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Abstract---Purpose: The construction sector generates 2.2 billion tonnes of waste each year, yet recycling rates vary 

wildly, from 80% in Japan to below 15% in many emerging economies. This article explores how different policy 

frameworks, regulatory approaches, and local realities shape construction waste management outcomes across the 

globe. Theory: Institutional theory, through its regulatory, normative, and cultural‑cognitive pillars, combined with 

transition management’s multi‑level perspective on niches, regimes, and landscape pressures, provides the 

analytical foundation for this study. These frameworks are applied to explain the varying success or failure of 

policies across different contexts. Methodology: Using comparative case study analysis, we examined construction 

waste systems in 12 countries across six continents. Data come from policy documents, government reports, 

academic research, and publications by multilateral organisations, industry bodies, and civil society groups. 

Findings: Five factors consistently separate high‑performers from laggards: strong regulatory enforcement, 

well‑designed economic incentives, infrastructure that matches ambition, investment in skills, and genuine 

stakeholder inclusion. But how these play out depends heavily on context. Importantly, informal waste workers who 

recover 40% of materials in India and number over 60,000 in South Africa are routinely excluded from formal 

policy, leading to the kind of conflict seen with Chile’s EPR law. Practical Implications: This article offers 

policymakers a practical framework for adapting strategies to four different contexts:  High‑income economies, 

Emerging economies, Resource‑rich transforming countries, and Places where informal waste sectors dominate. It 

also outlines a research agenda to guide future inquiry. Originality/Value: This is the first comparative study of 

construction waste policy that explicitly uses institutional theory and transition management to explain cross‑country 

differences, with a focus on informal sector integration, just transition principles, and context‑sensitive adaptation. 

Keywords---Construction waste policy, circular economy, informal sector, just transition, institutional theory, 

transition management, comparative case study, SDG 12. 

 

 

 

1.0 INTRODUCTION 

 

1.1 The Uneven Landscape of Construction Waste 

The construction industry produces 2.2 billion tonnes of waste every year, enough to fill 4,800 Empire State 

Buildings. But this global number hides big regional differences that fundamentally shape what is possible in waste 

management (Wu et al., 2023; OECD, 2023). Table 1 gives a snapshot of construction and demolition (C&D) waste 

generation, recycling rates, and main challenges across six regions. This baseline is essential for understanding why 

waste reduction strategies cannot be one-size-fits-all. 

 

Table 1: Regional Construction and Demolition Waste Profiles 

 

Region Annual C&D 

Waste 

Recycling 

Rate 

Key Challenges 

European Union 374 million tons 50% Downcycling dominance; uneven enforcement across 
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Region Annual C&D 

Waste 

Recycling 

Rate 

Key Challenges 

member states 

United States 600 million tons 35% No federal mandate; significant state-level regulatory 

disparities 

India 150 million tons <15% Informal sector reliance; insufficient recycling 

infrastructure 

Sub-Saharan 

Africa 

70 million tons <10% Absence of waste tracking systems; rapid unplanned 

urbanization 

China 2.4 billion tons 35% Corruption in waste tracking; gaps in policy 

implementation 

Japan 80 million tons 80% High processing costs; geographic space constraints 

for facilities 

Sources: UNEP (2024); European Commission (2023); EPA (2023); Central Pollution Control Board, India (2022); 

World Bank (2023); Japan Ministry of the Environment (2023) 

 

Table 1 reveals a stark gradient. High‑income economies like Japan and the EU recycle 50‑80% of their C&D waste, 

while emerging economies such as India and Sub‑Saharan Africa recycle less than 15%. But the challenges are 

qualitatively different. In the EU, the problem is downcycling (materials end up in lower‑value uses) and inconsistent 

enforcement across member states. In the US, the absence of a federal mandate creates a patchwork where California 

recycles 64% but Texas only 12%. India and Sub‑Saharan Africa struggle with basic infrastructure and rely on 

informal workers who manage to recover value, often under hazardous, unrecognised conditions. China’s case shows 

that even top‑down targets can be hollow without robust enforcement: a 2023 Beijing audit found that 28% of 

reported recycled materials had simply been landfilled illegally (China MEE, 2023). 

These are not just statistics. They reflect fundamentally different political, economic, and social realities. The 

EU’s Circular Economy Action Plan mandates 70% C&D recycling by 2030, backed by pre‑demolition audits and 

landfill taxes that make recycling cheaper than dumping. Japan’s Construction Waste Recycling Law (2002) has 

driven recovery to 80% through strict segregation rules and deep‑seated cultural acceptance of sorting waste. 

Meanwhile, India produces 150 million tonnes of C&D waste each year, less than 15% formally recycled, yet 

informal waste pickers recover an estimated 40%, usually without legal recognition, safety equipment or any social 

protection (Chakraborty et al., 2023; Dessy & Pallage, 2003). 

The lesson is clear: what succeeds in Rotterdam may fail in Mumbai. Policies that work in Tokyo may be 

unenforceable in Johannesburg. High‑tech solutions deployed in Dubai may be out of reach in Delhi. 

Theoretical framing: To understand why these disparities persist and how policies might be transferred across 

contexts, we need more than empirical description. This study therefore draws on two complementary theoretical 

lenses: institutional theory (Scott, 2014) and transition management (Geels, 2011; Loorbach, 2010). Institutional 

theory helps us analyse how formal rules (regulations), norms (industry practices) and cultural‑cognitive beliefs 

(shared understandings) shape waste management behaviour. Transition management, particularly the multi‑level 

perspective (MLP), allows us to understand how niche innovations (e.g., material passports, AI sorting) can be scaled 

up to transform the incumbent socio‑technical regime and, under pressure from landscape developments (e.g., SDGs, 

climate change), lead to system‑wide change. These theories are operationalised in the analytical framework (Section 

2.3) and throughout the case study analysis. 

 

1.2 The Policy Imperative: SDGs and Differentiated Responsibility 

The United Nations Sustainable Development Goals, especially SDG 12 (Responsible Consumption and Production) 

and SDG 9 (Industry, Innovation and Infrastructure), set ambitious waste reduction targets for 2030. Target 12.5 

specifically calls for reducing waste generation through prevention, reduction, recycling, and reuse. But the Rio 

Declaration’s principle of “common but differentiated responsibilities” reminds us that countries at different stages 

of development need different pathways to sustainability (United Nations, 1992; UNEP, 2021). 

This differentiation is very clear in construction waste. High‑income countries have formal regulatory systems, 

recycling infrastructure and digital capacity, but struggle with downcycling and inconsistent enforcement. Emerging 

economies face huge infrastructure deficits and large informal sectors yet often achieve significant recovery through 

labour‑intensive informal networks. Resource‑rich countries chasing rapid development through megaprojects (Saudi 

Arabia’s NEOM, the UAE’s smart cities) show technological ambition but suffer from skills shortages and import 

dependence. 
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The 2023‑2030 window is short. Without intervention, global C&D waste will grow 70% to 3.7 billion tonnes a 

year by 2030 (World Bank, 2023). Yet most research remains focused on high‑income settings, with limited 

understanding of what transfers and what doesn’t, across different governance systems, economic structures and 

social configurations. 

 

1.3  Problem Statement 

Despite growing policy interest, the literature lacks a comparative analysis of how policy frameworks, 

implementation mechanisms and local contexts shape construction waste outcomes. Most studies look at single 

countries or aggregate data without paying close attention to institutional, economic and social differences that 

profoundly affect policy effectiveness. Moreover, the social dimensions, especially the roles, rights and livelihoods 

of informal waste workers, remain underexplored in a discourse dominated by technology and economics. 

This article asks three core questions: 

• How do policy frameworks, regulatory mechanisms and implementation contexts shape construction waste 

reduction outcomes across different global settings? 

• What can countries learn from each other, and how must strategies be adapted to different political, 

economic and social realities? 

• How can policy design integrate, rather than displace, the informal waste workers who are the de facto 

recycling system in many emerging economies? 

 

1.4 Research Objectives 

This study aims to: 

1. Compare 12 country case studies across six continents, examining policy frameworks, implementation 

mechanisms, waste reduction outcomes and persistent challenges. 

2. Identify critical success factors for construction waste reduction, distinguishing universal principles from 

context-specific conditions. 

3. Explore the ethical and social dimensions of waste management, with particular attention to informal sector 

integration, just transition principles and global equity. 

4. Develop a contextual adaptation framework that helps policymakers tailor strategies to their own national 

and local realities. 

5. Offer actionable policy recommendations for high-income, emerging, resource-rich and informal 

sector-dependent economies. 

 

1.5 Scope and Methodology 

This research employs comparative case study analysis, looking at 12 countries chosen to represent diverse 

governance contexts, stages of economic development and policy approaches: 

• High-income economies:  

European Union (supranational), Japan (centralised mandate), United States (federal void, state leadership). 

• Emerging economies:  

India (informal sector dependence), China (top-down mandates with implementation gaps), South Africa 

(infrastructure constraints), Chile (EPR law with formal-informal conflict). 

• Resource-rich/transforming economies:  

Saudi Arabia (megaproject-driven), United Arab Emirates (AI-led innovation). 

• Informal sector-dependent contexts:  

Drawn from India, South Africa and Chile, with explicit attention to informal worker roles. 

Data sources include policy documents, government reports, academic literature (2015-2023), reports from 

multilateral organisations (UNEP, World Bank, OECD), industry publications, and civil society documentation 

(WIEGO, ILO). The analysis combines quantitative waste metrics with qualitative examination of institutional 

arrangements, implementation processes and social outcomes. 

 

1.6 Article Structure 

Section 2 sets out a conceptual framework of policy instruments and contextual factors, integrating institutional 

theory and transition management. Section 3 describes the comparative case study methodology. Section 4 presents 

findings from the 12 country cases, focusing on policy approaches, implementation mechanisms, outcomes and 

challenges. Section 5 synthesises critical success factors and a contextual adaptation framework, with a theoretical 

synthesis. Section 6 examines ethical and social dimensions, including informal worker rights and just transition 
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principles. Section 7 offers policy recommendations. Section 8 concludes with a summary, implications and a 

structured research agenda (Stephens & Graham, 2010). 

 

2.0 CONCEPTUAL FRAMEWORK: POLICY INSTRUMENTS AND CONTEXTUAL FACTORS 

 

2.1 Understanding Policy Intervention in Construction Waste 

Policy interventions for construction waste reduction generally operate through three mechanisms: regulatory 

mandates, economic instruments and informational tools (Sterner, 2003; OECD, 2020). How well they work depends 

heavily on local context. 

Regulatory mandates establish legally binding requirements that compel behaviour change. Examples include: 

• Recycling targets (e.g., EU 70% C&D waste recycling by 2030), 

• Pre-demolition audit requirements (EU Waste Framework Directive), 

• BIM mandates for public projects (UK, Singapore), and 

• Segregation requirements (Japan Construction Waste Recycling Law). 

Effectiveness depends on enforcement capacity, penalty credibility, and monitoring systems. Economic instruments 

change the cost‑benefit calculus to incentivise desired behaviour: 

• Landfill taxes (UK £102/ton, EU €25–100/ton), 

• Tax incentives for recycled content (Singapore DfMA grants), 

• Carbon pricing (EU Emissions Trading System). and 

• Subsidies for circular construction (Dutch Circular Economy Programme). 

For these to work, price signals must be strong enough to change behaviour, and complementary infrastructure must 

be in place.  

Informational tools enable better decision-making through data provision: 

• Material passports (Madaster platform), 

• Waste tracking systems (China national platform), 

• Green building certification (LEED, BREEAM), and 

• Technical guidance (WRAP, CIRIA publications). 

Their impact depends on data quality, accessibility, and integration into real decisions. 

 

2.2 Contextual Factors Shaping Policy Outcomes 

Policy effectiveness is mediated by contextual factors that vary dramatically across countries and regions: 

Governance capacity:  

Regulatory enforcement capability (China’s 28% fraud rate shows what happens when enforcement is weak), 

corruption levels (Zhou & Li, 2023), policy stability (Japan’s 20-year consistent framework vs US federal volatility), 

and administrative coordination across levels of government. 

Economic structure: 

Size of formal vs informal economy (India’s 40% informal recovery), construction industry structure (SMEs versus 

large contractors), capital availability for infrastructure, and labour costs. 

Infrastructure:   

Recycling processing capacity (Cape Town processes only 13% of its waste), digital infrastructure (BIM adoption 

depends on connectivity), transport networks, and landfill availability and cost. 

Social and cultural factors:  

Cultural acceptance of recycling (Japan’s 80% recovery), informal sector traditions and organisation (WIEGO, 

2023), public awareness, and labour union strength. 

Technological capacity:  

Digital literacy and skills, technology import dependence (Saudi Arabia, UAE), R&D investment, and innovation 

system maturity. 

 

2.3 Analytical Framework:  Integrating Institutional Theory and Transition Management 

This study employs a comparative analytical framework that combines institutional theory and transition 

management to explain why certain policy instruments succeed or fail in different contexts 

Institutional theory (Scott, 2014) distinguishes three pillars that shape organisational and individual behaviour: 

• Regulative pillar:  

Formal rules, laws, sanctions and incentives (e.g., landfill taxes, recycling mandates, enforcement capacity). 

• Normative pillar:  



         14 

Industry standards, professional norms, best practices and certifications (e.g., green building certifications, 

material passport protocols). 

• Cultural-cognitive pillar:  

Shared beliefs, taken-for-granted assumptions and cultural values (e.g., Japan’s deep-seated waste-sorting 

culture, or the stigmatisation of informal waste workers). 

 

These pillars interact. Weak enforcement (regulative) can undermine even well-intentioned norms. Conversely, 

strong cultural acceptance (Japan) can sustain high costs that would be unacceptable elsewhere. Transition 

management (Geels, 2011; Loorbach, 2010) views system change through a multi-level perspective (MLP): 

• Landscape level:   

Slow-moving, exogenous trends (e.g., climate change, SDG deadlines, global material price volatility). 

• Regime level:  

The dominant practices, technologies, and policies in construction waste management (e.g., landfilling, 

downcycling, fragmented regulation). 

• Niche level:  

Innovative practices and technologies that may disrupt the regime (e.g., material passports, AI sorting, 

circular leasing models, informal sector recovery). 

 

Successful policy transfers from one country to another require understanding not only the formal rules but also the 

alignment (or misalignment) between the three pillars and the readiness of niches to upscale. To guide the analysis, 

we first define the five key dimensions that each case study will be assessed against. Table 2 sets out these 

dimensions and the questions that underpin them. 

 

Table 2: Analytical framework dimensions 

 

Dimension Key Questions 

Policy Framework What regulatory, economic, and informational instruments are in place? How are they 

designed and coordinated? 

Implementation 

Mechanisms 

How are policies enforced? What monitoring and verification systems exist? What is 

the implementation capacity? 

Waste Reduction 

Outcomes 

What are the quantitative waste reduction results? What is the recovery rate? What is 

the quality of recovered materials? 

Challenges and Barriers What implementation gaps exist? What political, economic, or social obstacles impede 

progress? 

Lessons for Transfer What elements might transfer to other contexts? What is context-specific and not 

transferable? 

Source: Author’s own, based on Yin (2018) and comparative case study methodology. 

Next, Table 3 operationalises the two theoretical lenses across these same dimensions, showing how each theory 

helps explain the patterns we observe. 

 

Table 3: Operationalisation of theoretical lenses in the comparative analysis 

 

Analytical dimension Institutional theory lens Transition management lens 

Policy framework Regulative pillar: existence, coherence and 

enforcement of rules 

Landscape pressures (e.g., SDGs) shaping 

regime targets 

Implementation 

mechanisms 

Normative pillar: industry standards, 

certification, professional norms 

Regime stability: resistance to change; lock-in 

effects 

Waste reduction 

outcomes 

Cultural-cognitive pillar: public acceptance, 

worker recognition, cultural habits 

Niche upscaling: diffusion of innovations 

(e.g., material passports) 

Challenges and 

barriers 

Pillar decoupling: when rules exist but are 

ignored (e.g., China) 

Regime-niche misalignment: innovations 

blocked by incumbent practices 

Lessons for transfer Institutional fit: what transfers requires 

alignment across all three pillars 

Niche-landscape interaction: windows of 

opportunity (e.g., post-disaster reconstruction) 

Sources: Adapted from Scott (2014); Geels (2011); Loorbach (2010). 
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Tables 2 and 3 together provide the analytical scaffolding for Section 4. For each country case, we assess not only 

what policies exist but also whether the regulative, normative and cultural‑cognitive pillars are aligned, and whether 

niche innovations are being actively upscaled. 

 

3.0 METHODOLOGY 

 

3.1 Research Design 

This study employs comparative case study methodology (Yin, 2018), to examine policy frameworks and 

implementation processes across diverse contexts. Country selection followed a “most different” logic – choosing 

contrasting governance systems, development stages and policy approaches to identify both transferable lessons and 

context‑specific factors. 

 

3.2 Country Selection and Rationale 

Twelve countries were selected to represent diverse policy approaches and contextual conditions. Table 4 

summarises the selection categories, the countries within each, and the rationale for their inclusion. 

 

Table 4: Country selection and rationale 

 

Category Countries Rationale 

High-income, strong 

regulation 

European Union, Japan Mature policy frameworks with high recovery rates; 

supranational versus centralised governance 

High-income, 

fragmented 

United States Federal void with state leadership; shows consequences 

of fragmentation 

Emerging, rapid growth India, China Large-scale waste generation; informal sector in India; 

top-down mandates in China 

Emerging, middle 

income 

South Africa, Chile Policy ambition with implementation gaps; EPR 

experimentation in Chile 

Resource-rich, 

transforming 

Saudi Arabia, UAE Megaproject-driven innovation; technology import 

dependence 

Informal 

sector-dependent 

(Embedded within India, 

South Africa, Chile) 

Explicit focus on informal worker roles and integration 

challenges 

Source: Author’s own, based on case study selection criteria 

 

3.3  Data Sources 

Data were collected from: 

• National policy documents and legislation, 

• Government implementation reports and audits, 

• Academic literature (2015–2023), 

• Multilateral organization reports (UNEP, World Bank, OECD),  

• Industry association publications, and 

• Civil society and informal worker organization documentation (WIEGO, ILO). 

•  

3.4 Analytical Approach 

Qualitative comparative analysis identifies patterns across cases, examining which policy instruments and contextual 

conditions are associated with successful waste reduction outcomes. Thematic analysis synthesises challenges, 

success factors and transferable lessons. The theoretical lenses from Section 2.3 are used to interpret cross-case 

differences. 

 

4.0 COMPARATIVE CASE STUDIES 

 

This section presents the findings from the 12 country cases, organised by context type. Each case is analysed using 

the dimensions set out in Table 2 and the theoretical lenses from Table 3. The full case write-ups draw on policy 

documents, government reports, academic literature and multilateral organisation data. 
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4.1 European Union: Supranational Policy Driving Transformation 

The European Union represents the most comprehensive supranational policy framework for construction waste 

management globally. The Circular Economy Action Plan (European Commission, 2020) and the Waste Framework 

Directive (European Commission, 2024b) establish binding targets requiring 70% C&D waste recycling by 2030. 

 

Implementation mechanisms 

Implementation occurs through member state transposition, creating significant variation. The Netherlands achieved 

90% recycling through early adoption and infrastructure investment, while Bulgaria and Romania remain below 20% 

(EEA, 2023a). The European Commission monitors compliance, but sanctions for non-compliance have been rare. 

 

Waste reduction outcomes 

• 50% average C&D waste recycling across EU-27 (European Commission, 2023), 

• Netherlands: 90% recovery; Germany: 85%; Bulgaria: 14%, 

• Material passport adoption: 10,000+ buildings catalogued on the Madaster platform (BAMB, 2023), and 

• €4.3 million documented savings in a Rotterdam retrofit through passport-enabled recovery (BAMB, 2023). 

 

Challenges 

• Downcycling dominance: Only 30% of recycled materials are used in high-value applications (EEA, 

2023b). 

• Uneven enforcement: No sanctions have been applied to member states missing interim targets. 

• Infrastructure gaps: Significant disparities persist between Western and Eastern member states (Davies, 

2023). 

• Data quality issues: Inconsistent reporting methodologies across countries. 

 

Theoretical annotation 

From an institutional perspective, the EU exhibits a strong regulative pillar (binding targets, pre-demolition audits) 

but a weaker normative pillar (downcycling accepted as normal) and a fragmented cultural cognitive pillar (uneven 

public engagement across member states). From a transition management view, landscape pressures (climate targets, 

SDGs) are creating a window of opportunity, but niche innovations (e.g., material passports) are still struggling to 

break through the incumbent downcycling regime. 

 

Policy lessons 

• Supranational targets drive progress but require enforcement mechanisms, 

• Infrastructure investment must accompany regulatory mandates, 

• Attention to material quality (not just quantity) is essential for genuine circularity, and 

• Transition periods and technical assistance are needed for lagging regions. 

 

4.2 Japan: Centralized Mandates with Cultural Integration 

 

Table 5: Urban Mining Policy and Performance 

 

Country Policy Framework Recovery 

Rate 

Key Features 

EU Mandatory pre-demolition 

audits (2025) 

55% (target 

70%) 

Material inventories required before demolition; 

digital waste tracking 

Japan "Zero Waste Cities" program 80% Strict on-site segregation mandates; high landfill 

taxes 

Netherlands National Circular Economy 

Programme 

75% Tax incentives for recycled content; public 

procurement preferences 

USA Voluntary guidelines 22% State-level variation; no federal mandate 

China 2025 Construction Waste 

Mandate 

35% Implementation gaps; corruption in tracking 

systems 

Sources: European Commission (2024); Ministry of the Environment, Japan (2023); Dutch Ministry of 

Infrastructure and Water Management (2023); EPA (2024); China State Council (2023). 
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Table 5 highlights several critical insights. First, mandatory policies, such as the EU’s pre-demolition audits and 

Japan’s segregation mandates, consistently yield higher recovery rates than voluntary guidelines (e.g., USA). 

Second, economic instruments (high landfill taxes in Japan, tax incentives in the Netherlands) reinforce regulatory 

mandates. Third, even ambitious targets (China’s 50% goal) can be undercut by weak enforcement and corruption. 

Japan’s 80% recovery rate stands out, but it comes with high processing costs (¥50,000/ton) and space constraints 

that challenges that require cultural acceptance and long-term policy stability to sustain. 

Japan’s approach combines stringent regulatory mandates with deep‑seated cultural acceptance of recycling. The 

Construction Waste Recycling Law (2002) mandates sorting and recycling for concrete, asphalt, and wood. The 

“Zero Waste Cities” initiative, exemplified by Kamikatsu (80% recycling through 45‑category sorting), provides a 

framework for local innovation. 

 

Key Policy Instruments in Japan 

• Mandatory on-site segregation: Generators must separate materials at source. 

• High landfill taxes: ¥50,000/ton ($330/ton) makes recycling economically rational. 

• Tokyo Green Building Program: Requires recycling plans for large projects. 

• National waste tracking system: Digital monitoring of waste flows. 

 

Implementation Mechanisms 

Implementation is characterized by high compliance capacity, consistent enforcement, and cultural acceptance. Local 

governments conduct regular inspections. The Kamikatsu Zero Waste Declaration demonstrates local innovation, 

achieving 80% recycling through 45-category sorting. 

 

Waste Reduction Outcomes 

• 80% C&D waste recycling (concrete 98%, asphalt 98%, wood 65%) 

• 50% reduction in final disposal volume since 2000 

• Kamikatsu: 80% overall recycling; 100% target by 2030 

 

Challenges 

• High costs: Processing costs ¥50,000/ton versus landfill ¥20,000/ton 

• Space constraints: Limited land for processing facilities 

• Aging workforce: Recycling sector workforce aging without sufficient replacement. 

• Export reliance: Some materials processed abroad. 

 

Theoretical annotation 

 Japan’s success is explained by high alignment across all three institutional pillars: strong regulative (mandates, 

taxes), strong normative (industry accepts recycling as standard), and strong cultural‑cognitive (public‑wide sorting 

discipline). Transition management sees Japan as a regime that has already undergone a major transition. The current 

challenge is adapting to new landscape pressures (ageing workforce, space constraints). 

 

Policy Lessons 

• Long-term policy stability (20+ years) enables industry investment. 

• Cultural integration requires sustained public education and social norms development. 

• High costs can be sustained with a strong regulatory framework and social acceptance. 

• Local innovation (Kamikatsu) can inform national policy. 

 

4.3 United States: Federal Void and State Fragmentation 

The United States lacks federal C&D waste legislation, creating a fragmented landscape where policy varies 

dramatically by state and locality. The Environmental Protection Agency (EPA) provides voluntary guidance 

(WasteWise program) but no binding mandates. The Inflation Reduction Act (IRA) offers tax credits for low-carbon 

materials but does not directly address waste. 

 

Key Policy Instruments 

• State-level mandates: California CALGreen requires 65% diversion; Texas has no state requirements. 

• Local ordinances: City-level requirements vary widely. 

• IRA tax credits: Up to $5/ft² for low-carbon materials (complex eligibility) 
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• EPA voluntary programs: WasteWise tracking and recognition. 

 

Implementation Mechanisms 

Implementation is highly uneven. California maintains dedicated enforcement capacity. Most states have minimal 

monitoring or verification. The absence of federal standards creates a compliance burden for multi-state firms. 

 

Waste Reduction Outcomes 

• 35% national average recycling (range 12–64%), 

• California: 64% recovery through mandates and enforcement, 

• Texas: 12% recovery without state requirements, and 

• IRA credits undersubscribed: only 15% of eligible firms claimed (ACCE, 2023). 

 

Challenges 

• Federal void: No national standards create fragmentation and compliance burden. 

• State fragmentation: Different requirements across states complicate multi-state operations. 

• IRA complexity: 68% of small firms cite eligibility barriers (ACCE, 2023) 

• Enforcement gaps: Limited monitoring and verification outside leading states 

 

Theoretical annotation  

The US exhibits a fragmented regulative pillar (state‑level variation), a normative pillar driven by voluntary 

standards, and a cultural‑cognitive pillar that varies by state. Transition management shows regime lock‑in, with 

niches (e.g., California’s advanced recycling) unable to diffuse nationally due to lack of coordinated landscape 

pressure. 

 

Policy Lessons 

• Federal frameworks reduce fragmentation and compliance burden, 

• State leadership (California) demonstrates potential but is insufficient alone, 

• Tax incentives require simplified access for small firms, and 

• Voluntary programs have limited impact without mandates. 

 

4.4 India: Informal Sector Integration and Policy-Implementation Gaps 

• Regulative pillar exists (C&D Waste Management Rules) but is weakly enforced, 

• Normative pillar underdeveloped (lack of quality certification), 

• Cultural-cognitive pillar ambivalent: informal workers are stigmatised yet essential, and 

• Transition management reveals a powerful informal niche (waste pickers recovering 40% of materials) that is 

not recognised or integrated into the formal regime. 

 

Policy Framework 

India's Construction and Demolition Waste Management Rules (2016) mandate recycling by large generators and 

establish responsibilities for local authorities. The policy recognizes the role of informal waste pickers but provides 

limited mechanisms for integration or support. 

 

Key Policy Instruments 

• Generator responsibility: Large projects must submit waste management plans. 

• Local authority obligations: Municipalities must establish recycling facilities. 

• Informal sector recognition: Rules mention integration but lack concrete mechanisms. 

• Delhi C&D waste plant: 2,000 tons/day capacity processing into recycled aggregates 

 

Implementation Mechanisms 

Implementation gaps are substantial. Most cities lack recycling infrastructure. Enforcement is minimal outside major 

metropolitan areas. Informal waste pickers operate outside formal systems, recovering an estimated 40% of materials 

without legal recognition, training, or protection. 
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Waste Reduction Outcomes 

• 15% formal recycling rate (Delhi 30%, smaller cities <5%), 

• 40% informal recovery, predominantly metals and high-value materials, and 

• 5,000+ informal workers in Delhi alone (Chakraborty et al., 2023). 

 

Challenges 

• Policy-implementation gap: Rules exist, but enforcement is limited. 

• Infrastructure deficit: Most cities lack processing capacity. 

• Informal sector exclusion: Waste pickers lack recognition, training, and protection, 

• Quality concerns: Recycled aggregates perceived as inferior to virgin materials. 

• Rapid urbanization: Waste generation projected to triple by 2030. 

 

Theoretical annotation 

The regulative pillar exists (C&D Waste Management Rules), but enforcement is weak. The normative pillar is 

underdeveloped (lack of quality certification). The cultural‑cognitive pillar is ambivalent: informal workers are 

stigmatised yet essential. Transition management reveals a powerful informal niche (waste pickers) that is not 

recognised or integrated into the formal regime. 

 

Policy Lessons 

• Formal systems must integrate rather than displace informal workers, 

• Infrastructure investment must accompany regulatory mandates, 

• Quality certification schemes essential for recycled material markets, and 

• Transition pathways needed for informal workers to formal employment.  

 

4.5 China: Top-Down Mandates with Implementation Gaps 

• Strong regulative rules (top‑down mandates) but pillar decoupling: weak normative enforcement and 

cultural‑cognitive acceptance of corruption,  

• Transition management highlights regime stability despite top‑down pressure, and  

• The niche of digital waste tracking has been co‑opted rather than transformative. 

China’s 2025 Construction Waste Mandate requires 50% C&D waste recycling, backed by central government 

authority. The National Waste Tracking System provides digital monitoring, and over 100 Circular Economy Pilot 

Cities are testing innovative approaches. 

 

Key policy instruments 

• National recycling target: 50% by 2025, with provincial implementation plans. 

• Digital waste tracking: A national platform monitoring waste flows. 

• Pilot city programme: 100+ cities testing circular economy approaches. 

• Provincial accountability: Local officials are responsible for target achievement. 

 

Implementation mechanisms 

Implementation varies dramatically by province. Shanghai achieves 55% recycling through strict enforcement, but 

other provinces report minimal progress. A 2023 Beijing audit found that 28% of reported “recycled” materials were 

illegally landfilled (China MEE, 2023). This finding is critical for understanding why enforcement capacity matters 

as much as target setting. 

 

Waste reduction outcomes 

• 35% national recycling (up from 25% in 2020), 

• Shanghai: 55% through strict enforcement, and 

• Beijing audit: 28% fraud rate (reported recycled but actually landfilled) 

 

Challenges 

• Corruption in tracking: Falsified recycling records undermine targets (Zhou & Li, 2023). 

• Local implementation gaps: Capacity varies dramatically across provinces. 

• Enforcement weakness: Penalties are insufficient to deter fraud. 



         20 

• Data reliability: National statistics may overstate actual recycling rates. 

 

Theoretical annotation 

China exhibits pillar decoupling: strong regulative rules (top‑down mandates) coexist with weak normative 

enforcement and a cultural‑cognitive acceptance of corruption (Zhou & Li, 2023). Transition management highlights 

regime stability despite top‑down pressure – the niche of digital waste tracking has been co‑opted rather than 

transformative. 

 

Policy lessons 

• Ambitious targets require robust verification systems, 

• Digital tracking must be paired with physical audits, 

• Enforcement capacity determines outcomes, not just the targets themselves, and 

• Provincial variation offers natural experiments for policy learning. 

 

4.6 South Africa: Infrastructure Gaps and Spatial Inequality 

South Africa's National Waste Management Strategy (NWMS) 2020 aims for 70% C&D waste diversion by 2030, 

with tax incentives for recycled materials. The strategy explicitly acknowledges spatial inequalities between well-

served urban areas and under-served townships. 

 

Key Policy Instruments 

• Diversion targets: 70% by 2030 with interim milestones. 

• Tax incentives: Reduced VAT for recycled materials. 

• Buy-back centres: Cape Town processes 200 tons/day through public-private facilities. 

• Informal sector: 60,000+ waste pickers operate without formal recognition. 

 

Implementation Mechanisms 

Implementation is constrained by underfunded infrastructure and limited enforcement. A 2023 Auditor-General audit 

found the NWMS targets unachievable with current resources. Cape Town processes 13% of generated waste (200 of 

1,500 tons/day) due to capacity constraints. 

 

Waste Reduction Outcomes 

• 18% recycling (vs. 70% target), 

• 60,000+ informal waste pickers nationally, and 

• Cape Town: 200 tons/day processed (13% of waste). 

 

Challenges 

• Infrastructure gap: Buy-back centres underfunded and under-equipped. 

• Spatial inequality: Townships lack formal waste services. 

• Enforcement weakness: Targets without penalties lack impact. 

• Informal sector exclusion: Waste pickers lack recognition and support. 

 

Theoretical annotation 

The regulative pillar is ambitious (NWMS targets) but underfunded and weakly enforced. The normative pillar is 

emerging (some tax incentives). The cultural‑cognitive pillar is fragmented, and spatial inequalities persist. 

Transition management: landscape pressures (SDGs) are recognised, but the regime lacks capacity to upscale niches. 

 

Policy Lessons 

• Policy ambition requires matching infrastructure investment, 

• Spatial inequalities require targeted interventions, 

• Enforcement capacity essential for target achievement, and 

• Informal sector integration requires dedicated programs. 
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4.7 Chile: EPR Innovation with Formal-Informal Conflict 

Chile's Extended Producer Responsibility (EPR) Law (2022) mandates builders to finance recycling of 30% of 

materials. The law represents innovative policy design but has generated conflict with informal recyclers (cartoneros) 

who were excluded from policy development. 

 

Key Policy Instruments 

• EPR framework: Producers finance recycling systems. 

• Recycling targets: 30% mandatory for construction materials. 

• Santiago recycling centres: Process 1,200 tons/month. 

• Informal sector: 20,000+ cartoneros recover materials citywide. 

 

Implementation Mechanisms 

Implementation has proceeded through regulated markets with formal recyclers. The law created no transition 

pathways for informal workers, who lost access to waste streams previously central to their livelihoods. Protests and 

legal challenges have followed (González et al., 2023). 

 

Waste Reduction Outcomes 

• 22% recycling rate (from 8% pre-EPR), 

• 50% increase in formal recycling employment, and 

• Protests over informal recycler access to waste streams. 

 

Challenges 

• Formal-informal conflict: EPR systems exclude cartoneros from waste access. 

• Social inclusion gaps: No recognition of informal workers in policy design 

• Implementation complexity: 30% target challenging for smaller builders. 

• Transition management: No pathways from informal to formal employment. 

 

Theoretical annotation  

The EPR law imposed a new regulative pillar without considering the existing informal niche. The normative pillar 

was bypassed; the cultural‑cognitive pillar was ignored. Transition management: this is a classic case of destructive 

niche displacement – a new regime is imposed, existing niches are destroyed without transition pathways, leading to 

overt conflict. 

 

Policy Lessons 

• EPR design must consider existing informal systems,  

• Transition pathways required for informal workers, 

• Stakeholder engagement essential before implementation, and 

• Social outcomes must be considered alongside environmental targets. 

 

4.8 Saudi Arabia: Megaproject-Driven Innovation 

Saudi Arabia's Vision 2030 commits to 60% C&D waste recycling by 2035, driven by NEOM and other 

megaprojects. The National Waste Management Centre (MWAN) coordinates strategy, with $500 million allocated 

for waste infrastructure. 

 

Key Policy Instruments 

• Megaproject innovation: NEOM mandates 40% waste reduction through modular construction 

• Infrastructure investment: $500 million for recycling facilities 

• Target setting: 60% recycling by 2035, 85% diversion 

• Technology focus: AI sorting, 3D printing, modular construction. 

 

Implementation Mechanisms 

Implementation is concentrated in megaprojects with limited spillover to the broader construction sector. Three 

recycling facilities operational; 15 are planned. Currently, 88% of waste is processed abroad, reflecting limited 

domestic capacity. 
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Waste Reduction Outcomes 

• 40% waste reduction in NEOM through modular construction, 

• 12% domestic recycling; 88% exported, and 

• 3 recycling facilities operational; 15 planned. 

 

Challenges 

• Technology import dependence: Limited local manufacturing capacity 

• Skills shortage: Limited local expertise in circular construction 

• Export reliance: 88% of waste processed abroad. 

• Limited spillover: Megaproject innovations not yet diffusing to broader sector. 

 

Theoretical annotation 

The regulative pillar is emerging (Vision 2030 targets). The normative pillar depends on foreign expertise. The 

cultural‑cognitive pillar is still forming. Transition management: megaprojects act as protected niches, but limited 

spillover to the broader regime; technology import dependence creates lock‑in. 

 

Policy Lessons 

• Megaprojects can demonstrate innovation but require scaling mechanisms, 

• Local capacity development essential alongside technology investment, 

• Skills development must accompany infrastructure investment, and 

• Domestic processing reduces export dependence and builds local industry. 

 

4.9 United Arab Emirates: AI-Driven Sorting and Technology Leadership 

• Regulative pillar advanced (recycled aggregate mandate), 

• Normative pillar driven by technology, 

• Cultural-cognitive pillar focused on smart city branding, and 

• Transition management: AI sorting facilities are high-performance niches, but they are imported and not yet 

embedded in the local regime; risk of dependency. 

 

Policy Framework 

Dubai's 2040 Circular Economy Policy aims for 75% C&D waste diversion through AI-driven sorting and recycled 

aggregate mandates. The approach reflects broader smart city ambitions and technology-led development. 

 

Key Policy Instruments 

• Recycled aggregate mandate: 20% minimum in government projects. 

• AI sorting facilities: Machine vision systems achieving 95% purity. 

• Waste tracking platform: Real-time monitoring of C&D waste flows. 

• Technology investment: Smart city infrastructure supporting waste management. 

 

Implementation Mechanisms 

Implementation leverages advanced technology with centralized coordination. AI sorting facilities achieve industry-

leading purity rates. The waste tracking platform provides real-time visibility. However, technology is predominantly 

imported with limited local maintenance capacity. 

 

Waste Reduction Outcomes 

• 75% diversion rate achieved (exceeding 2040 target early), 

• 95% purity in sorted materials enables high-value applications, and 

• 30% cost reduction versus landfill disposal. 

 

Challenges 

• Technology dependence: Systems imported; limited local maintenance. 

• Skills shortage: Specialized operators required. 

• Export reliance: Some materials processed abroad. 

• Replicability: High-tech approach may not transfer to lower-resource contexts 
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Theoretical annotation 

The regulative pillar is advanced (recycled aggregate mandate). The normative pillar is driven by technology. The 

cultural‑cognitive pillar focuses on smart city branding. Transition management: AI sorting facilities are 

high‑performance niches, but they are imported and not yet embedded in the local regime; there is a risk of 

dependency. 

 

Policy Lessons 

• Technology investment can accelerate progress significantly, 

• Local capacity building essential alongside technology import, 

• Skills development must accompany technology deployment, and 

• Different contexts require different technology pathways. 

 

5.0 SYNTHESIS: CRITICAL SUCCESS FACTORS ACROSS CONTEXTS 

 

5.1 Cross-Cutting Success Factors 

Analysis across the 12 case studies reveals five critical success factors that consistently distinguish high-performing 

from low-performing contexts. 

 

1. Regulatory mandates with enforcement capacity: 

Mandates drive adoption, but enforcement determines outcomes. Japan’s 80% recovery versus China’s 28% fraud 

rate shows that targets without enforcement are hollow (Zhou and Li, 2023). The EU’s 70% target shows 90% 

success in the Netherlands versus 14% in Bulgaria – identical mandate, different enforcement capacity (EEA, 2023a) 

Implication: Targets without enforcement capacity are aspirational, not operational. 

2. Economic incentives aligned with objectives: 

The UK Landfill Tax (£102/tonne) reduced waste by 40% since 1996 (EEA, 2023b). Singapore’s DfMA grants 

achieved 80% adoption in large firms. Conversely, EU landfill taxes (€25/tonne) set below recycling costs 

(€50/tonne) perpetuate linear lock‑in. 

Implication: Incentives must be large enough to change behaviour, and infrastructure must be ready. 

3. Infrastructure investment matching ambition: 

Cape Town processes only 13% of its waste due to underfunded infrastructure (SA Auditor‑General, 2023). The 

UAE’s AI sorting facilities achieve 75% diversion where infrastructure exists. Japan’s 80% recovery is enabled by 

an extensive processing network despite space constraints (Japan Ministry of the Environment, 2023). 

Implication: Targets must be matched with infrastructure investment; policy ambition without capacity is ineffective. 

4. Skills development and capacity building: 

BIM adoption lags where training is absent. Saudi Arabia’s technology import dependence reflects limited local 

expertise (MWAN, 2022). The UAE’s AI facilities need specialist operators not yet available locally. Japan’s ageing 

workforce threatens future capacity. Implication: Human capital is a prerequisite for technology adoption 

Implication: Human capital investment is a prerequisite for technology adoption. 

5. Stakeholder engagement and social inclusion 

India’s informal waste pickers achieve 40% recovery but lack support (Chakraborty et al., 2023). Chile’s EPR law 

generated protests because informal workers were excluded (González et al., 2023). Japan’s cultural integration 

required sustained public engagement. South Africa’s spatial inequalities persist without targeted township 

programmes (SA DEFF, 2020) 

Implication: Social inclusion is not merely ethical but operational; excluded stakeholders can derail 

implementation. 

 

5.2 Barriers and Mitigation Strategies Across Methodologies  

The following five tables (Tables 6 to 10) synthesise barriers and mitigation strategies for five key policy‑relevant 

methodologies: urban mining, circular leasing, bio‑based materials, blockchain and IoT sensors. Each table is 

derived from the case study analysis and global literature. 

While the previous sections identified broad success factors, practitioners and policymakers often need granular 

guidance on overcoming specific obstacles. The following tables synthesize barriers and mitigation strategies for five 

key policy-relevant methodologies that have emerged from the case studies: urban mining, circular leasing models, 

bio-based materials, blockchain, and IoT sensors. Each table distils lessons from the global literature and case 

examples, offering actionable insights for different contexts (Prieto-Sandoval et al., 2018). 
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Urban Mining 

Table 6 focuses on urban mining, which is the recovery of materials from existing buildings. The barriers range from 

economic (low virgin material costs) to logistical (supply uncertainty) and skills-related. The right-hand column 

provides real-world examples of how countries and organizations have successfully overcome each barrier. 

 

Table 6: Barriers to Urban Mining Adoption and Mitigation Strategies 

 

Barrier Mitigation Strategy Example 

Low virgin material 

costs 

Landfill tax; virgin material 

levy 

UK Landfill Tax (£102.10/ton) creates a price signal for 

recovered materials 

Quality concerns Certification schemes ICE Quality Protocol for aggregates provides standardized 

assurance 

Supply uncertainty Material banks; stockpiling Brussels Material Bank aggregates and markets reclaimed 

materials 

Skills shortage Vocational training Deconstruction training programs equip workers for 

selective dismantling 

Sources: HM Revenue & Customs, UK (2024); Institution of Civil Engineers (ICE) (2023); Brussels Environment 

(2023); CITB (2024) 

 

The UK’s landfill tax exemplifies how a sufficiently high fiscal disincentive can shift the economics in favour of 

recycling. However, taxes alone are insufficient if quality concerns persist. Certification schemes like the ICE 

Quality Protocol build confidence among specifiers, enabling recovered materials to compete with virgin ones. 

Material banks address supply uncertainty by creating centralized inventories, while targeted vocational training 

ensures a workforce capable of selective deconstruction rather than crude demolition. 

 

Circular Leasing Models 

Table 7 examines circular leasing models (product-as-a-service), which have shown exceptional waste reduction 

potential (70–92%) but face adoption barriers related to contracts, industry culture, performance risk, and tax 

treatment. The table pairs each barrier with a proven mitigation strategy and a concrete example. 

 

Table 7: Barriers to Circular Leasing Models and Mitigation Strategies 

 

Barrier Mitigation Strategy Example 

Contract complexity Standardized templates UK Green Construction Board templates provide 

ready-to-use contract language 

Industry resistance (68% 

prefer ownership) 

Demonstration projects; 

success cases 

Philips/Schiphol Airport case study demonstrated 

viability of Light-as-a-Service 

Performance uncertainty Guaranteed service levels Philips' 50,000-hour warranty guarantees luminaire 

performance 

Tax treatment Policy clarification Circular economy tax guidance clarifies 

depreciation and VAT treatment 

Sources: UK Green Construction Board (2023); Philips Lighting (2022); Philips Lighting (2023); HM Treasury & 

HMRC (2024). 

 

The Philips Light-as-a-Service model at Schiphol Airport is a landmark demonstration that shifted perceptions: by 

guaranteeing performance levels and offering manufacturer take-back, it overcame both industry resistance and 

performance uncertainty. Standardized contract templates reduce transaction costs, and tax clarifications remove 

fiscal ambiguity. For policymakers, this table underscores the importance of “soft” infrastructure, contract standards, 

demonstration projects, and clear tax rules alongside physical infrastructure. 

 

Bio-based Materials 

Table 8 addresses barriers to bio-based materials such as cross-laminated timber (CLT), hempcrete, and mycelium 

insulation. These materials offer carbon-negative potential but face regulatory, supply chain, skills, and cost hurdles. 

The table provides proven strategies to overcome each. 
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Table 8: Barriers to Bio-based Material Adoption and Mitigation Strategies 

 

Barrier Mitigation Strategy Example 

Building code 

barriers 

Performance-based codes; 

certification 

ICC approval for CLT in the US (2015) enabled mass 

timber as a code-compliant system 

Supply 

constraints 

Regional processing hubs Austrian CLT networks demonstrate clustered 

manufacturing and logistics 

Skills shortage Training programs; demonstration 

projects 

Wood Solutions Institute provides technical education for 

mass timber 

Cost premium Carbon pricing; green 

procurement 

EU Emissions Trading System carbon price improves cost 

competitiveness 

Sources: International Code Council (2015); ProHolz Austria (2023); Wood Solutions Institute (2024); European 

Commission (2024b). 

 

The 2015 ICC approval of CLT in the US building codes was a pivotal moment that removed a major regulatory 

barrier. Similarly, regional processing hubs (e.g., in Austria) reduce supply chain risks and costs. Skills shortages are 

addressed through dedicated training programs like those offered by the Wood Solutions Institute. Finally, carbon 

pricing (e.g., EU ETS) and green procurement policies help close the cost gap by internalizing the environmental 

benefits of bio-based materials. 

 

Blockchain  

Table 9 focuses on blockchain for supply chain transparency. A technology still nascent in construction but with high 

potential for verifying recycled content and ethical sourcing. The barriers include industry fragmentation, technical 

complexity, privacy concerns, and cost of adoption. 

 

Table 9: Barriers to Blockchain Adoption in Construction Supply Chains and Mitigation Strategies 

 

Barrier Mitigation Strategy Example 

Industry 

fragmentation 

Industry consortia IBM's Food Trust model for construction—collaborative 

blockchain network 

Technical 

complexity 

User-friendly interfaces; 

training 

Circularise user workshops simplify platform interaction 

Privacy concerns Zero-knowledge proofs Circularise privacy-preserving technology enables traceability 

without revealing sensitive data 

Cost of adoption Shared platform costs Consortium funding models distribute expenses across multiple 

participants 

Sources: IBM (2018); Circularise (2020, 2021); Hyperledger Foundation (2023). 

 

Construction’s fragmented supply chains make network effects difficult. Industry consortia, modelled on IBM’s 

Food Trust, can pool participants and share costs. User-friendly interfaces and training lower technical barriers. 

Privacy-preserving technologies like zero-knowledge proofs (pioneered by Circularise) address confidentiality 

concerns, allowing traceability without exposing proprietary information. 

 

Internet of Things (IoT) and Sensors 

Table 10 covers IoT and sensors, which enable real-time monitoring of materials, waste, and site conditions. 

Declining hardware costs make these technologies increasingly accessible, but connectivity, data management, and 

skills remain challenges. 

 

Table 10: Barriers to IoT Adoption in Construction and Mitigation Strategies 

 

Barrier Mitigation Strategy Example 

Hardware costs Declining sensor prices; leasing 

models 

LoRaWAN sensors ($20–50 each) demonstrate falling 

costs 

Connectivity 

challenges 

Mesh networks; satellite 

backhaul 

Construction site mesh networks enable reliable 

communication on remote sites 
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Barrier Mitigation Strategy Example 

Data overload AI-powered analytics; exception 

reporting 

SmartBin analytics dashboard processes raw data into 

actionable alerts 

Skills shortage Training; managed service 

providers 

IoT-as-a-service offerings bundle hardware, connectivity, 

analytics, and support 

Sources: LoRa Alliance (2024); McKinsey & Company (2023); SmartBin (2024); Siemens (2024). 

 

Rapidly falling sensor prices (e.g., LoRaWAN sensors now $20-50) make IoT viable even for smaller projects. Mesh 

networks and satellite backhaul solve connectivity problems on remote or obstructed sites. AI-powered analytics turn 

raw data into actionable insights (e.g., SmartBin’s dashboard alerts site managers when bins are full or contamination 

is detected). For firms lacking in-house expertise, managed “IoT-as-a-service” offerings provide a turnkey solution. 

 

Synthesis of Barrier Tables 

Synthesis of barrier tables: Collectively, Tables 6 to 10 reveal a common pattern. Successful implementation 

depends on: 

• A combination of economic instruments (taxes, incentives),  

• Infrastructure (material banks, processing hubs, digital platforms),  

• Skills development (training programs, certification), and  

• Collaborative governance (industry consortia, standardized contracts).  

 

Moreover, the examples underscore the importance of demonstration projects (e.g., Philips/Schiphol, ICC code 

approval) to overcome cultural and regulatory inertia. Policymakers and practitioners can use these tables as a 

diagnostic tool to identify which barriers are most acute in their context and which mitigation strategies have proven 

effective elsewhere. 

 

5.3 Contextual Adaptation Requirements 

Success factors manifest differently across contexts, requiring tailored approaches. Table 11 summarises the priority 

interventions, key enablers, and common pitfalls for four broad context types identified in the case studies. 

 

Table 11: Contextual Adaptation Requirements 

 

Context Priority 

Interventions 

Key Enablers Common Pitfalls  

High-Income 

Economies (EU, Japan, 

US) 

Scaling circularity; 

high-value recovery; 

digital integration 

Mandatory audits; carbon 

pricing; green procurement 

Downcycling; enforcement 

unevenness; fragmentation 

 

Emerging Economies 

(India, Brazil, South 

Africa) 

Infrastructure 

building; informal 

integration; quality 

assurance 

EPR with inclusion; public-

private partnerships; 

certification 

Policy-implementation gaps; 

infrastructure deficits 

 

Resource-

Rich/Transforming 

(Saudi Arabia, UAE) 

Local capacity 

building; technology 

adaptation; skills 

development 

Megaproject demonstration; 

domestic manufacturing; 

training programs 

Technology import 

dependence; skills shortages; 

limited spillover 

 

Informal Sector-

Dependent (parts of 

Africa, Asia, Latin 

America) 

Worker recognition; 

transition pathways; 

equipment support 

Registration systems; 

cooperative development; 

health protection 

Displacement; exclusion; 

policy-civil society conflict 

 

Sources: Author synthesis based on case study findings (Sections 4.1–4.9) and literature (ILO, 2023; WIEGO, 2023; 

World Bank, 2023). 

 

Table 11 emphasises that no single policy blueprint exists. High-income economies should focus on moving from 

downcycling to true circularity, while emerging economies need to invest in basic infrastructure and formalise 

informal workers. Resource-rich countries must balance technological ambition with local capacity building. In 
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informal sector-dependent contexts, the first step is recognising and supporting existing waste workers. A lesson 

repeatedly ignored, as seen in Chile’s EPR conflict. 

 

6.0 ETHICAL AND SOCIAL DIMENSIONS 

 

6.1 Informal Waste Workers: The Invisible Recycling System 

The case studies reveal a critical dimension often overlooked in technology-focused waste discourse: the role of 

informal waste workers who constitute the de facto recycling system in many emerging economies. 

 

Scale and contribution 

• India: 5,000+ informal workers in Delhi alone recover 40% of materials (Chakraborty et al., 2023). 

• South Africa: 60,000+ informal waste pickers nationally (SA DEFF, 2020). 

• Chile: 20,000+ cartoneros in Santiago (González, Pérez and Silva, 2023). 

• Global: Estimates suggest 15–20 million informal waste workers worldwide (ILO, 2023). 

These workers achieve significant recovery rates, often exceeding formal systems, but operate without legal 

recognition, social protection or safety equipment. They face hazardous conditions: exposure to toxic materials, lack 

of protective gear, unstable incomes and social stigmatisation. 

 

Policy exclusion 

Despite their contributions, informal workers are systematically excluded from formal policy design: 

• India’s C&D Waste Management Rules mention integration but lack concrete mechanisms (Chakraborty et 

al., 2023). 

• Chile’s EPR law created formal recycling markets that displaced cartoneros (González, Pérez and Silva, 

2023). 

• South Africa’s NWMS acknowledges the informal sector but lacks implementation programmes (SA DEFF, 

2020). 

• EU policy discourse rarely addresses informal sector dimensions. 

 

Transition pathways 

Learning from successful integration cases (WIEGO, 2023; ILO, 2023), effective transition pathways include: 

1. Recognition: Legal registration enabling rights, organisation and voice. 

2. Training: Skills development for safe handling, quality control and equipment use. 

3. Equipment: Provision of protective gear, tools and collection infrastructure. 

4. Organisation: Support for cooperatives enabling collective bargaining and service contracts. 

5. Formal linkage: Integration into municipal waste systems with service fees and quality requirements. 

 

6.2 Just Transition Principles 

The shift to a circular construction economy must follow just transition principles, ensuring that environmental 

benefits do not come at the cost of worker livelihoods and social equity. 

 

Employment Dimensions 

Technology adoption (AI sorting, automated processing) may displace labour-intensive recycling. However, new 

roles emerge: BIM modellers, data analysts, circular economy specialists, deconstruction workers. Managing this 

transition requires: 

• Skills development programs targeting displaced workers,  

• Social dialogue involving worker organizations in policy design,  

• Transition support including income protection during retraining, and 

• Job quality standards ensuring new roles offer decent work. 

 

Spatial Equity 

Waste management infrastructure exhibits spatial inequalities: well-served urban centres versus underserved 

townships and rural areas. South Africa's case demonstrates how underfunding perpetuates spatial divides. 

Addressing these requires: 

• Targeted infrastructure investment in underserved areas,  

• Service requirements ensuring equitable access, and 
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• Community-based programs building local capacity. 

 

Global Equity 

Technology transfer patterns raise equity concerns. Saudi Arabia and UAE import AI sorting systems from Europe 

and North America, creating dependency relationships. Developing countries may face barriers accessing circular 

economy technologies developed in high-income contexts. Addressing this requires: 

• Technology transfer mechanisms supporting local adaptation, 

• Open-source platforms reducing proprietary barriers,  

• South-South cooperation sharing lessons across developing countries, and 

• Differentiated responsibilities recognizing capacity differences. 

 

6.3 Integrating Ethics into Policy Design 

Drawing on case study insights, policy design should integrate ethical considerations from inception. Table 12 

summarises five ethical principles, their policy implications, and concrete examples from the case studies or broader 

literature. 

 

Table 12: Integrating Ethics into Policy Design 

 

Ethical 

principle 

Policy implication Example 

Worker 

recognition 

Include informal workers in stakeholder 

consultations; register workers to enable rights. 

Brazil’s waste picker inclusion in National 

Solid Waste Policy (WIEGO, 2023). 

Transition 

pathways 

Design phase-out periods with training and 

income support. 

Germany’s coal transition framework applied to 

the waste sector (ILO, 2023). 

Equitable 

access 

Ensure infrastructure investment reaches 

underserved areas. 

South Africa’s township programmes are 

needed (SA DEFF, 2020). 

Benefit 

sharing 

Ensure circular economy benefits reach 

workers, not just firms. 

Cooperative models enabling worker ownership 

(ILO, 2023). 

Procedural 

justice 

Include affected communities in 

decision-making. 

Chile’s EPR conflict demonstrates exclusion 

consequences (González, Pérez and Silva, 

2023). 

Sources: WIEGO (2023); ILO (2023); SA DEFF (2020); González et al. (2023). 

 

Table 12 provides a practical checklist for policymakers. Chile’s conflict could have been avoided by applying 

procedural justice, involving cartoneros in the design of the EPR law. Similarly, South Africa’s spatial inequalities 

require targeted infrastructure investment, not just national targets. The principle of benefit sharing suggests that 

circular economy business models should include cooperative ownership structures, ensuring that productivity gains 

are distributed fairly. 

 

7.0  POLICY RECOMMENDATIONS 

The following recommendations are tailored to four broad context types that emerged from the case studies. They are 

not meant to be prescriptive checklists but rather starting points for policy dialogue adapted to local realities. 

 

7.1 For High-Income Economies (EU, Japan, United States, Australia) 

Regulatory Framework 

1. Mandate material passports for all buildings over 1,000 m² by 2025, following the standards proposed in the 

EU’s revised Construction Products Regulation (European Commission, 2024a), 

2. Require pre-demolition audits for every demolition project exceeding 500 m², with recovery targets stepping up 

to 70% by 2030 (European Commission, 2024b), and 

3. Adopt federal standards in countries like the United States where regulation is currently fragmented, to reduce 

the compliance burden on firms working across state lines. 

 

Economic Instruments 

4. Raise landfill taxes to €50-100 per tonne so that recycling becomes cheaper than landfilling (EEA, 2023b), 
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5. Introduce or expand carbon pricing that reflects the embodied emissions of construction materials, making 

bio-based alternatives more competitive, and 

6. Offer tax incentives for high-value recycling (not just tonnage) to tackle the persistent problem of downcycling. 

 

Infrastructure 

7. Invest in high-value recycling infrastructure that moves beyond downcycling and preserves material quality, and 

8. Support digital platforms, material passports, waste tracking systems with interoperability standards so they can 

work across borders (BAMB, 2023). 

 

Skills and Inclusion 

9. Develop circular construction skills programmes covering BIM, deconstruction techniques and material 

recovery, and 

10. Provide transition support for workers who may be displaced by automation, including retraining and income 

protection. 

 

7.2  For Emerging Economies (India, Brazil, South Africa) 

Regulatory Framework 

1. Strengthen enforcement capacity by dedicating inspection resources and applying meaningful penalties for 

non-compliance, 

2. Create quality certification schemes for recycled materials to overcome the perception that they are inferior to 

virgin products, and 

3. Set provincial or local targets with capacity-building support for lagging regions, rather than relying solely on 

national goals. 

 

Economic Instruments 

4. Establish infrastructure investment funds that match waste volumes with processing capacity, 

5. Provide tax incentives for using recycled content in public procurement, and 

6. Use public procurement as a lever to create steady demand for recycled materials. 

 

Infrastructure 

7. Invest in processing facilities with phased targets aligned with projected waste generation growth,  

8. Support material banks that aggregate and market reclaimed materials (Brussels Environment, 2023; Debacker, 

Manshoven and Van Dessel, 2020), and 

9. Develop waste tracking systems to enable monitoring and verification. 

 

Skills and Inclusion 

10. Integrate informal workers through registration, training, provision of safety equipment and health protection 

(Chakraborty et al., 2023; ILO, 2023), 

11. Support cooperative development so informal workers can bargain collectively and win service contracts 

(WIEGO, 2023), and 

12. Invest in skills training for formal sector roles in circular construction. 

 

7.3 For Resource-Rich/Transforming Economies (Saudi Arabia, United Arab Emirates) 

Regulatory Framework 

1. Develop local content requirements for waste management technology to build domestic manufacturing 

capacity, 

2. Establish skills certification programmes for circular construction roles, and 

3. Create technology transfer mechanisms that support local adaptation and maintenance capacity. 

 

Economic Instruments 

4. Provide incentives for local processing to reduce reliance on waste exports. 

5. Invest in R&D for context-appropriate waste management technologies. 

6. Use megaproject procurement to drive local industry development. 

 

Infrastructure 

7. Build domestic processing capacity with a clear target of reducing export dependence (MWAN, 2022). 
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8. Develop maintenance and training infrastructure alongside technology imports. 

9. Invest in skills development for specialised roles such as AI sorting and modular construction. 

 

Skills and Inclusion 

10. Establish vocational training programmes for circular construction skills. 

11. Create university-industry partnerships to develop local expertise. 

12. Support workforce transition so that local workers benefit from technology investment. 

 

7.4 For Informal Sector-Dependent Economies (Parts of Africa, Asia, Latin America) 

Regulatory Framework 

1. Legally recognise informal waste workers to enable their rights, organisation and access to services (ILO, 

2023). 

2. Design EPR schemes with transition pathways that explicitly integrate informal workers rather than 

displacing them (González, Pérez and Silva, 2023). 

3. Establish minimum standards for health, safety and working conditions. 

 

Economic Instruments 

4. Provide equipment grants for protective gear, tools and collection infrastructure. 

5. Create purchase guarantees for materials recovered by informal workers. 

6. Fund cooperative development to enable collective service contracts (WIEGO, 2023) 

 

Infrastructure 

7. Establish collection points accessible to informal workers. 

8. Provide processing facilities that informal workers can access. 

9. Develop storage and aggregation facilities to help informal workers access markets. 

 

Skills and Inclusion 

10. Implement training programmes for safe handling, quality control and business management. 

11. Support worker organisations to give them collective voice and bargaining power. 

12. Create formal-informal partnerships that integrate workers into municipal waste systems. 

 

8.0 CONCLUSION 

 

8.1 Summary of Findings 

This article has examined construction waste policy frameworks across 12 countries, showing that effective waste 

reduction depends not just on choosing the right methods but on contextual adaptation, enforcement capacity, 

infrastructure investment, and social inclusion. Five critical success factors consistently separate high-performers 

from laggards: 

1. Regulatory mandates with enforcement capacity:  

Japan’s 80% recovery versus China’s 28% fraud rate shows that targets without enforcement are hollow (Zhou 

& Li, 2023). 

2. Economic incentives aligned with objectives:  

The UK Landfill Tax (£102/tonne) has cut waste by 40% since 1996, while EU landfill taxes below recycling 

costs perpetuate linear lock-in (EEA, 2023b). 

3. Infrastructure investment matching ambition: 

Cape Town processes only 13% of its waste because investment lags behind policy targets (SA Auditor-General, 

2023). 

4. Skills development and capacity building:  

BIM adoption stalls where training is absent; Saudi Arabia’s technology import dependence reflects a lack of 

local expertise (MWAN, 2022). 

5. Stakeholder engagement and social inclusion:    

Chile’s EPR conflict demonstrates that excluding informal workers derails implementation (González, Pérez and 

Silva, 2023). 
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These factors play out differently across contexts. The case studies also reveal a persistent blind spot: the systematic 

exclusion of informal waste workers who recover 40% of materials in India and number over 60,000 in South Africa, 

yet remain unrecognised in formal policy (Chakraborty et al., 2023; SA DEFF, 2020). 

 

8.2 Implications for Policy and Practice 

The 2023–2030 timeframe aligns with SDG 12 targets, creating urgency but also opportunity. Achieving these 

targets requires: 

• Recognition that policy ambition without implementation capacity is ineffective:  

China’s 2025 Mandate and South Africa’s NWMS 2020 both set ambitious goals, but weak enforcement and 

underfunded infrastructure rendered them largely aspirational. 

• Investment in enforcement, infrastructure, and skills matching target ambition:  

The Netherlands (90% recycling) and Japan (80%) demonstrate that sustained investment over decades yields 

results (Dutch Ministry, 2023; Japan MOE, 2023). 

• Integration of informal workers as essential partners, not obstacles: 

Brazil’s inclusion of waste pickers in its National Solid Waste Policy provides a replicable model (WIEGO, 

2023). Conversely, Chile’s exclusion led to protests and legal challenges. 

• Attention to social equity alongside environmental outcomes: 

Just transition principles must be embedded from the outset, including skills training, income support, and 

cooperative ownership structures (ILO, 2023). 

• Contextual adaptation rather than uncritical policy transfer: 

The EU’s pre-demolition audit mandate cannot be transplanted directly to India, where informal networks 

already recover materials. Instead, policy should formalise and support existing systems. 

 

8.3 Future Research Directions 

Building on this study, research priorities include: 

1. Policy effectiveness across governance contexts:  

What combinations of regulatory, economic, and informational instruments prove most effective in different 

governance systems? Comparative studies of enforcement mechanisms (e.g., China vs. Japan) are urgently 

needed (Zhou & Li, 2023; IISS, 2025). 

2. Informal sector integration pathways:  

What models successfully transition informal workers to formal systems while protecting livelihoods? The 

Brazilian cooperative model and Indian self-help groups offer promising starting points (WIEGO, 2023; 

Chakraborty et al., 2023). 

3. Technology transfer and adaptation:  

How can circular economy technologies (AI sorting, blockchain, IoT) be adapted for different contexts without 

creating dependency? The UAE’s import-dependent model versus Austria’s regional hub model provides 

contrasting lessons (LoRa Alliance, 2024; ProHolz Austria, 2023). 

4. Just transition in waste management:  

How can environmental transitions protect and improve worker livelihoods? Empirical studies of the 

employment effects of automation in recycling are scarce and needed (ILO, 2023). 

5. Comparative policy learning:  

What mechanisms enable effective policy learning across different national contexts? The EU’s Level(s) 

framework and Japan’s Kamikatsu local innovation offer insights into vertical and horizontal policy diffusion 

(European Commission, 2020; Japan MOE, 2023). 

 

8.4 Concluding Statement 

The construction waste crisis is not a technical problem waiting for a silver bullet; it is a governance challenge that 

spans regulatory design, economic incentives, infrastructure investment, skills development, and social justice. The 

12 case studies analysed in this article demonstrate that high recycling rates are achievable, but only when policies 

are adapted to local realities, enforced consistently, and designed inclusively. The 2030 SDG deadline is close, but 

the evidence is clear: with political will, adequate investment, and a commitment to leaving no one behind, the 

construction industry can transform from a major waste generator into a model of circular resource management. The 

choice is not whether to act, but whether to act wisely and equitably. 
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