categorized as Low (≤45%), Medium (46-55%), and High (≥56%), while cost savings were classified as 
Low (≤10%), Medium (11-15%), and High (≥16%). These thresholds, originally derived from the foundational research by Poon et al. 
(2004) and Tam et al. (2007), remain relevant due to their historical significance and continued impact in the field of construction.

Recent research reaffirms the relevance of these thresholds, such as (Liu and Wang, 2014), who emphasize their importance in 
minimizing disposal costs and maximizing recycling opportunities in construction waste management. Additionally, the integration of 
these thresholds into broader frameworks, such as those by Joensuu et al., (2022), underscores their foundational role in evaluating the 
economic and environmental impacts of waste management strategies. Emerging technologies, like convolutional neural networks (Li, 
Chen, et al., 2022), further enhance the efficiency of waste sorting, complementing these traditional benchmarks. Thus, these thresholds 
continue to serve as essential tools in guiding both research and practical applications within the industry.

Comparative Analysis: A comparative analysis was performed on 12 material management strategies identified through in-depth reading 
of the 44 articles. The effectiveness of these strategies was assessed in terms of their potential for waste reduction and cost savings. To 
quantify these potentials, a frequency analysis was performed, where the number of times each strategy was highlighted in the literature 
for its high, medium, or low effectiveness was recorded.

The waste reduction potential and cost saving potential percentages were calculated using the following equations:
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• Waste Reduction Potential (%) = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑟𝑡𝑖𝑐𝑙𝑒𝑠 𝐻𝑖𝑔ℎ𝑙𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝐻𝑖𝑔ℎ 𝑊𝑎𝑠𝑡𝑒 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑓𝑜𝑟 𝑎 𝑆𝑡𝑟𝑎𝑡𝑒𝑔𝑦

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑟𝑡𝑖𝑐𝑙𝑒𝑠   × 100

This equation calculates the proportion of articles that emphasize a specific strategy's high effectiveness in reducing waste out of the 
total articles reviewed.

• Cost Saving Potential (%) =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑟𝑡𝑖𝑐𝑙𝑒𝑠 𝐻𝑖𝑔ℎ𝑙𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝐻𝑖𝑔ℎ 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 𝑓𝑜𝑟 𝑎 𝑆𝑡𝑟𝑎𝑡𝑒𝑔𝑦

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑟𝑡𝑖𝑐𝑙𝑒𝑠   × 100

Similarly, this equation calculates the proportion of articles that highlight a particular strategy’s high cost-saving potential.

The results from this frequency analysis were categorized into low, medium, or high, as presented in Table II. This method of using 
frequency analysis for determining effectiveness aligns with established practices in systematic reviews and meta-analyses, providing a 
robust framework for evaluating each strategy’s impact on both waste reduction and cost savings.

Technical viability: Strategy implementation, including adoption and construction practice compatibility.

Environmental Impact: Each strategy was evaluated for environmental sustainability. This included assessing carbon footprint 
reductions, resource conservation, and other environmental benefits.

Strategy effectiveness was assessed using qualitative comparative analysis. 

Synthesising qualitative analysis results showed material management and circular economy principles' efficacy. Recognising 
knowledge gaps and construction sustainability potential, recommendations were made. The systematic literature review search diagram 
is shown in Figure 1. 

Figure 1: Review diagram

Source: Authors own work
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3. Results
3.1 Bibliometric analysis 
The bibliometric analysis identified key trends and contributions to the field of construction material management, emphasizing the 
growing global focus on sustainability and circular economy practices from 2015 to 2022. This section provides a concise summary of 
the key findings from the bibliometric analysis, supported by relevant figures.

Country Contributions: As shown in Table I, China leads the research output with 16 documents and 692 citations, indicating its 
dominant role in the field. Australia, Egypt, Italy, and Spain also contribute significantly, with varying levels of citations and 
collaborative link strength. The total link strength metric reflects the degree of collaborative connections, with China and Australia 
exhibiting the strongest links.

Table I: Country publication and citation data

Author and Institutional Influence: Figures 2 and 3 reveal strong contributions from Chinese researchers, with Shenzhen University 
leading in publication and citation impact. Link strength metrics identify collaborative networks, with node sizes indicating author 
influence by publication/citation count and colour gradients showing temporal progression. Red clusters in Figure 3 depict institutions 
with robust internal collaborations (e.g., Hokkaido University), while green clusters highlight bridging institutions like Hong Kong 
Polytechnic University, linking different research groups. Individual dots represent studies, with cluster names indicating leading 
authors. 

Figure 2: Co-authorship network of contributors

Source: Authors own work
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Figure 3: Institutional publication and citation network     

Source: Authors own work

Publication and Citation Networks: Figures 4 and 5 illustrate the interconnectedness of highly cited documents and key journals in 
the field. Journals such as Waste Management (2023.) and Science of the Total Environment (Science of the Total Environment, 2023.) 
have established themselves as central platforms for publishing research on sustainable construction practices. The colour keys represent 
different clusters of related journals based on their co-citation patterns. The connections between the journals (represented by lines) 
indicate the strength of their co-citation relationships, with thicker lines representing stronger connections.

Figure 4: Citations and documents network

Source: Authors own work
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Figure 5: Journal publication and citation network

Source: Authors own work

Co-Citation and Influence of Authors: The co-citation network (Figure 6) reveals key clusters of influential authors shaping 
construction waste reduction and recycling discourse. Notable figures include Yuan, Lu, and Wang, whose frequently cited work 
advances sustainable material management strategies. Distinct colours represent clusters of closely related authors by co-citation 
patterns: for instance, the green cluster shows highly interconnected authors frequently cited together, while red and blue clusters indicate 
other influential groups.

Figure 6: Co-citation and cited authors’ network

Source: Authors own work  
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3.2 Systematic Review
Published benefits metrics were used to evaluate twelve key material management strategies focused on construction, materials, or 
logistics/information management: on-site sorting, off-site sorting, designing for deconstruction, industrialized construction, 
modular/off-site construction, materials procurement and logistics, lean construction, BIM, standardized materials, minimization at 
design, shared materials libraries, and reverse logistics. 

Currently, prominent strategies include waste prevention and minimization at the design stage, efficient material procurement and 
prefabrication, on-site material waste sorting, and material reuse and end-of-life strategies (Aslam et al., 2020; Li, Ma, et al., 2022). A 
qualitative comparative analysis evaluated these strategies' effectiveness. Table II  consolidates qualitative ratings assigned to each 
strategy, categorising waste reduction and cost savings as low, medium, high.

Table II: Qualitative comparative analysis of the 12 material management strategies identified in the systematic analysis

The analysis revealed that strategies such as "Designing for deconstruction," "Modular/off-site construction," and "On-site sorting" are 
the most effective in both reducing waste and achieving cost savings. In addition, "Designing for deconstruction" emerged as the most 
impactful strategy with a high waste reduction potential (75%) and significant cost savings (27%). This strategy aligns well with circular 
economy principles by facilitating the reuse and recycling of materials, thus extending their lifecycle. For instance, in the Netherlands, 
the Park 20|20 project uses design for deconstruction principles, allowing materials like steel and glass to be reclaimed for future projects, 
contributing significantly to the circular economy (Hart et al., 2019). Similarly, in the UK, volumetric construction methods, particularly 
for housing, have shown that factory-built components reduce material wastage by 70% compared to traditional construction methods 
(Ginga et al., 2020). These savings are primarily due to controlled manufacturing environments that allow for precise material usage.

"Modular/off-site construction" and "On-site sorting" also demonstrated high waste reduction potential (65% and 55% reduction, 
respectively) and substantial cost benefits (25% and 12% savings). These strategies effectively integrate waste minimization into the 
construction process, either by reducing waste at the source or through efficient sorting practices. For instance, the Crossrail project in 
London employed detailed on-site sorting protocols, achieving high material diversion rates from landfills by sorting materials like 
concrete, metals, and wood during construction (Ajayi et al., 2017).

While essential for project management, strategies like materials procurement, logistics, and BIM (with waste reduction potentials of 
35% and 40%, respectively) contribute less directly to waste reduction. For instance, BIM aids construction coordination but has limited 
integration with waste reduction processes, as seen in Heathrow Airport’s Terminal 5 project, where BIM facilitated construction but 
had minimal impact on waste reduction (Chen et al., 2022).

Similarly, reverse logistics, with a 30% waste reduction potential, requires further development to become cost-effective. In regions like 
Scandinavia, reverse logistics for construction materials face high transportation costs and logistical challenges, often outweighing 
savings from material recovery (Torgautov et al., 2021).

Overall, this analysis clarifies the effectiveness of various material management strategies in supporting circular economy goals. The 
findings provide guidance for construction stakeholders in balancing environmental and economic priorities.

4. Discussion
The findings of this systematic review and bibliometric analysis carried out in this study provide comprehensive insights into the 
efficiency of material management practices in the construction industry, particularly focusing on waste reduction and the use of recycled 
materials. The following sections discuss how these findings address the study's objectives and compare the results with existing 
literature.
Objective 1: Examine the Current Construction Material Management Strategies
The bibliometric analysis identified over 17,600 publications between 2015-2022, with a sharp increase in global research interest over 
this period. The dominant type of publication was Journal articles, with key contributions from journals like Materials, Waste 
Management & Research, Waste Management, and Environmental Science and Pollution Research.
Existing studies (Aslam et al., 2020; Kabirifar et al., 2020) similarly noted an increase in research output focusing on sustainable 
construction practices, corroborating our findings, and highlighting the global momentum towards improving material management 
practices in construction.
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Among the key strategies identified are twelve sustainable material management approaches that align with the 3R principle—Reduce, 
Reuse, Recycle—as effective means to reduce waste, cut costs, and promote sustainability (Abarca-Guerrero and Leandro-Hernandez, 
2017). These strategies include deconstruction planning, which ensures easy disassembly and material reuse, and modular off-site 
construction, which significantly reduces waste and increases efficiency. Efficient material procurement and logistics, lean construction, 
and on-site sorting are also critical strategies for waste reduction (Ajayi et al., 2017; Saka et al., 2019). Additionally, on-site sorting, 
coupled with a strong recycling market, stakeholder incentives, and supportive policies, facilitates effective waste management and 
increases recycling rates in construction projects (Yu et al., 2021). 
While the bibliometric analysis shows a sharp rise in research on sustainable construction practices, it’s crucial to assess the depth and 
impact of these studies. Although publication volume indicates growing interest, study quality and practical applicability vary, with 
many focused on theoretical models or case studies with limited generalizability. This raises concerns about broad applicability, 
especially across regions with differing economic and regulatory contexts.
Objective 2: Explore and identify key Strategies for Waste Reduction in the Construction Industry
Twelve major material management strategies were identified, with the most effective being designing for deconstruction, modular/off-
site construction, and on-site sorting. These strategies have shown significant benefits in waste reduction and cost savings. However, 
the effectiveness of these strategies is highly context dependent. For instance, the success of modular construction hinges on the 
availability of advanced manufacturing facilities and skilled labour, which may not be present in all regions.
Our findings are consistent with previous research, which has demonstrated high waste diversion and cost savings linked to these 
strategies (Benson and Rankin, 2016; O’grady et al., 2021). These strategies remain among the most effective, underscoring their 
continued relevance and the need for further research to refine and adapt them to address evolving industry challenges and sustainability 
goals. 
Objective 3: Analyse the Use of Recycled Materials in Construction
The analysis emphasized the technical viability of recycled concrete and the need for standardized specifications for recycled materials. 
Influential documents such as Aslam et al., 2020; Ginga et al., 2020; Zhang et al., 2014 provided significant contributions in quantifying 
waste generation and optimizing resource use through big data.
Several studies (Wu et al., 2020; Yuan et al., 2012) have emphasized the importance of integrating recycled materials in construction, 
while also addressing persistent challenges with quality control and performance consistency. Without rigorous standards and 
widespread industry acceptance, the use of recycled materials may remain limited to niche applications rather than becoming mainstream 
practice.
Objective 4: Understand the Global Research Environment Surrounding These Practices
China leads as a major contributor with extensive international collaborations, especially with Italy and Spain. Influential authors and 
institutions, like Cui Lifeng and Shenzhen University, play key roles. Previous bibliometric studies also highlight China's leadership in 
sustainable construction (García-Sánchez et al., 2019), and our findings reinforce this, showing China's dominance and the importance 
of international collaborations. The co-authorship network analysis (Figure 2) illustrates dense connections, highlighting collaborative 
efforts to advance the field.
The most effective strategies for waste reduction and cost savings include designing for deconstruction and modular/off-site 
construction. Designing for deconstruction maximizes material reuse and waste recovery, core elements of CE, while BIM and lean 
construction practices optimize supply chains, aligning with literature-reported benefits. By emphasizing modular design, efficient 
sorting, and recycled materials, these strategies foster circular flows, reducing virgin resource demand. This combination of strategies 
is proposed to enhance material governance, supporting sustainability goals like net zero carbon emissions by 2050.
Governments should establish standards for recycled materials in construction to ensure quality, with tax credits and subsidies to promote 
sustainable material use. Design firms should prioritize circular design principles, such as deconstruction and modular construction, 
along with training programs. For increased material diversion, construction companies need robust on-site and off-site waste 
management systems. Collaboration among academic institutions, industry, and government is essential to validate and promote non-
conventional recycled materials, like recycled gypsum, which has potential beyond traditional drywall use. Lastly, international 
partnerships, particularly among leaders like China, Italy, and Australia, can spread best practices and leverage diverse expertise to 
achieve circular construction targets.
This study provides robust evidence supporting the structural feasibility of recycled materials—wood, plastic, and concrete—in 
advancing circular economy practices in construction. Validated through qualitative comparative analysis and case studies, these 
findings hold significant implications for research and practice.

Recycled Wood: The use of recycled wood in construction has traditionally been limited by concerns over its structural integrity and 
durability. However, findings from this study indicate that, with proper treatment, recycled wood is viable option for non-load-bearing 
applications such as internal walls and flooring, aligning with studies that show its potential to reduce environmental impacts and 
conserve natural resources (Minunno et al., 2018). These results challenge the reliance on virgin timber, suggesting that integrating 
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recycled wood into building projects could significantly reduce the industry’s environmental footprint, supporting circular economy 
(CE) objectives (Dong et al., 2021).

Recycled Plastic: The structural feasibility of recycled plastic, particularly in composite materials and structural elements, remains 
underexplored in mainstream construction. However, this study contributes valuable insights, demonstrating through case studies that 
recycled plastics can match the performance of traditional materials in terms of strength and durability. These findings are consistent 
with the growing body of literature that supports the use of recycled plastics in construction for their environmental benefits and material 
efficiency (Chen et al., 2022). The successful application of recycled plastics in these case studies supports expanding their use beyond 
niche markets, advocating for their inclusion in standard construction practices to promote sustainability (Li et al., 2022).

Recycled Concrete: The use of recycled concrete aggregate (RCA) has sparked debate, particularly regarding its ability to meet the 
structural demands required for construction. The studies examined confirm that RCA can achieve the necessary compressive strength 
when processed correctly, aligning with findings from Ginga et al., (2020), who highlights RCA’s potential to reduce environmental 
impact while maintaining structural integrity. This validation is crucial for the broader acceptance of RCA in the industry, addressing 
longstanding concerns about performance and reliability. The use of RCA, as evidenced in this study, not only reduces the need for 
virgin aggregates but also offers a practical solution to managing construction waste, a significant step towards sustainable construction.

Recycled Steel: Steel, with a recycling rate exceeding 90%, is highly recyclable without quality compromise. This study shows recycled 
steel’s suitability for load-bearing and non-load bearing uses, affirming existing literature on its environmental and economic 
advantages, including reduced energy use and greenhouse gas emissions during production (Dong et al., 2018).

Implications for Circular Economy Design Principles: This research validates the structural viability of recycled materials, underscoring 
their role in circular economy practices by reducing reliance on virgin materials and minimizing waste. By incorporating these materials, 
the industry can lower its environmental impact, conserve resources, and achieve sustainability goals such as carbon reduction and 
resource efficiency (Ghisellini et al., 2018). The findings suggest that widespread adoption of these materials can shift construction 
towards CE-aligned practices, supporting a sustainable lifecycle approach.

5. Recommendations for Enhancing Sustainable Material Management
To achieve sustainable material management in the construction industry, a comprehensive approach that incorporates both theoretical 
and practical strategies is essential. The recommendations outlined below aim to foster advancements in this field by leveraging 
innovative technologies, standardizing practices, incentivizing adoption, and promoting collaboration among key stakeholders.

Theoretical Recommendations:

• Further research should focus on developing and validating new material management strategies that incorporate advanced 
technologies such as AI and machine learning. These technologies can optimize waste sorting, predictive modelling, and 
resource allocation, directly addressing efficiency and waste reduction goals outlined in the findings. By using AI for material 
tracking and machine learning to refine sorting techniques, the construction industry can enhance both productivity and 
sustainability, aligning with circular economy (CE) principles.

• Studies should explore the long-term impacts of material management practices on sustainability metrics, including carbon 
footprint and resource efficiency. This recommendation stems from the findings that highlight the potential for substantial 
waste reduction and cost savings. By quantifying these impacts through metrics like carbon footprint and resource efficiency, 
practitioners can better gauge the sustainability of each strategy and reinforce CE practices in a data-driven way. Although 
some studies have begun to assess these impacts, more comprehensive, long-term analyses are needed to fully understand the 
implications for sustainability and to validate these practices across diverse contexts.

Practical Recommendations:

• Policymakers should develop standards and certification protocols for recycled construction materials to address issues around 
inconsistent quality. Harmonized guidelines across different regions and authorities can stimulate broader implementation.

• Financial incentives such as tax credits for circular projects utilizing high volumes of recycled content are needed to encourage 
wider adoption among builders and developers.

• Design firms should prioritize designing buildings for deconstruction, recycling, and cascaded reuse of structural elements 
through their lifespan. Training on circular design principles and tools can help mainstream this.

• Although on-site waste sorting is increasingly practiced, expanding its implementation, and integrating advanced tracking 
systems can further optimize diversion rates and enhance sustainable practices across the industry.
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• Manufacturers can stimulate market demand by investing in centralized sorting facilities producing industrial volumes of 
quality-assured recycled aggregates and composites for substituting virgin materials.

• Academia and industry collaborations validating the technical performance of less commonly used recycled materials that do 
not yet have widespread acceptance in the industry will expand approved applications and boost confidence.

• National research centres should coordinate multi-stakeholder forums to facilitate knowledge transfer and accelerate localized 
innovations arising from influential networks identified.

6. Conclusions 
The systematic review and bibliometric analysis on optimizing circular economy practices in construction material management offer 
valuable insights into the current state of research, limitations, and future directions.

According to this study, China leads global construction material management optimisation. On-site sorting, deconstruction design, 
modular building, and reverse logistics reduce waste and costs. Qualitative comparative analysis showed that these strategies reduce 
waste and save money the most. On-site sorting, minimisation at design and design for deconstruction reduced waste by 67%, while 
modular construction, off-site sorting and reverse logistics saved cost by over 22%. These findings, supported by case studies, 
demonstrate circular construction system feasibility and impact. Circular design concepts like BIM, material passports, and 
modularization were also proven essential for closed loop planning in sustainable construction, improving material tracking, recovery, 
and reuse.

Technical and economic feasibility of mass implementation of circular construction systems are stressed in the study. Stakeholders 
receive circular economy-based material management and transition advice.

China also dominates the sustainable construction material management research, with Shenzhen University and authors like Cui Lifeng. 
The analysis emphasises international collaboration, particularly with China, Italy, and Spain, for knowledge exchange.

The study acknowledges some limitations. Due to the dominance of Chinese researchers, bibliometric data may bias the global 
perspective. Additionally, the systematic review only considered English-language articles, potentially overlooking relevant research in 
other languages. The lack of standardised metrics for assessing recycled material quality and performance made qualitative comparative 
analysis difficult. The findings may be affected by case study methodologies and reporting standards in the articles reviewed. Future 
research should include more sources and standardise recycled construction material assessment criteria to address such limitations.

To achieve a more comprehensive circular construction approach, research should prioritise standardising recycled material 
specifications and expanding reuse frameworks to include more applications. Global collaboration is emphasised to achieve circular 
construction goals and share best practices. Policies and economic incentives for recycling and integrated design for materials 
optimisation need further study.

This study presents a comprehensive analysis of construction material management strategies. To make the construction industry more 
sustainable and circular, global collaboration, standardisation, and diversified research are stressed. These findings benefit stakeholders 
and lay the groundwork for future research towards reducing the impact of construction on the natural environment.
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Table I: Country publication and citation data

Country Documents Citations Total Link Strength

China 16 692 3

Australia 6 122 3

Egypt 3 114 0

Italy 5 98 1

Spain 5 72 1

United States 4 200 2

United Kingdom 3 150 2

Germany 2 130 1

Source: Authors own work

Table II: Qualitative comparative analysis of the 12 material management strategies identified in the systematic analysis

S/N Material Management Strategy Waste Reduction Potential % Cost Saving Potential %

1 On-site sorting High 

(55%)

Medium 

(12%)

2 Off-site sorting Medium (50%) High (22%)

3 Designing for deconstruction High (75%) High (27%)

4 Industrialized construction Medium (55%) High (18%)

5 Modular/off-site construction High (65%) High (25%)

6 Materials procurement and logistics Low (35%) High (15%)

7 Lean construction Medium (50%) High (18%)

8 BIM Low (40%) Medium (10%)

9 Standardized materials Medium (45%) High (15%)

10 Minimisation at design High (70%) Low (8%)

11 Shared materials libraries Medium (45%) Medium (12%)

12 Reverse logistics Low (30%) High (20%)

Source: Authors own work
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