
TuijinJishu/Journal of Propulsion Technology 

ISSN: 1001-4055 

Vol. 44 No. 6 (2023) 

__________________________________________________________________________________ 

1897 

Measuring the Environmental Impact: Key 

Performance Indicators for Assessing 

Closed-Loop Supply Chain Sustainability 

 Sivaraman P
1
*, Gnanasekaran V

2
, Naveen Kumar D

2
, Hariprasath S

2
 

1
 Assistant Professor, Mechanical Engineering, Sri Krishna College of Technology 

2
UG Students, Mechanical Engineering, Sri Krishna College of Technology 

 

Abstract:-This research addresses the critical need for effective measurement and assessment of environmental 

impact within closed-loop supply chains, driven by the escalating concerns over resource depletion and 

environmental degradation. The growing recognition of the significance of sustainable practices has prompted 

the development of key performance indicators (KPIs) tailored to evaluate closed-loop supply chain 

sustainability. The problem at hand revolves around the lack of a standardized framework for assessing the 

environmental impact of closed-loop supply chains, hindering the ability of organizations to gauge their 

progress toward sustainable practices. This manuscript proposes a comprehensive set of KPIs specifically 

designed for this purpose, considering the unique characteristics of closed-loop systems. The methodology 

employed involves a thorough review of existing literature on sustainable supply chain practices, life cycle 

assessments, and environmental impact measurement. Additionally, insights from industry experts and case 

studies of successful closed-loop supply chain implementations contribute to the development of robust KPIs. 

The key findings underscore the importance of recycling rates, reuse metrics, waste reduction initiatives, and 

energy efficiency measures in determining the sustainability of closed-loop supply chains. The manuscript 

emphasizes the significance of adopting a life cycle assessment approach and ensuring traceability of materials 

to effectively manage environmental impact throughout the supply chain. By adhering to these KPIs, 

organizations can not only evaluate their environmental performance but also implement targeted strategies for 

continuous improvement, ultimately contributing to a more sustainable and resilient global supply chain. 

Keywords: Supply Chain, Key Performance Indicators, Life cycle Assessment. 

 

1. Introduction 

The contemporary global business landscape is increasingly characterized by a growing awareness of 

environmental sustainability and a recognition of the finite nature of resources. In response to these challenges, 

businesses are shifting their focus towards closed-loop supply chains, which emphasize the circular flow of 

materials through the system, thereby minimizing waste and maximizing resource utilization. While the 

adoption of closed-loop supply chain practices is a positive step towards sustainable operations, there exists a 

critical gap in the absence of a standardized framework for measuring and assessing the environmental impact 

of these systems. 

This study is prompted by the imperative to address the escalating environmental concerns and the need for 

businesses to proactively contribute to mitigating the adverse effects of industrial activities. The background 

situation is marked by a global call for responsible and sustainable business practices, driven by a heightened 

awareness of climate change, resource depletion, and the detrimental impacts of traditional linear supply 

chains.The fundamental issue at hand is the lack of a comprehensive set of Key Performance Indicators (KPIs) 

specifically tailored for assessing the environmental sustainability of closed-loop supply chains. Existing 

sustainability metrics often fall short in capturing the nuances and intricacies of closed-loop systems, limiting 

the ability of organizations to quantitatively evaluate their environmental performance. 
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The methodology employed in this study encompasses an exhaustive review of literature on sustainable supply 

chain practices, life cycle assessments, and environmental impact measurement. Additionally, insights are 

gleaned from industry experts, and case studies of successful closed-loop supply chain implementations are 

analyzed to inform the development of a robust set of KPIs.By undertaking this study, we aim to bridge the 

existing gap in the literature and provide a comprehensive framework for assessing the environmental impact of 

closed-loop supply chains. The ultimate goal is to empower businesses with the tools necessary to not only 

measure their current environmental performance but also to strategically implement improvements and 

innovations that align with global sustainability goals. In doing so, this research contributes to the broader 

discourse on sustainable supply chain management, offering practical insights that can drive positive 

environmental change within the business ecosystem. 

2. Literature Review 

Closed-Loop Supply Chains and Sustainability - The concept of closed-loop supply chains has gained 

prominence as an effective strategy for businesses to address environmental concerns and promote 

sustainability. [1] Emphasize the importance of closed-loop systems in reducing waste and creating a circular 

economy. This aligns with the growing global consensus on the need for sustainable business practices [2]. 

Challenges in Assessing Closed-Loop Supply Chain Sustainability - Despite the increasing adoption of closed-

loop supply chain practices, scholars highlight the challenges associated with evaluating their environmental 

impact. [3]Note that traditional supply chain metrics often fall short in capturing the nuances of closed-loop 

systems, necessitating the development of specialized Key Performance Indicators (KPIs). 

Importance of Key Performance Indicators (KPIs) - KPIs play a crucial role in quantifying and assessing the 

sustainability performance of supply chains. [4] Argue that the development of relevant KPIs is essential for 

effective measurement and management of sustainability initiatives. This is particularly true in the context of 

closed-loop supply chains, where the circular flow of materials requires unique performance indicators [5]. 

Methodologies for Assessing Environmental Impact - Life Cycle Assessment (LCA) emerges as a prominent 

methodology for evaluating the environmental impact of products and supply chains. [6] Highlights the 

versatility of LCA in assessing resource use, emissions, and overall sustainability. The proposed study draws on 

LCA principles to develop a holistic understanding of the environmental impact within closed-loop supply 

chains. 

Industry Insights and Case Studies - Real-world applications and case studies provide valuable insights into 

successful closed-loop supply chain implementations. [7]Present a case study illustrating how a major 

electronics manufacturer effectively implemented closed-loop practices, showcasing the potential for waste 

reduction and resource conservation. Such industry-specific insights contribute to the practical development of 

KPIs. 

Global Call for Sustainable Practices - The imperative for sustainable business practices is underlined by global 

initiatives and frameworks. [2]Promotes the concept of a circular economy, emphasizing the importance of 

closed-loop systems. This aligns with the broader global discourse on sustainable development and responsible 

corporate citizenship. 

In summary, the literature review highlights the evolving landscape of closed-loop supply chains, the challenges 

in assessing their sustainability, the pivotal role of KPIs, the relevance of life cycle assessment, and the practical 

insights gleaned from industry case studies. Building upon this foundation, the proposed study aims to 

contribute a tailored set of KPIs for the effective measurement and assessment of environmental impact within 

closed-loop supply chains [8-9]. 

3. Methodology and Procedure 

Review of Existing Literature - The initial phase of the research involved a comprehensive review of existing 

literature on closed-loop supply chains, sustainability metrics, and environmental impact assessment 

methodologies. This includes academic journals, conference proceedings, and reputable reports from 

organizations such as the Ellen MacArthur Foundation. The purpose is to establish a solid theoretical 
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foundation, understand the current state of knowledge, and identify gaps or limitations in the literature related to 

KPIs for closed-loop supply chain sustainability. 

Analysis of Case Studies - In this stage, a systematic analysis of relevant case studies is conducted to extract 

practical insights and lessons learned from real-world implementations of closed-loop supply chains. Case 

studies from various industries and geographical locations are examined to capture the diversity of approaches 

and challenges faced by organizations. The analysis focuses on the key success factors, obstacles encountered, 

and the impact of different practices on environmental sustainability. This empirical examination of case studies 

informs the development of KPIs by grounding them in practical, industry-specific contexts. 

Insights from Industry Experts - To supplement academic knowledge and case study analyses, insights are 

gathered directly from industry experts with experience in closed-loop supply chain management and 

sustainability. Structured interviews and surveys are conducted to capture expert opinions on the current state of 

sustainability practices, challenges faced by businesses, and potential areas for improvement. These insights 

provide a qualitative perspective that complements the quantitative data derived from the literature review and 

case studies. The input from industry experts ensures the practical relevance and applicability of the proposed 

KPIs. 

Development of a Comprehensive Set of KPIs - Building on the insights gained from the literature review, case 

study analysis, and input from industry experts, a comprehensive set of Key Performance Indicators (KPIs) is 

developed. These KPIs are designed to address the specific challenges and characteristics of closed-loop supply 

chains, covering aspects such as recycling rates, reuse metrics, waste reduction, energy efficiency, and more. 

The development process involves iterative refinement to ensure that the proposed KPIs are both practical for 

implementation and aligned with the overarching goals of sustainability in closed-loop systems. 

Integration of Life Cycle Assessment (LCA) Principles - Recognizing the importance of a holistic approach to 

environmental impact assessment, the methodology incorporates Life Cycle Assessment (LCA) principles. LCA 

involves the comprehensive evaluation of the environmental impacts associated with a product or system 

throughout its entire life cycle, from raw material extraction to end-of-life disposal. The integration of LCA 

principles ensures that the proposed KPIs provide a well-rounded view of the environmental sustainability of 

closed-loop supply chains. The life cycle perspective allows for a thorough understanding of the interconnected 

processes and facilitates more informed decision-making regarding resource use and emissions. 

Overall, this multi-faceted methodology combines theoretical insights, empirical evidence from case studies, 

practical input from industry experts, and a holistic life cycle perspective to develop a robust set of KPIs for 

assessing the environmental impact of closed-loop supply chains as shown in fig 1. 

 

Figure 1: KPI in Sustainability  

4. Key Performance Indicator Findings 

As shown in table 1 provides a succinct overview of ten key performance indicators (KPIs) crucial for assessing 

closed-loop supply chain sustainability. Each KPI is accompanied by a brief description of its impact, a real-time 

example, and the method of assessment. From tracking recycling and reuse rates to managing waste reduction, 

energy efficiency, and water usage, these indicators offer a comprehensive framework for evaluating the 
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environmental impact of closed-loop supply chains. Material traceability ensures transparency, while life cycle 

assessment provides a holistic understanding of the overall environmental impact. Supplier sustainability and 

regulatory compliance underscore the importance of ethical and responsible practices throughout the supply 

chain. This concise summary encapsulates the diverse facets of sustainable practices within closed-loop supply 

chains, providing valuable insights for businesses aiming to enhance their environmental performance. 

S.No 
Key Performance 

Indicator (KPI) 
Impact Real-Time Example Assessment 

1 Recycling Rate 

Efficient use of 

resources, waste 

reduction 

Recycling electronic 

components for new 

devices 

Track 

weight/volume of 

recycled materials 

vs. total 

consumption 

2 Reuse Rate 

Waste reduction, 

extended product 

lifespan 

Refurbishing and reusing 

automotive components 

Monitor percentage 

of refurbished 

products 

reintroduced 

3 Waste Reduction 

Decreased waste 

generation compared to 

baseline 

Implementing circular 

fashion in the textile 

industry 

Compare waste 

generated before and 

after closed-loop 

practices 

4 Energy Efficiency 

Reduced energy 

consumption per unit of 

production 

Implementing energy-

efficient technologies in 

manufacturing 

Measure energy 

usage at different 

stages, calculate per 

unit output 

5 Carbon Footprint 
Reduced greenhouse gas 

emissions 

Optimizing transport 

routes and sustainable 

packaging 

Calculate emissions 

from manufacturing, 

transportation, etc. 

6 Water Usage 

Water conservation, 

sustainable resource 

management 

Precision irrigation in 

agriculture 

Monitor water usage 

at different stages, 

calculate 

consumption 

7 
Material 

Traceability 

Enhanced transparency 

and quality control 

Electronics industry 

ensuring ethical material 

sourcing 

Implement systems 

for material 

traceability and 

monitoring 

8 
Life Cycle 

Assessment (LCA) 

Holistic understanding of 

environmental impact 

Automotive industry 

assessing a vehicle's life 

cycle 

Conduct systematic 

analysis of inputs, 

outputs, and 

environmental 

impacts 

9 
Supplier 

Sustainability 

Ensuring upstream 

partners align with 

sustainability standards 

Fashion industry 

assessing supplier 

practices 

Evaluate suppliers 

based on 

predetermined 

sustainability criteria 

10 
Regulatory 

Compliance 

Adherence to 

environmental 

regulations 

Chemical industry 

managing hazardous 

material disposal 

Regular audits to 

ensure compliance 

with environmental 

regulations 

 

5.  Results and Discussion 

Comparative Analysis of Proposed KPIs - The proposed Key Performance Indicators (KPIs) play a pivotal role 

in assessing the environmental impact of closed-loop supply chains. A comparative analysis of these KPIs 

reveals their unique contributions to sustainability measurement within this specific context. 
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Recycling Rate and Reuse Rate: These KPIs collectively emphasize the importance of resource efficiency and 

waste reduction. While the recycling rate focuses on the incorporation of recycled materials, the reuse rate 

extends the life cycle of products and components, reducing the overall environmental footprint. 

Waste Reduction: This KPI provides a quantitative measure of success in minimizing waste generation, 

aligning with the broader goals of a circular economy. By setting baselines and tracking reductions, businesses 

can measure the effectiveness of their closed-loop practices in mitigating environmental impact. 

Energy Efficiency and Carbon Footprint: These KPIs address the energy consumption and emissions 

associated with the supply chain. Energy efficiency directly correlates with cost savings and environmental 

benefits, while the carbon footprint KPI aligns with global efforts to combat climate change. 

Water Usage: A critical KPI for industries reliant on water resources, it emphasizes the importance of 

sustainable water management. The reduction in water usage not only benefits the environment but also 

supports responsible water stewardship. 

Material Traceability: Ensuring the traceability of materials promotes transparency and accountability. By 

understanding the origin of materials, businesses can address environmental and ethical concerns, fostering a 

more sustainable and responsible supply chain. 

Life Cycle Assessment (LCA): LCA provides a holistic view, accounting for environmental impacts across the 

entire life cycle of a product. This comprehensive approach is instrumental in making informed decisions that 

prioritize sustainability at every stage of production. 

Supplier Sustainability: This KPI acknowledges the significance of upstream partners in the closed-loop 

supply chain. Supplier sustainability ensures that environmental and ethical considerations are integrated into 

the broader supply network, reinforcing the overall sustainability of the chain. 

Regulatory Compliance: Compliance with environmental regulations is a foundational aspect of sustainability. 

This KPI ensures that businesses operate ethically and responsibly, minimizing legal risks and contributing to a 

regulatory environment that aligns with global sustainability objectives. 

Practical Implications for Businesses - The practical implications of adopting these KPIs extend beyond mere 

measurement, influencing strategic decision-making and operational practices in meaningful ways: 

Cost Savings: Many of the proposed KPIs, such as recycling rate and energy efficiency, directly contribute to 

cost savings. Businesses can reduce expenses associated with raw material acquisition, energy consumption, and 

waste disposal through efficient closed-loop practices. 

Brand Reputation: Embracing sustainable practices enhances brand reputation and customer loyalty. 

Communicating achievements in recycling rates, waste reduction, and supplier sustainability can differentiate a 

business in the market, attracting environmentally conscious consumers. 

Risk Mitigation: Material traceability and regulatory compliance KPIs play a crucial role in risk mitigation. 

Businesses that can trace the origin of materials and comply with regulations are better positioned to navigate 

potential legal and reputational risks. 

Innovation and Competitive Advantage: The integration of LCA and innovative closed-loop practices can 

lead to product and process innovations. Businesses that prioritize sustainability often gain a competitive edge 

by offering eco-friendly products and demonstrating environmental responsibility. 

Integration into Existing Sustainability Frameworks - The proposed KPIs seamlessly integrate into existing 

sustainability frameworks, enhancing their effectiveness and providing a more nuanced understanding of closed-

loop supply chain sustainability: 

Global Reporting Initiatives (GRI): KPIs such as recycling rate, waste reduction, and carbon footprint align 

with GRI standards, providing standardized metrics for reporting environmental performance. 
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ISO 14001 Environmental Management System: The proposed KPIs support the objectives of ISO 14001 by 

facilitating the identification of significant environmental aspects and contributing to the continuous 

improvement of environmental performance. 

Circular Economy Frameworks: Recycling rate, reuse rate, and waste reduction KPIs directly align with 

circular economy principles, emphasizing the circular flow of materials and reducing reliance on linear 

production models. 

Sustainable Development Goals (SDGs): Several KPIs contribute to the achievement of specific SDGs, such 

as clean water and sanitation, affordable and clean energy, responsible consumption and production, and climate 

action. 

The discussion underscores the relevance and applicability of the proposed KPIs for closed-loop supply chain 

sustainability. Their comparative analysis, practical implications for businesses, and seamless integration into 

existing sustainability frameworks position these metrics as valuable tools for fostering environmental 

responsibility and resilience within supply chain operations. 

6. Conclusion 

In summary, this study has systematically explored and proposed a set of Key Performance Indicators (KPIs) 

tailored for assessing the environmental impact of closed-loop supply chains. The identified KPIs, including 

Recycling Rate, Reuse Rate, Waste Reduction, Energy Efficiency, Carbon Footprint, Water Usage, Material 

Traceability, Life Cycle Assessment (LCA), Supplier Sustainability, and Regulatory Compliance, collectively 

provide a comprehensive framework for evaluating sustainability in closed-loop supply chains.Each KPI 

addresses specific aspects of environmental impact, from resource efficiency and waste reduction to emissions 

control and responsible sourcing. The comparative analysis highlights the distinct contributions of each KPI, 

offering a holistic approach to sustainability measurement.Practical implications for businesses include cost 

savings, enhanced brand reputation, risk mitigation, and opportunities for innovation and competitive advantage. 

The integration of these KPIs into existing sustainability frameworks aligns with global standards and 

principles, reinforcing their applicability and relevance.This research significantly contributes to the field of 

closed-loop supply chain sustainability by proposing a comprehensive set of KPIs specifically tailored to 

address the unique characteristics and challenges of closed-loop systems. This fills a notable gap in the existing 

literature, where standardized metrics for assessing sustainability in closed-loop supply chains were 

lacking.Offering practical insights and real-time examples that demonstrate the applicability of the proposed 

KPIs across various industries. This not only enhances the theoretical understanding of closed-loop 

sustainability but also provides actionable guidance for businesses aiming to adopt more sustainable 

practices.Integrating Life Cycle Assessment (LCA) principles into the proposed KPIs, emphasizing a holistic 

approach to environmental impact assessment. This integration enhances the robustness of sustainability 

measurement by considering the entire life cycle of products within closed-loop systems. 

Recommendations for Future Research - While this study provides a foundational framework for closed-loop 

supply chain sustainability, there are avenues for future research to further advance the field such as 

Longitudinal Studies: Conducting longitudinal studies to track the implementation and effectiveness of the 

proposed KPIs over time will provide valuable insights into the long-term sustainability impact of closed-loop 

supply chains.Industry-Specific Applications: Exploring industry-specific applications of the proposed KPIs and 

tailoring them to the unique characteristics of different sectors can enhance the practicality and relevance of the 

framework.Technological Innovations: Investigating the role of emerging technologies, such as blockchain and 

artificial intelligence, in enhancing the traceability and transparency of materials within closed-loop supply 

chains can be a promising area of future research.Cross-Sector Collaborations: Exploring opportunities for 

cross-sector collaborations and knowledge exchange can foster a more holistic understanding of closed-loop 

sustainability, considering the interconnectedness of supply chains across industries.Policy and Regulatory 

Considerations: Examining the influence of policies and regulations on the adoption of closed-loop practices 

and the impact of regulatory frameworks on the effectiveness of the proposed KPIs. 
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To conclude, this research lays a foundation for a more sustainable and resilient future by providing a robust 

framework for assessing closed-loop supply chain sustainability. Future endeavors should build upon this 

foundation, exploring new dimensions and applications to continually advance the field and contribute to the 

broader global agenda for sustainable development. 
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