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Abstract 

Construction waste management represents a significant challenge to sustainable infrastructure development due to 

extensive material consumption and waste generation during project implementation. This study aims to develop circular 

economy-based construction waste management strategies by applying the principles of reduction, reuse, and recycling to 

improve resource efficiency, minimize waste generation, and optimize management costs. A quantitative descriptive and 

comparative approach was employed using hypothetical simulations of four management scenarios: conventional waste 

management, waste reduction, combined reduction and reuse, and an integrated circular economy strategy. The evaluated 

parameters included waste composition, waste prevention, material recovery rates, net management costs, and reductions in 

final disposal. The simulation results indicate that, from an initial potential waste generation of 100 tons, the integrated 

strategy could prevent 15 tons of waste, reuse 25 tons, and recycle 40 tons of materials, reducing final disposal to 20 tons, 

equivalent to an 80% reduction. Furthermore, the integrated strategy resulted in potential net cost savings of 35.56%, 

decreasing management costs from IDR 45,000,000 to IDR 29,000,000, with a waste diversion rate of 76.47%. These 

findings suggest that circular economy principles can improve material efficiency and reduce construction waste 

management costs while supporting sustainable infrastructure development. However, the results are hypothetical and 

require validation using actual construction project data before practical implementation. 

Keywords:  Circular Economy; Construction Waste; Waste Management; Resource Efficiency; Sustainable Infrastructure. 

INTRODUCTION 

Infrastructure development is one of the essential factors supporting economic growth, improving regional 

connectivity, and providing public service facilities. The construction of roads, bridges, buildings, and various public 

facilities requires substantial quantities of construction materials and generates waste at every stage of project 

implementation. Increasing infrastructure demands without efficient resource management may place considerable pressure 

on the environment through raw material extraction, energy consumption, and growing volumes of construction waste. The 

United Nations Environment Programme (UNEP, 2025) highlighted that the building and construction sector plays a 

significant role in global resource consumption and emissions, emphasizing the need for a transition toward more resource-

efficient and sustainable construction practices. This indicates that the success of infrastructure development should not be 

evaluated solely based on construction quality and budget compliance but should also consider environmental impacts 

throughout the project life cycle. Therefore, developing effective construction waste management systems is an important 

component of promoting sustainability-oriented infrastructure development. 

Construction waste refers to residual materials generated during infrastructure construction, renovation, maintenance, 

and demolition activities. Such waste may include concrete, bricks, wood, steel, glass, plastics, excavated soil, and various 

other materials that are no longer used in construction processes. Some of these materials have the potential to be recovered 

through sorting, processing, reuse, and recycling. However, inadequate waste management practices may result in 

potentially valuable materials being disposed of in landfills. The European Commission (2024) reported that construction 

and demolition waste accounts for more than one-third of the total waste generated in the European Union, making this 

sector a priority in developing circular economy-based resource management. Furthermore, differences in material 

characteristics and handling methods contribute to variations in construction waste recovery rates across regions. These 

conditions demonstrate that waste management should be implemented according to material characteristics and recovery 

opportunities to minimize the quantity of materials requiring final disposal. 

Construction waste management challenges are not limited to increasing volumes of residual materials but also 

involve the inefficient utilization of resources throughout construction activities. Inaccurate material quantity estimates, 

design modifications, damage resulting from improper storage, unplanned material cutting, and inadequate project 
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coordination can contribute to increased waste generation. Materials that retain potential value are frequently discarded 

because appropriate sorting and management mechanisms are unavailable. Ferriz-Papi et al. (2024) identified several 

barriers to implementing circular economy principles in construction and demolition waste management, including 

technical, organizational, economic, and institutional challenges. These barriers indicate that construction waste problems 

cannot be addressed solely through waste transportation or disposal activities. Instead, comprehensive strategies 

encompassing project planning, construction implementation, and material utilization control are required. Accordingly, 

management approaches capable of preventing waste generation from the initial stages of infrastructure development are 

necessary. 

The circular economy approach is one of the concepts that can be implemented to address challenges associated with 

resource consumption and construction waste generation. This concept emphasizes preserving material value for as long as 

possible by reducing the use of virgin resources, promoting material reuse, facilitating repair and recovery, and encouraging 

recycling. Unlike the linear economic model, which relies on raw material extraction, production, consumption, and 

disposal, the circular economy seeks to establish a more efficient system of material utilization throughout the material life 

cycle. Papamichael et al. (2023) explained that implementing circular economy principles in construction waste 

management has the potential to reduce environmental impacts through resource recovery and the development of material 

recovery mechanisms. This approach creates opportunities to reduce dependence on virgin materials while minimizing the 

quantity of waste requiring disposal. Therefore, integrating circular economy principles into construction waste 

management can provide a foundation for developing more sustainable infrastructure development strategies. 

Implementing circular economy principles in construction projects requires a shift from waste management systems 

focused primarily on end-of-process disposal toward approaches that prioritize waste prevention. During the planning stage, 

strategies may include design optimization, accurate material quantity estimation, selection of reusable materials, and 

adoption of construction methods that minimize material losses. During construction, circular economy principles can be 

implemented through controlled material procurement, waste segregation according to material type, appropriate storage 

practices, and the reuse of materials that meet technical requirements. During demolition, selective dismantling and material 

recovery processes can enhance recycling opportunities. Victar and Waidyasekara (2024) emphasized that circular economy 

strategies should be implemented throughout various stages of the project life cycle, including demolition, material reuse, 

resource recovery, and construction material production. This demonstrates that successful construction waste management 

is strongly influenced by the integration of strategies across different project implementation stages. 

In addition to environmental benefits, circular economy-based construction waste management has the potential to 

improve project economic efficiency. Reducing material waste can decrease the need to procure new construction materials, 

while reusing technically suitable materials can reduce waste transportation and disposal costs. Nevertheless, implementing 

these strategies may require additional expenditures for sorting, storage, processing, quality testing, and transporting 

recovered materials. Therefore, economic benefits should be evaluated comprehensively by considering the balance 

between implementation costs and the economic value of retained resources. Soto-Paz et al. (2023), through a comparative 

study of developing and developed countries, demonstrated that circular economy implementation in construction waste 

management is influenced by waste management system characteristics, development conditions, and implementation 

readiness. Consequently, waste management strategies should be adapted to the characteristics of the construction industry 

and the availability of resources to generate both economic and environmental benefits. 

In the context of infrastructure development in Indonesia, implementing sustainable construction waste management 

presents challenges related to construction practices, technological adoption, industry readiness, and policy support, as well 

as coordination among stakeholders. Material management in construction projects frequently prioritizes completing 

activities within established cost, quality, and time targets, whereas waste prevention and resource recovery require 

additional management and control mechanisms. Syifa et al. (2026), through a systematic review of construction waste 

management strategies in Indonesia, identified technological approaches, government policies, circular economy 

implementation, and stakeholder collaboration as important factors supporting more sustainable waste management. These 

findings indicate that responsibility for developing effective waste management strategies cannot be assigned exclusively 

to contractors. Instead, the involvement of designers, material suppliers, construction supervisors, facility managers, and 

government institutions is necessary. Such cooperation is essential to ensure that waste reduction becomes an integral 

component of project management systems from the preparation stage through construction completion. 

The development of construction waste management strategies also requires consistent systems for identifying, 

measuring, and controlling material flows throughout project implementation. One of the primary challenges in evaluating 

waste management performance is the limited availability of reliable data concerning the types and quantities of waste 

generated, the proportion of materials recovered or reused, and the costs associated with waste handling. Without adequate 

recording and monitoring systems, the effectiveness of circular economy strategies is difficult to assess objectively. 

Swarnakar and Khalfan (2024), through a review of 212 scientific articles, identified research limitations concerning 

monitoring technologies, material traceability, decision-support systems, and performance measurement for circular 

economy implementation in construction waste management. Their findings highlighted the continued need to develop 

structured evaluation frameworks that support decision-making regarding resource utilization and waste control. Therefore, 

applying quantitative performance indicators is essential to ensure that waste management strategies can be assessed based 

on measurable outcomes. 



IRCEE: Innovative Research in Civil and Environmental Engineering                                               ISSN 3089-0985 (E) 

Volume 03, Number 02, Oktober 2026 

 

 

 
 

  29  

Several previous studies have contributed to the development of circular economy concepts and strategies for 

construction waste management. Papamichael et al. (2023) discussed a construction waste management framework 

emphasizing material recovery and the identification of barriers to circular system implementation. Soto-Paz et al. (2023) 

conducted a comparative review of circular economy practices in construction waste management across developing and 

developed countries to understand implementation characteristics and development opportunities. Ferriz-Papi et al. (2024) 

identified various challenges influencing the successful implementation of circular economy principles in the construction 

and demolition sector. Meanwhile, Swarnakar and Khalfan (2024) highlighted the need for more integrated monitoring, 

decision-making, and performance measurement systems. Collectively, these studies demonstrate that circular economy 

approaches offer opportunities to improve construction waste management effectiveness. However, their implementation 

still requires comprehensive approaches that consider the interrelationships among technical, economic, environmental, 

and institutional factors. 

Although previous research has addressed circular economy concepts, recycling technologies, implementation 

barriers, and construction material recovery, the development of strategies that can serve as operational frameworks at the 

project level requires further investigation. Waste management approaches focusing on a single activity, such as material 

recycling, may not produce optimal results unless integrated with procurement control, construction methods, material 

recording systems, and cost evaluation. Furthermore, the diverse characteristics of infrastructure projects require adaptable 

approaches that consider material types, construction quantities, processing facilities, and technical requirements for 

recovered materials. Swarnakar and Khalfan (2024) identified the need for more structured circular economy 

implementation frameworks, while Alhawamdeh et al. (2024) demonstrated that successful construction waste management 

requires supporting factors encompassing various implementation dimensions. These findings emphasize the importance 

of developing strategies that not only explain circular economy principles conceptually but also establish practical 

implementation mechanisms and performance indicators applicable to infrastructure construction activities. 

Based on the preceding discussion, the research gap addressed in this study is the need to develop circular economy-

based construction waste management strategies that integrate waste generation reduction, material reuse, recycling, cost 

efficiency, and environmental performance measurement within a unified management framework. The proposed novelty 

lies in developing an integrated evaluation approach that connects waste source identification, material handling 

prioritization, resource recovery potential analysis, and assessments of technical, economic, and environmental benefits at 

the infrastructure project level. This framework can be developed using indicators such as waste generation rates relative 

to construction quantities, percentages of reused materials, recycling rates, reductions in virgin material requirements, and 

changes in waste management costs. Through this approach, circular economy strategies are expected to be evaluated more 

systematically and provide a basis for selecting waste management measures appropriate to individual project 

characteristics. However, the proposed novelty must be further examined through comparisons with previous research 

frameworks and applications using verifiable project data. 

Based on the aforementioned background, this study aims to develop circular economy-based construction waste 

management strategies to support sustainable infrastructure development. The research focuses on identifying the 

characteristics and sources of waste generated during construction activities, evaluating existing material management 

practices, analyzing opportunities to implement waste reduction, reuse, and recycling principles, and formulating alternative 

strategies based on technical, economic, environmental, and institutional considerations. Furthermore, the proposed 

strategies are evaluated using relevant performance indicators to assess their potential to reduce waste generation, increase 

material reuse, and improve construction resource efficiency. The findings are expected to contribute scientifically to the 

development of more integrated construction waste management approaches while providing practical references for 

contractors, design consultants, project managers, and government institutions in implementing circular economy principles 

for efficient, environmentally responsible, and sustainable infrastructure development. 

 

RESEARCH METHODOLOGY 

3.1. Research Design and Approach 

This study was designed using a quantitative approach with descriptive and comparative methods to develop circular 

economy-based construction waste management strategies that support sustainable infrastructure development. The 

quantitative approach was employed to evaluate waste generation characteristics, material utilization rates, potential waste 

reduction, and cost efficiency in construction waste management. The descriptive method was applied to describe existing 

waste management conditions based on material types, sources of waste generation, and handling mechanisms implemented 

during project execution. Meanwhile, the comparative method was used to compare conventional waste management 

systems with several alternative circular economy strategies focused on reducing resource consumption, reusing materials, 

and recycling construction waste. Strategy development integrated technical, economic, and environmental considerations 

to ensure that the proposed alternatives could not only reduce the quantity of discarded materials but also offer practical 

implementation potential suited to the needs and characteristics of infrastructure projects. 

 

3.2. Research Object and Scope 

The research focused on managing waste materials generated during infrastructure development activities, 

particularly building construction, road construction, and other supporting infrastructure projects. The scope of the study 
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was limited to residual materials with potential for reduction, reuse, or recycling, including concrete, reinforcing steel, 

formwork timber, bricks, aggregates, and construction material packaging. Waste categories were selected based on 

material characteristics, quantities generated, potential for recovery, and the availability of processing methods that support 

circular economy principles. The units of analysis were defined according to material type and construction stage, covering 

procurement, storage, utilization, and residual material handling. The study also considered the influence of construction 

methods, storage conditions, material utilization control, and the involvement of stakeholders responsible for waste 

management. Hazardous and toxic waste was excluded from the scope of general reuse evaluation because such materials 

require specialized management procedures in accordance with applicable regulations. 

 

3.3. Types and Sources of Data 

The research data consisted of primary and secondary data related to construction material utilization, waste 

characteristics, and management systems implemented in infrastructure development projects. Primary data were planned 

to be obtained through direct observations of construction activities, records of material quantities used, measurements of 

generated waste, and observations of waste sorting, storage, transportation, and disposal processes. Data collection could 

also be supplemented by interviews with project contractors, site supervisors, construction workers, and material managers 

to identify existing waste management practices and barriers to implementing circular economy strategies. Secondary data 

were obtained from project design documents, construction cost estimates, bills of quantities, material utilization reports, 

procurement records, technical specifications, construction unit prices, and relevant scientific literature. All data were used 

to identify the relationships among material requirements, waste generation quantities, handling costs, and opportunities 

for recovering construction resources. 

 

3.4. Data Collection Techniques 

Data collection was conducted through field observations, construction material inventories, documentation of project 

activities, and waste flow recording at each stage of construction. Observations focused on identifying material receiving, 

storage, cutting, installation, and unused material handling processes. Material inventories were prepared by recording the 

quantities of materials delivered to the project site, materials incorporated into construction activities, materials remaining 

suitable for utilization, and waste materials designated for disposal. Waste data were classified according to material type 

and expressed in appropriate mass or volume units based on material characteristics. To ensure consistency in measurement 

units, conversions between volume and mass were performed using relevant material density values. Additionally, 

information regarding waste collection, sorting, storage, transportation, processing, and disposal costs was compiled to 

support economic evaluation. Documentation was used to identify waste generation sources and provide an overview of 

management practices implemented throughout construction activities. 

 

3.5. Identification and Analysis of Construction Waste Generation 

Construction waste generation was analyzed by identifying the types and quantities of residual materials produced 

during various construction activities. The analyzed materials included cutting remnants, damaged materials, excess 

procurement quantities, unusable materials, and demolition components entering the waste stream. Each waste category 

was classified according to its construction activity source and material characteristics to determine its contribution to total 

project waste generation. Waste generation rates were assessed by comparing the quantity of materials classified as waste 

with the total quantities of materials used or received during the same observation period. Calculations were conducted 

consistently using material mass to enable objective comparisons among different waste categories. Materials subsequently 

reused or recycled were still recorded as part of waste generation when they had previously entered the waste stream, 

allowing waste prevention to be distinguished from waste diversion through recovery processes. The analytical results were 

used to identify materials with the highest waste generation rates and establish priorities for waste reduction measures 

during both project planning and construction implementation. 

 

3.6. Development of Circular Economy-Based Waste Management Strategies 

Waste management strategies were developed by applying the principles of waste reduction, material reuse, and 

recycling as the foundation for alternative construction resource management approaches. Waste reduction strategies 

focused on optimizing material requirements, improving procurement accuracy, controlling cutting operations, enhancing 

storage systems, and implementing construction methods that minimize material damage. Material reuse strategies 

emphasized the utilization of materials that retained their technical functionality, such as formwork timber, certain 

construction components, and residual materials that continued to satisfy quality requirements. Recycling strategies were 

developed by identifying waste categories that could be processed into new materials or products, including demolished 

concrete with the potential to be processed into recycled aggregates following appropriate quality assessments. Each 

alternative strategy was evaluated based on technical suitability, equipment requirements, workforce capacity, 

implementation costs, and the availability of material recovery facilities. Strategy development also considered 

coordination among contractors, material suppliers, supervising consultants, waste management operators, and other 

relevant stakeholders to promote integrated circular economy implementation throughout the project life cycle. 
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3.7. Analysis of Material Reuse and Recycling 

Material reuse and recycling were analyzed to evaluate the effectiveness of circular economy strategies in increasing 

the utilization of materials that had previously entered the waste stream. The material reuse rate was determined based on 

the proportion of waste materials that could be directly utilized without processing that substantially altered their original 

characteristics. Meanwhile, the recycling rate was assessed based on the quantity of waste successfully processed into new 

materials or products with practical value. Evaluations were conducted separately for each material category to clearly 

identify the respective contributions of reuse and recycling activities. Material accounting procedures ensured that materials 

recorded as reused were not subsequently counted again as recycled materials within the same evaluation period, thereby 

preventing double counting. The study also considered technical requirements for recovered materials, quality testing needs, 

and potential applications in construction activities. The analytical results were used to identify the extent of waste diversion 

from final disposal and determine which material categories made the greatest contribution to circular economy 

implementation. 

 

3.8. Cost Efficiency Analysis of Waste Management 

Cost efficiency was analyzed by comparing the financial requirements of conventional waste management systems 

with those associated with alternative circular economy strategies. Under conventional management practices, costs 

included waste collection, loading, transportation, and final disposal. In contrast, circular economy implementation required 

evaluation of additional expenditures related to sorting, storage, processing, quality inspection, transportation, and other 

supporting activities. The analysis also considered potential economic benefits arising from reduced purchases of virgin 

construction materials, lower disposal costs, and possible revenue from selling recovered materials. Cost calculations were 

based on work quantities and unit prices applied consistently across all management alternatives. The resulting net costs 

were subsequently compared to determine changes in expenditure associated with circular economy implementation. The 

evaluation was intended to identify strategies capable of generating potential cost savings without compromising technical 

requirements or construction material quality. Therefore, economic efficiency was assessed not merely through reduced 

disposal expenses but also through the ability to preserve material value and minimize dependence on new construction 

resources. 

 

3.9. Environmental Impact and Sustainability Assessment 

Environmental impact assessment was conducted by analyzing changes in waste disposal quantities, improvements 

in material utilization, and reductions in virgin material requirements resulting from circular economy strategy 

implementation. The analysis focused on comparing conventional waste management conditions with alternative strategies 

emphasizing waste reduction, reuse, and recycling. The evaluation indicators included quantities of waste diverted from 

final disposal, proportions of materials successfully recovered, and the potential replacement of virgin materials with reused 

or recycled resources. Consistent system boundaries and observation periods were maintained to prevent discrepancies 

arising from differences in analytical scope. Reductions in waste disposal quantities were considered indicators of improved 

material management performance but were not automatically interpreted as evidence of reduced carbon emissions. Where 

supporting information on energy consumption, transportation distances, emission factors, and material processing 

activities was available, the assessment could be extended using a Life Cycle Assessment (LCA) approach. This method 

would enable a more comprehensive evaluation of environmental benefits based on resource consumption and changes in 

environmental impacts throughout the various stages of material management. 

 

3.10. Comparative Analysis of Alternative Strategies 

Comparative analysis was conducted by evaluating conventional waste management practices alongside several 

alternative circular economy-based strategies. The conventional system served as the baseline condition, representing 

material management practices before the implementation of additional improvement measures. The first alternative 

focused on reducing waste generation by improving material requirement planning and strengthening material control 

during construction activities. The second alternative integrated waste reduction measures with the reuse of materials that 

continued to satisfy technical requirements. The third alternative combined waste reduction, material reuse, and recycling 

within a unified waste management system. Each alternative was compared based on waste quantities generated, material 

recovery rates, volumes of waste disposed of, virgin material requirements, and net management costs. Comparisons were 

conducted using consistent baseline conditions and analytical boundaries to ensure that observed performance changes 

could be attributed to the proposed management strategies. The evaluation results were used to identify the alternative with 

the greatest potential benefits based on the balance among technical effectiveness, cost efficiency, and environmental 

sustainability. 

 

3.11. Prioritization of Waste Management Strategies 

The prioritization of waste management strategies was conducted by evaluating the technical, economic, and 

environmental assessment results for each alternative. The evaluation focused on the ability of each strategy to reduce waste 

generation, improve material utilization, minimize management costs, and decrease dependence on virgin resources. 

Implementation feasibility was also considered an important criterion because infrastructure projects differ in construction 
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characteristics, equipment availability, workforce capabilities, and access to material processing facilities. Waste prevention 

strategies were prioritized when technically and economically feasible, while reuse and recycling approaches were 

developed to manage unavoidable residual materials. Strategy prioritization was based on comparisons of performance 

indicators across alternatives while considering their respective benefits and limitations. The resulting assessment provided 

the basis for formulating waste management recommendations suited to project requirements and supporting the sustainable 

implementation of circular economy principles. 

 

3.12. Data Processing and Interpretation Techniques 

Data obtained from field observations, material inventories, and cost calculations were processed using descriptive 

and comparative quantitative analysis techniques. Initial data processing involved verifying information completeness, 

categorizing waste materials, and preparing material flow balances to identify the relationships among materials received, 

utilized, reused, recycled, and disposed of. The data were subsequently analyzed to determine waste generation rates, the 

effectiveness of waste reduction measures, material recovery rates, and changes in management costs under each alternative 

strategy. The analytical results could be presented through comparative tables, graphs illustrating changes in waste 

quantities, and material flow diagrams to clarify differences in waste management performance. Interpretation considered 

construction activity characteristics, material categories, technical feasibility, and the resulting economic and environmental 

benefits. Research conclusions were developed based on comparisons of alternative strategy performance, ensuring that the 

recommended approaches were supported by measurable analytical indicators and could serve as a reference for advancing 

circular economy-based construction waste management in infrastructure projects. 

 

RESULTS AND DISCUSSION 

4.1. Characteristics of Construction Waste Generation 

The identification of construction waste characteristics was conducted by classifying materials based on their types, 

sources of generation, and recovery potential. The research model represented an infrastructure construction project with 

an initial waste generation of 100 tons, consisting of concrete, bricks, formwork timber, reinforcing steel, aggregates, and 

packaging materials. These material categories were selected based on common construction waste characteristics and their 

potential for management through reduction, reuse, and recycling. Concrete and bricks may be considered for recycling 

after satisfying relevant technical requirements, while reinforcing steel has potential for recovery through recycling 

processes. Formwork timber and certain aggregates may also be reused when their physical conditions remain suitable. 

 

Table 1. Composition of construction waste generation under baseline conditions 

Waste Type Mass (tons) Percentage 

Concrete 40 40% 

Bricks 20 20% 

Formwork timber 15 15% 

Reinforcing steel 10 10% 

Aggregates 10 10% 

Packaging materials 5 5% 

Total 100 100% 

Source: Hypothetical simulation data, 2026. 

 

The simulation results presented in Table 1 indicated that concrete constituted the largest waste component, 

accounting for 40% of total waste generation, followed by bricks at 20% and formwork timber at 15%. These three materials 

collectively contributed 75% of the total construction waste. This composition suggested that management strategies 

targeting dominant waste materials could substantially influence the quantity of waste requiring final treatment or disposal. 

Meanwhile, reinforcing steel and aggregates each accounted for 10%, while packaging materials represented the smallest 

proportion at 5%. 

Conceptually, the substantial contributions of concrete and masonry waste emphasize the importance of controlling 

material requirements during the construction planning stage. Concrete waste may result from inaccurate estimates of 

concrete quantities, while brick waste may arise from cutting activities, transportation damage, and inadequate material 

handling. Formwork timber may become waste when damaged or when repeated utilization is not incorporated into 

construction planning. These conditions demonstrate that construction waste generation is influenced not only by material 

characteristics but also by decisions related to planning, procurement, and construction methods. 

Ferriz-Papi et al. (2024) identified technical, organizational, economic, and institutional barriers to implementing 

circular economy principles in construction waste management. Their findings support the importance of developing 

management strategies that address waste generation at its source rather than focusing exclusively on handling materials 

after disposal. 

 

4.2. Evaluation of Conventional Waste Management Conditions 

Under the conventional waste management scenario, all 100 tons of generated waste were assumed to be collected 
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and transported to disposal facilities without specific measures for waste prevention, material reuse, or recycling. This 

system served as the baseline condition for comparing the effectiveness of circular economy-based strategies. The selection 

of this baseline was a simplification for simulation purposes and did not imply that all actual construction projects dispose 

of their entire residual material quantities. 

In the assumed conventional management system, waste materials were recorded according to the total quantities 

removed from the project site, while the potential value of materials was not considered a primary factor in waste handling 

decisions. Consequently, all materials classified as waste entered the disposal stream. This condition resulted in relatively 

high transportation and final disposal requirements, while opportunities for material recovery remained unutilized. 

This baseline provided a foundation for evaluating potential changes in waste management through circular economy 

strategies. The European Commission has explained that construction and demolition waste comprises various materials, 

including concrete, bricks, timber, metals, glass, and plastics, each possessing different recovery potential. Source 

segregation is particularly important because mixed waste streams, especially those contaminated with hazardous 

substances, may hinder effective recycling processes. 

 

4.3. Development of Alternative Circular Economy Strategies 

Construction waste management strategies were developed by comparing four scenarios: conventional management, 

waste generation reduction, waste reduction combined with material reuse, and an integrated system incorporating 

reduction, reuse, and recycling. Each scenario was designed to illustrate changes in material flows resulting from the 

introduction of additional waste management measures. 

 

Table 2. Alternative construction waste management strategies 

Scenario Strategy Characteristics 

S0 Conventional management Waste collection and disposal 

S1 Reduce 
Control of material requirements and 

utilization 

S2 Reduce + Reuse Waste reduction and material reuse 

S3 Reduce + Reuse + Recycle 
Integrated circular waste 

management 

Source: Research simulation scenario design, 2026. 

 

Scenario S1 focused on preventing waste generation by improving the accuracy of material quantity estimates, 

controlling procurement, optimizing cutting methods, and enhancing material handling during storage. Scenario S2 

expanded these measures by incorporating the reuse of materials that continued to satisfy technical requirements. 

Meanwhile, Scenario S3 represented an integrated management system that added recycling processes for materials that 

could not be directly reused. 

In the simulation model, waste reduction measures were assumed to prevent the generation of 15 tons of waste from 

the initial potential quantity of 100 tons. Following waste prevention measures, the remaining waste generation was reduced 

to 85 tons. Under Scenario S2, 25 tons of the remaining waste were allocated for direct reuse. Under Scenario S3, an 

additional 40 tons were recovered through recycling, reducing the quantity of waste requiring final disposal to 20 tons. 

 

Table 3. Comparison of material flows under each management strategy 

Component S0 (tons) S1 (tons) S2 (tons) S3 (tons) 

Initial potential 

waste 
100 100 100 100 

Waste prevented 0 15 15 15 

Waste generated 100 85 85 85 

Material reused 0 0 25 25 

Material recycled 0 0 0 40 

Waste disposed of 100 85 60 20 

Source: Hypothetical scenario calculations, 2026. Generated waste equals the combined quantities of reused, recycled, 

and disposed materials. 

 

The results presented in Table 3 indicated that implementing Scenario S1 reduced the quantity of waste requiring 

disposal by 15% compared with conventional management. Scenario S2 further reduced waste disposal to 60 tons, while 

Scenario S3 achieved the lowest disposal quantity of 20 tons. Consequently, Scenario S3 resulted in an 80% reduction in 

disposed waste mass compared with Scenario S0. This reduction comprised 15 tons of prevented waste and 65 tons diverted 

from final disposal through reuse and recycling. 

These findings illustrated that progressively implementing circular economy principles could increase the proportion 

of materials retained within productive use cycles. Nevertheless, the effectiveness of each strategy in actual construction 
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projects would depend on material conditions, quality testing requirements, processing facility availability, and the 

existence of markets or users capable of accepting recovered materials. 

 

4.4. Analysis of Material Reuse and Recycling Potential 

The analysis of material reuse and recycling was conducted to identify the contribution of individual waste categories 

to circular economy implementation. Under Scenario S3, the quantity of waste generated after prevention measures was 85 

tons. Of this amount, 25 tons were allocated for reuse and 40 tons for recycling. The remaining 20 tons were assumed to be 

unsuitable for recovery through the available strategies and therefore required final disposal. 

 

Table 4. Simulated material balance under the integrated circular economy strategy (S3) 

All quantities are expressed in tons. 

Material Initial Waste Prevented Reused Recycled Disposed 

Concrete 40 6 4 20 10 

Bricks 20 3 4 8 5 

Formwork 

timber 
15 2 10 2 1 

Reinforcing 

steel 
10 1 2 6 1 

Aggregates 10 2 5 2 1 

Packaging 

materials 
5 1 0 2 2 

Total 100 15 25 40 20 

Source: Simulated material balance, 2026. Prevented materials were not counted as generated waste. 

 

Table 4 demonstrated that concrete contributed the largest quantity of recycled materials, reaching 20 tons. Formwork 

timber exhibited the greatest reuse potential at 10 tons, while reinforcing steel contributed 6 tons to recycling. These 

findings indicated that material recovery strategies should be adapted to the physical characteristics, functional properties, 

and technical requirements of each waste category. 

Concrete waste can potentially be recycled by crushing and processing it into recycled aggregates. However, the use 

of recycled aggregates must consider gradation, water absorption, cleanliness, and quality requirements associated with 

their intended construction applications. Formwork timber may be reused when it retains adequate strength and dimensional 

integrity, while reinforcing steel must undergo appropriate condition assessments before direct reuse. Recovered materials 

should not automatically be considered compliant with construction requirements merely because they are available for 

utilization. 

Based on the simulation results, the material reuse rate reached 29.41% of the 85 tons of waste generated after 

prevention measures, while the recycling rate reached 47.06%. Consequently, the overall waste diversion rate reached 

76.47%. This value differed from the 80% reduction in disposal relative to the initial baseline because the diversion rate 

used the actual waste generated after prevention as its denominator, whereas the reduction in disposal was calculated 

relative to the conventional baseline of 100 tons. 

Swarnakar and Khalfan (2024) emphasized that implementing circular economy principles in construction waste 

management requires improved monitoring systems, material traceability, and decision-support mechanisms. This 

perspective aligns with the importance of maintaining material balance records in the present study, as waste diversion 

performance should not be assessed solely based on the quantities of materials collected but should also consider the 

amounts successfully reused or processed into usable products. 

 

4.5. Evaluation of Construction Waste Management Cost Efficiency 

Cost efficiency was evaluated by comparing the economic implications of implementing each waste management 

strategy. In the simulation model, conventional management costs were assumed to include waste collection, handling, 

transportation, and disposal. Circular economy strategies required additional expenditures for waste prevention, 

segregation, reuse preparation, recycling processes, quality testing, and transportation of recovered materials. However, 

these additional expenditures were assumed to be partially offset by reduced disposal costs, savings from purchasing fewer 

new materials, and potential revenues from recovered materials. 

To maintain consistency across the scenarios, a uniform disposal cost of IDR 350,000 per ton was applied. Other cost 

components were based on hypothetical assumptions designed to illustrate differences in operational requirements among 

the strategies. These values were not intended to represent official regional construction or waste management unit prices. 

 

Table 5. Simulated waste management costs by alternative strategy  

All values are expressed in million Indonesian rupiah (IDR million). 

Cost Component S0 S1 S2 S3 

Waste disposal 35.00 29.75 21.00 7.00 
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Collection and 

handling 
10.00 9.00 8.00 7.00 

Waste reduction 

program 
0 4.00 4.00 4.00 

Material segregation 0 0 7.00 9.00 

Reuse preparation 0 0 5.00 5.00 

Recycling 

processing 
0 0 0 12.00 

Quality testing 0 0 0 3.00 

Additional 

transportation 
0 0 0 4.00 

Total expenditure 45.00 42.75 45.00 51.00 

Economic benefits 

from materials 
0 0 −12.00 −22.00 

Net cost 45.00 42.75 33.00 29.00 

Source: Hypothetical cost calculation assumptions, 2026. The economic benefits under Scenario S3 consist of IDR 16 

million in material savings and IDR 6 million in revenue from recovered material sales. Materials sold were not counted 

again as procurement savings. 

 

The results indicated that conventional waste management generated a net cost of IDR 45,000,000. Implementing 

Scenario S1 reduced the net cost to IDR 42,750,000, corresponding to a 5.00% saving. Scenario S2 achieved a further 

reduction to IDR 33,000,000, representing cost savings of 26.67%. Meanwhile, Scenario S3 produced the lowest net cost 

of IDR 29,000,000, equivalent to a 35.56% reduction compared with conventional management. 

The simulation demonstrated that circular economy-based management systems could potentially generate cost 

savings despite requiring additional expenditure for segregation, processing, testing, and transportation. Under Scenario 

S3, total operational expenditure reached IDR 51,000,000, exceeding the IDR 45,000,000 expenditure associated with 

conventional management. However, after accounting for the hypothetical economic benefits of reused and recovered 

materials, the net cost of Scenario S3 decreased to IDR 29,000,000. 

These findings highlighted the importance of distinguishing between operational expenditure and net waste 

management costs. Strategies requiring greater initial expenditure are not necessarily more expensive overall if they 

generate economic value from materials that would otherwise be discarded. Nevertheless, the hypothetical economic 

benefits did not account for uncertainties in recycled material market prices, material rejection risks, processing facility 

investment requirements, or equipment maintenance expenses. Therefore, the economic advantages of Scenario S3 require 

validation using actual project cost data before practical implementation. 

 

4.6. Evaluation of Environmental Impacts and Infrastructure Sustainability 

Environmental performance was evaluated by comparing the quantities of waste disposed of and the potential for 

resource recovery under each management strategy. Under conventional management, all 100 tons of generated waste were 

assumed to require final disposal. Implementing waste prevention measures reduced disposed waste to 85 tons, while 

combining waste prevention and material reuse reduced the quantity to 60 tons. Under the integrated circular economy 

strategy, waste requiring disposal decreased to 20 tons. These reductions illustrated the potential improvement in resource 

management performance when prevention, reuse, and recycling strategies are implemented collectively. 

 

Table 6. Comparison of environmental performance indicators across strategies 

Indicator S0 S1 S2 S3 

Waste disposed of 

(tons) 
100 85 60 20 

Waste prevented 

(tons) 
0 15 15 15 

Materials recovered 

(tons) 
0 0 25 65 

Disposal reduction 

relative to S0 
0% 15% 40% 80% 

Diversion rate of 

generated waste 
0% 0% 29.41% 76.47% 

Source: Hypothetical simulation scenario calculations, 2026. 

 

The results showed that Scenario S3 achieved a potential 80% reduction in waste disposal compared with the baseline 

condition. This reduction consisted of 15 tons of prevented waste and 65 tons of materials diverted from final disposal 
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through reuse and recycling. Consequently, the integrated circular economy approach could reduce dependence on final 

disposal facilities while retaining a substantial proportion of materials within productive utilization cycles. 

These simulated findings were consistent with the direction of resource management transformation discussed by the 

United Nations Environment Programme (2025), which emphasized the importance of circular construction practices and 

low-carbon materials in supporting sustainable development. Nevertheless, reductions in disposed waste quantities should 

not automatically be interpreted as equivalent reductions in carbon emissions or overall environmental impacts. Recycling 

activities may also require additional energy, transportation, and processing operations that generate environmental impacts. 

Therefore, a more comprehensive environmental assessment would require a Life Cycle Assessment (LCA) that 

considers energy consumption, material transportation, processing-related emissions, and the actual quantities of virgin 

materials replaced by recovered resources. Such an approach would enable a more accurate evaluation of the environmental 

implications of circular economy implementation throughout the material life cycle. 

 

4.7. Effectiveness Analysis of Construction Waste Management Strategies 

The effectiveness of construction waste management strategies was evaluated based on each alternative's ability to 

reduce waste disposal, preserve material value, and minimize net management costs. The simulation results indicated that 

expanding the scope of circular economy measures produced different levels of performance improvement across the 

evaluated indicators. Scenario S1 primarily contributed to preventing waste generation, while Scenario S2 provided 

additional benefits through material reuse. Scenario S3 integrated all three approaches and achieved the greatest reduction 

in waste disposal and the lowest net management cost within the analyzed scenarios. 

 

Table 7. Comparative evaluation of circular economy strategy effectiveness 

Evaluation 

Indicator 
S0 S1 S2 S3 

Waste prevention 

(tons) 
0 15 15 15 

Material reuse 

(tons) 
0 0 25 25 

Recycling (tons) 0 0 0 40 

Final waste disposal 

(tons) 
100 85 60 20 

Net cost (IDR 

million) 
45.00 42.75 33.00 29.00 

Cost savings 0% 5.00% 26.67% 35.56% 

Source: Summary of hypothetical simulation calculations, 2026. 

 

The comparative evaluation indicated that Scenario S3 represented the most favorable alternative within the 

limitations of the research model. This strategy achieved the highest waste disposal reduction of 80%, a waste diversion 

rate of 76.47%, and net cost savings of 35.56%. These results demonstrated the potential for an integrated circular economy 

approach to generate environmental and economic benefits simultaneously. 

Nevertheless, implementing Scenario S3 would require a more complex management system than the other 

alternatives. The availability of segregation facilities, the quality of recovered materials, investment requirements, and 

workforce capabilities could influence implementation success. Ferriz-Papi et al. (2024) identified technical, economic, 

organizational, and institutional barriers to implementing circular economy principles in construction waste management. 

Therefore, strategy selection should consider project readiness rather than relying exclusively on calculated cost savings 

and waste reduction performance. 

Furthermore, Swarnakar and Khalfan (2024) emphasized the importance of developing monitoring and decision-

support systems for circular economy implementation in construction waste management. This reinforces the need for 

systematic material flow recording as a foundation for performance evaluation, ensuring that reuse and recycling activities 

can be monitored quantitatively. 

 

4.8. Recommended Priorities for Construction Waste Management Strategies 

Based on the evaluation results, the development of circular economy-based construction waste management 

strategies should be implemented progressively according to resource availability and project conditions. Initial priorities 

should focus on preventing waste generation by improving material requirement planning, controlling procurement 

quantities, enhancing storage systems, and optimizing construction methods. These measures can often be implemented 

through improvements in project management practices without requiring complex processing technologies. 

The subsequent stage should emphasize increasing the reuse of materials that continue to meet technical requirements. 

This can be achieved through source segregation, designated material storage areas, quality inspections, and the 

identification of potential applications in other construction activities. Within infrastructure projects, material reuse can 

improve resource efficiency when recovered materials possess suitable quality and do not compromise construction safety. 
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At a more advanced stage, recycling activities can be developed through collaboration with material processing 

facilities and suppliers. Recycling implementation should consider equipment requirements, transportation costs, final 

product quality, and market availability for processed materials. Accordingly, recycling activities should aim not only to 

reduce waste quantities but also to establish material utilization cycles that preserve economic value and technical 

functionality. 

Operationally, circular economy principles can be integrated into project control systems through the preparation of 

waste management plans, recording of incoming and outgoing materials, periodic measurement of waste generation, and 

performance evaluations using consistent indicators. These strategies are expected to help project managers identify sources 

of material waste, control resource requirements, and promote more environmentally responsible construction practices. 

 

4.9. Implications of the Findings for Sustainable Infrastructure Development 

The development of circular economy-based construction waste management strategies has implications for 

improving material resource efficiency and reducing pressure on final disposal facilities. The simulation results indicated 

that waste management performance could be improved by combining waste generation prevention with material value 

recovery. This approach provides an alternative to conventional management systems that primarily focus on collecting 

and disposing of residual materials after construction activities have been performed. 

From an economic perspective, circular economy strategies have the potential to generate savings through reduced 

disposal costs and improved material utilization. However, these benefits must be evaluated against investment 

requirements, segregation costs, processing expenditures, and material quality testing. From an environmental perspective, 

reductions in waste disposal can serve as an initial indicator of improved project sustainability, while broader environmental 

impact assessments require additional analysis of energy consumption, emissions, and resource utilization. 

Overall, circular economy approaches can be developed as part of construction management systems that integrate 

technical, economic, and environmental considerations. The application of quantitative performance indicators enables 

project managers to compare alternative strategies based on measurable outcomes. Such a framework may also support the 

development of internal material management policies, strengthen coordination among project stakeholders, and promote 

the implementation of sustainable infrastructure development principles. 

 

4.10. Research Limitations 

This study has several limitations because the data were derived from hypothetical simulations rather than direct 

measurements conducted on a specific construction project. Waste composition, prevention rates, material reuse potential, 

recycling capacity, and management costs were established as assumptions to illustrate relationships among research 

variables. Consequently, the simulation results cannot be used to establish actual circular economy performance levels in 

infrastructure projects. 

Furthermore, the analysis did not comprehensively account for variations in recycled material prices, transportation 

distances to processing facilities, secondary material market capacity, equipment investment requirements, or detailed 

material quality testing. The environmental assessment was also limited to changes in waste disposal quantities and material 

recovery rates, meaning that it did not represent the full range of environmental impacts throughout the material life cycle. 

Future research should incorporate primary data from actual construction projects through measurements of incoming 

and outgoing materials, waste generation records, cost surveys, and observations of reuse and recycling processes. This 

would allow the proposed strategies to be validated under real project conditions and support the development of more 

accurate, practical, and scientifically defensible recommendations. 

 

CONCLUSIONS 

Based on the results of the analysis and discussion, it can be concluded that the development of circular economy-

based construction waste management strategies through the implementation of the reduce, reuse, and recycle principles 

has the potential to improve material utilization efficiency, reduce the quantity of waste requiring disposal, and support 

sustainable infrastructure development. The hypothetical simulation results indicated that, of the total initial potential waste 

generation of 100 tons, concrete contributed the largest proportion at 40%, followed by bricks at 20%, formwork timber at 

15%, reinforcing steel and aggregates at 10% each, and packaging materials at 5%. A comparison of four waste management 

scenarios demonstrated that the implementation of an integrated circular economy strategy (S3) could prevent the 

generation of 15 tons of waste, enable the reuse of 25 tons of materials, and facilitate the recycling of 40 tons of materials. 

Consequently, the quantity of waste requiring final disposal decreased from 100 tons to 20 tons, representing an 80% 

reduction compared with the conventional waste management system. 

From an economic perspective, the implementation of circular economy-based waste management strategies 

demonstrated potential cost savings through reduced disposal requirements, material reuse, and the recovery of economic 

value from construction resources. The simulation results showed that the net waste management cost under the 

conventional system was IDR 45,000,000, whereas the integrated circular economy strategy resulted in a net cost of IDR 

29,000,000. This difference indicated potential cost savings of 35.56% compared with the baseline condition. From an 

environmental perspective, the integrated strategy achieved a waste diversion rate of 76.47% relative to the quantity of 

waste remaining after prevention measures. These findings suggested that implementing circular economy principles could 
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reduce dependence on final disposal facilities and improve the utilization of material resources. However, a comprehensive 

assessment of environmental benefits would require further evaluation of energy consumption, material processing 

activities, transportation, and emissions generated throughout the material life cycle. 

Overall, this study demonstrated that construction waste management strategies integrating material requirement 

control, waste segregation, material reuse, and recycling could provide a promising approach to supporting sustainable 

infrastructure development. Successful implementation requires accurate material planning, effective stakeholder 

coordination, the availability of material recovery facilities, and measurable material flow monitoring systems. Waste 

prevention should be prioritized as the primary strategy, followed by the reuse and recycling of materials that meet relevant 

technical requirements. Although Scenario S3 exhibited the most favorable performance within the simulation model, the 

findings cannot be generalized because all data used in the study were hypothetical. Therefore, further research should 

incorporate actual construction project data, quality testing of recovered materials, and more comprehensive evaluations of 

costs and environmental impacts. Such investigations would provide a stronger empirical foundation for implementing the 

proposed circular economy strategies more effectively, economically, and reliably in infrastructure project management. 
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