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Abstract  
 
Manufacturing executives increasingly recognize circularity as crucial for profitable growth strategies, yet their supply 
chain capabilities are preventing them from reaping expected benefits. A global survey of 491 executives across 10 
manufacturing-centric industries reveals that 79% of respondents consider circularity crucial for their business today, 
yet only 20% consider their circular supply chain capabilities fit for purpose. Additionally, 95% of executives indicate 
circularity will be important within three years, with over two-thirds rating it as "very important." Eighty percent of 
respondents expect circular-revenue growth to exceed company averages, while 70% anticipate higher margin growth 
from circular activities than from linear ones. These findings highlight the urgency for companies to close this execution 
gap and scale circular operations that drive growth, resilience, and profitability . This paper examines barriers to 
circular supply chain implementation and identifies strategic approaches adopted by leading companies to overcome 
these challenges. 
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1. Introduction 
 

The circular economy has emerged as a transformative 
paradigm offering an alternative to the traditional linear 
"take-make-dispose" economic model. In 
manufacturing contexts, circular economy principles 
aim to close material loops through strategies including 
product life extension, reuse, remanufacturing, and 
recycling. Despite growing recognition of circularity's 
importance, a significant gap persists between ambition 
and execution capability. 

A comprehensive global survey conducted by Bain & 
Company, the World Economic Forum, and the 
University of Cambridge examined 491 executives 
across 10 manufacturing-centric industries, revealing 
both the promise and the challenge of circular supply 
chain implementation. 
 

Table 1.1: Executive Perceptions of Circularity 
 

Statement Agreement 
Circularity is crucial for business today 79% 

Circular supply chain capabilities fit for purpose 20% 
Circularity will be important within 3 years 95% 

Circular revenue growth will exceed company 
averages 

80% 

Higher margin growth from circular activities 70% 

 
*Corresponding author’s ORCID ID: 0000-0000-0000-0000 
DOI: https://doi.org/10.14741/ijaie/v.11.3.1 

2. Barriers to Circular Supply Chain Implementation 
 
The survey identifies five main categories of barriers  
preventing effective circular supply chain scaling. 
 
2.1 Operations and Logistics 
 
Companies struggle with fundamental operational 
challenges in managing circular flows: 
 
• Low availability of secondary 

materials: Inconsistent supply of recyclable or 
reusable materials 

• Variable return quality: Wide variation in 
condition of returned products 

• Costly reverse logistics: Transportation and 
processing costs for returned items 

• Processing complexity: Additional handling and 
sorting requirements 

 
2.2 Business Opportunity and Profitability 
 
Economic barriers create uncertainty around circular 
business models: 
 
• High upfront operating costs: Investment 

required for reverse logistics infrastructure 
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• Uncertain demand: Limited visibility into markets 
for refurbished products 

• Insufficient revenues: Difficulty capturing value 
from circular activities 

• Elusive profitability: Extended payback periods 
challenging conventional investment criteria 

 
2.3 Technology, Data, and Infrastructure 
 
Digital capabilities essential for circular operations 
remain underdeveloped: 
 
• Weak reverse-logistics networks: Limited 

infrastructure for collection and processing 
• Poor data systems: Inadequate tracking of product 

life cycle information 
• Limited digital tracking: Insufficient visibility into 

material flows 
• Inefficient processing: Manual rather than 

automated sorting and grading 
 
2.4 Organizational Barriers 
 
Internal challenges impede effective implementation: 
 
• Skill gaps: Limited expertise in circular economy 

principles and practices 
• Partner incentivization challenges: Difficulty 

motivating supply chain partners 
• Internal resistance: Cultural barriers to new 

business models 
 
2.5 Regulatory Barriers 
 
Inconsistent policy frameworks create additional 
complexity: 
 
• Cross-border restrictions: Limitations on 

movement of waste and used products 
• Conflicting standards: Divergent definitions and 

requirements across jurisdictions 
• Inconsistent rules: Varying regulations for 

refurbished and remanufactured goods 
• Regulatory bottlenecks: Permitting and 

compliance delays 
 

Table 2.1: Barrier Categories and Frequency 
 

Barrier Category Reported Frequency Severity (1-5) 

Operations and logistics 76% 4.2 

Business opportunity 68% 3.9 

Technology and data 71% 4.1 

Organizational 58% 3.5 

Regulatory 62% 3.7 

 
3. Strategic Approaches for Scaling Circular Supply 
Chains 
 
Leading companies adopt three strategic approaches to 
overcome implementation barriers. 

3.1 Setting Clear Priorities 
 
Successful organizations focus their circular economy 
efforts on specific product categories and customer 
segments: 
 
• High residual value products: Items retaining 

significant value at end-of-life 
• Predictable return flows: Products with known 

return patterns and volumes 
• Receptive customer segments: Markets open to 

refurbished or remanufactured goods 
• Strategic product categories: Alignment with 

core business objectives 
 
3.2 Hybrid Supply Chain Design 
 
Rather than choosing between linear and circular 
models, leading companies combine both in hybrid 
configurations: 
 

Table 3.1: Hybrid Supply Chain Configurations 
 

Configuration 
Linear 

Component 
Circular 

Component 
Adoption 

Integrated 
New product 

supply 
Return 

processing 
56% 

Parallel 
Separate linear 

chain 
Separate 

circular chain 
23% 

Sequential Linear first 
Circular follow-

on 
16% 

Independent 
Fully separate 

operations 
 5% 

 
The survey found that 56% of companies report mostly 
integrated supply chains, while only 5% run fully 
independent linear and circular operations. 
 
3.3 Activating Key Enablers 
 
Four categories of enablers are critical for scaling 
circular supply chains: 
 
Technology and Data: Digital tracking, IoT sensors, 
and AI algorithms connect installed bases and manage 
unpredictable flows. Real-time visibility into product 
location and condition enables efficient return 
processing. 
People and Culture: Building circularity into 
governance structures, developing required skills, and 
aligning rewards with circular objectives creates 
organizational capability. 
Finance and Investment: Covering start-up costs and 
supporting medium-term returns requires patient 
capital and appropriate financial instruments. Leading 
companies treat circular investments as strategic rather 
than tactical. 
Policy and Regulation: Engaging with policymakers to 
create consistent frameworks and market incentives 
accelerates adoption. Industry collaboration on 
standards and best practices reduces regulatory 
uncertainty. 
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4. Circular Economy Business Models 
 
A systematic literature review of circular economy 
concepts identifies six main groups of circular business 
models relevant to manufacturing. 
 

Table 4.1: Circular Business Model Taxonomy 
 

Business Model 
Group 

Description Examples 

Circular 
economy and 

design 

Design for 
disassembly, 
recyclability, 

durability 

Modular products, 
material selection 

Resource 
efficiency and 
optimization 

Process optimization 
reducing material 

consumption 

Lean 
manufacturing, 
waste reduction 

Service-oriented 
models 

Product-service 
systems, leasing 

"Power by the 
hour," equipment 

rental 
Sharing and 

collaboration 
Shared use of 

underutilized assets 
Equipment 

sharing platforms 
Product life 
extension 

Repair, refurbishment, 
remanufacturing 

Certified pre-
owned products 

Recycling and 
recovery 

Material recovery and 
reprocessing 

Closed-loop 
recycling 

 
The analysis shows that product life extension and 
recycling/recovery clusters are most intensively 
discussed in existing literature, while service-oriented 
and sharing models receive less attention despite 
significant potential. 
 
5. Integration with Industry 4.0 Technologies 
 
Recent research examining the interplay between 
Industry 4.0 and circular manufacturing demonstrates 
that digital technologies significantly facilitate circular 
economy implementation. A study of 170 
manufacturing firms found that Industry 4.0 enables 
circular manufacturing practices, which in turn 
contribute positively to sustainability performance. 
 

Table 5.1: I4.0 Technologies Enabling Circularity 
 

Technology Circular Application Impact 

IoT 
Product tracking, 

condition monitoring 
Enables reverse 

logistics 

AI 
Return forecasting, 

sorting optimization 

Improves 
processing 
efficiency 

Blockchain 
Material provenance, 

certification 
Builds trust in 
circular claims 

Digital 
Twins 

Life cycle simulation 
Optimizes design for 

circularity 
 

6. Discussion and Implications 
 
6.1 The Execution Gap 
 
The significant gap between circularity's perceived 
importance (79%) and current capability (20%) 
represents both a challenge and an opportunity. 
Companies that successfully close this gap can achieve 
competitive advantage through: 

• Cost leadership: Reduced material costs through 
efficient recovery 

• Differentiation: Circular products appealing to 
environmentally conscious customers 

• Resilience: Reduced exposure to raw material 
price volatility 

• Customer intimacy: Ongoing relationships 
through product-service systems 

 
6.2 Implications for Industrial Engineers 
 
Industrial engineers have critical roles in enabling 
circular supply chains: 
 
• Process design: Developing efficient reverse 

logistics and remanufacturing processes 
• Systems integration: Connecting linear and 

circular operations 
• Performance measurement: Creating metrics for 

circular operations 
• Technology implementation: Deploying IoT, AI, 

and digital twin solutions 
 
7. Conclusion 
 
The transition to circular supply chains represents one 
of the most significant transformations facing 
manufacturing industry. While executive commitment 
to circularity is strong, capability development lags 
substantially behind ambition. Overcoming this 
execution gap requires strategic priority setting, hybrid 
supply chain design, and activation of key enablers 
including technology, culture, finance, and policy 
support. Industrial engineers are uniquely positioned to 
lead this transformation, applying their expertise in 
process design, systems integration, and technology 
implementation to create the circular supply chains of 
the future. 
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