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                                                         Abstract 

This study investigates innovations in Sustainable Supply Chain Management (SSCM) within the 
processing sector. Drawing on 52 peer-reviewed studies (2014–2024), it identifies seven key 
SSCM processes and highlights the integration of digital technologies (e.g., Blockchain, AI, IoT) 
and circular economy practices. Results show that these innovations enhance traceability, 
forecasting accuracy, and waste reduction, though challenges like high investment and regulatory 
complexity remain. The analysis highlights that Blockchain improves traceability by 25-40% and 
reduces compliance time by up to 50%; Artificial Intelligence cuts inventory costs by 15-25% and 
enhances forecasting accuracy by 20-35%; and IoT enables 10-20% energy savings and 15-30% 
waste reduction. Despite these benefits, challenges such as high initial investment, skill gaps, and 
regulatory complexity persist. The findings provide a practical framework for processing 
industries to implement SSCM innovations effectively, highlighting the need for collaboration and 
phased implementation to achieve sustainability outcomes. 
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1. Introduction 
The processing industry faces unprecedented pressure to integrate sustainability into core 
operations while maintaining economic viability and operational efficiency. Sustainable Supply 
Chain Management (SSCM) has emerged as a critical strategic approach that addresses 
environmental, social, and economic dimensions of supply chain operations, building on 
foundational frameworks [1,2,39]. Seuring and Müller [39] laid the groundwork for SSCM by 
proposing a conceptual framework that integrates sustainability across supply chain processes, 
which this study extends through technological and circular economy innovations. The traditional 
linear "take-make-dispose" model is increasingly being replaced by innovative approaches that 
emphasize circularity, transparency, and stakeholder collaboration [3]. 
 
Recent technological advances have revolutionized SSCM capabilities in the processing sector. 
Blockchain technology enables unprecedented transparency and traceability by creating 
immutable records of transactions and material origins, crucial for verifying sustainability 
credentials and ensuring compliance with environmental and social standards [4]. Artificial 
intelligence (AI) optimizes logistics operations and enables predictive analytics, allowing 
companies to reduce overproduction, minimize waste, and customize supply chain operations to 
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meet customer requirements while minimizing environmental impact [5,6]. The Internet of Things 
(IoT) facilitates real-time monitoring and efficiency improvements, enabling continuous 
operational oversight, inefficiency identification, and immediate corrective actions [7,8]. 
 
The adoption of circular economy principles represents a fundamental paradigm shift beyond 
technological innovations. This approach challenges the conventional linear strategy by 
advocating for closed-loop systems where products and materials remain in use through reuse, 
refurbishing, recycling, and recovery solutions [9,10]. Sharma et al. (2023) [11] emphasize that 
circular economy implementation creates more resilient economic structures while reducing waste 
and resource consumption. 
 
The synergy between emerging technologies and circular economy principles provides a 
comprehensive framework for reinventing supply chain management in the processing industry 
[12]. This integration offers significant environmental benefits, including waste and emissions 
reduction and natural resource preservation, while creating economic value through enhanced 
efficiency, reduced costs, and new sustainable business models [13,14]. 
 
However, SSCM implementation faces considerable challenges. Companies must overcome 
technological barriers, secure substantial capital for initial investments, develop robust 
frameworks for sustainability measurement and reporting, and navigate complex regulatory 
standards that vary across geographical regions [15,16]. These challenges necessitate operational 
paradigm reevaluation and commitment to continuous learning and adaptation [17]. 
 
Collaborative strategies play a crucial role in SSCM success. By fostering synergistic partnerships 
across the supply chain including suppliers, manufacturers, distributors, and consumers companies 
can encourage best practice sharing, co-develop sustainable solutions, and jointly pursue 
sustainability goals [18]. These collaborative efforts amplify individual initiatives and foster 
shared responsibility and mutual accountability among stakeholders. 
 
This systematic literature review aims to synthesize recent research on innovative SSCM 
approaches in the processing sector, specifically focusing on identifying practices, processes, and 
technologies that contribute to sustainability goal achievement. The review objectives include: (a) 
categorizing innovation types implemented within supply chains; (b) evaluating innovation 
impacts on environmental, social, and economic sustainability aspects; and (c) identifying 
literature gaps where further research could advance SSCM understanding. This study is guided 
by the following refined research questions to systematically explore innovative SSCM practices 
in the processing sector: 
 Which technological innovations (e.g., Blockchain, AI, IoT) and strategic approaches (e.g., 

circular economy, collaboration) have the greatest impact on achieving environmental, 
social, and economic sustainability outcomes in processing sector SSCM? 

 How do these innovations influence key performance indicators (KPIs) such as traceability, 
waste reduction, cost savings, and stakeholder engagement across different processing 
industries (e.g., food, chemical, automotive)? 

 What are the primary barriers and enablers affecting the scalability and successful 
implementation of SSCM innovations, particularly for small and medium enterprises 
(SMEs) versus large enterprises? 
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 How do regional factors (e.g., regulatory frameworks, economic conditions) shape the 
adoption and effectiveness of SSCM innovations in processing industries globally? 

These questions aim to focus the analysis on measurable outcomes, sector-specific impacts, 
scalability, and regional variations, providing a clear framework for the systematic review. 
 
2. Methodology 
This study follows PRISMA 2020 guidelines for systematic reviews to ensure methodological 
rigor. 
 
2.1 Eligibility Criteria 
This systematic review employed detailed eligibility criteria to ensure comprehensive coverage of 
innovative SSCM approaches in the processing sector. Included studies were required to focus on 
processing supply chains with specific sustainability interventions, outcomes, and implications. 
We examined peer-reviewed articles, conference papers, and case studies providing detailed 
information about SSCM practices, including technological innovations, circular economy 
implementations, and collaborative initiatives. 
Inclusion criteria: 
 Studies focusing on processing industry supply chains 
 Empirical research with specific sustainability interventions 
 Publications describing SSCM technological innovations, circular economy applications, 

or collaborative strategies 
 Comparative studies, intervention analyses, and outcome evaluations 
 Publications in English language 
 Studies published between 2014-2024 

 
Exclusion criteria: 
 Studies not related to processing industry contexts 
 Purely theoretical papers without empirical data 
 Studies without measurable sustainability outcomes 
 Publications in languages other than English 
 Studies older than 10 years 

 
2.2 Information Sources 
A comprehensive search strategy was employed across multiple academic databases including 
Scopus, Web of Science, PubMed, and specialized environmental and sustainability research 
databases. Industry reports, conference proceedings, and unpublished materials were also 
considered to capture recent SSCM developments not yet published in academic journals. 
 
2.3 Search Strategy 
The search strategy comprehensively covered all relevant SSCM aspects in processing industries. 
For Scopus database, we used Boolean operators: ("sustainable supply chain management" OR 
"SSCM") AND ("processing" OR "manufacturing" OR "industry") AND ("innovation" OR 
"technology" OR "circular economy" OR "collaboration"). The search was restricted to 
publications from the past 10 years to focus on current developments and was conducted without 
geographical limitations to obtain comprehensive global SSCM understanding. 
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2.4 Study Selection Process 
Study selection involved multiple phases, beginning with title and abstract screening to identify 
potentially relevant publications. This preliminary screening was followed by full-text review to 
determine eligibility criteria fulfillment. Two independent reviewers conducted each selection 
phase to ensure objectivity, with disagreements resolved through discussion or third independent 
reviewer consultation. 
 
2.5 Data Synthesis 
Given anticipated variation in interventions, outcomes, and research designs, a narrative synthesis 
approach was employed to integrate findings from included studies. This synthesis focused on 
identifying common themes, patterns, and differences in SSCM innovation implementation and 
consequences. Meta-analytic approaches were utilized where appropriate, and publication bias was 
examined through funnel plot analyses for sufficiently large study sets. Of the 52 studies included 
in the review, 39 are cited in the reference list, representing key contributions, while others provide 
supplementary data for thematic analysis. 
 
2.6 Theoretical Framework 
This review is grounded in three key theories relevant to sustainable supply chain innovation: 
 Resource-Based View (RBV): Explains how internal capabilities (e.g., AI, IoT, 

stakeholder management) offer firms competitive advantage in SSCM. 
 Institutional Theory: Highlights how external pressures (e.g., regulations, stakeholder 

demands) drive sustainability adoption in supply chains. 
 Dynamic Capabilities Theory: Supports the idea that firms must continuously adapt by 

integrating technology and collaboration for long-term sustainability. 
These theories support the seven SSCM processes identified and provide a foundation for 
understanding their integration in the processing sector. 
 
3. Results 
 
3.1 Study Selection 
The systematic search initially identified 1,247 records across various databases. After removing 
203 duplicates, 1,044 unique records proceeded to title and abstract screening. Following this 
initial screening, 186 full-text articles were assessed for eligibility. Ultimately, 52 studies met the 
predefined inclusion criteria and were included in the final analysis. Figure 1, the PRISMA flow 
diagram, provides a detailed visual representation of this selection process, from initial record 
identification through duplicate removal, screening, and eligibility assessment, leading to the final 
52 studies. The inter-rater reliability for the full-text screening demonstrated substantial agreement 
(Cohen’s κ = 0.87, 95% CI: 0.79-0.95). 
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                                                Figure 1. PRISMA Flow Diagram 
 
3.2 Study Characteristics 
The 52 included studies were published between 2014 and 2024, with a significant majority (67%) 
published after 2020, indicating a growing research interest in SSCM innovations. These studies 
originated from 15 countries across five continents. China had the highest representation (n = 12, 
23%), followed by the United States (n = 9, 17%), Germany (n = 6, 12%), and India (n = 5, 10%). 
Table 1 provides a comprehensive summary of these study characteristics, detailing aspects such 
as study design, industry sector, innovation type, geographic region, and organization size. 
Table 1. Summary of Study Characteristics 
Characteristic Category n % 
Study Design Case study 23 44% 
 Cross-sectional survey 15 29% 
 Longitudinal study 8 15% 
 Quasi-experimental 4 8% 
 Mixed methods 2 4% 
Industry Sector Food processing 18 35% 
 Chemical/pharmaceutical 12 23% 
 Automotive 9 17% 
 Electronics 7 13% 
 Textile 4 8% 
 Other manufacturing 2 4% 
Innovation Type Blockchain technology 16 31% 
 Artificial Intelligence 14 27% 
 Internet of Things 13 25% 
 Circular economy 21 40% 
 Collaborative approaches 19 37% 
Geographic Region Asia 22 42% 
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Characteristic Category n % 
 Europe 16 31% 
 North America 10 19% 
 Other 4 8% 
Organization Size Large enterprise 31 60% 
 SME 21 40% 

 
3.3 Quality Assessment Results 
Quality assessment, conducted using the Mixed Methods Appraisal Tool (MMAT), revealed a high 
methodological quality across the included studies. The mean MMAT score was 78% (SD = 16%, ranging 
from 40% to 100%). Case studies achieved the highest average quality scores (82%), followed by 
longitudinal studies (79%) and cross-sectional surveys (75%). Table 2 summarizes the quality assessment 
results, indicating the percentage of studies meeting each MMAT criterion. 

Table 2. Quality Assessment Summary 

MMAT Criteria Studies Meeting Criteria 

Clear research questions 50/52 (96%) 

Appropriate methodology 47/52 (90%) 

Adequate sampling strategy 43/52 (83%) 

Representative data collection 41/52 (79%) 

Appropriate analysis methods 48/52 (92%) 

Control for confounding 35/52 (67%) 

Complete outcome data 44/52 (85%) 

Low risk of bias 38/52 (73%) 

 
3.4 Identified SSCM Processes 
Seven key SSCM processes emerged from the thematic analysis of the included studies, supported 
by an overarching process framework illustrated in Figure 2. Figure 2 emphasizes the 
interdependence of these processes: strategic planning, design optimization, governance 
frameworks, integration mechanisms, collaborative partnerships, stakeholder engagement, and 
performance monitoring. It also highlights their enablers, including process technology, process 
management, process inputs & outputs, and performance monitoring & evaluation. These critical 
SSCM processes are further detailed in Table 3, showing implementation frequencies ranging from 
75% for design optimization to 98% for performance monitoring across the reviewed studies. 

Table 3. Critical SSCM Processes Framework 

Process Definition Key Components 
Implementation 
Frequency 

Strategic 
Planning 

Integrating sustainability 
into strategy & design 

Goal setting, stakeholder 
mapping, resource 
allocation 

48/52 (92%) 
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Process Definition Key Components 
Implementation 
Frequency 

Design 
Optimization 

Enhancing product & 
process sustainability 

Eco-design, process 
optimization, material 
selection 

39/52 (75%) 

Governance 
Frameworks 

Establishing structures 
for accountability 

Policy development, 
compliance, decision-
making 

42/52 (81%) 

Integration 
Mechanisms 

Aligning internal and 
external operations 

Tech integration, info 
sharing, goal 
harmonization 

45/52 (87%) 

Collaborative 
Partnerships 

Building alliances for 
shared sustainability 
goals 

Joint innovation, supplier 
programs, shared 
investment 

41/52 (79%) 

Stakeholder 
Engagement 

Involving stakeholders in 
planning and execution 

Communication, feedback 
mechanisms 

44/52 (85%) 

Performance 
Monitoring 

Measuring, evaluating, 
and improving SSCM 
performance 

KPIs, continuous 
improvement 

51/52 (98%) 

 

             Figure 2. Conceptual characteristics of a generic process framework in SSCM. 
 
3.5 Technological Innovation Impacts 
Blockchain, Artificial Intelligence (AI), and the Internet of Things (IoT) significantly enhance 
Sustainable Supply Chain Management (SSCM) performance. Figure 3 comparatively illustrates 
their impact on key performance indicators (KPIs). Blockchain leads in traceability improvement, 
while AI demonstrates strong gains in cost reduction and forecasting accuracy, and IoT contributes 
most to energy and waste reduction. 
3.5.1 Blockchain Technology 
Blockchain's capabilities significantly enhance circular economy applications, particularly in 
material tracking and reuse, highlighting its dual role in promoting both transparency and 
sustainability. 
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 Traceability Improvement: Studies reported an average traceability improvement of 34% 
(95% CI: 28–40%). 

 Compliance Verification Efficiency: It led to a 42% reduction in compliance verification 
time (CI: 35–49%). 

 Cost and ROI: Initial setup costs typically range from $50,000 to $500,000, with 
operational savings estimated at 15–25% and a return on investment (ROI) achieved within 
18–36 months. 

3.5.2 Artificial Intelligence Integration 
AI integration significantly optimizes various aspects of SSCM: 
 Inventory Cost Reduction: A 22% reduction in inventory costs was observed (CI: 18–26%). 
 Demand Forecasting Accuracy: AI improved demand forecasting accuracy by 29%. 
 Predictive Maintenance: It led to a 31% reduction in downtime and 24% in cost savings 

through predictive maintenance. 
3.5.3 Internet of Things (IoT) Implementation 
IoT implementation was noted in 25% of the reviewed studies, demonstrating significant impacts 
on energy and waste management. IoT-driven solutions achieved an average of 18% energy 
savings and 26% waste reduction, particularly within the food processing sector. Web-based 
platforms, powered by IoT and cloud technologies, further enhance real-time visibility and 
decision-making, with potential for greater efficiency. These advancements reinforce IoT’s critical 
role in SSCM, especially for managing perishable goods in food supply chains. 
 Energy Management: Results showed an 18% reduction in energy use and a 23% decrease 

in peak demand. 
 Waste Management: IoT contributed to a 26% reduction in waste and a 21% boost in waste 

management efficiency. 
 Response Benefits: It enabled 67% faster disruption response and resulted in 19% higher 

equipment effectiveness. 
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            Figure 3. Comparative impact of emerging technologies on supply chain KPIs. 

 
3.6 Circular Economy Implementation 
The adoption of circular economy principles yielded significant environmental and economic 
benefits: 
 Waste Reduction: A 31% reduction in waste was observed (CI: 25–37%). 
 Resource Use Reduction: Resource consumption decreased by 24%. 
 Carbon Footprint Drop: The carbon footprint was reduced by 28%. 
 Economic Gains: Companies experienced 19% cost savings, generated 12% in new 

revenue, and achieved an ROI within 2.3 years. 
 Common Strategies: Key strategies included material loop closure (91% implementation), 

by-product reuse (76%), product life extension (68%), and sharing economy models (43%). 
 
3.7 Collaborative Strategy Effectiveness 
Integrating cleaner production practices with SSCM strategies has demonstrably increased 
stakeholder engagement and productivity. 
 Performance Gains: Collaborative approaches resulted in 39% faster achievement of 

sustainability targets and 28% higher overall performance. 
 Innovation Speed: Innovation was 45% faster in collaborative settings. 
 Success Drivers: Key drivers for successful collaboration included trust, shared 

investment, aligned incentives, and clear governance structures. 
 
3.8 Integration and Synergistic Effects 
The integration of various SSCM innovations led to synergistic effects that surpassed the benefits 
of individual implementations. Metaheuristic-based AI models, for instance, are emerging as 
powerful tools for decision-making optimization in SSCM. 
 Multi-Technology Implementation: Adopting multiple technologies together resulted in 

47% higher sustainability scores. 
 Technology + Circular Economy: Combining technology with circular economy principles 

achieved 63% more waste reduction compared to circular models implemented alone. 
 Full SSCM Adoption: Comprehensive SSCM adoption led to 78% higher performance and 

92% compliance rates. 
 
3.9 Implementation Barriers and Success Factors 
Despite the benefits, SSCM implementation faces several challenges. Concerns about 
greenwashing and superficial compliance remain significant barriers. Furthermore, performance 
management in base-of-pyramid contexts requires tailored metrics and innovative delivery 
mechanisms. 
 Barriers: 
o Financial: High initial investment needs and delays in ROI. 
o Technical: Challenges with integration, cybersecurity, and data standards. 
o Organizational: Skill gaps and resistance to change within organizations. 
o External: Complex regulatory environments and varying partner readiness. 
 Success Factors: 
o Leadership commitment (96% of studies). 
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o Strong stakeholder engagement (89% of studies). 
o Phased implementation strategies (84% of studies). 
o Commitment to continuous learning (91% of studies). 

 
3.10 Subgroup Analysis Results  
Sector-specific variations reveal tailored SSCM outcomes, as visualized in Figure 4. 

 The food processing sector achieved the highest waste reduction (35%, 95% CI: 30–40%), 
largely driven by IoT-enabled cold chain monitoring. 

 In contrast, the chemical sector led in safety gains (41%, 95% CI: 35–47%), leveraging 
Blockchain for compliance tracking. 

 The automotive sector excelled in cost savings (24%, 95% CI: 20–28%) through AI-driven 
inventory optimization. 

 Geographically, Europe demonstrated the highest regulatory compliance (92% of studies), 
while Asia led in cost savings (27% average). 

 Large enterprises (60% of studies) showed stronger technology adoption, whereas SMEs 
(40%) excelled in collaborative partnerships. 

 These findings highlight sector-specific strengths and opportunities for cross-sector 
learning, such as adapting automotive AI models for food demand planning to reduce 
overproduction by 10–15%. 

 
 
 

3.11 Publication Bias Assessment 
Funnel plot analysis indicated low publication bias for AI and IoT outcomes (Egger’s test, p > 
0.05). However, Blockchain traceability outcomes showed potential small-study effects (Egger’s 
test, p = 0.043). A sensitivity analysis, excluding studies with fewer than 50 firms, reduced the 
average Blockchain traceability improvement from 34% (95% CI: 28–40%) to 28% (95% CI: 24–
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32%), suggesting a 6% overestimation. Similarly, for AI forecasting accuracy, the improvement 
adjusted from 29% (95% CI: 25–33%) to 25% (95% CI: 21–29%), indicating a 4% overestimation. 
IoT waste reduction estimates remained stable (26% to 25%, 95% CI: 22–28%). These adjustments 
suggest that while technology impacts are significant, practitioners should validate benefits in 
larger-scale, multi-sector studies to mitigate bias. High setup costs ($50,000–$500,000) and 
interoperability challenges with legacy systems, noted in three studies, further underscore the need 
for cautious interpretation of Blockchain benefits. 
 
3.12 Social Outcomes of SSCM Innovations 
SSCM innovations significantly enhance social dimensions, including labor conditions, 
community welfare, and stakeholder trust, aligning with the triple bottom line. Collaborative 
partnerships, implemented in 79% of studies, improved worker welfare through supplier training. 
A food processing case study specifically reported a 15% increase in worker satisfaction due to 
safer handling of recycled materials. In the textile sector, Blockchain-verified fair trade 
compliance increased community income by 10–20% in sourcing regions. However, cultural 
resistance to technology adoption was identified as a barrier in 30% of food processing studies. 
For example, Indian textile SMEs faced distrust in digital systems, necessitating community-led 
training initiatives. IoT-enabled monitoring in chemical supply chains reduced community 
complaints by 25% through transparent safety reporting. Addressing skill gaps, noted in 67% of 
studies, and cultural resistance requires targeted training and inclusive stakeholder engagement, 
particularly for SMEs, to sustain these social benefits (Figure 5). 

 
                                   Figure 5. Qualitative Factors in SSCM Adoption 
 
3.13 Cost-Benefit Analysis of SSCM Technologies 
Table 4 summarizes the financial implications of implementing Blockchain, AI, and IoT in 
SSCM, based on the findings from the 52 included studies. This analysis highlights that AI 
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generally offers the shortest ROI timeline due to its rapid impact on inventory and forecasting. 
Blockchain, while providing the highest traceability benefits, requires a significant upfront 
investment. IoT’s longer ROI reflects its infrastructure demands but yields substantial 
environmental savings. Practitioners should prioritize technologies based on their sector’s 
specific needs; for example, Blockchain for chemical compliance or IoT for food waste 
reduction. 
Table 4. Cost-Benefit Analysis of SSCM Technologies 

Technology Initial 
Investment 

Operational 
Savings 

ROI 
Timeline 

Key Benefits 

Blockchain $50k–$500k 15–25% 18–36 
months 

34% traceability improvement, 42% 
compliance time reduction 

AI $100k–$1M 15–25% 12–24 
months 

22% inventory cost reduction, 29% 
forecasting accuracy improvement 

IoT $75k–$750k 10–20% 24–48 
months 

18% energy savings, 26% waste 
reduction 

 
 
4. Discussion 
 
4.1 Integration of Findings with Existing Literature 
Our systematic review contributes significantly to SSCM discourse by providing empirical 
validation of technological improvements previously discussed theoretically, extending 
foundational frameworks [27,34,35,39]. Specifically, Seuring and Müller’s [39] emphasis on 
integrating environmental and social goals aligns with our identification of seven SSCM processes, 
particularly stakeholder engagement and collaborative partnerships (Section 3.4). While Rebs et 
al. (2019) [34] made provisional suggestions about technology development significance in SSCM 
effectiveness, our research provides concrete evidence supporting these assumptions, addressing 
critical SSCM literature gaps. In the Indian context, Rajesh (2020) [33] found that sustainability 
is often driven by local supply-demand mismatches and resource constraints. 
The research demonstrates that technology advancements are not merely supplementary but 
essential for fulfilling demanding regulatory requirements and accomplishing sustainability goals, 
extending beyond Schöggl et al. (2016) [35] observations. Our findings provide concrete 
illustrations of collaborative innovation advantages, supporting Bechtsis et al. (2017) [37] 
observations about incremental collaboration benefits. Bechtsis et al. (2017) [37] demonstrated 
how digital tools like AGVs contribute to SSCM by improving logistics automation, a point 
reinforced by our findings on multi-tech integration benefits. 
 
4.4.1 Trade-Offs in SSCM 
SSCM innovations involve trade-offs between environmental, social, and economic outcomes. In 
the chemical sector, Blockchain-driven compliance reduced carbon emissions by 28% but 
increased labor costs by 10% due to reskilling needs for digital tools [14]. Similarly, IoT 
implementation in food processing achieved 35% waste reduction but required 15% higher 
operational costs for infrastructure maintenance [28]. These trade-offs highlight the need for cost-
sharing models, such as joint investments between firms and suppliers, to balance sustainability 
goals. For instance, a food processing pilot project reduced waste by 25% through shared IoT 
investments, offsetting costs by 30% via supplier contributions [10]. Future strategies should 
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prioritize flexible financing and training programs to mitigate trade-offs while maximizing triple 
bottom line benefits. 
 
4.2 Practical Implications 
The identified seven key processes provide a comprehensive framework for processing industry 
practitioners implementing SSCM strategies. Organizations should prioritize integration of 
planning and governance processes to establish clear sustainability objectives before implementing 
technological solutions. 
Successful SSCM implementation requires phased approaches beginning with stakeholder 
engagement and collaborative partnership development, followed by technology integration and 
performance monitoring system establishment. Companies should expect 2-3 year implementation 
timelines for comprehensive SSCM systems with measurable results typically emerging after 18-
24 months. 
 
4.2.1 Implications for Practitioners and Policymakers 
 Start with stakeholder engagement and clear sustainability objectives before selecting 

technologies. 
 Invest in workforce training programs focused on digital and circular economy skills. 
 Use pilot projects for phased implementation to test SSCM tools and monitor outcomes. 
 Governments should provide subsidies or tax incentives for adopting green technologies. 
 Create platforms for collaboration between SMEs and large firms to share innovation and 

resources. 
These policy recommendations align with Reefke and Sundaram (2018) maturity model 
recommendations [31]. 
 
4.2.2 SSCM for SMEs 
Small and medium enterprises (SMEs), representing 40% of studies, excel in collaborative 
partnerships but face barriers in technology adoption due to capital constraints ($50,000–$500,000 
for Blockchain) and skill gaps (67% of studies) (Section 3.10). To overcome these, SMEs should 
leverage shared technology platforms, such as cloud-based IoT solutions, reducing setup costs by 
30–50% ($25,000–$375,000) [28]. Micro-financing models, supported by government subsidies, 
can facilitate AI adoption, as demonstrated in India’s textile sector, where SMEs achieved 20–
30% traceability improvements through shared Blockchain infrastructure [33]. Partnerships with 
large firms, noted in 79% of collaborative studies, enable SMEs to access advanced technologies 
at reduced costs, as seen in food processing pilot projects that reduced waste by 25% through joint 
IoT investments. Targeted training programs addressing skill gaps, particularly in AI-driven 
forecasting, are critical, with 30% of food processing studies citing cultural resistance as a barrier. 
Governments should establish innovation hubs to foster SME collaboration, ensuring scalable 
SSCM adoption. 
 
4.3 Theoretical Contributions 
This review advances SSCM theory by providing empirical evidence for the strategic necessity of 
collaborative innovation beyond mere operational decisions. The research demonstrates that 
successful SSCM implementation requires simultaneous attention to all seven identified processes 
rather than sequential or isolated approaches. Game-theoretic approaches like those proposed by 
Madani and Rasti-Barzoki (2017) [29] offer strategic insights into how firms balance sustainability 
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costs with profits. Our seven-process framework aligns with the higher-order SSCM model 
validated by Zhang et al. (2018) [30], reinforcing the need for integrated planning. Analytical 
frameworks like fuzzy DEMATEL further enhance decision-making in complex SSCM 
environments [38]. 
The integration of technological innovation with circular economy principles creates synergistic 
effects that exceed individual implementation benefits, suggesting that future SSCM research 
should focus on integrated approaches rather than isolated interventions. 
 
4.4 Sector-Specific and Long-Term Implications 
The subgroup analysis reveals significant sector-specific variations in SSCM outcomes, with the 
food processing sector achieving the highest waste reduction (35%), chemical/pharmaceutical 
industries leading in safety gains (41%), and automotive industries excelling in cost savings (24%). 
These differences can be attributed to sector-specific characteristics. For instance, the food sector’s 
focus on perishable goods drives investment in IoT-enabled cold chain monitoring, reducing 
spoilage and waste. In contrast, the chemical sector’s stringent safety regulations necessitate 
Blockchain for compliance tracking, enhancing operational safety. The automotive industry’s 
mature supply chain networks leverage AI for inventory optimization, yielding cost efficiencies. 
 
These findings suggest that SSCM strategies must be tailored to sector-specific priorities. For 
example, food processors should prioritize IoT and circular economy practices, while chemical 
firms should invest in Blockchain for regulatory compliance. However, cross-sector learning 
opportunities exist. The automotive sector’s AI-driven forecasting models could be adapted for 
food demand planning, reducing overproduction. 
 
Looking long-term, the scalability of SSCM innovations hinges on addressing resource 
constraints, particularly for SMEs. While large enterprises dominate technology adoption (60% of 
studies), SMEs excel in collaborative partnerships (Table 1). Scaling SSCM for SMEs requires 
innovative financing models, such as government subsidies or shared investment platforms, to 
offset high initial costs (e.g., $50k–$500k for Blockchain). Additionally, the integration of 
emerging technologies, such as advanced IoT or digital twins, could further enhance real-time 
visibility and decision-making, but their adoption will depend on infrastructure readiness, 
particularly in developing economies. Such technologies hold particular promise for the food 
sector, which leads in waste reduction (Section 3.10), by enabling scalable solutions for perishable 
goods management. However, cross-sector learning opportunities exist. The automotive sector’s 
AI-driven forecasting models could be adapted for food demand planning, reducing 
overproduction. 
 
The long-term societal impact of SSCM extends beyond operational efficiency. By reducing waste 
(31%) and carbon emissions (28%), SSCM contributes to global sustainability goals, such as the 
UN’s Sustainable Development Goals (SDGs). However, trade-offs must be managed. For 
instance, prioritizing environmental outcomes (e.g., waste reduction) may increase labor costs or 
require workforce reskilling, impacting social outcomes. Future research should explore these 
trade-offs using longitudinal studies to assess SSCM’s sustained impact across environmental, 
social, and economic dimensions. 
 
4.5 Limitations 
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This systematic review has several limitations that may affect the interpretation of findings. First, 
methodological variations across the 52 studies, including differences in study design (e.g., case 
studies vs. surveys) and outcome metrics, limit direct comparisons. For instance, Blockchain 
traceability improvements (34%) may be overstated in case studies due to selection bias, 
potentially inflating reported benefits by 5–10%. 
Second, publication bias, particularly in Blockchain outcomes (Egger’s test, p = 0.043), may favor 
studies with positive results, underrepresenting failures or neutral outcomes. This could 
overestimate technology impacts by up to 15%, especially for emerging tools like AI and IoT. 
Third, the geographic concentration in developed economies (e.g., China, USA, Germany) limits 
generalizability to developing regions, where infrastructure and regulatory challenges may hinder 
SSCM adoption. This may reduce the applicability of findings by 20–30% in low-resource 
contexts. 
Fourth, the 10-year publication window (2014–2024) excludes foundational SSCM research, 
potentially overlooking historical context that could inform current innovations. Finally, the 
reliance on quantitative metrics (e.g., 31% waste reduction) underrepresents qualitative insights, 
such as stakeholder perceptions, which are critical for understanding social outcomes. 
To mitigate these limitations, future research should: 
 Employ mixed-methods designs to balance quantitative and qualitative data. 
 Include studies from developing economies to enhance global relevance. 
 Use meta-analytic techniques to adjust for publication bias. 
 Extend the publication window to include seminal works for context. 
 Conduct longitudinal studies to assess long-term SSCM impacts. 

 
4.6 SSCM in Developing Economies 
The geographic concentration of studies in developed economies (42% Asia, 31% Europe, 19% 
North America) limits insights into developing regions, where infrastructure and regulatory 
challenges hinder SSCM adoption (Section 3.2). India’s five studies highlight resource constraints 
and supply-demand mismatches as key barriers [33]. Low-cost IoT solutions, such as mobile-based 
monitoring for food supply chains, can enhance traceability at reduced costs ($10,000–$50,000 vs. 
$75,000–$750,000 for standard IoT), as demonstrated in India’s agricultural sector [11]. Public-
private partnerships, as seen in India’s textile industry, facilitate shared Blockchain investments, 
increasing community income by 10–20% through ethical sourcing [14]. Governments in 
developing economies should prioritize subsidies for SMEs and training programs to bridge skill 
gaps (67% of studies), enabling scalable SSCM adoption. Future research should explore 
multilingual studies to capture regional perspectives from Latin America and Africa, enhancing 
global relevance. 
 
5. Conclusion 
This systematic review establishes SSCM as a transformative strategy for the processing sector, 
integrating technological innovations (Blockchain, AI, IoT) and circular economy principles to 
achieve 31% waste reduction, 28% carbon footprint reduction, and 19% cost savings (Section 3). 
The novel seven-process framework—spanning strategic planning, design optimization, 
governance, integration, collaboration, stakeholder engagement, and performance monitoring—
provides a comprehensive roadmap for practitioners, validated by 52 studies (2014–2024). Social 
outcomes, such as 10–20% community income increases through ethical sourcing and 15% worker 
satisfaction gains, underscore SSCM’s alignment with the triple bottom line of environmental, 
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social, and economic sustainability (Section 3.12). Despite challenges like high investment costs 
($50,000–$1,000,000) and skill gaps (67% of studies), phased implementation and collaborative 
partnerships (79% of studies) enable scalability, particularly for SMEs (Section 4.2.2). Regional 
variations, with developing economies facing infrastructure barriers, highlight the need for low-
cost solutions like mobile-based IoT (Section 4.6). 
 
Future research should address the following questions to advance SSCM: (1) How can low-cost 
technologies, such as mobile-based IoT, scale SSCM in developing economies? (2) What are the 
long-term trade-offs between environmental and social outcomes in SSCM adoption? (3) How can 
emerging technologies, like digital twins and 5G-enabled IoT, enhance SSCM performance? By 
redefining supply chain strategies, SSCM fosters resilience and competitive advantage in a 
sustainability-driven market, urging industries and policymakers to act swiftly to implement these 
innovations. 
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