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A B S T R A C T 

As global regulations and stakeholder demands intensify, firms increasingly adopt sustainable supply-chain management (SSCM) practices to address 

environmental and social impacts. Prior research shows that the majority of corporate environmental costs lie in upstream supply chains, and meta-

analyses confirm a broad ―win–win‖ effect of green supply-chain practices on firm performance. This study empirically examines how specific SSCM 

practices influence firm outcomes across financial, operational, and environmental dimensions. We survey 200 Indian manufacturing firms (with global 

supply chains) on their adoption of six practices (eco-design, cleaner production, reverse logistics, green procurement, supplier development, closed-loop 

partnerships) and link these to firm performance measures (ROA, ROS, Tobin’s Q) from panel data. Using structural equation modeling and fixed-effects 

regressions, we find that eco-design significantly boosts profitability, cleaner production shortens lead times, and reverse logistics cuts carbon intensity. 

Green procurement improves market valuation (especially under high stakeholder pressure), and supplier development enhances operational efficiency. 

Closed-loop partnerships strengthen both environmental and financial metrics. Digital traceability partly mediates the effect of reverse logistics on carbon 

emissions. These findings support the triple-bottom-line view (Elkington, 2020) that sustainability can align with business value. We discuss implications 

for managers and policymakers in designing effective SSCM strategies. 
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1. Introduction 

Modern corporations recognize that their supply chains often generate the bulk of their environmental and social impacts. For example, McKinsey reports 

that 80–90% of a consumer company’s environmental costs accrue upstream. This has prompted governments (e.g. EU CSRD, German Supply Chain Act) 

and investors to demand unprecedented supply-chain transparency. In fact, industry surveys now show supply-chain sustainability among top executive 

priorities. For instance, Gartner finds that 84% of chief supply officers plan to invest heavily in climate adaptation and mitigation (Fig. 1), reflecting 

surging stakeholder pressure (investors, customers, regulators) on sustainable operations. Against this backdrop, companies adopt SSCM practices aimed 

at minimizing waste, emissions and social harms while maintaining competitiveness. In SSCM, firms integrate environmental/social criteria (eco-design, 

green procurement, closed-loop systems, etc.) into supply-chain strategy. Ahi and Searcy (2019) define SSCM as extending traditional SCM with 

sustainability goals. Theoretically, the natural-resource-based view and stakeholder theory suggest such practices confer competitive advantage (Hart, 

1997; Freeman, 1984). Empirically, meta-analyses find that SSCM yields higher profitability, efficiency and innovation. Still, studies are fragmented and 

often cross-sectional, especially in emerging markets. This research addresses that gap by combining survey and panel data to assess how six key SSCM 

practices affect firm performance in India’s manufacturing sector, with an eye on moderating forces (e.g. stakeholder pressure) and digital enablers 

(e.g. traceability). This industry infographic highlights the urgency of supply-chain sustainability: firms are aggressively investing in digital and 

environmental solutions. Such shifts motivate our investigation into which practices deliver measurable performance benefits. Our study has two main 

contributions. First, we provide updated empirical evidence linking a comprehensive set of SSCM practices to multidimensional performance (financial, 

operational, environmental). Second, we illuminate the roles of stakeholder pressure and digital traceability within this framework. In the following, we 

review relevant literature, develop hypotheses (conceptualized in Fig. 1), describe our mixed-methods approach, and present the results of our analysis. 
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Fig. 1: Key 2022 supply-chain sustainability trends. 84% of supply-chain chiefs plan significant investment in climate mitigation. 

2. Literature Review 

Sustainable supply-chain management (SSCM) integrates environmental and social goals into supply-chain strategy. Ahi and Searcy (2019) compared 

definitions and noted SSCM’s dual focus on profit and planet. Elkington’s (2020) ―win–win–win‖ triple-bottom-line concept suggests firms can do well 

by doing good. Theoretically, the natural-resource–based view (Hart, 1997) posits that pollution-reducing strategies build unique capabilities, while 

stakeholder theory (Freeman, 1984) argues firms respond to external sustainability pressures. Empirical reviews and meta-analyses consistently find 

positive associations between SSCM and firm outcomes. For example, Golicic and Smith (2021) report that green practices significantly improve 

operational efficiency, environmental impact, and even stock market valuation. Kumar et al. (2019) boldly claim that ―a green supply chain is a 

requirement for profitability‖, underscoring industry optimism. We focus on six SSCM practices frequently cited in literature. Eco-design involves 

designing products to minimize material use and enable recycling. This practice can reduce costs and boost brand value; Kumar et al. (2019) link design-

for-environment to better profitability. Cleaner production refers to waste- and energy-reduction in manufacturing. Prior studies (e.g. Mangla et al., 2020) 

show cleaner operations improve operational performance (shorter lead times, higher quality). Reverse logistics (product take-back and remanufacturing) 

closes the loop and can significantly cut a firm’s carbon footprint and raw material costs. Green procurement means sourcing materials based on eco-

criteria; early evidence (Bhatnagar & Singh, 2024) suggests it enhances efficiency and supply reliability. Supplier development involves helping suppliers 

improve processes and compliance; it has been linked to faster delivery and higher quality (Nair & Prajogo, 2021). Closed-loop partnerships with 

customers/suppliers enable recycling and reuse, supporting circularity and resource savings (Ren et al., 2020). Digital traceability and advanced analytics 

are emerging enablers of SSCM. Ivanov and Dolgui (2020) highlight how ―digital twins‖ and blockchain improve visibility and risk management in green 

supply chains. We include digital traceability as a factor that may mediate the impact of reverse logistics on environmental outcomes. Additionally, 

stakeholder pressure (from investors, regulators, NGOs) is widely cited as a driver of SSCM. Blackhurst et al. (2020) demonstrate that firms facing high 

stakeholder demands leverage dynamic capabilities to boost green performance. We therefore consider stakeholder pressure as a moderator. 

Fig. 2 depicts our conceptual framework: sustainable supply-chain management (SSM) practices affect performance (financial, operational, 

environmental) via internal process improvements, with external pressure (SP) amplifying effects. 

 

 

Fig. 2: Conceptual framework linking sustainable supply-chain practices (SSM) through internal processes (SPM) and stakeholder pressure (SP) 

to firm performance dimensions (social, environmental, operational, economic). 

As shown, SSCM practices (left) can improve processes (middle) and thus outcomes (right). Stakeholder pressure (SP) may heighten motivation to 

implement SSCM, strengthening these links. This model guides our hypotheses on direct, mediated, and moderated effects of SSCM on performance. 
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3. Methodology 

We surveyed 200 large Indian manufacturing firms (selected from NSE-listed companies with substantial global supply chains). Senior supply-chain 

managers reported the extent of SSCM practices on 5-point Likert scales. Survey items (drawn from validated scales) covered eco-design, cleaner 

production, reverse logistics, green procurement, supplier development, closed-loop activities, stakeholder pressure, and firm-wide digital traceability. We 

pre-tested and refined the questionnaire to ensure clarity. The survey data were merged with firm-year financials (2019–2023) from CMIE and company 

reports: specifically, return on assets (ROA), return on sales (ROS), and Tobin’s Q (market value to assets) were used as performance measures. 

We first validated the measurement model via confirmatory factor analysis (CFA). All latent constructs achieved high internal consistency (Cronbach’s α 

> 0.78) and convergent validity (average variance extracted > 0.5). Structural equation modeling (SEM) was then used to estimate the hypothesized paths. 

Model fit was excellent (CFI≈0.97, RMSEA≈0.05). 

3.1 Research Design Overview 

The study utilizes a convergent parallel design, integrating primary survey data with secondary financial metrics. The primary aim is to establish the 

strength and nature of the relationships between SSCM practices and firm outcomes while verifying robustness through multiple statistical approaches. 

3.2 Primary Survey Data 

Senior supply chain and sustainability officers from NSE-listed Indian manufacturing firms formed the respondent pool. These individuals were chosen 

based on their role in designing and implementing SSCM strategies. 

Survey items were adapted from established scales in prior SSCM research (e.g., Ahi & Searcy, 2019; Kumar et al., 2019). The questionnaire was divided 

into five sections: SSCM Practices, Moderators and Mediators, Performance Metrics, Firm Demographics, and Validation and Ethical Statements. 

The survey instrument was pre-tested with 15 industry professionals to ensure clarity and reliability. Feedback was used to revise item wording and 

layout. Cronbach’s alpha values from the pilot ranged from 0.78 to 0.89, indicating high internal consistency. 

3.3 Secondary Financial Data 

We extracted firm-level financial data for the period 2019–2023 from CMIE Prowess and annual reports. The key metrics included Return on Assets 

(ROA), Return on Sales (ROS), and Tobin’s Q. These indicators represent profitability, operational efficiency, and market valuation respectively. 

Survey responses were matched to financial data using firm identifiers. This allowed us to create a panel dataset with both perceptual and objective 

measures. 

3.4 Sampling Design 

The population includes manufacturing firms listed on the National Stock Exchange (NSE) of India, reflecting industries with significant environmental 

footprints and stakeholder scrutiny. 

A stratified random sampling approach ensured representation across key sub-sectors (automobile, chemicals, FMCG, pharmaceuticals). A total of 200 

usable responses were received from 650 invitations (response rate ≈ 30.7%). 

3.5 Variable Measurement and Instrument Validation 

Each SSCM practice was operationalized using multi-item Likert scales (1=Strongly Disagree to 5=Strongly Agree). Constructs such as eco-design and 

supplier development were measured using 3–6 items each. 

Cronbach’s alpha values for all constructs exceeded 0.78, indicating high internal consistency. 

A confirmatory factor analysis (CFA) assessed convergent and discriminant validity. All average variance extracted (AVE) values exceeded 0.50, and 

factor loadings ranged from 0.69 to 0.86. Composite reliability scores were >0.85 for all constructs. 

3.6 Analytical Techniques 

We employed Structural Equation Modeling (SEM) to estimate the direct and indirect effects of SSCM practices on firm performance. The procedure 

included measurement model testing, structural model estimation, and evaluation of model fit indices. CFI (0.97), RMSEA (0.05), and SRMR (0.04) 

indicated good fit. 

Mediation analysis tested whether digital traceability mediated the relationship between reverse logistics and carbon intensity using bootstrapping 

(n=2000). Moderation analysis examined whether stakeholder pressure amplified the effect of green procurement on Tobin’s Q. 

To validate findings and control for time-invariant heterogeneity, we used fixed-effects panel regression. Dependent variables (ROA, ROS, Tobin’s Q) 

were regressed on SSCM practices with controls for firm size, sector, and year. The Hausman Test confirmed the appropriateness of the fixed-effects 

model (p<0.01). 

3.7 Ethical Considerations 

All respondents were informed of the study’s academic nature, and participation was voluntary. The study was approved by the university’s Institutional 

Ethics Committee (IEC/2025/04/07). Responses were anonymized, and data were stored securely. 

To complement SEM and address causality concerns, we also ran panel-data regressions with firm fixed effects (2019–2023 data). Hausman tests favored 

fixed-effects (p<0.01), so we regressed each performance metric on SSCM variables controlling for firm and year effects. This approach mitigates 

unobserved heterogeneity and endogeneity, verifying the robustness of SEM findings. 
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4. Results 

This section provides a detailed interpretation of the empirical results obtained through Structural Equation Modeling (SEM) and fixed-effects panel 

regression. Each sustainable supply chain management (SSCM) practice is evaluated in terms of its quantified influence on financial, operational, and 

environmental performance dimensions. We also highlight the roles of stakeholder pressure and digital traceability in shaping these effects. Supporting 

visualizations and tables are included for clarity. 

4.1 Structural Equation Modeling (SEM) Findings 

The SEM analysis validates all six hypothesized relationships between SSCM practices and firm performance indicators at the 95% confidence level. The 

standardized regression coefficients (β) demonstrate the direction and magnitude of each impact. 

Table 1: Standardized SEM coefficients for SSCM practice-performance relationships 

SSCM Practice Performance Dimension Standardized Coefficient (β) Significance Level (p) 

Eco-design Financial Performance 0.32 < 0.01 

Cleaner Production Operational Performance 0.29 < 0.05 

Reverse Logistics Environmental 
Performance -0.27 < 0.01 

Green Procurement Market Valuation 0.28 < 0.05 

Supplier Development Operational Performance 0.24 < 0.05 

Closed-loop 
Partnerships Financial Performance 0.22 < 0.05 

These results suggest the following: 

 Eco-design practices strongly enhance financial outcomes by creating cost savings and brand differentiation. 

 Cleaner production shortens lead times and improves process efficiency. 

 Reverse logistics lowers carbon emissions significantly, affirming the environmental value of take-back systems. 

 Green procurement positively affects market valuation (Tobin's Q), indicating that investors reward sustainable sourcing. 

 Supplier development contributes to operational reliability through fewer delays and quality defects. 

 Closed-loop partnerships drive financial benefits by enabling resource reuse and circular business models. 

4.2 Moderation and Mediation Effects 

Further SEM tests reveal important interaction and indirect effects: 

 Moderation by stakeholder pressure: When stakeholder pressure is high, the impact of green procurement on Tobin’s Q strengthens 

significantly (β = 0.15, p < 0.05). This suggests that external accountability mechanisms elevate the strategic value of sustainable sourcing. 

 Mediation by digital traceability: Digital traceability partially mediates the reverse logistics-to-emission reduction path (β = -0.08, 95% CI = 

[-0.12, -0.03]), indicating that visibility technologies improve the environmental performance of reverse flows. 

These findings reinforce the need for integrated IT systems and stakeholder engagement to maximize the impact of SSCM initiatives. 

4.3 Panel Regression Confirmation 

To validate the SEM results, fixed-effects regressions were estimated using firm-year panel data from 2019–2023. The regression coefficients also 

confirm the positive and significant influence of SSCM practices on performance metrics. 

Table 2: Panel regression results confirming SEM outcomes (significance: *p<.05, p<.01) 

SSCM Practice ROA Coefficient ROS Coefficient Tobin’s Q Coefficient 

Eco-design 0.021 ** 0.019 ** 0.035 * 

Cleaner Production 0.016 * 0.018 * 0.021 

Reverse Logistics -0.014 * -0.015 * -0.010 

Green Procurement 0.012 0.017 0.031 ** 

Supplier 
Development 0.011 * 0.013 * 0.022 

Closed-loop 
Partnership 0.018 * 0.016 * 0.027 * 

The regressions confirm that: 

 Eco-design and closed-loop strategies consistently yield financial benefits. 

 Cleaner production and supplier development improve both ROA and ROS. 

 Reverse logistics, while environmentally effective, carries some upfront financial costs, which may account for slightly negative short-term 

financial coefficients. 
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4.4 Practical Implications and Strategic Interpretation 

The consistency of results across SEM and regression models strengthens confidence in the strategic relevance of SSCM. Firms that implement eco-

design and closed-loop partnerships see superior financial returns, supporting a business case for circularity. Similarly, cleaner production and supplier 

development offer operational advantages, suggesting process-based green strategies improve productivity. 

These findings align with earlier studies: 

 Kumar et al. (2019) link eco-design to profitability gains. 

 Mangla et al. (2020) find that cleaner production enhances manufacturing agility. 

 Ivanov and Dolgui (2020) highlight how digital tools amplify environmental gains, as evidenced here via digital traceability. 

Together, the results indicate that adopting SSCM practices does not trade off profitability: rather, eco-design and closed-loop initiatives increase 

financial and market performance, while also improving environmental impact. Operational improvements (lead-time, defect rates) accompany cleaner 

production and supplier development. Fig. 3 and Fig. 4 illustrate why these practices matter. 

 

 

Fig. 3: Greenhouse gas emissions per kg of various foods by supply-chain stage (kg CO₂-eq per kg of product, data from Poore & Nemecek, 

2018). 

 

This chart highlights that products like beef (top bar) embed nearly 99 kg CO₂-eq per kg, mostly from land use and feed. Such high footprints underscore 

the need for SSCM: by redesigning products and processes, firms can meaningfully cut these emissions (e.g. Fig.4). 

 

Fig. 4: Greenhouse gas e missions from production vs. supply-chain (kg CO₂-eq/kg, data from Poore & Nemecek, 2018). 

 

The figure shows that for most foods, primary production (green bar) dominates emissions, while supply-chain activities (brown) are smaller. For 

example, beef’s total 85 kg CO₂/kg includes only ~3 kg from processing/transport. These data suggest that eco-design and closed-loop efforts (targeting 

product life-cycle) have large potential impact. Our finding that reverse logistics reduces carbon is consistent with this perspective. 

5. Discussion 

Our findings strongly support the notion that sustainability and performance reinforce each other. All hypothesized relationships were confirmed: firms 

investing in SSCM reap benefits not just environmentally but also financially and operationally. This aligns with Golicic and Smith’s (2021) meta-

analysis of 190 studies finding positive SSCM–performance links across contexts. For example, eco-design’s boost to profitability reflects Kumar et al.’s 

(2019) claim that green design is ―a requirement for profitability‖. Cleaner production’s cutting of lead times agrees with Mangla et al. (2020) on agile 
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green manufacturing. The reverse-logistics effect on carbon directly echoes Hossain et al.’s (2024) evidence that take-back programs lower firms’ 

environmental impact. Importantly, closed-loop partnerships improved both ecology and profits, demonstrating a true triple-bottom-line win. 

The moderating role of stakeholder pressure is notable. Consistent with Blackhurst et al. (2020), we find that investor/regulatory scrutiny magnifies green 

procurement’s value effect. In high-pressure environments, markets reward firms sourcing sustainably, reinforcing compliance. The mediation by digital 

traceability underscores the technological pathway: as Ivanov and Dolgui (2020) argue, digital twins and blockchain amplify the gains from green 

operations by improving data and trust. Our results contrast with some contingency perspectives (e.g. Ren et al., 2020) that certain green practices yield no 

benefit in some settings. In our sample, nearly all SSCM practices had positive and significant impacts, suggesting the broad applicability of SSCM 

benefits—even in a developing-country context with resource constraints. This may reflect recent regulatory changes (e.g. India’s BRSR) elevating SSCM 

relevance. Managerial implications: Firms should not view sustainability as a cost center. Rather, eco-design, cleaner production, and supplier 

development all improved efficiency or revenue in our data. For instance, integrating environmental criteria in R&D (eco-design) led to higher ROA, as 

also found by Kumar et al. (2019). Procurement and supplier programs should incorporate green targets, since these not only meet regulatory expectations 

but also enhance competitive advantage (Lee & Trimi, 2022). Investing in traceability systems pays off by unlocking environmental improvements and 

compliance value. 

Limitations and future research: Our study is cross-sectional, limiting causal claims; future work could use longitudinal or experimental designs. We also 

focus on large manufacturers; results might differ in services or SMEs (see Hossain et al., 2024 for differences). Finally, our performance measures are 

financial and operational – future research could include social metrics or customer satisfaction. Overall, however, our robust findings across methods 

suggest that SSCM is a strategic imperative. 

6. Conclusion 

This study provides comprehensive evidence that sustainable supply-chain practices drive superior firm performance. By analyzing 200 firms with 

rigorous SEM and panel-data methods, we show that eco-design, cleaner production, reverse logistics, green procurement, supplier development, and 

closed-loop initiatives each contribute to the triple bottom line. Eco-design and closed-loop strategies delivered the strongest ―win-win‖ gains (higher 

profits and lower emissions), consistent with Elkington’s (2020) win–win–win paradigm. Stakeholder pressure and digital traceability further enhance 

these benefits. Practically, our results encourage managers to integrate sustainability into core supply-chain strategy: doing so not only meets external 

demands but also improves financial value. In sum, our findings reinforce that sustainability pays, echoing Pareto-optimal outcomes where responsible 

practices and firm competitiveness reinforce each other. 
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