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1. Introduction

Construction-related waste encompasses materials generated during construction, demolition, renovation,
and interior decoration activities (Lee et al., 2024), among which construction and demolition waste (CDW)
accounts for the dominant share(Oliveira de Lima et al., 2024). In countries with mature waste management
systems, CDW recycling rates commonly exceed 70%, reaching 76% in the United States, 80% in Australia, and
88% in the European Union (Atta & Bakhoum, 2024). In contrast, China’s current CDW recycling rate remains
critically low at approximately 5% (Ding et al., 2023), highlighting an urgent need for more effective and
systemic recycling strategies to reduce environmental burdens and support the transition toward a circular
economy.

This study develops a comprehensive framework integrating LCA, MFA, and SD to dynamically assess
and optimize CDW recycling strategies through 2050. The integrated model predicts GWP over time, quantifies
material flows within the system, and evaluates the dynamic impacts of policy interventions. This approach
facilitates a more integrated assessment of the environmental performance of CDW recycling strategies than
previous static models and provides a decision-support tool for optimizing recycling management and policy
evaluation. In this study, GWP is evaluated using the carbon emission equivalent, abbreviated as GWP.

2. Material and Methods

This paper adopts an integrated approach combining life cycle assessment (LCA), material flow analysis
(MFA), and system dynamics (SD) to evaluate the long-term environmental impacts of CDW management under
different recycling strategies. LCA is used to quantify the GWP associated with CDW treatment and disposal
processes across the life cycle, including waste generation, collection, recycling, and final disposal. MFA is
applied to track material flows of major CDW components within the system, enabling a quantitative assessment
of recycling rates and material recovery efficiency over time.

System dynamics is employed to capture the dynamic interactions among policy measures, technological
progress, market mechanisms, and behavioral changes, and to simulate their long-term impacts on CDW
recycling performance and GWP reduction from the base year to 2050. The integrated LCA-MFA-SD
framework allows feedback mechanisms and time-dependent changes to be explicitly represented, overcoming
the limitations of static assessments. Scenario analysis is conducted to compare single-strategy and integrated-
strategy pathways, providing insights into the effectiveness of different CDW management strategies in
supporting a low-carbon transition.

3. Results and Discussion

This study develops an integrated LCA-MFA-SD model to estimate annual and cumulative GWP from
residential CDW disposal in Suzhou through 2050. The model simulates long-term GWP trajectories under
different recycling strategies and quantifies improvements in recycling performance at varying intervention
levels. Figure 1 presents a heatmap of construction waste by material type. The results show a clear inverse
relationship between recycling rates and GWP. Among single-strategy scenarios, the technological improvement
scenario performs best, achieving a 40% recycling rate and a 34.79% reduction in GWP by 2050. Behavioral,
policy, and market-driven strategies yield lower recycling rates of 18.8-35.0%, corresponding to GWP
reductions of 13.72–29.82%. Integrated strategies outperform single measures, reducing GWP by 54.08% and
93.75% in the medium-efficiency and best-practice scenarios, respectively, compared with the business-as-usual
case. Overall, while technological advancement is the most effective standalone measure, integrated strategies
deliver the greatest mitigation benefits.
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Figure 1. Heatmap of construction waste by material types

4. Conclusion

It is essential for policymakers and industry stakeholders to move beyond isolated interventions and adopt
an integrated, system-oriented approach to CDW management. Effective decarbonization of the CDW sector
requires the coordinated deployment of digital technologies, market-based incentives, regulatory instruments,
and social engagement measures. Digital tools such as building information modeling, Internet of Things
systems, and data-driven monitoring platforms can improve waste traceability and operational efficiency, while
well-functioning recycling markets are needed to ensure economic viability. At the same time, clear and
enforceable policies, including recycling mandates, performance standards, and extended producer responsibility
schemes, are critical to providing long-term institutional support for CDW recycling.

To operationalize this integrated approach, a phased and coordinated policy roadmap should be
established. In the short term, pilot projects and targeted incentives can be used to accelerate the adoption of
digital technologies and demonstrate their effectiveness. In the medium to long term, market mechanisms should
be strengthened to support recycling enterprises, complemented by progressively stricter regulatory frameworks.
Sustained public engagement and capacity-building initiatives are also necessary to encourage behavioral change
across the construction value chain. Together, these measures can substantially improve CDW recycling rates
and deliver significant reductions in GWP, thereby supporting broader low-carbon transition pathways and long-
term sustainability objectives.
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