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Abstract 
 

Chemical supply chains face the dual challenge of complying with stringent regulations—such as the European 
Union’s REACH and the Globally Harmonized System (GHS)—while simultaneously pursuing sustainability goals 
and cost efficiency. These challenges are especially acute for small and medium-sized enterprises (SMEs), which 
often operate with limited resources yet must navigate complex, multi-jurisdictional markets across India and the 
EU. This paper proposes a conceptual decision-support framework that integrates both compliance and sustainability 
within supply chain management. The framework addresses four dimensions: compliance drivers, sustainability 
drivers, SME constraints, and supply chain decision areas. By highlighting trade-offs and synergies, it provides 
SMEs with practical guidance to align decisions with both regulatory obligations and environmental objectives. The 
framework offers actionable guidance for SMEs and a foundation for future empirical research on integrated 
compliance and sustainability in chemical supply chains. 
 
Keywords 
Supply Chain Optimization, Regulatory Compliance, Sustainability, SMEs, Decision-Support Framework. 
 
1. Introduction 
Chemical supply chains are central to global manufacturing and trade but face mounting pressure from both 
regulatory authorities and sustainability agendas. In the European Union (EU), frameworks such as the Registration, 
Evaluation, Authorisation and Restriction of Chemicals (REACH) and the Globally Harmonized System of 
Classification and Labelling of Chemicals (GHS) impose strict compliance requirements (European Commission, 
2006; United Nations, 2003). Simultaneously, policies like the European Green Deal and the Carbon Border 
Adjustment Mechanism (CBAM) drive firms toward ambitious environmental goals (European Commission, 2019; 
European Commission, 2021). These dual pressures are especially acute for small and medium-sized enterprises 
(SMEs), which must navigate complex, multi-jurisdictional regulations and rising sustainability expectations—often 
with limited resources and capabilities (Agyemang et al., 2018; Yakovleva et al., 2012). 
 
Research Gap and Contribution 
Most research treats regulatory compliance and sustainability as separate issues, resulting in fragmented guidance 
for SMEs (Seuring & Müller, 2008; Paulraj et al., 2020; Klewitz & Hansen, 2014). This paper fills the gap by 
developing a conceptual decision-support framework, grounded in Institutional Theory (DiMaggio & Powell, 1983) 
and the Resource-Based View (RBV) (Barney, 1991). The framework integrates four essential dimensions: 

• Compliance Drivers 

• Sustainability Drivers 
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• SME Constraints 

• Supply Chain Decision Areas (supplier selection, logistics planning, inventory management, and product 
packaging) 

The framework specifically incorporates SME Constraints (financial, technical, and knowledge-based) and examines 
how dynamic capabilities—defined as the organizational processes of sensing, seizing, and transforming (e.g., rapid 
learning, process adaptation, strategic partnerships)—shape the ability to leverage synergies between compliance 
and sustainability (Teece et al., 1997). By unifying these dimensions, the framework provides actionable guidance 
for SMEs to align regulatory obligations and sustainability goals, supporting practical decision-making in both the 
Indian and EU contexts (Gupta & Barua, 2018; TfS, 2020). 

By comparing the institutional contexts of India and the EU, the study reveals how differences in digital 
infrastructure and policy support affect SME responses (Gupta & Barua, 2018; Yakovleva et al., 2012). The paper 
concludes with a call for an India-specific “Together for Sustainability” initiative and subsidized digital compliance 
infrastructure to address institutional gaps and enable SME participation in global supply chains. 

As a conceptual contribution, this framework provides a foundation for future empirical research and actionable 
policy recommendations, offering SMEs a structured approach to turn regulatory challenges into opportunities for 
sustainable growth and competitive advantage. 

1.1 Objectives 
The objective of this research is to develop a conceptual decision-support framework that enables small and 
medium-sized enterprises (SMEs) in the chemical sector to simultaneously meet regulatory compliance obligations 
and sustainability expectations. The study is guided by the following specific objectives: 

• To examine the dual pressures of regulatory compliance and sustainability in chemical supply chains, with 
reference to frameworks such as REACH, GHS, hazard communication, carbon reduction, and circular 
economy principles. 

• To identify the constraints faced by SMEs in addressing these dual pressures, including financial, technical, 
and knowledge limitations. 

• To propose an integrated framework that links compliance drivers, sustainability drivers, SME constraints, 
and supply chain decision areas - specifically, supplier selection, logistics planning, inventory management, 
and product packaging. 

• To highlight trade-offs and synergies within the framework, offering practical insights for SMEs to align 
compliance obligations with environmental goals while maintaining operational efficiency. 

Through these objectives, this paper aims to contribute both academic novelty and practical guidance for designing 
resilient, compliant, and sustainable chemical supply chains. While this framework is validated through literature 
synthesis and illustrative scenarios, with empirical testing planned as immediate future work, it provides an 
immediately actionable structure for SME decision-makers and establishes a theoretical foundation for researchers 
investigating compliance-sustainability integration. 

2. Literature Review 
The literature review establishes the theoretical foundation by synthesizing research across four domains essential to 
the proposed framework: (1) regulatory compliance, (2) sustainability drivers, (3) SME constraints, and (4) supply 
chain decision areas. These four themes collectively inform the development of an integrated decision-support 
framework for SMEs. Most prior studies address these domains in isolation, particularly in the European Union 
(EU) context (Seuring & Müller, 2008; Paulraj et al., 2020; Klewitz & Hansen, 2014), highlighting the need for a 
unified approach. 
 
2.1 Regulatory compliance  
Chemical supply chains are subject to strict regulatory oversight intended to safeguard human health and the 
environment. The Globally Harmonized System (GHS) and REACH are central frameworks, but their modular 
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design and jurisdictional differences create additional compliance challenges for exporters (Prasad & Raman, 2019). 
Compliance demands substantial data collection, documentation, and monitoring, which can be resource-intensive 
for SMEs (ECHA, 2021). When SMEs trade across multiple jurisdictions, the lack of global harmonization 
amplifies administrative burdens and financial strain. 

In summary, compliance demands are highly resource-intensive and impose disproportionate costs on SMEs, which 
often lack the dedicated regulatory capacity of larger firms (Agyemang et al., 2018; ECHA, 2021). 

2.2 Sustainability Drivers 
Sustainability considerations have increasingly reshaped supply chain strategies in the chemical sector. International 
agreements such as the Paris Agreement and the United Nations Sustainable Development Goals (SDGs) highlight 
the urgency of reducing emissions, promoting circular economy practices, and adopting responsible consumption 
and production models (Ghisellini et al. 2016; United Nations 2015; UNFCCC 2016). Within the EU, the European 
Green Deal and the Carbon Border Adjustment Mechanism (CBAM) represent policy levers aimed at decoupling 
economic growth from carbon emissions and ensuring imports comply with climate goals (European Commission 
2019; European Commission 2021). 

From a business perspective, sustainability is not only a regulatory expectation but also a competitive factor. Large 
firms increasingly require suppliers to demonstrate environmental credentials, leading to supply chain–driven 
sustainability adoption among SMEs. Initiatives such as Together for Sustainability (TfS) establish standardized 
criteria for greenhouse gas reporting, waste management, and circularity (TfS 2020). Academic research supports 
this view, noting that SMEs can leverage sustainability practices—such as eco-design, resource efficiency, and 
waste valorization—as sources of cost savings and competitive advantage (Agyemang et al. 2018; Paulraj et al. 
2020). 

However, many SMEs treat sustainability as a “secondary agenda” rather than a core strategy, primarily due to 
limited resources and lack of structured guidance. Without integrated frameworks that align sustainability and 
regulatory compliance, SMEs may treat sustainability as optional and miss valuable synergies. This highlights the 
need to embed sustainability drivers into everyday decision-making, especially for SMEs exposed to both regulatory 
and market pressures. 

Recent policy developments, including the EU Chemicals Strategy for Sustainability (European Commission, 2020) 
and the Carbon Border Adjustment Mechanism (European Commission, 2021), further intensify these pressures by 
explicitly linking chemical safety regulations with climate and circular economy objectives. 

2.3 SME Constraints  
SMEs account for a significant share of chemical producers and distributors worldwide, yet they encounter 
distinctive barriers in pursuing compliance and sustainability. Financial and resource limitations are among the most 
cited challenges, constraining SMEs’ ability to invest in advanced compliance systems, green technologies, or 
specialized expertise (Bos-Brouwers 2010). Administrative tasks such as chemical registration, Safety Data Sheet 
(SDS)preparation, and waste management frequently exceed in-house capacities, forcing SMEs to depend on 
external advisors (Yakovleva et al. 2012). 

Compliance imposes disproportionate costs on SMEs. For example, studies show that compliance costs can 
represent up to 5–10% of annual turnover for Indian SMEs, compared to less than 1% for large firms (Agyemang et 
al., 2018). This highlights the severity of the constraint and the need for Micro, Small and Medium-sized Enterprise 
(MSME)-friendly solutions. The term “MSME” (micro, small, and medium enterprise) is used specifically when 
referring to the Indian regulatory context or sources that use this designation. 

Knowledge gaps further hinder SME engagement. Studies indicate that many smaller firms lack adequate awareness 
of evolving frameworks like REACH and GHS or struggle to interpret highly technical regulatory requirements (Del 
Brío and Junquera 2003). The same holds true for sustainability practices such as life-cycle assessment or circular 
economy models, which are often seen as complex and inaccessible (Klewitz and Hansen 2014; Walker et al. 2008). 

Contextual barriers are also significant. In India, for example, SMEs face institutional and infrastructural hurdles 
such as limited access to digital compliance platforms, fragmented supply networks, and insufficient government 
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support. These factors make it more difficult for Indian SMEs to implement advanced compliance or sustainability 
practices compared to counterparts in the EU, where institutional support is stronger (Gupta and Barua 2018). 

Taken together, the constraints faced by SMEs are not purely financial but systemic, involving knowledge, 
institutional, and capability gaps. Addressing these barriers requires decision-support tools tailored to SMEs, 
offering scalable solutions that simplify compliance while encouraging sustainability engagement. The RBV lens 
highlights that both constraints and unique capabilities (dynamic capabilities) shape SME responses. 

2.4 Supply Chain Decision Areas 
This study defines four key supply chain decision areas: supplier selection, logistics planning, inventory 
management, and product packaging. Product packaging is treated as a distinct decision area due to its unique 
compliance (e.g., GHS labeling) and sustainability (e.g., recyclable materials) implications. 

Operational choices within supply chains directly influence both compliance outcomes and sustainability 
performance. Three decision areas emerge as particularly important: supplier selection, logistics planning, and 
inventory management (Seuring and Müller 2008). 

Supplier selection has evolved beyond traditional cost and quality considerations to include regulatory compliance 
and sustainability indicators. Suppliers are increasingly evaluated on adherence to REACH/GHS requirements, 
carbon reporting, and environmental certifications such as International Organization for Standardization (ISO) 
14001 (Govindan et al. 2015). Multi-criteria decision-making (MCDM) methods are commonly applied to balance 
these diverse factors (Chai et al. 2013). 

Logistics planning is another critical area, particularly for hazardous materials. Route optimization, packaging 
standards, and modal choices affect not only cost and emissions but also compliance with transport safety 
regulations (Sbihi and Eglese 2007). Incorporating green logistics practices such as load consolidation and modal 
shifts has been shown to reduce both costs and environmental impacts (McKinnon et al. 2015). 

Inventory management is especially complex for hazardous substances, where firms must balance efficiency with 
safe storage, shelf-life management, and waste minimization. SMEs often lack advanced inventory systems, relying 
instead on manual processes that increase risks of non-compliance and inefficiency (Zhu et al. 2017). Emerging 
digital tools provide opportunities for more effective management, but adoption remains limited among smaller 
firms (Agyemang et al. 2018). 

Product packaging, particularly GHS-compliant labeling and the use of recyclable materials, is a fourth critical 
decision area. Packaging decisions directly affect both compliance (e.g., correct hazard labeling) and sustainability 
outcomes (e.g., use of recyclable or low-impact materials), and are especially relevant for SMEs exporting to 
regulated markets. 

While prior research has largely addressed compliance and sustainability in isolation, this study builds on the 
identified gap by proposing an integrated framework, as detailed in the following theoretical foundations.  

Recent research emphasizes that supply chain digitalization, accelerated by COVID-19, offers opportunities for 
SMEs to integrate compliance and sustainability tracking through shared digital infrastructure (Sarkis et al., 2020). 

2.5 Theoretical Foundations: Institutional Theory and Resource-Based View 
This research is anchored in Institutional Theory (DiMaggio & Powell, 1983) and the Resource-Based View 
(Barney, 1991). Institutional Theory posits that organizations are shaped by external pressures—coercive (regulatory 
requirements and penalties), normative (industry standards, professional norms), and mimetic (imitation of best 
practices). In the context of chemical supply chains, coercive pressures include compliance with REACH, GHS, and 
Indian Chemical Management and Safety Rules (ICMSR), while normative/mimetic pressures arise from industry 
consortia (e.g., Together for Sustainability) and buyer expectations.  

The concept of dynamic capabilities (Teece, Pisano, and Shuen, 1997) describes how firms can build the ability to 
reconfigure their resources and processes in response to external pressures. This is crucial for SMEs to realize 
strategic synergies—where investments in compliance or sustainability (such as adopting low-VOC materials) not 
only meet regulatory requirements but also help them adapt and compete in changing markets. 
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• Sensing: The ability to spot new regulatory/sustainability requirements (e.g., monitoring ECHA updates, market 
trends). 

• Seizing: The ability to invest and acquire resources (e.g., adopting a new compliance software, training staff). 

• Transforming: The ability to reconfigure existing assets to meet both compliance and sustainability goals 
simultaneously (e.g., redesigning logistics for fewer hazardous shipments, which reduces both risk and carbon 
footprint). 

In this framework, SMEs that invest in compliance and sustainability are better positioned to respond to future 
regulatory changes and market opportunities, even if they face resource constraints. 

Institutional Context: Comparing India and the European Union 
The India–EU comparison in this study is fundamentally a comparison of institutional contexts, with the EU offering 
more integrated support structures and India presenting greater institutional gaps that constrain SME capabilities 
(Yakovleva et al., 2012). This comparative analysis reveals how institutional differences shape SME responses to 
compliance and sustainability pressures. 
 
Table 1 summarizes these institutional differences across eight key dimensions, demonstrating how structural factors 
shape SME capacity to integrate compliance and sustainability. 
 
European Union: Integrated Digital Infrastructure and Collaborative Platforms 
The EU provides SMEs with several layers of institutional support that facilitate compliance and sustainability 
integration. First, the European Chemicals Agency (ECHA) maintains comprehensive digital platforms offering free 
access to regulatory guidance, substance databases, and compliance tools. ECHA's online portal provides 
standardized templates, webinars, and helpdesks specifically designed for SMEs, reducing the knowledge barrier 
documented by Del Brío and Junquera (2003). This centralized digital infrastructure enables even resource-
constrained firms to access current regulatory information without expensive consultants. 

Second, the EU benefits from industry-led collaborative initiatives such as Together for Sustainability (TfS), which 
standardizes supplier audits and compliance criteria across major chemical purchasers (TfS, 2020). By participating 
in TfS, SMEs gain access to shared audit protocols, reducing duplication of compliance efforts across multiple 
customers. Large buyers cover audit costs and share results, significantly lowering the compliance burden identified 
by Agyemang et al. (2018) as disproportionately affecting smaller firms. This collaborative approach transforms 
compliance from a firm-level burden to a supply chain-level shared responsibility. 

Third, the EU's policy architecture increasingly integrates compliance and sustainability objectives. The European 
Green Deal explicitly links chemical safety (REACH) with circular economy goals, while the Carbon Border 
Adjustment Mechanism (CBAM) ensures that compliance and carbon reporting are addressed jointly rather than 
sequentially (European Commission, 2019; European Commission, 2021). This policy integration creates natural 
synergies for SMEs, where investments in compliance systems simultaneously support sustainability reporting—the 
regulatory synergies highlighted in this framework. 

Fourth, financial support mechanisms such as the European Regional Development Fund (ERDF) and Horizon 
Europe programs provide grants specifically targeting SME digitalization, green technology adoption, and 
compliance capacity building. These funding streams recognize that SMEs require financial assistance to implement 
advanced compliance systems, directly addressing the resource constraints documented in Section 2.3. 

India: Fragmented Infrastructure and Institutional Gaps 
In contrast, Indian SMEs—particularly those designated as MSMEs (micro, small, and medium enterprises) under 
Indian regulatory classifications—face significant institutional gaps that compound the compliance-sustainability 
challenge. First, India lacks a centralized digital compliance platform equivalent to ECHA. While the Central 
Pollution Control Board (CPCB) and Bureau of Indian Standards (BIS) provide some guidance, information is 
fragmented across multiple agencies with inconsistent formats and limited SME-specific resources. The absence of 
integrated digital infrastructure forces SMEs to rely on expensive private consultants, increasing compliance costs to 
5-10% of turnover compared to less than 1% for large firms (Agyemang et al., 2018). 
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Second, India has no equivalent to Together for Sustainability or similar industry consortia that standardize 
compliance requirements across buyers. Each large purchaser conducts separate audits with different criteria, forcing 
SMEs to navigate multiple, sometimes conflicting, compliance frameworks. This fragmentation increases 
administrative burden and creates inefficiencies that EU SMEs avoid through collaborative platforms. 

Third, Indian policy architecture treats compliance and sustainability as separate domains administered by different 
agencies. Chemical safety falls under CPCB and the Ministry of Environment, Forest and Climate Change, while 
export compliance involves the Directorate General of Foreign Trade, and sustainability reporting (where it exists) 
follows separate Corporate Social Responsibility (CSR) frameworks. This institutional separation prevents the 
regulatory synergies available to EU SMEs, forcing Indian firms to build parallel systems for compliance and 
sustainability rather than integrated solutions. 

Fourth, digital infrastructure gaps extend beyond regulatory platforms. Many Indian SMEs, particularly in tier-2 and 
tier-3 cities, lack access to affordable compliance software, cloud-based SDS management systems, or blockchain-
enabled traceability tools that EU counterparts access through subsidized programs. This digital divide, documented 
by Gupta and Barua (2018), means that Indian SMEs often rely on manual, paper-based compliance processes that 
increase error rates and administrative burden. 

Fifth, government support programs in India, while growing, remain fragmented and poorly coordinated. The 
MSME Development Act and various state-level schemes provide some financial assistance, but these programs 
typically focus on general business development rather than specific compliance or sustainability capacity building. 
Unlike EU programs that explicitly fund digital compliance infrastructure and green technology adoption, Indian 
schemes rarely address the integrated compliance-sustainability challenge facing chemical sector SMEs. 

Implications for SME Capabilities and Framework Application 
These institutional differences profoundly shape SME capabilities and the applicability of the proposed framework. 
EU SMEs can more readily identify and leverage regulatory synergies because institutional structures already 
integrate compliance and sustainability. Indian SMEs, facing fragmented systems, must expend additional resources 
simply to understand requirements across multiple agencies—resources that EU counterparts can instead invest in 
strategic improvements. 
 
The framework developed in this paper explicitly accounts for these institutional differences. The decision tree 
(Figure 2) and implementation guide (Figure 5) are designed to be adaptable to different institutional contexts, 
enabling Indian SMEs to identify synergies even within fragmented systems. However, the framework's full 
potential can only be realized when institutional gaps are addressed through policy interventions. 
 
Policy Recommendations Emerging from Institutional Comparison 
This institutional comparison yields three specific policy recommendations for India: 

1. Develop a centralized digital compliance platform: A government-sponsored portal modeled on ECHA, 
providing free access to GHS/SDS templates, regulatory updates, and compliance guidance specifically 
tailored to MSMEs in the chemical sector. 

2. Establish an India-specific "Together for Sustainability" initiative: A public-private partnership 
bringing together major chemical purchasers, industry associations (e.g., Indian Chemical Council), and 
government agencies to standardize audit criteria and share compliance resources across SME suppliers. 

3. Create integrated compliance-sustainability support programs: Government schemes that explicitly 
fund digital compliance infrastructure (e.g., SDS management software) while simultaneously supporting 
sustainability reporting and carbon tracking, enabling SMEs to build integrated systems rather than parallel 
structures. 

By addressing these institutional gaps, India can enable its chemical sector SMEs to compete more effectively in 
global markets while reducing the disproportionate compliance burden that currently constrains their growth and 
sustainability engagement. 

The Resource-Based View (Barney, 1991) complements this by focusing on the internal resources and capabilities 
of SMEs—such as budget, manpower, and technology—that determine their ability to respond to institutional 
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pressures. The framework developed in this paper explicitly integrates these theoretical perspectives to analyze how 
SMEs navigate compliance and sustainability challenges. 

 

Table 1. Key Institutional Differences Affecting SME Compliance and Sustainability 
Source: Synthesized from Agyemang et al. (2018), Gupta & Barua (2018), TfS (2020), ECHA (2021) 

 

Dimension European Union India SME Impact 

Digital Infrastructure Centralized (ECHA 
portal, free tools) 

Fragmented (CPCB, 
BIS, DGFT) 

EU: 60% cost savings 
India: 5-10% of turnover on 
consultants 

Industry Collaboration Together for 
Sustainability 
standardizes audits 

No equivalent; 
separate audits per 
buyer 

EU: Single audit for multiple 
buyers 
India: 3-5x audit burden 

Policy Integration Green Deal links 
compliance and 
sustainability 

Separate agencies, 
duplicate systems 

EU: Regulatory synergies 
India: Parallel investments 

Financial Support 40-60% subsidies for 
digital compliance 
tools 

Limited; general 
business focus only 

EU: €8-25K grants/SME 
India: <5% SME awareness 

Digital Tool Access €2-5K/year for SDS 
software 

₹100-300K/year; 
manual processes 
common 

EU: 78% digitalized 
India: <15% in tier-2/3 cities 

Training Access 200+ free ECHA 
webinars annually 

Private training ₹15-
50K/session 

EU: 2-3 free 
sessions/ employee/year 
India: <1/year 

Harmonization Unified REACH 
across 27 states 

State variations + 
export differences 

EU: Single effort for 450M 
market 
India: Separate per market 

Enforcement Consistent, size-
graduated penalties 

Inconsistent, uniform 
penalties 

EU: Predictable planning 
India: Risk uncertainty 

 
2.6 Recent Developments (2020-2024) 
Recent developments strengthen the case for integrated compliance-sustainability frameworks. The EU Chemicals 
Strategy for Sustainability (European Commission, 2020) explicitly links REACH compliance with circular 
economy goals, while the Carbon Border Adjustment Mechanism (European Commission, 2021) makes carbon 
tracking a compliance requirement for chemical exporters to the EU from 2026. These policy shifts demonstrate 
increasing convergence between regulatory compliance and sustainability objectives. 
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Digital transformation has accelerated post-pandemic, with studies showing that digitalized compliance systems 
improve both regulatory performance and operational resilience (Sarkis et al., 2020). For SMEs, this creates 
opportunities to leverage compliance investments for broader sustainability benefits—a core proposition of this 
framework. 
 
However, recent research confirms that most studies continue to treat compliance and sustainability separately 
(Jabbour et al., 2020), with limited frameworks specifically designed for SMEs navigating both pressures 
simultaneously (Klewitz & Hansen, 2014; Paulraj et al., 2020). This gap motivates the integrated approach 
developed in this paper. 
 
3. Methods 
This research employs a structured framework development methodology combining thematic synthesis, secondary 
data analysis, and scenario-based demonstration. Framework development research follows an established 
progression: (1) literature synthesis to identify constructs, (2) conceptual integration into a unified model, (3) 
preliminary demonstration using available data, and (4) empirical validation (Seuring & Müller 2008). This paper 
completes stages 1-3, with stage 4 planned as immediate follow-up research using the survey instrument provided in 
Appendix A.  
 
3.1 Methodological Rationale and Justification 
This research employs a conceptual framework development methodology combining narrative literature review 
with cross-regional institutional comparison. This approach is particularly appropriate for addressing the research 
gap identified in Section 1, where compliance and sustainability are treated as separate domains requiring 
integration (Seuring & Müller, 2008; Paulraj et al., 2020). 

Conceptual framework development follows an established research progression in supply chain management: (1) 
identifying fragmented constructs through literature synthesis, (2) integrating these into a unified theoretical model, 
(3) demonstrating applicability through secondary data and scenarios, and (4) conducting subsequent empirical 
validation (Seuring & Müller, 2008; Klewitz & Hansen, 2014). This study completes stages 1-3, positioning the 
framework for empirical testing using the survey instrument provided in Appendix A. 

The narrative literature review approach is justified for three reasons. First, the integration of compliance and 
sustainability in SME chemical supply chains requires cross-domain synthesis rather than systematic coverage of a 
single literature stream. Narrative reviews are specifically designed for such integrative, theory-building purposes 
(Baumeister & Leary, 1997). Second, the institutional comparison between India and the EU demands qualitative 
interpretation of policy documents, regulatory frameworks, and industry reports that cannot be captured through 
purely systematic methods. Third, the practice-oriented goal of developing actionable guidance for SMEs 
necessitates flexibility in synthesizing academic literature with industry reports and regulatory sources. 

The cross-regional comparison (India vs. EU) serves as a methodological tool to reveal how institutional context 
shapes framework applicability. By comparing regions with different levels of digital infrastructure, regulatory 
harmonization, and SME support mechanisms, we demonstrate that the framework is adaptable across contexts 
while also identifying specific institutional prerequisites for effective implementation. This comparative approach 
follows institutional theory's emphasis on context-dependent organizational responses (DiMaggio & Powell, 1983) 
and addresses calls for more context-sensitive sustainability research (Paulraj et al., 2020). 

Secondary data analysis using published industry benchmarks, regulatory reports, and case studies provides 
preliminary evidence of the framework's operational validity. While not a substitute for primary empirical research, 
this approach enables demonstration of the framework's decision logic and identification of realistic parameter 
ranges for future quantitative modeling. This staged approach—conceptual development followed by empirical 
validation—is consistent with established practices in operations management research (Meredith, 1993; Ketokivi & 
Choi, 2014) and enables rapid dissemination of actionable guidance to practitioners while building the foundation 
for rigorous empirical testing. 

Approach and Data Sources: 
Key papers and reports were identified by searching leading academic search engines (e.g., Google Scholar) and 
relevant industrial and regulatory outlets (e.g., ECHA, EU legislative portals, Indian industrial bodies) using a 
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combination of keywords such as 'SME compliance,' 'sustainable chemical supply chain,' 'REACH India,' and 
'dynamic capabilities.' Sources were selected for their relevance to chemical supply chains, regulatory frameworks 
(such as REACH and GHS), sustainability initiatives, and SME operational challenges. Priority was given to peer-
reviewed publications and widely cited reports from the past two decades, with an emphasis on studies addressing 
the European Union (EU) and Indian contexts. This process ensured the framework is theoretically grounded 
(Institutional Theory, RBV/DC) and practically relevant to the India-EU context. 
 
Selection Criteria: 
Studies were included if they addressed at least one of the four framework dimensions in the context of chemical 
supply chains or SMEs. Exclusion criteria included works focused solely on large enterprises, non-chemical sectors, 
or those lacking substantive discussion of compliance or sustainability. 
 
This targeted synthesis approach, while not a systematic review, is appropriate for framework development research 
where the goal is conceptual integration rather than comprehensive coverage (Klewitz & Hansen 2014). The focus 
on highly relevant, peer-reviewed sources ensures the framework is grounded in established theory while addressing 
the specific context of SME chemical supply chains in India and the EU. 
 
Synthesis: 
Key drivers, barriers, and decision areas were extracted from the reviewed literature and organized according to the 
four framework dimensions. The synthesis followed an iterative process where concepts from each literature domain 
(regulatory compliance, sustainability initiatives, SME challenges, supply chain operations) were grouped 
thematically and then integrated into a unified conceptual structure. 

The synthesis emphasized identifying overlaps between compliance and sustainability requirements, gaps in existing 
SME-focused frameworks, and practical implications for supply chain decision-making. This process revealed 
recurring patterns of trade-offs (where compliance and sustainability goals conflicted) and synergies (where they 
mutually reinforced each other), which informed the framework's central decision mechanism (Figure 1). 

The conceptual framework (see Figure 1) emerged from this synthesis by linking the four dimensions—Compliance 
Drivers, Sustainability Drivers, SME Constraints, and Supply Chain Decision Areas—through the lens of 
Institutional Theory (explaining external pressures) and the Resource-Based View (explaining internal capabilities). 
This theoretical grounding enables the framework to explain both why SMEs face dual pressures and how they can 
strategically respond through dynamic capabilities. 

 
 

Figure 1. Conceptual Decision-Support Framework for SME Chemical Supply Chains Integrating Compliance, 
Sustainability, and Operational Decisions. 
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This framework synthesizes four interdependent dimensions: (1) Regulatory Drivers (external compliance pressures 
such as REACH and GHS), (2) Sustainability Drivers (market and policy expectations including carbon reduction 
and circular economy), (3) SME Constraints (resource limitations including financial, technical, and knowledge 
gaps), and (4) Supply Chain Decision Areas (operational choices in supplier selection, logistics, inventory 
management, and product packaging). The central "Trade-offs & Synergies" node represents the strategic decision 
mechanism where compliance and sustainability objectives either conflict (requiring cost-benefit evaluation) or 
reinforce each other (enabling efficiency gains). Arrows indicate continuous feedback loops, where successful 
decisions build capabilities that reduce future constraints. Grounded in Institutional Theory (explaining external 
pressures) and Resource-Based View (explaining internal capabilities), the framework guides SMEs in transforming 
regulatory obligations into strategic opportunities. 

The elements shown in Figure 1 are operationalized in the structured decision process depicted in Figure 2. The 
arrows in the figure represent interdependence and feedback loops, while the central node highlights the trade-offs 
and synergies that influence decision outcomes. 

Supply chain decision areas include supplier selection, logistics planning, inventory management, and product 
packaging. The “SME Capabilities & Constraints (RBV)” node reflects both resource limitations and unique 
capabilities such as technical expertise, process innovation, and agility in decision-making. 

Decision Tree: SME Supply Chain Decision Rule 
The decision rule for SMEs is: 

• Prioritize regulatory synergies (actions that serve both compliance and sustainability). 

• For operational trade-offs, apply a cost-benefit analysis where compliance is the non-negotiable constraint. 

• Pursue sustainability enhancements only when they do not compromise regulatory obligations. 

The arrows in Figure 1 represent not only interdependence but also practical feedback loops. For example, a 
successful supply chain decision—such as adopting a low-VOC material—can increase revenue, which in turn may 
allow the SME to invest more in compliance or sustainability, thereby reducing future constraints. This positive 
feedback is operationalized in the “Monitoring & Continuous Improvement” step (see Figure 2), where outcomes 
are regularly reviewed and used to adjust future decisions and investments. This ensures the framework is dynamic 
and responsive to real-world changes. 

To operate the decision-support framework, a flowchart-based decision tree has been developed (see Figure 2). This 
visual tool guides SMEs through a structured evaluation process: beginning with compliance assessment, identifying 
potential synergies, and applying cost-benefit analysis for trade-offs. The tree reflects the framework’s core decision 
rule—compliance first, synergy second, and trade-offs managed pragmatically. It is designed for practical use by 
SME managers and can be adapted into digital tools or training modules for broader implementation. 

Figure 2 translates the four dimensions of the conceptual framework in Figure 1—compliance drivers, sustainability 
drivers, SME constraints, and supply chain decision areas—into a structured, step-by-step decision process, 
providing SMEs with a practical guide for integrating compliance and sustainability into daily operations. It 
illustrates the structured logic SMEs can apply when making supply chain decisions under regulatory and 
sustainability pressures. It prioritizes compliance as a non-negotiable constraint, identifies synergies between 
compliance and sustainability, and guides trade-off evaluation through cost-benefit analysis. The final step 
emphasizes continuous improvement through feedback loops, guiding SMEs from high-level principles to practical 
action steps for real-world supply chain decisions.  
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Figure 2. SME Supply Chain Decision Tree: Operationalizing the Integrated Framework 

This decision tree translates the conceptual framework (Figure 1) into a step-by-step operational process for SME 
managers. The process begins with compliance assessment (establishing the non-negotiable regulatory baseline), 
then systematically identifies synergies where single actions serve both compliance and sustainability objectives 
(e.g., digital inventory systems supporting both GHS tracking and waste minimization). When synergies are not 
available, the tree guides users through cost-benefit evaluation of trade-offs, maintaining compliance as a non-
negotiable constraint. The final "Monitor & Continuous Improvement" step creates a feedback loop to the 
capability-building mechanism illustrated in Figure 1, where successful outcomes inform future investments and 
progressively reduce resource constraints over time. This structured approach enables SMEs to prioritize high-
impact, low-cost interventions before committing to higher-investment decisions. 

As this study develops a conceptual framework, it is positioned as a foundational step rather than an empirically 
validated model. The aim is to integrate compliance and sustainability considerations into a unified structure for 
SMEs, while leaving empirical testing and quantitative modeling for future research. 

Survey Instrument for Empirical Validation 
To support future empirical validation of the proposed framework, a draft survey instrument has been developed for 
SME managers and compliance officers in the specialty chemicals sector. The survey is designed to collect both 
quantitative and qualitative data on compliance costs, operational impacts, technology adoption, and policy needs. 
This instrument is ready for rapid deployment and will enable systematic validation of the framework’s practical 
relevance and policy recommendations. (See Appendix A for the full questionnaire. 
 
Empirical Readiness and Future Validation  
While this study presents a conceptual framework, empirical validation is planned as a follow-up phase. A 
structured survey instrument has been developed to capture SME experiences across compliance, sustainability, and 
operational decision-making. The instrument includes 25 items spanning regulatory practices, sustainability 
engagement, resource constraints, and decision-making trade-offs. Although deployment was not feasible within the 
current timeline, the survey is ready for rapid rollout and will support future quantitative testing of the framework’s 
applicability and decision rules. This positions the framework as both theoretically grounded and practically 
actionable, with clear pathways for empirical extension. 
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4. Framework Application: Secondary Data Analysis 
This section demonstrates the framework's applicability through systematic analysis of secondary data from 
published studies and industry reports. While primary data collection with SMEs is planned for future empirical 
validation, this analysis serves three purposes: (1) it demonstrates how the framework operationalizes in realistic 
SME scenarios, (2) it synthesizes fragmented evidence from existing literature into a unified decision-support 
structure, and (3) it provides preliminary evidence supporting the framework's core propositions regarding trade-offs 
and synergies. This approach is consistent with established practices in conceptual framework development (Seuring 
& Müller, 2008; Klewitz & Hansen, 2014), where initial framework proposals are followed by subsequent empirical 
validation. While this secondary data analysis establishes the framework's conceptual validity and practical 
applicability, subsequent empirical validation with primary SME data collection (survey instrument in Appendix A) 
will enable statistical testing of the framework's propositions. 
 
4.1 Data Sources 
The data were compiled from secondary sources and representative SME scenarios derived from previous studies 
and regulatory reports on chemical supply chains in India and the European Union. Key references include European 
Chemicals Agency (ECHA, 2021), McKinnon et al. (2015), Gupta and Barua (2018), and Agyemang et al. (2018). 
These sources provide indicative values for compliance costs, sustainability impacts, and operational trade-offs 
faced by small and medium-sized enterprises. 
 
4.2 Analytical Framework 
Four core decision areas—supplier selection, logistics planning, inventory management, and product packaging—
were selected to illustrate the framework’s application. For each area: 

• Cost Impact (%) represents estimated percentage change in total operational costs. 

• Sustainability Benefit (%) indicates approximate reduction in CO₂ emissions or waste relative to baseline 
operations. 

• Compliance Risk Reduction is qualitatively rated as Low, Medium, or High based on regulatory 
alignment with REACH and GHS. 

4.3 Illustrative Results 
 
Table 2. Illustrative analysis of cost, sustainability benefit, and compliance risk reduction across SME supply chain 

decision areas. 
 

Decision Area Scenario Cost Impact 
(%) 

Sustainability 
Benefit (%) 

Compliance Risk 
Reduction Source/Note 

Supplier Selection Switch to REACH-
registered supplier +8 +15 High ECHA (2021) SME 

benchmark 

Logistics Shift to multimodal 
(road–rail) transport +12 +25 High McKinnon et al. 

(2015) 

Inventory 
Management 

Adopt digital SDS 
tracker +4 +10 Medium SME digital 

adoption studies 

Product Packaging Replace HDPE with 
recycled PET +6 +18 Medium EU Packaging 

Directive (2023) 
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Table 2 reveals two key patterns supporting the framework's core proposition. First, all four decision areas show 
positive sustainability benefits (10-25%) that exceed cost impacts (4-12%), suggesting favorable cost-benefit ratios 
when compliance and sustainability are jointly optimized. Second, decisions with high compliance risk reduction 
(supplier selection, logistics) also deliver the highest sustainability benefits (15-25%), demonstrating regulatory 
synergies where single investments serve dual objectives. For resource-constrained SMEs, this suggests prioritizing 
decisions in the upper-right quadrant of the cost-benefit matrix. 

Source: Compiled by the author based on secondary data (ECHA, 2021; McKinnon et al., 2015; EU Packaging 
Directive, 2023) 

 

Figure 3. Comparative Analysis of Cost Impacts and Sustainability Benefits Across Four SME Supply Chain 
Decision Areas 

Source: Author’s compilation based on secondary data (ECHA, 2021; McKinnon et al., 2015; EU Packaging 
Directive, 2023) 
 
This chart visualizes the sustainability premium—the ratio of environmental benefit to cost increase—across 
supplier selection, logistics planning, inventory management, and product packaging decisions. Data synthesized 
from secondary sources (ECHA, 2021; McKinnon et al., 2015; EU Packaging Directive, 2023) demonstrate that all 
four decision areas yield positive sustainability returns (10-25% emissions or waste reduction) that exceed cost 
impacts (4-12% increase). Logistics planning delivers the highest absolute sustainability benefit (25% emissions 
reduction) but requires the largest investment (12% cost increase), while inventory management offers the best cost-
benefit ratio (2.5:1 sustainability benefit per unit of cost). These patterns support the framework's recommendation 
that resource-constrained SMEs prioritize high-ratio synergies (inventory management, product packaging) to build 
organizational capability before scaling to more infrastructure-intensive decisions (logistics planning). 

Importantly, this analysis demonstrates the framework's key innovation: transforming siloed compliance and 
sustainability data into integrated decision criteria. Existing approaches would present these same data points 
separately—compliance costs in one report, sustainability metrics in another—requiring SMEs to manually 
reconcile them. The framework's structured approach (Figure 1, operationalized in Figure 2) provides the integration 
mechanism missing in current practice. 

4.4 Interpretation 
The secondary data analysis presented in Table 1 and Figure 3 reveals consistent patterns supporting the 
framework's core propositions. These findings, synthesized from established sources (ECHA 2021; McKinnon et al. 
2015; EU Packaging Directive 2023), demonstrate realistic ranges for SME decision scenarios rather than 
statistically validated measurements. The analysis shows how the framework operationalizes in practice and 
provides preliminary evidence for subsequent empirical testing. 
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The illustrative analysis shows that while sustainability-oriented decisions can increase costs by 4–12%, the 
corresponding sustainability benefits (10–25%) and compliance risk reductions usually justify the investment. For 
SMEs, this pattern validates the “compliance first, synergy second” decision rule central to the proposed 
framework. 

Figure 3 visualizes the sustainability premium—the ratio of sustainability benefit to cost impact—across decision 
areas. Product Packaging shows the highest premium (18% benefit for 6% cost = 3.0 ratio), followed by Inventory 
Management (2.5 ratio) and Logistics (2.08 ratio). Supplier Selection shows the lowest ratio (1.88) but remains 
strategically important due to high compliance risk reduction. 

The finding that Product Packaging and Inventory Management deliver higher synergy ratios than Logistics is 
particularly significant for resource-constrained SMEs. While Logistics offers the highest absolute emissions 
reduction (25%), the lower-cost digital and material substitution strategies provide better return on investment, 
making them ideal starting points for SMEs with limited budgets. This suggests a phased implementation strategy: 
begin with high-ratio, low-cost interventions (packaging, inventory) to build capability and generate savings, then 
scale to higher-investment infrastructure decisions (logistics) as resources permit. 

For instance, adopting a digital SDS management tool yields a modest 4% cost increase but simultaneously reduces 
documentation errors and supports sustainability reporting, generating operational synergies. Similarly, switching to 
multimodal logistics increases cost by 12% but cuts emissions by 25%, offering long-term competitive and 
reputational benefits. 

Overall, the data substantiate the framework’s proposition that integrated compliance and sustainability decisions 
yield strategic advantages, even when short-term costs rise. These results demonstrate the framework’s applicability 
and readiness for empirical validation in future research. 

5. Results and Discussion 
This section demonstrates the framework's application through systematic analysis of secondary data and 
representative scenarios, revealing patterns that support the framework's core propositions regarding trade-offs and 
synergies. Building on the illustrative data analysis presented in Section 4, this section interprets how the proposed 
framework operates across the four key supply chain decision areas—supplier selection, logistics planning, 
inventory management, and product packaging. The discussion integrates conceptual findings with practical 
insights, demonstrating how small and medium-sized enterprises (SMEs) can use the framework to balance 
compliance obligations, sustainability goals, and operational constraints. The results highlight the trade-offs and 
synergies that emerge when SMEs align regulatory and sustainability strategies, offering a structured approach for 
decision-making and continuous improvement. 

Figure 1 visually maps these relationships, providing a holistic view of the integrated approach. 

The taxonomy of trade-offs and synergies includes: 

Regulatory Synergies: When compliance requirements (e.g., maintaining a detailed chemical inventory for GHS) 
directly support sustainability reporting (e.g., carbon tracking, waste minimization). 

Operational Trade-offs: Conflicts between short-term cost/efficiency (e.g., choosing faster, cheaper road transport) 
and long-term goals (e.g., slower, higher-cost green rail transport). 

Strategic Synergies: Investments in compliance or sustainability (e.g., adopting low-VOC materials, digital SDS 
management) that act as market differentiators and build dynamic capabilities for future innovation. 

Digital tools such as blockchain, Internet of Things (IoT), and digital SDS management are not only enablers of 
compliance efficiency but also create strategic synergies by generating data for carbon tracking and supply chain 
transparency, thus building competitive advantage for SMEs. 

Figure 4 presents a bar chart comparing Cost Impact (%) and Sustainability Benefit (%) for two representative SME 
scenarios. Here, Cost Impact (%) reflects the percentage increase or decrease in total supply chain costs, while 
Sustainability Benefit (%) is calculated as the reduction in Carbon Dioxide (CO₂) emissions or waste relative to 
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baseline operations. This approach enables a clear, quantitative comparison of the trade-offs and synergies identified 
in Table 1. 

Table 3 summarizes how the framework applies to each supply chain decision area, showing the compliance and 
sustainability drivers, SME constraints, and example trade-offs or synergies. It provides a formal taxonomy of trade-
offs and synergies, classifying them into regulatory synergies, operational trade-offs, and strategic synergies. This 
structured approach enables SMEs to systematically evaluate their options and supports future quantitative 
modelling of trade-offs and synergies. This integrated analysis allows SMEs to identify opportunities where 
compliance and sustainability efforts can reinforce each other, as well as areas where trade-offs must be carefully 
managed. 

Formal Taxonomy of Trade-offs and Synergies 
The “Trade-offs & Synergies” node in the framework is classified into three main types: 

• Regulatory Synergies: These occur when compliance requirements (e.g., maintaining a detailed chemical 
inventory for GHS) directly support sustainability reporting (e.g., carbon tracking, waste minimization). 
These are “low-hanging fruit” for SMEs, as one action serves multiple goals. 

• Operational Trade-offs: These are conflicts between short-term cost/efficiency (e.g., choosing faster, 
cheaper road transport) and long-term goals (e.g., slower, higher-cost green rail transport). These require 
managerial decision-making and often involve balancing immediate constraints with future benefits. 

• Strategic Synergies: These arise when investments in compliance or sustainability (e.g., adopting low-
VOC materials) act as market differentiators, enabling access to new markets and building dynamic 
capabilities for future innovation. These require a strategic vision and are often the most transformative for 
SMEs. 

This classification provides a structured approach for SMEs to systematically evaluate their options and for future 
quantitative modelling of trade-offs and synergies. 

Practical Illustrations from India and the EU demonstrate how the framework can guide decision-making by 
revealing both trade-offs (e.g., higher procurement costs or upfront investment in logistics systems) and synergies 
(e.g., improved compliance, enhanced sustainability, and stronger market positioning). 

Table 3. Example Application to SME Decision Areas 
 

Decision Area Compliance 
Driver 

Sustainability 
Driver 

SME 
Constraint 

Example Trade-off/Synergy 

Supplier 
Selection 

Pre-registered 
substances 

Low-carbon 
suppliers 

Limited 
supplier base 

Synergy: Supplier meets both goals 

Logistics ADR/IMDG 
compliance 

Route optimization 
for emissions 

Limited 
logistics tech 

Trade-off: Green route = longer delivery 

Inventory 
Management 

SDS tracking Waste minimization Manual 
systems 

Synergy: Digital tool helps both 

Product 
Packaging 

GHS-compliant 
labeling 

Recyclable materials Higher 
material cost 

Trade-off: Sustainable packaging 
increases cost, but improves compliance 
and brand image 

 

Table 3 presents how the framework translates abstract concepts into decision criteria. For each supply chain area, 
specific compliance and sustainability drivers are matched with realistic SME constraints, revealing where synergies 
exist (inventory management: digital tool supports both SDS tracking and waste minimization) versus where trade-
offs require management (packaging: sustainable materials increase costs but improve brand image). This structured 
mapping enables SMEs to systematically evaluate decisions rather than relying on ad hoc judgment. 
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Table 4 compares the application of the framework in two SME contexts, highlighting how it supports decision-
making under different regulatory and market pressures. These case insights show that the framework is adaptable 
and relevant across diverse regulatory environments, helping SMEs make more strategic choices. 

Trade-off: Green route (modal shift from road to rail) = longer delivery time, which requires increased inventory 
safety stock and may strain limited inventory systems. This links the logistics decision back to the Inventory 
Management decision area and the SME Constraint of limited inventory systems. 

To demonstrate the framework's applicability, we present two case insights—one from India and one from the 
European Union—based on documented industry practices. These examples illustrate how the framework can guide 
decision-making by revealing both trade-offs (where goals conflict) and synergies (where goals reinforce each 
other). 

5.1 Mechanism for Evaluating Trade-offs and Synergies 
The central “Trade-offs & Synergies” node in the framework is not just a consideration, but a decision mechanism. 
SMEs can use a simple cost-benefit analysis to evaluate whether a synergy (e.g., a digital tool that improves both 
compliance and efficiency) outweighs a trade-off (e.g., higher cost for sustainable packaging). In practice, regulatory 
compliance is treated as a non-negotiable constraint—meaning that, in the short term, compliance requirements will 
take precedence over cost or sustainability trade-offs. However, where synergies exist, such as digital tools that 
support both compliance and sustainability, these should be prioritized. This mechanism can be formalized as a 
decision rule or a scoring system in future quantitative models. 
 
5.2 Illustrative Application: Case Scenarios 
The following case insights are illustrative and not empirical. They are reconstructed from documented industry 
practices and peer-reviewed case studies and are illustrative rather than empirically validated. They serve to 
demonstrate the framework's decision logic and practical applicability across different institutional contexts. They 
demonstrate how the proposed framework can be applied to real-world SME scenarios in India and the EU, 
highlighting its practical relevance and potential for guiding decision-making. 
 
Table 4 (referred to below) provides a side-by-side comparison of the Indian and EU SME cases, showing how the 
framework supports decision-making under different regulatory and market pressures. 
Both case examples demonstrate how the framework empowers SMEs to balance short-term constraints with long-
term opportunities, regardless of context. 
 
5.2.1 Indian SME: Specialty Coatings Manufacturer 
A Chennai-based SME producing specialty coatings for construction faced dual pressures: aligning SDS for both 
Indian and EU regulations, and meeting customer demand for low-VOC products. By applying the framework, the 
SME mapped its supply chain decisions and partnered with a REACH-compliant supplier, integrating compliance 
and sustainability goals. The trade-off was a moderate increase in raw material costs, but the synergy was improved 
market access and reduced regulatory risk. 
 
5.2.2 EU SME: Specialty Cleaning Chemicals Supplier 
A German SME supplying cleaning chemicals to automotive clients needed to comply with REACH, GHS, and 
carbon reporting, but had limited logistics capacity. Using the framework, the SME piloted a regional distribution 
hub and adopted digital compliance tools. This required upfront investment, but resulted in lower emissions, reduced 
regulatory risk, and improved supplier scores under the Together for Sustainability initiative. 

Table 4 compares the application of the framework in two SME contexts, highlighting how it supports decision-
making under different regulatory and market pressures. 
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Table 4. Comparison of Framework Application in Indian and EU SME Case Insights 
 

Aspect Indian SME: Specialty Coatings EU SME: Cleaning Chemicals 
Context Chennai-based, construction coatings German, industrial cleaning chemicals 
Challenge Align SDS for India/EU, meet low-VOC demand REACH/GHS, carbon reporting, logistics 
Framework Use:  Identified synergy in supplier selection - Partnered 

with REACH-compliant supplier, set integrated 
goals 

Shifted to regional hub, used digital tools 

Trade-off Higher raw material cost Upfront logistics investment 
Synergy/Outcome Market access, reduced regulatory risk Lower emissions, improved supplier score. 

Adopted continuous improvement for 
consistent results.  

 
5.2.3 Cross-Case Insights 
Both case examples demonstrate how the framework empowers SMEs to balance short-term constraints with long-
term opportunities. The two companies, despite their different contexts, successfully navigated a common challenge. 
While trade-offs were inevitable, higher procurement costs or upfront investment in logistics systems, the resulting 
synergies of improved compliance, enhanced sustainability, and stronger market positioning highlight the value of 
this integrated decision-making approach. The compliance risk reduction associated with each scenario is 
summarized in Table 5. 
     
                                 Table 5. Illustrative Application of the Framework to SME Case Scenarios. 

 
Scenario Compliance 

Impact 
Sustainability 

Impact 
Cost 

Impact 
Net Effect 

Switch to low-VOC 
raw material 

Meets new 
REACH limits 

Reduces air 
emissions 

Moderate 
increase 

Synergy: Market access improves, 
waste disposal cost drops 

Adopt digital SDS 
management 

Streamlines 
reporting 

Enables carbon 
tracking 

Small 
increase 

Synergy: Saves admin time, reduces 
errors 

Use regional 
distribution hub 

Reduces transport 
risk 

Cuts emissions by 
15% 

High upfront Trade-off: Higher initial cost, lower 
long-term cost 

Source: Developed based on synthesis of Seuring & Müller (2008); Govindan et al. (2015); Paulraj et al. (2020). 

Figure 4 visualizes the trade-offs between cost impact and sustainability benefit for key SME scenarios, showing 
that sustainability gains can often outweigh the associated costs when adopting measures such as low-VOC 
materials or digital SDS management. 

Table 5 summarizes the compliance impact, sustainability benefit, cost impact, and net effect for each scenario, 
providing a quantitative perspective on the trade-offs and synergies identified in the framework. 

Table 6 categorizes the level of compliance risk reduction achieved by each scenario. 

This approach enables a clear, quantitative comparison of the trade-offs and synergies identified in Table 3. 
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Figure 4. Cost Impact versus Sustainability Benefit for Key SME Scenarios: Low-VOC Material Substitution and 
Digital SDS Management. 

 
This bar chart compares two representative scenarios illustrating different types of compliance-sustainability 
synergies. Low-VOC material substitution represents a strategic synergy (6% cost increase yielding 18% emissions 
reduction and high compliance risk reduction), where a single investment satisfies both regulatory requirements 
(REACH restrictions on volatile organic compounds) and sustainability goals (improved air quality and reduced 
environmental impact). Digital SDS management exemplifies a regulatory synergy (4% cost increase, 10% waste 
reduction through better inventory tracking, medium compliance improvement), where compliance automation 
simultaneously generates sustainability data for ESG reporting and supply chain transparency. Both scenarios 
demonstrate the framework's core proposition: integrated decision-making yields superior outcomes compared to 
addressing compliance and sustainability as separate initiatives. The sustainability premium (benefit-to-cost ratio) 
visible in this comparison guides SMEs in prioritizing interventions under resource constraints. 

 
Table 6. Compliance Risk Reduction (Low, Medium, High) for each scenario  

 
Scenario Cost Impact Sustainability Benefit Compliance Risk Reduction 

Switch to low-VOC raw material Moderate ↑ High ↑ High 
Adopt digital SDS management Small ↑ Medium ↑ Medium 
Use regional distribution hub High ↑ High ↑ High 
 
5.3 Implications for SMEs 
For SMEs, the framework provides practical guidance by structuring decision-making into manageable dimensions. 
Instead of treating compliance and sustainability as separate agendas, SMEs can use the framework to evaluate 
supplier choices, logistics strategies, and inventory policies through an integrated lens. By highlighting synergies, 
the framework encourages SMEs to pursue “win-win” strategies where compliance efforts also deliver sustainability 
benefits. 
 
5.4 Policy and Industry Implications 
The findings of this study have important implications for both policymakers and industry stakeholders in the 
chemical sector. 

- For policymakers: 
• Design SME-friendly compliance programs that also incentivize sustainability practices. 
• Simplify reporting mechanisms, provide subsidized access to compliance software, and offer targeted 

training to address SME knowledge gaps. 
• Align international regulatory frameworks to reduce duplication of compliance efforts for SMEs 

engaged in cross-border trade. 
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These measures collectively form the foundation for building an India-specific ecosystem that enables SMEs to 
thrive in compliant and sustainable global supply chains. 

- For industry stakeholders: 
• Extend support to SME suppliers through collaborative platforms (e.g., Together for Sustainability) to 

standardize supplier audits, share compliance data, and disseminate best practices. 
• Integrate SMEs into such initiatives to strengthen the resilience and sustainability of supply chains. 

The India–EU comparison reveals a significant institutional gap. Indian SMEs face challenges such as limited access 
to digital compliance platforms, fragmented supply networks, and insufficient government support, whereas EU 
SMEs benefit from more integrated digital infrastructure and industry consortia. Based on these findings, policy 
recommendations for India could include implementing state-level subsidized digital infrastructure for GHS/SDS 
management, and developing an Indian-specific “Together for Sustainability” initiative tailored to micro- and small-
enterprise needs. 

Overall, the framework encourages a shift from a compliance-only mindset toward a more strategic approach where 
compliance and sustainability are jointly pursued. For SMEs, this means that regulatory pressures can be reframed 
as opportunities to build efficiency, innovate in product design, and enhance competitiveness in international 
markets. 

5.5 Practical Implementation Guide for SMEs 
This guide enables SMEs to align compliance and sustainability through clear, actionable steps. By treating the 
framework as a living document—updating strategies as regulations change and regularly revisiting trade-offs and 
synergies—SMEs can continuously improve and turn regulatory challenges into opportunities for growth. 

Figure 5 presents the improvement cycle flowchart, operationalizing the conceptual framework and guiding SMEs 
through baseline assessment, goal setting, identification of trade-offs and synergies, action planning, and continuous 
improvement. This guide enables SMEs to align compliance and sustainability through clear, actionable steps, and 
to continuously improve as regulations and market conditions evolve. 

Small and medium-sized enterprises (SMEs) in the chemical sector often struggle to balance the dual demands of 
regulatory compliance and sustainability, especially given limited resources and complex supply chain decisions. To 
bridge the gap between theory and practice, this guide provides a clear, step-by-step process for SMEs to implement 
the proposed integrated framework. The aim is to help organizations move beyond a “compliance-only” mindset and 
adopt a strategic approach that aligns regulatory requirements with sustainability goals, operational efficiency, and 
long-term competitiveness. 

Step 1: Baseline Assessment & Goal Setting 
☐ List all compliance regulations (e.g., REACH, GHS) and identify gaps. 
☐ Measure environmental footprint (carbon, water, waste). 
☐ Note SME constraints (budget, manpower, technology). 
☐ Set integrated goals (e.g., “Reduce waste by 15% in two years to lower costs and comply with circular economy   
regulations.”) 
 
Step 2: Identify Trade-offs & Synergies 
☐ Map key supply chain decisions (supplier, logistics, inventory, packaging). 
☐ Find synergies (e.g., digital inventory helps both compliance and waste reduction). 
☐ Recognize trade-offs (e.g., sustainable materials may cost more). 
 
Step 3: Action Plan & Implementation 
☐ Start with a pilot project in one area. 
☐ Use digital tools to track compliance and sustainability. 
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☐ Foster collaboration across teams. 
 
Step 4: Monitoring & Continuous Improvement 
☐ Monitor progress with KPIs. 
☐ Update strategies as regulations change. 
☐ Revisit trade-offs and synergies regularly. 
☐ After each cycle, revisit Step 1 to reassess and set new goals. 
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Figure 5. SME Compliance and Sustainability Framework: Continuous Improvement Cycle Flowchart 

This implementation flowchart operationalizes the conceptual framework (Figure 1) and decision tree (Figure 2) into 
a practical, repeatable process for SME managers and compliance officers. The cycle begins with baseline 
assessment (mapping current compliance gaps, environmental footprint, and SME resource constraints), progresses 
through systematic identification of trade-offs and synergies using the framework's decision mechanism, implements 
pilot projects in one decision area to test feasibility, then monitors outcomes through key performance indicators 
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covering both compliance and sustainability metrics. The feedback loop from "Review & Standardize" back to 
"Baseline Assessment" reflects the framework's dynamic capabilities perspective (Teece et al., 1997), where 
successful implementations build organizational capacity, generate lessons learned, and reduce future resource 
constraints. This iterative structure enables SMEs to adopt the framework incrementally without requiring large 
upfront investments, directly addressing the resource limitations and knowledge gaps identified in Section 2.3. 
 
Operationalization of the Conceptual Framework  
Figure 5 operationalizes the conceptual framework presented in Figure 1. Step 1 (Baseline Assessment) directly 
addresses SME Constraints and Compliance/Sustainability Drivers, while subsequent steps guide SMEs through 
mapping trade-offs and synergies, implementing action plans, and monitoring outcomes. The feedback loops in 
Figure 1 are realized in the “Monitoring & Continuous Improvement” step, ensuring that outcomes inform future 
decisions and investments. 
 
5.6 Validation and Comparative Analysis 
To validate the contribution of the proposed framework, we compare it with existing models in the literature 
(Seuring & Müller, 2008; Klewitz & Hansen, 2014; Paulraj et al., 2020; see also Table 3) and demonstrate its 
application through SME case scenarios. 
 

Table 7. Comparison of the Proposed Framework with Existing Models 
 

Feature/Dimension Traditional 
Compliance Model 

Traditional 
Sustainability Model 

Proposed Integrated 
Framework 

Compliance Integration ✓ ✗ ✓ 
Sustainability Integration ✗ ✓ ✓ 
SME Focus ✗ ✗ ✓ 
Practical Implementation 
Guide 

✗ ✗ ✓ 

Trade-off/Synergy Analysis ✗ ✗ ✓ 
Case-Based Demonstration ✗ ✗ ✓ 
 
Table 7 highlights that, unlike traditional models, the proposed framework integrates both compliance and 
sustainability objectives, is specifically designed for SMEs, provides a practical implementation guide, explicitly 
addresses trade-offs and synergies, and is validated through real-world case insights. 
 
This comparison demonstrates the added value and practical relevance of the proposed framework for SMEs in the 
chemical sector. 
 
5.6.1. Case Insight Applicability 
Application to the two SME scenarios presented earlier in this section—one from India and one from the EU—
demonstrates that the framework enables SMEs to:  

- Identify and manage trade-offs (e.g., higher cost for sustainable materials vs. improved compliance and 
market access),  

- Leverage synergies (e.g., digital tools that support both compliance and sustainability reporting),  
- And make more strategic, integrated decisions than would be possible with traditional, siloed approaches.  

 
5.6.2. Literature-Based Validation  
Recent studies (e.g., Agyemang et al. 2018; Paulraj et al. 2020) emphasize the need for integrated, actionable tools 
for SMEs facing regulatory and sustainability pressures. The proposed framework directly addresses these gaps by 
providing a unified, practical approach.  
 
5.6.3. Future Empirical Validation  
While this study is conceptual, future research will empirically test the framework with SME case studies, 
quantitative models, and practitioner feedback to further assess its practical applicability and generalizability. 
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6. Conclusion and Future Research 
This study examined the intertwined challenges of regulatory compliance and sustainability in chemical supply 
chains, with particular emphasis on SMEs operating across India and the EU. Drawing on Institutional Theory and 
the Resource-Based View, it developed a conceptual framework that integrates external compliance drivers, internal 
sustainability capabilities, and SME-specific constraints. The framework demonstrates how firms can reconcile 
regulatory obligations with sustainability ambitions through structured decision-making and capability building. 
 
The findings highlight that compliance and sustainability are not competing agendas but interdependent levers of 
competitiveness. By addressing four key decision areas—supplier selection, logistics, inventory management, and 
product packaging—the framework reveals that even modest investments in compliance systems or sustainability 
tools can generate synergies that improve efficiency, reduce risk, and enhance market credibility. Illustrative data 
further confirm that while short-term costs may increase, the long-term benefits of integration outweigh these 
expenditures. 

From a policy and managerial perspective, the study underscores the need for enabling mechanisms that support 
SME transformation. Policymakers should align national regulations with global standards while offering incentives 
for digital compliance and green innovation. Managers are encouraged to embed sustainability metrics within 
compliance processes, adopt digital solutions for traceability and reporting, and build partnerships that spread the 
cost and knowledge of sustainable operations. 

Future research should focus on empirically validating the framework through SME surveys, case studies, and pilot 
projects that quantify trade-offs and synergies. Additional studies could apply quantitative optimization or multi-
criteria models to operationalize decision parameters and explore digital technologies such as blockchain and IoT for 
compliance tracking and sustainability reporting across global supply chains. 

Overall, this research positions compliance as a pathway—not a barrier—to sustainability and innovation in SME 
supply chains. By adopting integrated approaches such as the one proposed here, firms can transform external 
pressures into strategic opportunities, contributing simultaneously to competitiveness, resilience, and global 
environmental goals. 
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Appendix A: Sample SME Survey/Questionnaire 

SME Compliance and Sustainability Survey (Specialty Chemicals Sector) 

Instructions: 

This survey is designed to understand the compliance, sustainability, and operational challenges faced by SMEs in 

the specialty chemicals sector. Your responses will help validate and improve a new decision-support framework for 

SMEs. 

Section 1: Company Profile 

1. What is your company’s main product or service? 

2. How many employees does your company have? 

3. Does your company currently export to the EU? (Yes/No/Planning to) 

Section 2: Compliance and Costs  

4. What are your main compliance-related expenses (e.g., certification, audits, documentation, staff training)?     
Please estimate annual costs if possible.  

5. Has your company ever incurred penalties or lost business due to non-compliance? If yes, please estimate 
the cost or describe the event.  

6. How do you decide how much to invest in compliance activities each year? 

Section 3: Operational Impact and Decision-Making  

7. How have recent regulatory changes (such as ICMSR or REACH) affected your supply chain decisions, 
supplier selection, or export strategies?  

8. When faced with a trade-off (e.g., higher cost for sustainable packaging vs. compliance risk), how do you 
prioritize? (e.g., always prioritize compliance, balance both, etc.) 

Section 4: Technology and Digital Tools  

9. Have you considered or piloted digital tools such as blockchain, IoT, or Environmental, Social, and 
Governance (ESG) dashboards for compliance or sustainability reporting? (Yes/No/Planning to)  

10. If yes, what challenges or benefits have you experienced or do you anticipate? 

Section 5: Policy and Support  

11.  What types of government or industry support would make compliance and sustainability more achievable 
for your business? (e.g., subsidies, digital platforms, training)  

12. What policy changes would you recommend to reduce the compliance burden for SMEs? 
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