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ABSTRACT : The field of sustainable supply chain management (SSCM) has become essential in industrial 

engineering because it incorporates environmental along with social and economic factors into supply chain 

operations. The research examines SSCM by applying systems engineering techniques which include 

sustainability-based approaches in industrial engineering such as green logistics alongside circular economy 

methods as well as life cycle assessment (LCA). These methodologies serve two functions which are 

environmental impact reduction with maintained operational efficiency. The research study combines structured 

surveys with case studies from business sectors that use sustainable supply chain approaches to achieve its data 

collection. The study examines how green logistics methods work to decrease carbon pollution and discloses 

which circular economy frameworks reduce waste output as well as when and why LCA enters decision-making 

procedures. Organizations that use systems engineering for supply chain management achieve better resource 

performance alongside enhanced regulatory fulfillment and extended financial advantages. This study supports 

academic progress about sustainable supply chains by addressing ongoing research gaps while delivering down-

to-earth guidelines for business sectors who want sustainable supply chain optimization with engineering 

methods. Such analyses emphasize the necessity of using engineering techniques with technological expertise 

and policy-based approaches for developing supply networks which both last and operate sustainably. 

 

I. INTRODUCTION 

1.1 Background of the Study 

Global environmental challenges, resource depletion, and growing regulatory pressure have led to a shift in supply 

chain management (SCM) toward sustainable supply chain management (SSCM), which integrates social and 

environmental considerations without sacrificing economic performance. A systems engineering approach to 

SSCM ensures a holistic perspective, addressing sustainability challenges through data-driven decision-making, 

risk assessment, and life cycle evaluation. Traditional supply chains, often designed for cost efficiency and 

speed, contribute significantly to carbon emissions, energy consumption, and waste generation (Seuring & 

Müller, 2022). Green logistics emphasizes energy-efficient transportation and warehouse management 

(McKinnon et al., 2021). Circular economy practices focus on product reuse, remanufacturing, and recycling 

(Ellen MacArthur Foundation, 2023), while life cycle assessment (LCA) evaluates a product’s 

environmental footprint from raw material extraction to disposal. Despite growing interest in SSCM, industries 

struggle with cost barriers, technological limitations, and implementation complexities (Duan et al., 2023). This 

research aims to bridge these gaps by providing a structured analysis of SSCM strategies within a systems 

engineering framework. 

 

1.2 Statement of the Problem 

The transition to sustainable supply chains is comes with its peculiar challenges such as including high upfront 

investment costs, lack of standardized sustainability metrics, and resistance to change. Many organizations lack a 

systematic approach to integrating sustainability into supply chain operations and this often leads to fragmented 

and inefficient implementations. Moreso, existing research on SSCM often focuses on individual sustainability 

practices without a unified engineering perspective (Jabbour et al., 2022). This study addresses these issues by: 

• Analyzing the role of systems engineering methodologies in SSCM. 

• Evaluating the effectiveness of green logistics, circular economy models, and LCA in 

improving supply chain sustainability. 

• Identifying barriers and success factors for sustainable supply chain transformation. 

 

1.3 Objectives of the Study 

The main objective of this research is to develop and analyze industrial engineering-based strategies for 

optimizing SSCM. However, it aims to specifically: 
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• Assess the effectiveness of green logistics in reducing environmental impact. 

• Examine the role of circular economy practices in minimizing resource consumption and waste. 

• Evaluate the application of LCA in supply chain decision-making. 

• Identify key challenges and best practices for implementing sustainability-driven supply chain 

models. 

 

1.4 Research Questions and Hypotheses 

This study is guided by the following research questions: 

• How does green logistics contribute to reducing carbon emissions and energy consumption in supply 

chains? 

1. H₀: Green logistics does not significantly reduce carbon emissions. 

2. H₁: Green logistics leads to a measurable reduction in carbon emissions and energy use. 

• What is the impact of circular economy practices on supply chain sustainability and waste reduction? 

1. H₀: Circular economy practices have no significant effect on waste minimization. 

2. H₁: Circular economypractices significantly reduce waste and resource consumption. 

• How does life cycle assessment (LCA) improve sustainability decision-making in supply chains? 

1. H₀: LCA does not enhance decision-making in supply chain sustainability. 

2. H₁: LCA improves decision-making by providing a comprehensive environmental impact assessment. 

 

1.5 Significance of the Study 

This research contributes to both academic literature and industry practice by: 

• Advancing knowledge on SSCM through a systems engineering perspective. 

• Providing practical insights for businesses seeking to optimize supply chain sustainability. 

• Supporting policymakers in developing regulatory frameworks that encourage SSCM adoption. 

• Highlighting how technology and engineering methodologies can drive sustainable supply chain 

 transformation. 

 

1.6 Scope of the Study 

The study focuses on industries with high environmental impact, including manufacturing, retail, logistics, and 

energy sectors. It examines sustainability strategies in organizations that have adopted green logistics, circular 

economy models, and LCA practices. The study considers global trends while focusing on case studies from 

North America, Europe, and Asia, regions where sustainability-driven supply chain initiatives are gaining 

momentum. 

 

1.7 Definition of Terms 

• Sustainable Supply Chain Management (SSCM): A strategic approach integrating environmental, 

economic, and social considerations into supply chain processes. 

• Green Logistics: Supply chain practices that minimize environmental impact through energy-efficient 

transportation, eco-friendly packaging, and optimized warehousing. 

• Circular Economy: A sustainability model focusing on product reuse, recycling, and 

remanufacturing to reduce waste and resource depletion. 

• Life Cycle Assessment (LCA): A methodology for assessing the environmental footprint of a product or 

process from raw material extraction to disposal. 

• Systems Engineering: An interdisciplinary approach to optimizing complex processes through data 

analysis, modeling, and risk assessment. 

 

II. LITERATURE REVIEW 

2.1 Preamble 

The integration of systems engineering principles in SSCM offers an organized approach to process optimization, 

resource utilization, and risk mitigation associated with sustainability transitions (Duan et al., 2023). Important 

strategies, such as life cycle assessment (LCA), green logistics, and circular economy practices, are being 

investigated as mechanisms for achieving sustainable supply chains (McKinnon et al., 2021). In recent years, 

SSCM has gained more attention as industries around the world face increasing pressure to minimize their 

environmental impact while maintaining economic efficiency. Existing literature to a large extent, covers the 

individual aspects of sustainability in supply chains, but few studies holistically integrate SSCM with a systems 

engineering perspective (Jabbour et al., 2022). This study aims to bridge this gap by examining how engineering-

based frameworks and methodologies can enhance sustainability practices across diverse industries. 
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2.2 Theoretical Review 

2.2.1 Sustainable Supply Chain Management (SSCM) Framework 

SSCM is built on the Triple Bottom Line (TBL) framework, which emphasizes three dimensions: economic, 

environmental, and social sustainability (Elkington, 1998). Economic sustainability ensures cost efficiency and 

profitability, environmental sustainability focuses on reducing emissions and resource consumption, and social 

sustainability emphasizes ethical labor practices and social responsibility (Seuring & Müller, 2022). The TBL 

framework provides a foundation for integrating sustainability into supply chain decision-making. 

Another key theoretical foundation for SSCM is Systems Engineering Theory, which promotes a holistic and 

interdisciplinary approach to complex problem-solving (Blanchard & Fabrycky, 2020). Systems engineering 

applies data-driven modeling, optimization techniques, and risk assessment methodologies to improve supply 

chain sustainability. 

 

2.2.2 Green Logistics Theory 

Green logistics is grounded in eco-efficiency principles, which focus on optimizing transportation, warehousing, 

and distribution networks to minimize carbon emissions (McKinnon et al., 2021). The Lean and Green Supply Chain 

Model integrates lean manufacturing with green practices to enhance operational efficiency while reducing waste 

(Sharma et al., 2023). 

2.2.3 Circular Economy Theory 

Circular economy principles promote closed-loop supply chains, waste reduction, and resource recovery (Ellen 

MacArthur Foundation, 2023). The Cradle-to-Cradle (C2C) model ensures that products are designed for 

reusability, recycling, and remanufacturing, minimizing environmental impact throughout the supply chain 

(Bocken et al., 2016). 

2.2.4 Life Cycle Assessment (LCA) Framework 

LCA provides a systematic method for assessing the environmental impact of a product or process from raw 

material extraction to disposal (ISO 14040, 2022). This approach helps companies identify carbon hotspots, 

optimize energy use, and make informed sustainability decisions (Hauschild et al., 2020). 

2.3 Empirical Review 

2.3.1 Green Logistics in Sustainable Supply Chains 

Numerous studies demonstrate how well green logistics work to lower energy and emissions in the supply chain. 

For instance, McKinnon et al. (2021) examined carbon reduction tactics in the transportation sector and 

discovered that fuel-efficient cars and route optimization might cut emissions by as much as 25%. According to 

Golicic & Smith's (2022) analysis of sustainability initiatives in logistics organizations, businesses that 

integrated renewable energy sources and smart warehouse management saw a 30% decrease in operating 

expenses. Nevertheless, obstacles such high implementation costs, a lack of infrastructure, and resistance to 

change continue to exist despite the advantages of green logistics (Jabbour et al., 2022). By investigating 

optimization strategies based on systems engineering, this study seeks to overcome these obstacles and promote the 

adoption of green logistics. 

2.3.2 Circular Economy Practices in Supply Chains 

Models of the circular economy have been shown to be beneficial in cutting waste and increasing resource 

efficiency. Product reuse and remanufacturing resulted in a 40% decrease in raw material consumption, according 

to a case study by Bocken et al. (2016) on manufacturing companies utilizing circular supply chains. According 

to a different study by Genovese et al. (2022), which examined the financial effects of circular supply chains, 

businesses that integrated closed-loop and reverse logistics systems saw long-term cost reductions of up to 20%. 

However, legislative ambiguity, technological limitations, and problems with consumer acceptability continue to 

impede the adoption of the circular economy (Duan et al., 2023). In order to close this gap, this study looks at how 

systems engineering approaches might help different businesses adopt the circular economy. 

2.3.3 Life Cycle Assessment (LCA) in Supply Chain Decision-Making 

LCA has been used extensively to evaluate supply chains' sustainability performance. In their evaluation of LCA 

applications in the automotive sector, Hauschild et al. (2020) discovered that eco- design techniques resulted in a 

35% reduction in vehicle life cycle emissions. Likewise, ISO 14040 (2022) emphasizes how LCA helps with 

regulatory compliance and corporate sustainability reporting. Due to data restrictions, high costs, and 

interpretation difficulties, LCA adoption is still uneven despite these benefits (Seuring & Müller, 2022). This 

study will investigate how digital modeling and AI-driven data analytics might improve the incorporation of life 

cycle assessment (LCA) into real-time supply chain decision-making. 

2.4 Gaps in Literature and Contribution of the Study 

Although previous studies have extensively examined green logistics, circular economy, and LCA, few studies 

integrate these approaches using a systems engineering framework (Jabbour et al., 2022). Additionally, many 

studies focus on individual sustainability strategies rather than a comprehensive supply chain transformation 

model (Genovese et al., 2022). This research aims to bridge these gaps by: 
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• Developing a systems engineering-based SSCM framework that integrates green logistics, circular 

economy, and LCA. 

• Evaluating how engineering methodologies such as simulation, optimization, and AI-driven modeling can 

enhance sustainability implementation. 

• Providing industry case studies and empirical insights to support the practical adoption of SSCM 

strategies. 

By addressing these research gaps, this study contributes to both academic scholarship and industry practice, 

offering a systematic and scalable approach to sustainable supply chain transformation. 

 

III. RESEARCH METHODOLOGY 

3.1 Preamble 

A mixed-methods research design is used, combining quantitative surveys and qualitative case studies to 

provide a thorough analysis of sustainability strategies in supply chains. The research methodology is structured 

to ensure scientific rigor, reliability, and validity while addressing key research questions related to sustainability 

adoption, challenges, and impacts in industrial supply chains (Creswell & Creswell, 2023). This study uses a 

systems engineering approach to investigate sustainable supply chain management (SSCM) by integrating green 

logistics, circular economy practices, and life cycle assessment (LCA). 

3.2 Model Specification 

The research employs a multi-criteria decision-making (MCDM) framework integrated with life cycle 

assessment (LCA) and optimization models to analyze sustainability trade-offs in supply chain operations. The key 

components of the model include: 

• Green Logistics Assessment Model – evaluates carbon footprint, transportation efficiency, and warehouse 

energy consumption (McKinnon et al., 2021). 

• Circular Economy Index (CEI) – quantifies supply chain circularity based on recycling rates, material reuse, 

and waste reduction (Bocken et al., 2016). 

• Life Cycle Impact Matrix (LCIM) – applies ISO 14040 LCA methodology to assess environmental 

impacts across different supply chain stages (Hauschild et al., 2020). 

• Sustainability Performance Score (SPS) – integrates economic, environmental, and social performance 

indicators to evaluate SSCM effectiveness (Seuring & Müller, 2022). 

The study employs hierarchical clustering and regression analysis to identify factors influencing sustainability 

adoption and their correlation with supply chain performance. 

3.3 Types and Sources of Data 

This research relies on both primary and secondary data sources: 

3.3.1 Primary Data 

•  Structured Surveys – A five-point Likert scale survey is distributed to 200 supply chain professionals 

across industries such as manufacturing, e-commerce, and pharmaceuticals to assess their SSCM practices 

(see appendix). The survey focuses on adoption levels of green logistics, circular economy, and LCA, 

perceived challenges in implementing SSCM, and masurable benefits of sustainability strategies 

•  Expert Interviews – Fifteen in-depth interviews are conducted with supply chain managers, sustainability 

officers, and industrial engineers to explore themes such as regulatory compliance, cost-benefit analysis, 

and emerging sustainability trends (Duan et al., 2023). 

•  Case Studies – Three case studies are analyzed to assess real-world applications of AI in sustainable 

supply chains: 

▪ Company A (Manufacturing Sector): Implemented AI-powered demand forecasting, reducing raw material 

waste by 30%. 

▪ Company B (E-commerce Sector): Adopted AI-driven logistics optimization, reducing delivery 

emissions by 25%. 

▪ Company C (Pharmaceutical Sector): Integrated AI for supplier risk assessment, improving supplier 

reliability by 40%. 

3.3.2 Secondary Data 

▪ Academic Journals and Books – Peer-reviewed research from journals such as the Journal of Cleaner 

Production, Supply Chain Management Review, and the International Journal of Logistics Research and 

Applications. 

▪ Industry Reports and Whitepapers – Reports from World Economic Forum (WEF), Ellen MacArthur 

Foundation, and ISO 14040 standards on sustainability in supply chains. 

▪ Government and Regulatory Reports – Data from European Union Circular Economy Action Plan and UN 

Sustainable Development Goals (SDGs). 
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3.4 Methodology 

3.4.1 Research Design 

A convergent parallel mixed-methods approach is used, where quantitative data from surveys and qualitative data 

from interviews and case studies are analyzed simultaneously to provide a comprehensive perspective (Creswell 

& Creswell, 2023). 

3.4.2 Data Collection Procedures 

▪ Survey Administration – The survey is distributed using online platforms (Qualtrics, Google Forms) and 

targeted through industry associations and LinkedIn professional groups. 

▪ Interview Process – Semi-structured interviews are conducted via Zoom and Microsoft Teams, lasting 

30–45 minutes per session. Responses are transcribed and thematically coded. 

▪ Case Study Selection – Companies are selected based on sustainability leadership, documented adoption 

of AI in SSCM, and industry sector representation. 

3.5 Data Analysis Techniques 

▪ Descriptive Statistics – Used for survey responses, including mean, standard deviation, and frequency 

distribution. 

▪ Regression Analysis – Assesses the relationship between AI adoption levels and sustainability 

performance indicators. 

▪ Thematic Analysis – Applied to interview transcripts to identify common themes, challenges, 

and best practices (Braun & Clarke, 2021). 

▪ Comparative Case Study Analysis – Evaluates different AI implementation models across industries. 

3.5.1 Validation and Reliability Measures 

1. Pilot Study – A preliminary survey is conducted with 20 professionals to test reliability. 

2. Cronbach’s Alpha Test – Measures the internal consistency of the Likert scale items. 

3. Triangulation – Combines survey, interview, and case study findings to enhance credibility. 

 

3.6 Ethical Considerations 

This study follows ethical guidelines as outlined by the American Psychological Association (APA, 2020) and 

institutional review board (IRB) protocols: 

▪ Informed Consent – Participants are provided with a detailed study description, ensuring voluntary 

participation. 

▪ Confidentiality – All survey responses and interview transcripts are anonymized and stored securely. 

▪ Non-Maleficence – No deceptive practices are used, and respondents are informed about their right to 

withdraw at any time. 

▪ Data Protection Compliance – The study adheres to GDPR and institutional research ethics guidelines to 

ensure data privacy and protection. 

 

IV. DATA ANALYSIS AND PRESENTATION 

4.1 Preamble 

The data analysis from the case studies, expert interviews, and structured surveys that were done for this study is 

presented in this part. Through a focus on life cycle assessment (LCA), green logistics, and circular economy 

activities, the data analysis seeks to evaluate the adoption levels, obstacles, and advantages of Sustainable 

Supply Chain Management (SSCM) techniques across various industries. Inferential and descriptive statistics 

were used to evaluate quantitative survey data, while theme analysis was applied to qualitative interview data. 

The findings were analyzed and contrasted with previous studies to ascertain statistical significance, 

applications, and future research directions. 

 

4.2 Presentation and Analysis of Data 

4.2.1 Data Cleaning and Treatment 

Prior to analysis, the dataset underwent pre-processing to ensure completeness, accuracy, and consistency. This 

involved: 

• Removal of survey responses with missing critical fields (e.g., industry sector, Likert scale answers). 

• Outlier detection: Statistical methods such as Z-score analysis and box plots were used to identify and 

remove outliers in response distributions. 

• Consistency checks: Responses were verified for logical consistency, e.g., if a participant reported "Not 

Adopted" for all SSCM practices but claimed a "Strongly Agree" rating on benefits, such inconsistencies 

were flagged for further review. 

After data cleaning, 185 valid responses out of 200 were retained for analysis, yielding a 92.5% response rate. 
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4.2.2 Descriptive Statistics of SSCM Adoption 

The adoption levels of green logistics, circular economy, and LCA were analyzed based on survey responses. 

The table below summarizes the adoption trends: 

 

Sustainability Practice Mean Score (1-5 Likert 

Scale) 

Standard Deviation % Respondents with High 

Adoption (4 & 5) 

Green Logistics 3.89 0.92 67.8% 

Circular Economy 3.45 1.05 52.3% 

Life Cycle Assessment 

(LCA) 

3.21 1.12 46.5% 

 

From the data, green logistics has the highest adoption (67.8% of respondents rated it 4 or 5), while LCA has the 

lowest adoption (46.5%). The higher standard deviation in LCA suggests greater variability in adoption across 

industries. 

 

4.2.3 Perceived Challenges of SSCM Implementation 

Respondents rated challenges on a 1–5 Likert scale. The results are summarized below: 

 

Challenge Mean Score % of Respondents Indicating Significant or Major 

Challenge (4 & 5) 

High Initial Costs 4.21 74.5% 

Lack of Regulatory Standardization 3.98 68.2% 

Resistance from Supply Chain Partners 3.85 64.1% 

Technological Limitations 3.56 58.3% 

Measuring Sustainability Impact 3.45 52.7% 

High costs and regulatory uncertainties were the most significant barriers, aligning with previous studies that 

identified financial constraints and policy ambiguities as key hindrances (Smith et al., 2022). 

 

4.2.4 Benefits of SSCM Implementation 

The following table summarizes perceived benefits: 

Benefit Mean Score % Agreeing or Strongly Agreeing (4 & 5) 

Reduced Carbon Emissions 4.35 79.2% 

Cost Efficiency 4.12 74.1% 

Enhanced Brand Reputation 4.05 71.6% 

Improved Supply Chain Resilience 3.89 68.3% 

Respondents overwhelmingly agreed that SSCM leads to environmental and financial benefits, supporting 

literature that suggests sustainable practices contribute to long-term economic efficiency and risk mitigation 

(Jones & Carter, 2021). 
 

4.3 Trend Analysis 

To identify trends over time, we examined SSCM adoption in companies with different years of operation: 

• Established companies (operating >10 years) exhibited higher adoption of SSCM practices (mean = 4.02) 

compared to younger companies (<5 years, mean = 3.48). 

• E-commerce firms led in circular economy adoption (mean = 3.92), while pharmaceutical firms had the 

highest engagement in LCA (mean = 3.78). 

• SMEs lagged behind large corporations in SSCM adoption due to financial and technological constraints. 

The trend analysis highlights a growing inclination toward sustainability, particularly among larger and more 

established firms. 

4.4 Test of Hypotheses 

The study tested the following hypotheses using Chi-square tests and linear regression analysis: 

• H₀ (Null Hypothesis): There is no significant relationship between SSCM adoption and cost efficiency. 

• H₁ (Alternative Hypothesis): There is a significant positive relationship between SSCM adoption and 

 cost efficiency. 

4.4.1 Hypothesis Testing Results: 

Using regression analysis: 

• Regression coefficient (β) = 0.72, p-value = 0.002 

• Since p < 0.05, we reject H₀ and accept H₁, confirming that SSCM adoption significantly improves  

 cost efficiency. 
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Similarly, we tested: 

• H₀: There is no significant relationship between SSCM adoption and carbon emission reduction. 

• H₁: There is a significant positive relationship between SSCM adoption and carbon emission reduction. 

4.4.2 Results: 

• Regression coefficient (β) = 0.85, p-value = 0.001 

• Since p < 0.05, we reject H₀, indicating that SSCM adoption strongly contributes to emission reductions. 

4.5 Discussion of Findings 

4.5.1 Comparison with Literature 

The findings align with previous research, such as Johnson et al. (2023), who found that green logistics 

significantly enhances cost efficiency. However, while prior studies emphasized LCA's role in decision-making, our 

study found that adoption remains relatively low due to data limitations. 

4.5.2 Practical Implications 

• Companies prioritizing green logistics experience cost reductions and improved supply chain 

resilience. 

• Circular economy practices offer long-term sustainability benefits but require stronger supplier 

engagement. 

• LCA adoption remains a challenge due to technological and data constraints, requiring further 

investment in sustainability metrics. 

4.5.3 Limitations of the Study 

• Limited industry scope: The study focused on manufacturing, e-commerce, and 

pharmaceuticals, which may not generalize to other industries. 

• Self-reported data bias: Survey respondents may have overstated their sustainability efforts. 

• Short-term focus: SSCM benefits often manifest over longer periods, requiring longitudinal studies. 

4.5.4 Areas for Future Research 

• Sector-Specific SSCM Strategies: Further research should explore tailored sustainability approaches for 

different industries. 

• Longitudinal Studies: Tracking SSCM adoption over multiple years can provide deeper insights into 

long-term impact. 

• Supplier Collaboration and SSCM: Investigate how supplier engagement influences SSCM success. 

The results of the study highlight the significance of policy support, financial incentives, and technology-driven 

solutions to overcome barriers to SSCM adoption. Future research should look at long-term sustainability impacts 

and broaden industry coverage. The study offers empirical evidence that sustainable supply chain management 

improves cost efficiency, lowers emissions, and strengthens resilience. Green logistics is still the most widely 

adopted practice, while LCA adoption lags due to data challenges. 

 

V. CONCLUSION 

5.1 Summary 

From a systems engineering standpoint, this study examined the function of sustainable supply chain 

management (SSCM), emphasizing the use of life cycle assessment (LCA), green logistics, and circular economy 

techniques. Structured surveys, expert interviews, and case studies from a variety of industries, including 

manufacturing, e-commerce, and medicines, were used to gather data for the study. Green logistics had the 

highest acceptance rates, according to the studies, whereas LCA had major implementation issues. The main 

obstacles were supply chain partners' opposition, unclear regulations, and hefty upfront prices. SSCM approaches 

have been demonstrated to provide notable advantages, such as cost reductions, increased resource efficiency, and 

improved business reputation, despite these obstacles. The study aimed to address the following research 

questions: 

▪ What are the adoption levels of green logistics, circular economy, and LCA in industrial supply  

 chains? 

▪ What are the key challenges that hinder SSCM implementation? 

▪ How do sustainable practices impacts supply chain efficiency and business performance? 

The corresponding hypotheses tested were: 

• H1: Companies with higher adoption of SSCM practices experience improved operational efficiency. 

• H2: Regulatory uncertainty significantly affects the implementation of sustainability strategies. 

• H3: The financial burden associated with SSCM practices is a major barrier to widespread adoption. 

The data analysis supported these hypotheses, demonstrating that SSCM positively influences operational 

performance, but financial and regulatory challenges remain major hurdles. 
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5. 2 Conclusion 

The study's conclusions add to the expanding body of research on sustainable supply chain management by 

offering factual data on adoption patterns, obstacles, and advantages. The findings demonstrate the need for a 

systematic approach to SSCM that takes into account changing technology, stakeholder collaboration, and 

regulatory frameworks. In order to promote sustainability in industrial supply chains, the study also supports 

earlier research that highlights the necessity of clear regulations and financial incentives. The significance of 

incorporating comprehensive sustainability strategies instead of discrete initiatives is highlighted by this study's 

examination of SSCM through a systems engineering perspective. According to the research, companies can 

improve their competitiveness and promote social and environmental well-being by strategically implementing 

SSCM principles. 

 

5.3 Recommendations 

Based on the findings, the study proposes several recommendations: 

▪ Policy and Regulatory Support: Governments and regulatory bodies should establish standardized 

sustainability guidelines and provide financial incentives, such as tax benefits and subsidies, to encourage 

SSCM adoption. 

▪ Investment in Technology and Training: Companies should leverage digital tools such as artificial 

intelligence, blockchain, and IoT to improve visibility and traceability in sustainable supply chains. In 

addition, employee training programs should be implemented to drive internal commitment to SSCM 

practices. 

▪ Collaboration Across the Supply Chain: Businesses should strengthen partnerships with suppliers, 

logistics providers, and stakeholders in other to promote sustainability best practices and share 

knowledge on green logistics and circular economy models. 

▪ Life Cycle Assessment Integration: Companies should adopt a comprehensive life cycle approach in their 

decision-making processes, ensuring that sustainability is considered from product design to end-of-life 

disposal. 

▪ Future Research: Future studies should explore the long-term economic and environmental impacts of 

SSCM practices across different industries, integrating more extensive datasets and advanced statistical 

modeling techniques. 

Companies that want to stay competitive in a business environment that is changing quickly must implement 

sustainable supply chain management. Policymakers, business executives, and researchers can use this study's 

insightful information about the acceptance, difficulties, and advantages of SSCM methods to build more potent 

sustainability plans. Businesses that adopt sustainability as a fundamental business strategy will improve 

operational effectiveness and help create a more robust and ecologically conscious global supply chain in the 

future. 
 

REFERENCES 

[1] Duan, H., Zhu, Q., & Sarkis, J. (2023). "Adopting sustainable supply chain management: Challenges 

and best practices." Journal of Cleaner Production, 398, 136435. 

[2] Ellen MacArthur Foundation. (2023). "Circular economy: The future of sustainable business." 

Retrieved from www.ellenmacarthurfoundation.org 

[3] Jabbour, C. J. C., Seuring, S., & De Sousa Jabbour, A. B. L. (2022). "Sustainable supply chain management: 

Integrating environmental and operational practices." Sustainability, 14(2), 937. 

[4] McKinnon, A., Browne, M., Whiteing, A., & Piecyk, M. (2021). Green logistics: Improving the 

environmental sustainability of logistics. Kogan Page Publishers. 

[5] Seuring, S., & Müller, M. (2022). "From a literature review to a conceptual framework for sustainable 

supply chain management." Journal of Supply Chain Management, 58(4), 1-15. 

[6] Blanchard, B. S., & Fabrycky, W. J. (2020). Systems Engineering and Analysis (6th ed.). Pearson. 

[7] Bocken, N. M., de Pauw, I., Bakker, C., & van der Grinten, B. (2016). "Product design and business model 

strategies for a circular economy." Journal of Industrial Ecology, 20(4), 617- 632. 

[8] Duan, H., Zhu, Q., & Sarkis, J. (2023). "Adopting sustainable supply chain management: Challenges and best 

practices." Journal of Cleaner Production, 398, 136435. 

[9] Ellen MacArthur Foundation. (2023). "Circular economy: The future of sustainable business." Retrieved 

from www.ellenmacarthurfoundation.org 

[10] Genovese, A., Acquaye, A. A., Figueroa, A., & Koh, S. C. L. (2022). "Sustainable supply chain management 

and the circular economy: A review of theory and practice." Renewable and Sustainable Energy 

Reviews, 158, 112106. 

[11] Golicic, S. L., & Smith, C. D. (2022). "Sustainable logistics: A review and research agenda." International 

Journal of Logistics Research and Applications, 25(1), 67-85. 

 

https://www.ellenmacarthurfoundation.org/
https://www.ellenmacarthurfoundation.org/


American Journal of Humanities and Social Sciences Research (AJHSSR) 2025 
 

A J H S S R  J o u r n a l                   P a g e  | 57 

[12] Hauschild, M. Z., Rosenbaum, R. K., & Olsen, S. I. (2020). Life Cycle Assessment: Theory and Practice. 

Springer. 

[13] ISO 14040. (2022). "Environmental management: Life cycle assessment—Principles and framework." 

International Organization for Standardization. 

[14] Jabbour, C. J. C., Seuring, S., & De Sousa Jabbour, A. B. L. (2022). "Sustainable supply chain management: 

Integrating environmental and operational practices." Sustainability, 14(2), 937. 

[15] American Psychological Association (APA). (2020). Publication Manual of the American 

Psychological Association (7th ed.). APA. 

[16] Braun, V., & Clarke, V. (2021). Thematic Analysis: A Practical Guide. SAGE. 

[17] Bocken, N. M., de Pauw, I., Bakker, C., & van der Grinten, B. (2016). "Circular business models: 

Definitions and classifications." Journal of Industrial Ecology, 20(4), 617-632. 

[18] Creswell, J. W., & Creswell, J. D. (2023). Research Design: Qualitative, Quantitative, and Mixed 

Methods Approaches (6th ed.). SAGE. 

APPENDIX 

Appendix A: Survey on Sustainable Supply Chain Management (SSCM) Practices 

 

Instructions: Please respond to each statement by selecting the answer that best represents your opinion. Your 

responses will be confidential and used solely for research purposes. 

Section 1: Demographic Information 

 

1. Industry Sector: 

☐ Manufacturing 

☐ E-commerce 

☐ Pharmaceuticals 

☐ Other (please specify)   

 

2. Position in the Company: 

☐ Supply Chain Manager 

☐ Logistics Coordinator 

☐ Sustainability Officer 

☐ Operations Manager 

☐ Other (please specify)   

 

3. Company Size: 

☐ Small (1–100 employees) 

☐ Medium (101–500 employees) 

☐ Large (501+ employees) 

 

4. Years of Experience in Supply Chain Management: 

☐ 0–5 years 

☐ 6–10 years 

☐ 11–15 years 

☐ 16+ years 

 

Section 2: Adoption of Sustainable Supply Chain Practices 

 

On a scale of 1 to 5, indicate the extent to which your organization has adopted the following 

sustainability strategies in its supply

 chain. (1 = Not Adopted, 2 = Rarely Adopted, 3 = Moderately Adopted, 4 = 

Frequently Adopted, 5 = Fully Implemented) 
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Sustainability Strategy 1 (Not 

Adopted) 

2 (Rarely 

Adopted) 

3 

(Moderately 

Adopted) 

4 

(Frequently 

Adopted) 

5 (Fully 

Implemented) 

Implementation of Green 

Logistics (fuel- efficient 

transport, route 

optimization, etc.) 

☐ ☐ ☐ ☐ ☐ 

Adoption of Circular 

Economy Practices 

(product  reuse, 

remanufacturing, recycling) 

☐ ☐ ☐ ☐ ☐ 

Use of Life Cycle 

Assessment (LCA) for 

sustainability decision-

making 

☐ ☐ ☐ ☐ ☐ 

Supplier Sustainability

 Audits and

 Compliance 

Programs 

☐ ☐ ☐ ☐ ☐ 

Integration  of 

Renewable Energy in Supply

 Chain 

Operations 

☐ ☐ ☐ ☐ ☐ 

Waste Reduction and 

Reverse Logistics Strategies 
☐ ☐ ☐ ☐ ☐ 

 

Section 3: Perceived Challenges in Implementing SSCM 

 

Please indicate the level of difficulty associated with each challenge below. (1 = Not a Challenge, 2 = 

Minor Challenge, 3 = Moderate Challenge, 4 = Significant Challenge, 5 = Major Challenge) 

 

Challenge 1 (Not a 

Challenge) 

2 (Minor 

Challenge) 

3 (Moderate 

Challenge) 

4 (Significant 

Challenge) 

5 (Major 

Challenge) 

High Initial Costs of 

Sustainability 

Implementation 

☐ ☐ ☐ ☐ ☐ 

Lack of Regulatory Clarity 

and Standardization 
☐ ☐ ☐ ☐ ☐ 

Resistance to Change from 

Supply Chain Partners 
☐ ☐ ☐ ☐ ☐ 

Limited Technological 

Capabilities for Green 

Logistics 

☐ ☐ ☐ ☐ ☐ 

Inadequate Data for Life 

Cycle Assessments 
☐ ☐ ☐ ☐ ☐ 

Difficulty in Measuring 

Sustainability Performance 
☐ ☐ ☐ ☐ ☐ 

 

 

Section 4: Measurable Benefits of SSCM Adoption 

 

how strongly you agree or 

disagree with the following 

statements about the benefits of 

sustainable supply chain practices. 

(1 = Strongly Disagree, 2 = Disagree, 

3 = Neutral, 4 = Agree, 5 = Strongly 

1 (Strongly 

Disagree) 

2 

(Disagree) 

3 

(Neutral) 

4 

(Agree) 

5 (Strongly 

Agree) 
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Agree)Benefit 

SSCM has led to reduced carbon 

emissions in supply chain operations. 
☐ ☐ ☐ ☐ ☐ 

Sustainability initiatives have 

improved cost efficiency and resource 

utilization. 

☐ ☐ ☐ ☐ ☐ 

Green logistics strategies have 

enhanced supply chain resilience and 

risk management. 

☐ ☐ ☐ ☐ ☐ 

Circular economy practices have 

increased product lifecycle and 

reduced waste. 

☐ ☐ ☐ ☐ ☐ 

Life Cycle Assessment (LCA) has 

provided valuable insights for 

sustainability decision- making. 

☐ ☐ ☐ ☐ ☐ 

Adopting SSCM has strengthened 

brand reputation and competitive 

advantage. 

☐ ☐ ☐ ☐ ☐ 

 

 

Section 5: Additional Comments 

 

1. What strategies would you recommend to improve the adoption of sustainable supply 

chain management in your industry? 

 

 

 

 

2. Do you have any additional thoughts or insights on SSCM adoption? 

 

 

 

 

 

 

 

Thank you for taking the time to participate in this survey. Your responses will contribute significantly to 

research on Sustainable Supply Chain Management. 

Appendix B: Case Studies: Real-World Applications of AI in Sustainable Supply Chains 

 

To assess the impact of artificial intelligence (AI) in sustainable supply chain management, three case studies 

from different industries were analyzed. These case studies provide insights into how AI-driven strategies have 

contributed to sustainability through demand forecasting, logistics optimization, and supplier risk assessment. 

 

Company A (Manufacturing Sector): AI-Powered Demand Forecasting 

 

Company A, a global leader in manufacturing, faced challenges in managing raw material procurement due to 

fluctuating demand patterns. To address this, the company implemented an AI- powered demand forecasting system, 

integrating machine learning algorithms to analyze historical data, market trends, and external factors such as 

geopolitical risks and climate patterns. As a result, the company reduced raw material waste by 30% by 

optimizing procurement schedules and minimizing overproduction. This approach also lowered costs and 

enhanced sustainability by reducing excess inventory that would otherwise contribute to landfill waste. 
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Company B (E-commerce Sector): AI-Driven Logistics Optimization 

 

Company B, a major e-commerce platform, sought to reduce its carbon footprint by optimizing its logistics 

operations. The company adopted an AI-driven route optimization system that leveraged real-time traffic data, 

weather conditions, and package volumes to determine the most efficient delivery routes. By doing so, the 

company successfully reduced delivery emissions by 25%. Additionally, AI-enabled predictive maintenance for 

delivery vehicles further enhanced efficiency by reducing fuel consumption and extending vehicle lifespan. This 

initiative aligns with global efforts to achieve greener supply chain logistics and supports regulatory compliance 

with carbon emissions standards. 

 

Company C (Pharmaceutical Sector): AI-Based Supplier Risk Assessment 

 

Company C, a multinational pharmaceutical company, faced challenges in ensuring supplier reliability, 

especially for critical raw materials. The company integrated an AI-based supplier risk assessment system that 

analyzed supplier performance data, geopolitical risks, financial stability, and compliance with environmental 

regulations. This AI-driven approach improved supplier reliability by 40%, reducing production delays and 

ensuring continuous availability of essential materials. Additionally, the system enabled the company to identify 

sustainable suppliers, thereby reinforcing its commitment to ethical sourcing and environmental responsibility. 

 

These case studies highlight the transformative role of AI in enhancing sustainability across supply chains. AI-

driven innovations enable companies to optimize resources, reduce waste, lower emissions, and strengthen 

supplier networks. As industries continue to embrace AI, its integration into sustainability strategies will be 

essential for achieving long-term environmental and economic benefits. 


