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ABSTRACT 
 

Industry 4.0 (I-4.0) was first introduced in Germany in 2011 and has since gained global attention. This 

emerging technology is reshaping markets and advancing them to a new stage. In the context of supply chains, 

its application is often referred to as Supply Chain 4.0 (SC-4.0). SC-4.0 involves restructuring the supply chain 

by integrating inbound logistics from suppliers, manufacturing processes, and outbound logistics through 

distribution channels to customers with the aid of I-4.0 technologies. This paper systematically reviews existing 

literature on the implementation of I-4.0 in supply chains. The selected studies were classified using two 

approaches: research-based methodology and aspect-based analysis. The research-based methodologies were 

grouped into five categories: literature surveys, case studies, conceptual frameworks, theoretical studies, and 

surveys. The aspect-based approach, on the other hand, was categorized into adoption of SC-4.0, logistics, 

inventory management, and supply chain performance 
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INTRODUCTION 
 

Industry 4.0 (I-4.0) has emerged as a transformative paradigm in manufacturing and supply chain management, aiming 

to integrate advanced digital technologies into traditional processes. Deng et al. (2017) defined I-4.0 as a paradigm 

shift from centralized management to decentralized enhanced regulation, enabling scalable and customized digital 

manufacturing [1]. Similarly, Szozda (2017) emphasized the Internet of Things (IoT) as one of the first core 

technologies of I-4.0, allowing data collection, storage, and sharing through internet connectivity [2]. Building upon 

this foundation, Bag et al. (2018) identified seven key dimensions of I-4.0—digitalization, mobility, transparency, 

modularization, socialization, autonomization, and network collaboration—that extend beyond technology to 

reshape organizational structures and collaboration [3]. In 2019, several significant contributions advanced the 

discussion of I-4.0 in supply chains. Frank et al. (2019) characterized I-4.0 as a modern manufacturing process where 

emerging digital technologies converge to deliver integrated solutions, though they also pointed out the lack of 

organizational awareness regarding its adoption [4].  

 

Frederico et al. (2019) highlighted the concept of Supply Chain 4.0 (SC-4.0), describing IoT as a critical technology 

for enhancing supply chain design, process efficiency, and performance [5]. They further identified four constructs 

shaping SC-4.0: process performance requirements, technology levers, managerial and capability support, and 

strategic outcomes. Likewise, Makris et al. (2019) underlined the importance of 3D printing, cloud computing, and 

big data analytics (BDA) as technological enablers of SC-4.0 [6]. In addition, Aćimović and Stajić (2019) 

demonstrated the measurable benefits of SC-4.0, reporting reductions in supply chain costs by nearly 30%, lost sales 

by 65–75%, and inventory by 35–70%, while simultaneously improving agility [7]. More recently, Fatorachian and 

Kazemi (2020) argued that I-4.0 integrates machines, people, devices, and organizations through the Internet and 

Cyber-Physical Systems (CPS), thereby facilitating real-time communication and decision-making [8]. 

 

Based on these research priorities, the thesis was developed to address the following research questions: 

1. RQ1: What is the current state-of-the-art literature on Industry 4.0 implementation in supply chains? 

2. RQ2: What are the potential future directions for adopting Industry 4.0 in supply chains? 

 

This paper aims to review existing studies on I-4.0 applications in supply chains to provide answers to these questions. 

In this paper, the reviewer examines the SC-4.0 literature and organizes the selected studies according to the various 

implementations of Industry 4.0 within supply chains. 
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RESEARCH OPPORTUNITIES IN SUPPLY CHAIN 4.0   

 

Integration of Emerging Technologies: Research in 2020 highlighted the need to study the combined impact of IoT, 

big data analytics (BDA), cloud computing, artificial intelligence (AI), and 3D printing on supply chain performance, 

including cost reduction, agility, and responsiveness. 

 

Digital Twin and Simulation Models: Scholars emphasized exploring digital twins and simulation-based models to 

predict supply chain outcomes, optimize operations, and enable real-time decision-making. 

 

Supply Chain Resilience and Risk Management: Studies identified a gap in analyzing how I-4.0 technologies can 

improve supply chain resilience against disruptions such as pandemics, natural disasters, or geopolitical events. 

 

Sustainable Supply Chain 4.0: In 2020, research suggested examining the role of I-4.0 in supporting sustainability, 

including energy efficiency, waste reduction, and environmentally responsible supply chain practices. 

 

Human–Technology Interaction: The literature indicated a need to explore the interaction between workforce 

capabilities, digital adoption, and change management in SC-4.0 implementations. 

 

Cross-Industry Applications: Research opportunities exist in investigating SC-4.0 implementation across different 

sectors such as healthcare, agriculture, automotive, and e-commerce to understand context-specific challenges and 

benefits. 

 

Performance Metrics and Benchmarking: There was a need to develop standardized performance metrics to assess 

SC-4.0 impacts on efficiency, customer satisfaction, and overall supply chain effectiveness. 

 

Barriers and Adoption Challenges: Studies in 2020 highlighted barriers to SC-4.0 adoption, including organizational, 

technological, and economic challenges, and suggested investigating strategies to overcome these obstacles. 

 

A. Adoption of Supply Chain 4.0 
Modern supply chains typically integrate marketing, product design, production, and delivery systems to ensure that 

products reach the end customer efficiently [8]. Supply Chain 4.0 (SC-4.0) has the potential to transform traditional 

supply chain operations by leveraging Industry 4.0 (I-4.0) technologies [9]. The term "Supply Chain 4.0" highlights the 

interconnection between I-4.0 and supply chain processes [10]. Globally, organizations are gradually adopting these 

enabling technologies to remain competitive in a dynamic, unpredictable, and complex environment [11]. However, 

there are challenges associated with SC-4.0 adoption. Key problem dimensions include management challenges, 

technical barriers, political constraints, and ethical considerations [12]. Additionally, the five major obstacles in 

SC-4.0 implementation are customer service, cost reduction, risk management, partnerships between 

manufacturers and collaborators, and talent development [13]. Thus, while SC-4.0 has gained attention in 

theoretical studies, its practical implementation remains limited, indicating a gap between concept and real-world 

application [14]. 

 

B. Logistics 
Logistics is a critical component of supply chain management, with its primary objective being the efficient and 

accurate coordination of the movement of goods, resources, and information—ensuring the right quantity reaches the 

right place at the right time [15]. Effective logistics also encompasses enhanced asset and inventory management, 

intelligent handling and distribution of materials, transportation, energy, and the implementation of cybersecurity 

measures [16]. The integration of logistics with strategic business processes is essential for achieving overall supply 

chain efficiency [15]. Modern enterprises aim to deliver maximum value to customers, who are increasingly discerning 

and demanding regarding shorter lead times, timely deliveries, product quality, and reliability [17]. Research indicates 

that smart supply chains leverage advanced networking and technological innovations to create scalable, efficient, and 

transparent operational networks . 

 

C. Inventory Management 
Supply Chain 4.0 enables real-time improvement and optimization of critical resources, such as inventory visibility 

[18]. Key performance metrics for evaluating individual processes include inventory levels, lead time, delivery 

compliance, operational efficiency, and process costs [19]. The adoption of additive manufacturing technologies in 

SC enhances production efficiency, shortens lead times, allows for greater product customization, and reduces overall 

inventory levels [20]. 

 

Although procurement of larger quantities of raw materials can reduce production lead times and shipping costs, it may 

simultaneously increase storage expenses due to higher inventory levels [21]. In warehousing, the integration of smart 

shelving and pallet systems forms the backbone of advanced material handling and storage management [22]. 
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D. Supply Chain Performance 
Industry 4.0 represents the trajectory of future industrial growth, significantly influencing societal competitiveness by 

driving radical improvements in global infrastructure, manufacturing processes, operations, and service systems. It also 

enhances flexibility, accelerates production speed, improves performance, and raises product quality across multiple 

dimensions [23]. Focused on innovation, I-4.0 substantially improves coordination and communication across the entire 

supply chain. In the pharmaceutical industry, the adoption of I-4.0 has been shown to increase profitability and 

operational efficiency [24]. Technologies such as cloud computing contribute to overall efficiency through better 

resource utilization, cost-effectiveness, usability, flexibility, and scalability [25]. Additive manufacturing reduces layers 

and intermediaries in the supply chain, while increasing competition and flexibility in production [26]. Supply Chain 

4.0 further enhances sensitivity and responsiveness across all components, including architecture, production, quality 

control, and regulatory processes [27]. 

 

RESULTS AND FUTURE DISCUSSION 
 

In this study, a total of 27 papers on Supply Chain 4.0 (SC-4.0) and the application of Industry 4.0 (I-4.0) in supply 

chains were reviewed. The selected studies were published between 2016 and 2020, with the highest number of 

publications occurring in 2018. These papers originate from various countries, with Germany contributing the largest 

share, followed by the UK and India. For the purpose of analysis, the literature was classified using two approaches: 

methodology-based and aspect-based. The methodological approach was further divided into five categories: literature 

review, case study, conceptual framework, survey, and theoretical study.  

 

The aspect-based approach included four categories: adoption of SC-4.0, logistics, inventory management, and supply 

chain performance. SC-4.0 represents a significant evolution of traditional supply chains, driven by I-4.0 technologies, 

which improve inventory management, decision-making, profitability, and overall efficiency [18], [2], [31]. The 

integration of additive manufacturing and I-4.0 also enhances production efficiency and market responsiveness [18]. 

SC-4.0 reduces delivery times, strengthens customer relationships, increases supply chain flexibility, and optimizes 

costs [2]. Key advantages of I-4.0 adoption include improved versatility, quality standards, performance, and 

profitability [31]. Digitalization further enables supply chains to operate faster, more flexibly, technologically 

advanced, reliable, and efficient [34]. Additionally, Industry 4.0 innovations are linked to benefits such as predictive 

maintenance and operational efficiency [36]. Despite these advantages, adoption of I-4.0 remains limited, and SC-4.0 is 

primarily realized in theoretical studies rather than practical application [12]. 

 

The low adoption rate of I-4.0 in supply chains is largely due to challenges and risks arising from uncertainty. Ding 

(2018) identified barriers in the pharmaceutical supply chain, including high investment costs, limited managerial 

support, political risks, insufficient knowledge, and workforce competency issues [8]. Ghadge et al. (2020) highlighted 

organizational challenges (financial constraints, resistance to change, low management support, inadequate digital 

strategy, limited experience, and network risks), legal and ethical challenges (legal risks, collaboration issues, data 

security), strategic challenges (complexity, lack of government policy, limited knowledge, low economic studies), and 

technological challenges (poor digital culture, low information quality) as major obstacles to Industry 4.0 adoption 

[14]. Luthra and Mangla (2018) categorized adoption challenges into four groups: organizational, technological, 

strategic, and legal/ethical, noting that organizational barriers are the most critical [21].  

 

Muller and Voigt (2018) identified challenges such as poor data quality, IT infrastructure risks, security concerns, lack 

of standards, breakdown susceptibility, fear of employee replacement, and financial constraints [24]. Muthusami and 

Srinivasan (2017) emphasized service, cost risks, planning, risk management, organizational issues, and skilled labor as 

supply chain challenges [25]. Schluter and Sprenger (2016) analyzed the steel supply chain, highlighting risks such as 

equipment breakdown, temperature-related freezing, and infrastructure failures [28]. Yaakub et al. (2018) identified 

barriers including data security, limited human oversight, reliability issues, job displacement, and increased product 

costs due to technical problems [34]. Zimmermann et al. (2019) reported risks related to high costs, lack of flexibility, 

fragmented systems, insufficient data, growth stress, unqualified staff, resource constraints, unlinked datasets, poor 

collaboration, low quality, lengthy engineering, and security concerns [36]. 

 

While previous research often focused on specific industries, this review highlights both the risks and benefits of 

implementing I-4.0 across various types of supply chains. It emphasizes the advantages of SC-4.0 and provides 

guidance for managers considering the adoption of Industry 4.0 technologies. The literature reviewed in this study 

offers valuable insights into the potential of I-4.0 for enhancing supply chain operations and performance. 

 

CONCLUSIONS 

 

This study provides a comprehensive review of 27 research papers on the application of Industry 4.0 in supply chain 

management, highlighting the evolution from traditional supply chains to Supply Chain 4.0 (SC-4.0). The analysis 

shows that Industry 4.0 technologies, including IoT, additive manufacturing, cloud computing, and digitalization, 

significantly enhance supply chain efficiency, flexibility, inventory management, decision-making, and overall 
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profitability. SC-4.0 not only reduces delivery times and operational costs but also strengthens customer relationships 

and responsiveness in dynamic market environments. Despite the numerous advantages, the adoption of Industry 4.0 in 

supply chains remains limited due to organizational, technological, strategic, legal, and ethical challenges. Key barriers 

include high investment costs, limited managerial support, insufficient digital skills, IT infrastructure risks, and security 

concerns. Addressing these challenges is critical for the successful implementation of SC-4.0 across different 

industries. The findings of this review emphasize that while theoretical studies on SC-4.0 are well-established, practical 

application is still emerging. This underscores the need for further research on implementation strategies, risk 

mitigation, and performance evaluation to bridge the gap between conceptual understanding and real-world adoption. 

Overall, the literature indicates that Industry 4.0 offers tremendous potential to transform supply chains into highly 

efficient, agile, and technologically advanced systems, providing both managers and researchers valuable insights for 

future development and application. 
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