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Abstract
The adoption of Industrial Internet of Things (IIoT) technologies among manufacturing Micro, Small and Medium Enterprises (MSMEs) in India remains limited despite sustained policy emphasis over the past decade. This study presents a systematic review of academic literature, government reports, and industry publications from 2018 to 2025 to examine barriers, opportunities, and the policy landscape influencing IIoT adoption. The findings identify four interrelated categories of barriers: technological (legacy systems, connectivity limitations), organizational (skill gaps, low awareness), financial (credit constraints, high initial investment), and environmental (weak vendor ecosystems, policy implementation gaps). Despite these constraints, empirical evidence indicates that IIoT adoption can deliver significant operational improvements, including enhanced efficiency, reduced defects, and lower downtime, often with relatively modest investments. The study concludes that low adoption is not due to technological infeasibility but to the cumulative and reinforcing nature of multiple barriers. Addressing this challenge requires coordinated interventions across financial, institutional, and capability-building dimensions.
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1. Introduction
1.1 Background
Over the past decade, India has actively promoted digital transformation in manufacturing through initiatives such as Make in India and Digital India. Despite these efforts, the adoption of advanced technologies, including IIoT, remains limited among MSMEs. Recent evidence suggests that a substantial proportion of medium enterprises continue to rely on outdated machinery, resulting in reduced productivity and compromised product quality.
At the same time, the Indian IoT market in manufacturing is experiencing steady growth, indicating significant untapped potential. This contrast between opportunity and adoption raises a critical question: why are MSMEs not embracing IIoT technologies despite evident benefits?
1.2 Scope of the Study
This study focuses on manufacturing MSMEs in India, with particular attention to medium enterprises due to their disproportionate contribution to exports and industrial output. The objective is to synthesize existing research to understand the barriers preventing IIoT adoption and to evaluate the effectiveness of current policy interventions.
1.3 Rationale for the Study
The study is motivated by several factors. First, MSMEs face a substantial financing gap, limiting their ability to invest in digital technologies. Second, existing research increasingly highlights the importance of human and organizational factors such as skills, awareness, and managerial commitment in shaping adoption decisions. Third, there is a notable disconnect between policy design and utilization, as evidenced by the low uptake of government schemes. Finally, documented case studies demonstrate that IIoT adoption can yield measurable performance improvements, suggesting that broader adoption is both feasible and beneficial.
1.4 Research Questions
This study addresses the following questions:
1. [bookmark: _GoBack]What barriers do manufacturing MSMEs face in adopting IIoT?
2. How do these barriers interact and reinforce each other?
3. What outcomes are observed in successful IIoT implementations?
4. What policies exist, and how effective are they?
5. What gaps remain in the existing literature?


1.5 Objectives
The study aims to:
· Identify and categorize key barriers to IIoT adoption
· Examine interactions among different types of barriers
· Document evidence of successful adoption outcomes
· Review the policy landscape
· Identify areas requiring further research


2. Literature Review

2.1 Concept of IIoT
The Industrial Internet of Things (IIoT) refers to interconnected devices and systems that enable real-time data collection, monitoring, and analysis within industrial environments. In manufacturing, IIoT applications include predictive maintenance, process optimization, quality control, and supply chain integration.
2.2 Theoretical Framework
The Technology–Organization–Environment (TOE) framework is widely used to explain technology adoption in organizations. It posits that adoption decisions are influenced by technological capabilities, organizational readiness, and environmental conditions.
Recent extensions of the framework incorporate individual-level factors, such as employee skills and managerial attitudes, recognizing their critical role in MSME contexts. Empirical studies in developing economies further support the relevance of these dimensions, highlighting the need for a multi-level understanding of adoption behavior.
3. Methodology
3.1 Research Design
This study adopts a systematic literature review approach to synthesize findings from multiple sources.
3.2 Data Sources
The analysis draws on:
· Peer-reviewed journal articles
· Government reports and policy documents
· Industry publications and credible news sources
Publications from 2018 to 2025 were selected using keywords related to IIoT, MSMEs, adoption, and India.
4. Findings
4.1 Overview
The literature consistently indicates that MSMEs face multiple, interconnected barriers to IIoT adoption. These barriers can be broadly categorized into technological, organizational, financial, and environmental dimensions.
4.2 Technological Barriers
Technological constraints include outdated machinery, lack of interoperability, and concerns regarding data security and system reliability. Legacy systems often require retrofitting, which, although feasible, is not widely understood or implemented.
4.3 Organizational Barriers
Organizational challenges include limited digital skills, low awareness of available technologies and government schemes, and lack of top management support. Studies highlight that managerial commitment and employee readiness are critical determinants of successful adoption.
4.4 Financial Barriers
Financial constraints remain a significant obstacle. High initial investment requirements and limited access to credit restrict the ability of MSMEs to adopt new technologies. Uncertainty regarding return on investment further discourages adoption.
4.5 Environmental Barriers
External factors include an underdeveloped vendor ecosystem, inadequate infrastructure, and gaps in policy implementation. While multiple schemes exist, their accessibility and effectiveness are limited by low awareness and administrative complexity.
4.6 Interrelationship of Barriers
A key finding of this study is that these barriers are interdependent. For instance, financial constraints limit technological upgrades, while organizational limitations reduce the ability to access available financial support. This interconnectedness amplifies the overall challenge and complicates policy responses.
4.7 Evidence of Successful Adoption
Despite these challenges, several case studies demonstrate the potential benefits of IIoT adoption. Reported outcomes include:
· Improved operational efficiency
· Reduced machine downtime
· Enhanced product quality
· Lower defect rates
Importantly, many successful implementations involve targeted, small-scale interventions rather than large-scale transformations, with relatively short payback periods.
4.8 Policy Landscape
India has introduced several initiatives to promote MSME digitalization. However, the effectiveness of these policies is limited by low awareness, procedural complexity, and implementation gaps. Proposed measures such as improved financing mechanisms and technology support systems remain underutilized or unimplemented.
5. Discussion
The findings highlight five key insights:
1. Multiplicity and Interdependence of Barriers
Adoption challenges arise from a combination of factors rather than a single constraint.
2. Policy–Practice Gap
Existing schemes have limited impact due to low utilization and implementation issues.
3. Importance of Organizational Factors
Skills, awareness, and managerial commitment are as critical as financial resources.
4. Feasibility of Adoption
Evidence suggests that IIoT adoption is both practical and cost-effective when approached incrementally.
5. Need for Coordinated Action
Effective adoption requires collaboration among policymakers, industry stakeholders, and technology providers.

5.1 Research Gaps
The review identifies several gaps:
· Limited sector-specific studies
· Lack of policy effectiveness evaluations
· Absence of longitudinal research
· Insufficient regional diversity in data

5.2 Implications
For MSMEs, a phased adoption strategy focusing on specific operational challenges is recommended. Policymakers should prioritize improving awareness and simplifying existing schemes. Industry associations and technology providers must play a proactive role in capacity building and solution development.

6. Conclusion
This study demonstrates that while IIoT technologies offer significant benefits for manufacturing MSMEs in India, adoption remains constrained by multiple, interconnected barriers. The issue is not the viability of the technology but the complexity of the adoption environment.
Addressing this challenge requires a holistic approach that integrates financial support, skill development, infrastructure improvement, and effective policy implementation. With coordinated efforts, MSMEs can leverage IIoT to enhance competitiveness and contribute to India’s manufacturing growth.
7. Limitations
This study is subject to certain limitations, including regional concentration of data, sectoral bias in existing literature, and reliance on publicly available sources. Additionally, the rapidly evolving nature of IIoT technologies may affect the long-term relevance of some findings.
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