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Abstract: 

This systematic literature review investigates the impact of digital transformation on supply chain 

optimisation in the field of industrial engineering. Drawing upon a synthesis of 68 peer-reviewed articles, 

the study identifies the technological enablers, strategic frameworks, and integration mechanisms that 

underpin digitally optimised supply chains. Key findings highlight the pivotal roles of digital technologies 

such as artificial intelligence AI, blockchain, the Internet of Things IoT, digital twins, and simulation-based 

analytics in enhancing supply chain visibility, resilience, and agility. The review uncovers how these 

technologies are integrated into strategic frameworks and operational processes to improve real-time 

decision-making, sustainability, and customer responsiveness. Additionally, the paper discusses sector-

specific insights, barriers to implementation, and future research directions, concluding that digital 

transformation represents both a technological evolution and a strategic imperative for modern supply 

chain systems in industrial engineering. 
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Background 

Digital transformation has become fundamental to contemporary supply chain innovation, transforming 

industrial engineering methodologies by integrating innovative technology into operational and strategic 

operations. The integration of Industry 4.0 technologies, namely AI, the IoT, blockchain, digital twins, 

and simulation, has expedited this transformation, enhancing agility, visibility, and resilience in global 

supply chains (Ivanov et al., 2024). This transition is propelled by technological advancement as well as 

the need for enterprises to manage escalating complexity, customer expectations, and environmental 

challenges (Le & Fan, 2024; Reaidy et al., 2024). Furthermore, digital transformation improves real-time 

data use, integration, and comprehensive visibility across systems, thus refining decision-making in 

unpredictable environments. Kumar et al. (2024) and Reaidy et al. (2024) assert that digital maturity 

results in operational efficiency when technologies are thoroughly integrated into workflows. The 

literature emphasises the significance of ecosystem-wide integration, where tools such as predictive 

analytics, cloud platforms, and smart contracts enable smooth cross-functional coordination (Hu et al., 

2024; Wu et al., 2024). Digital integration is crucial for enhancing antifragility, allowing organisations to 

endure upheavals, adapt, and prosper in their wake (Ivanov & Dolgui, 2020).  

Sector-specific applications further highlight the distinct characteristics of digital transformation 

adoption. AI facilitates demand forecasting and inventory optimisation in healthcare, whilst Radio 

Frequency Identification. RFID and IoT technologies improve traceability and safety (Tortorella et al., 

2024). In agri-food businesses, digital twins and IoT mitigate spoiling and facilitate perishability 

modelling (Trevisan & Formentini, 2024). Additive manufacturing facilitates decentralised, customer-

focused production in manufacturing (Patalas-Maliszewska et al., 2024). These sectoral insights affirm 

that DT is not a universal concept; its execution must be customised to each business's individual 

capabilities, limitations, and regulatory environments. 

Despite its revolutionary potential, DT also poses significant limitations. Research identifies significant 

obstacles including financial limitations, insufficient digital skills, outdated systems, and regulatory 

uncertainty (Iranmanesh et al., 2023). Small and medium-sized enterprises SMEs particularly have 

challenges regarding scalability and institutional readiness, as highlighted by Shoaib et al. (2023) and 

Lin & Liangrokapart (2025). Organisational culture and leadership are vital facilitators or impediments to 

change, as emphasised by Chatterjee et al. (2024) and Jerome et al. (2024), highlighting the importance 

of digital strategy alignment and stakeholder engagement.  

Contemporary research increasingly investigates digital readiness evaluations, simulation-based 

resilience planning, and hybrid digital frameworks that synchronize technology investments with 

overarching strategy objectives (Ghadge et al., 2021; Wu et al., 2024). Consequently, digital 

transformation is regarded not merely as a technology necessity but also as a socio-technical transition 
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that demands adaptive capacities, regulatory assistance, and intersectoral collaboration. This analysis 

utilises a substantial body of evidence to examine how digital transformation improves supply chain 

optimisation in industrial engineering, highlighting integration, robustness, and long-term sustainability.  

Methodology 

This research employed a systematic literature review methodology to examine the impact of digital 

transformation on supply chain optimisation in industrial engineering. The methodology adhered to a 

systematic, transparent, and repeatable framework guided by the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses PRISMA standards. The aim was to ensure a thorough and 

unbiased synthesis of the most recent pertinent peer-reviewed literature.  

The literature search used the Scopus database, which was chosen for its extensive indexing of high-

impact publications in engineering, technology, and management. The initial search produced 6,770 

articles using a combination of keywords such as  

("digital transformation" OR "Industry 4.0" OR "digital technologies") 

AND ("supply chain performance" OR "supply chain efficiency") 

AND ("manufacturing systems" OR "operations management") 

The initial filtering stage confined the findings to publications from 2020 to 2025, resulting in a total of 

6,491 articles. This period was chosen to encompass the most recent and significant research 

advancements aligned with the swift evolution of technology. The search was further narrowed to 

encompass just full-text journal articles, excluding reviews, conference proceedings, and non-research 

materials, yielding 2,574 documents. Additional criteria were implemented to restrict the selection to 

articles authored in English and available through open access, resulting in a total of 353 articles. The 

publications were further evaluated for the relevance of their titles to the research issue, resulting in a 

selection of 147 studies. 

A comprehensive abstract review was conducted to evaluate conformity with the research objectives 

and thematic framework of this review. This action reduced the number of eligible articles to 82. Seventy-

one articles were successfully obtained in full-text format and thoroughly reviewed. Subsequent to this 

evaluation, three publications were eliminated due to inadequate relevance or methodological rigour, 

yielding a final dataset of 68 articles that provide the foundation of the study.  

The selection process encompassed several levels of evaluation and quality assurance. Duplicate 

records were eliminated initially through the filtering tools of Scopus. The remaining articles were 

evaluated for keyword pertinence and thematic coherence, specifically examining the inclusion of terms 

and concepts associated with AI, the IoT, digital twins, blockchain, supply chain resilience, and Industry 
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4.0. Articles that exhibited conceptual, empirical, or theoretical contributions to these domains were 

preserved. 

Literature Review 

Strategic Frameworks and Transformation Models 

Trevisan and Formentini (2021) propose a comprehensive digitalisation paradigm that integrates 

resilience, agility, and sustainability into a unified transformation framework. Their model highlights the 

link between digital investments and performance metrics, indicating that digitisation is not an isolated 

process but must be integrated with the overarching company strategy. Ghadge et al. (2021) created a 

readiness assessment model for Industry 4.0 technologies, identifying essential characteristics including 

technology capability, leadership commitment, and personnel readiness. Several studies advocate for 

extensive frameworks and methods to facilitate digital transition. A cyclic and comprehensive technique 

was also proposed to incorporate digital twins into a feedback-driven model, continuously assessing 

performance and enhancing performance (Cimino et al., 2024). This method employs simulation to 

assess disturbances and contrast current and future scenarios. Alternative approaches, like digital 

maturity and readiness evaluations, assist businesses in evaluating their existing technology integration 

level and identifying deficiencies (Asrol, 2024). Causal models examine the impact of supply chain levers 

such as storage, production, and logistics on performance throughout digital transformation. (Sassi et 

al., 2025). These strategic frameworks emphasise the necessity of connecting digital technologies with 

business goals. 

Digital Integration, Simulation, and Predictive Analytics 

Ivanov and Dolgui (2020) suggest the implementation of digital twins to establish antifragile supply chain 

systems that not only withstand disruptions but also improve from them. Their research employs 

simulation modelling to investigate diverse disruption situations, illustrating how digital twins create an 

experimental framework for proactive resilience building. The Sim-ML literature classification system 

(Aljohani (2023) describes how integrating simulation and machine learning can improve scenario 

planning and response optimisation, particularly in volatile and unpredictable environments. In addition, 

integrating digital technology with simulation and predictive analytics is fundamental to successful 

transformation. Literature on Sim-ML models (Badakhshan et al., 2024) emphasises that integrating 

simulation techniques with machine learning facilitates robust uncertainty modelling. This hybrid 

methodology allows decision-makers to comprehend dynamic behaviours, anticipate disruptions, and 

model alternative methods in complex systems. Moreover, literature discusses the use of simulation 

software, such as AnyLogistix, in implementing digital twin approaches, emphasising that simulation 

aids in planning and enhancing resilience in real-time operations (Schiffmann et al., 2023). These 
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integrated methodologies are vital in industries involving time-sensitive and perishable commodities, 

such as cold chains or healthcare supply networks. 

Sector-Specific Applications and Case Studies 

Digital technologies have revolutionised logistics in healthcare by utilising AI-driven supply chain models 

that dynamically allocate medical resources according to real-time demand predictions (Chong et al., 

2022). Tzachor et al. (2021) illustrate that digital twins in the agri-food business reduce food loss by 

modelling spoiling situations and enhancing cold chain logistics. Furthermore, research in the 

manufacturing sector, including that conducted by Rupp et al. (2022), demonstrates that additive 

manufacturing facilitates localised production, subsequently reducing lead times and carbon emissions. 

In the food sector, digital twins and IoT guarantee freshness, minimise loss, and adhere to rigorous 

regulatory criteria (Guidani et al., 2024). In addition, case studies in cold chain logistics illustrate how 

simulation and intelligent monitoring facilitate just-in-time delivery while preserving quality requirements 

(Schiffmann et al., 2023). These industry-specific solutions demonstrate the flexibility and essential 

nature of digital transformation across several fields. 

Technological Enablers of Digital Supply Chains 

Belhadi et al. (2021) assert that digital technologies, particularly AI and big data analytics, are important 

for attaining transparency and adaptability in global supply chains. AI facilitates decision-making and 

forecasting through the use of historical and real-time data, hence enabling predictive analytics that 

reduce uncertainty (Belhadi et al., 2021). The significance of blockchain in establishing decentralised, 

tamper-proof records is highlighted as crucial for enhancing trust and information exchange among 

stakeholders (Kouhizadeh et al., 2021). Supply chains for sensitive products, such pharmaceuticals and 

halal foods, depend significantly on blockchain technology to maintain product integrity and assure 

compliance (Ali et al., 2021). A prevalent theme in the literature is the significance of particular 

technologies in facilitating digital transition. IoT technology provides real-time monitoring of items in 

transit, environmental conditions, and asset use, offering dynamic insight into the supply chain. 

Blockchain is acclaimed for improving trust, traceability, and transparency, especially in industries like 

food, healthcare, and ethical sourcing (Cammarano et al., 2023). Artificial intelligence and machine 

learning provide robust decision support by evaluating extensive datasets to enhance routing, 

forecasting, and inventory management (Helo & Hao, 2022). In addition, digital twins are recognised for 

their ability to simulate and forecast supply chain dynamics by incorporating real-time data, facilitating 

proactive decision-making and performance enhancement. 
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Supply Chain Resilience, Agility, and Sustainability 

Dubey et al. (2020) emphasise that digital transformation improves visibility and traceability, which are 

essential for supply chain resilience. Their empirical research identifies a robust association between 

digital investments and the capacity to react to disruptions such as COVID-19. De Oliveira-Diaset al. 

(2021) observe that digitisation promotes lean and agile methodologies by reducing information 

asymmetry and allowing for quicker responses to market signals. Bag et al. (2022) illustrate that digital 

tools facilitate emissions monitoring, waste reduction, and ethical sourcing, thereby linking operational 

objectives with environmental and social governance (ESG) criteria. A notable result of digital 

transformation is improved supply chain resilience. Literature indicates that digital twins and AI-driven 

forecasting tools can model disruptions, assisting organisations in proactively mitigating their impacts 

(Chatterjee et al., 2023). Agility, characterised by the ability to swiftly adjust to fluctuating market 

demands, is facilitated by real-time data streams and adaptable algorithms. Literature suggest that 

sustainability is a prevalent theme; digital technologies minimise waste, enhance resource allocation, 

and promote circular economy concepts (Trevisan & Formentini, 2023). In the agri-food and 

manufacturing sectors, blockchain-enabled transparency enhances responsible sourcing, whilst IoT 

facilitates precise monitoring that reduces excessive emissions and spoilage. 

Barriers to Digital Transformation 

Kamble et al. (2021) identify significant constraints such as elevated implementation costs, lack of 

established protocols, and cybersecurity threats. Their findings, obtained through a multi-method 

approach, reveal that although awareness of the benefits of digital transformation is substantial, practical 

implementation frequently encounters obstacles due to resource limitations and resistance to change. 

Nayal et al. (2022) suggest that institutional inertia and insufficient regulatory clarity hinder the expansion 

of digital innovations, especially in developing economies. Notwithstanding the benefits, literature 

highlights considerable problems. These includes technical challenges, inadequate interoperability, data 

silos, and outdated systems, frequently obstruct seamless adoption. Organisational resistance, cultural 

inertia, and insufficient digital literacy are commonly referenced (Kandasamy et al., 2023). Financial 

limitations hinder investment in expensive infrastructure, particularly for small and medium-sized 

enterprises. Regulatory and ethical issues, especially with data privacy and AI transparency, hamper 

the governance of digital systems. 
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Figure 1: Frequency of digital technologies in supply chains (Bar Chart) 

This bar chart depicts the comparative frequency of references to essential digital technologies in 

literature and industry reports about supply chain optimisation. AI ranks first, indicating its increasing 

significance in forecasting, automation, and decision-making. The IoT and blockchain are closely 

aligned, enhancing their importance in real-time monitoring and data security. Digital twins, additive 

manufacturing, and simulation are widely featured, highlighting their significance in resilience, 

customisation, and scenario planning. 

 

Figure 2: Sectoral adoption of digital technologies (Pie Chart) 

This graphic highlight the adoption of digital transformation across many sectors. 

Healthcare and manufacturing excel in digital implementation, leveraging AI for diagnoses and robotics 

for manufacturing, respectively. The Agri-Food sector uses digital twins and IoT for perishability 
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modelling and supply monitoring. The retail and energy sectors exhibit increasing interest, but encounter 

problems related to integration and regulation. 

 

Figure 3: Perceived advantages of digital transformation (Bar Chart) 

This bar chart illustrates the ratings of several benefits of digital transformation based on perceived 

impact. Efficiency, visibility, and resilience are regarded as the main advantages. Agility and 

sustainability are increasingly valued as companies adjust to fluctuating market and environmental 

requirements. 

 

Figure 4: Digital adoption readiness levels (Pie Chart) 

This pie chart classifies enterprises based on their readiness for digital transformation. Medium 

readiness prevails, signifying that numerous organisations are experimenting with or piloting digital 

solutions without completely implementing them at scale. High-readiness firms are typically larger 
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organisations or those operating in highly digitised industries. Low readiness indicates SMEs or 

enterprises in resource-limited settings that remain dependent on legacy systems. 

Findings 

Technological Enablers of Digital Transformation 

Several authors consider fundamental technologies such as the IoT, Artificial IAI, blockchain, digital 

twins, and cyber-physical systems as crucial drivers for the transformation of digital supply chains 

(Ivanov et al., 2024; Kumar et al., 2024; Le & Fan, 2024). These technologies facilitate real-time data 

capture, predictive analytics, process automation, and comprehensive system visibility. Reaidy et al. 

(2024) argue that Industry 4.0 has transformed supply chain processes, offering corporations strategic 

benefits through modern technologies. Digital twins, as emphasised by Le & Fan (2024), integrate IoT 

data, simulation models, and AI algorithms to facilitate predictive logistics and proactive decision-

making. Helo and Hao (2022) examine the prevalence of AI in demand forecasting, routing, and 

intelligent decision-making within dynamic supply contexts. Abideen et al. (2021) indicate that 

simulation-based models, particularly when integrated with machine learning, are increasingly employed 

to address unpredictable and complex supply chain situations. According to Cammarano et al. (2023) 

and Difrancesco et al. (2023), blockchain significantly enhances traceability and trust through distributed 

ledgers, especially in food and textile supply chains. Moreover, Sunmola et al. (2025) emphasise the 

integration of blockchain and AI in guaranteeing compliance and provenance in ethically-sensitive 

supply chains. Digital transformation depends on sensor-based automation and intelligent robotics, as 

Soori et al. (2024) assert that advanced robotic systems improve supply chain flexibility, quality, and 

cost-effectiveness. Patalas-Maliszewska et al. (2024) incorporate additive manufacturing into digital 

transformation frameworks, demonstrating its significance in real-time, customer-focused supply chain 

management applications. The research indicates that technical enablers are progressively integrated 

into strategic frameworks, serving operational efficiency, resilience, customisation, and sustainability. 

He et al. (2020) examine the role of data network effects in augmenting digital transformation strategies. 

Their review synthesises insights from research on digital platforms and distributed systems, claiming 

that data value generation is exponential when systems are networked and strategically coordinated. 

The findings emphasises that effective digital transformation requires tools and cultural and structural 

reconfiguration. Priyadarshini et al. (2024) provide a literature-based model demonstrating that Industry 

4.0 enhances healthcare supply chain management through resilience elements such as adaptability 

and redundancy. They cite studies indicating that IoT and RFID enhance traceability and patient safety, 

while rendering systems more adaptable to demand fluctuations and supply disruptions. The review also 

emphasises cross-national disparities in readiness. Cañas et al. (2024) present a strategic approach for 

https://doi.org/10.51137/wrp.ijarbm.2025.mmtt.45812
https://www.wr-publishing.org/


International Journal of Applied Research in Business and Management (ISSN: 2700-8983) 

an Open Access journal by Wohllebe & Ross Publishing, Germany. 

Volume: 06 Issue: 01 Year: 2025 

https://doi.org/10.51137/wrp.ijarbm.2025.mmtt.45812  

 

 

 

Wohllebe & Ross Publishing, Germany – The Open Access Publisher. 

More information and current publishing opportunities at wr-publishing.org 

supply chain design in Industry 4.0 environments. Their literature study highlights the complexity of 

reconciling cost minimisation, carbon footprint, and employment development. They argue that I4.0 

provides instruments for multi-objective optimisation; however, practical application requires the 

'dynamic calibration of decision support systems. 

Integration, Visibility, and Real-Time Data Use 

Digital transformation considerably improves comprehensive supply chain visibility and integration 

through the adoption of technologies such as IoT, cloud computing, and big data analytics. Findings 

stresse that real-time data sharing, visibility, and automation are the key results of digital maturity 

(Ivanov, 2021). In addition, the study by Reaidy et al. (2024) assert that I4.0 technologies alone do not 

generate value unless adequately incorporated into operational procedures, suggesting that value 

creation relies on effective integration across functional domains and supply chain levels. The research 

by Hu et al. (2024) emphasise that peer influences expedite the diffusion of digital maturity within 

ecosystems, particularly through relational interdependencies and institutional conformance. In a 

different study, Wu et al. (2024) present the notion of a data network effect, in which visibility across 

nodes enhances resilience and agility through mutual data exchange. Moreover, the findings by Gani et 

al. (2022) illustrate that augmented supply chain visibility facilitates superior cyber risk management and 

enhances overall cybersecurity efficacy. Cañas et al. (2024) demonstrate that visibility is a prerequisite 

for maximising multi-criteria objectives such as cost, carbon footprint, and delivery lead times. Rashed 

et al. (2024) suggest that predictive analytics and sensor-driven feedback loops are crucial for enhancing 

supplier-customer integration. As indicated by research, real-time systems facilitated by digital 

dashboards, automated alerts, and intelligent logistics tools empower organisations to synchronise 

operations and reduce disruptions more efficiently. A study by Iranmanesh et al. (2023) assert that 

integrating blockchain with IoT improves traceability and partner accountability, hence fostering 

confidence in digitally-enabled supply networks. Integration and visibility are regularly identified as the 

cornerstone of effective digital transformation plans in supply chain management. 

Agility and Resilience in Dynamic Environments 

The relationship between agility and resilience has become a critical focus in digital supply chain 

research. Technologies associated with digital transformation, particularly those encompassed by 

Industry 4.0, are demonstrated to improve supply chain flexibility, adaptability, and responsiveness to 

disruptions. Wu et al. (2024) introduce the notion of a data network effect, wherein interconnected digital 

nodes enhance the dissemination of timely and precise information, hence bolstering the system's 

capacity to predict and recover from disruptions. A study by Ali et al. (2024) empirically illustrates that 

I4.0 technologies substantially reduce supply–demand mismatch and process risks, yet their influence 

on transportation risk is minimal. The findings also indicate that agility is shaped by strategic alliances, 

https://doi.org/10.51137/wrp.ijarbm.2025.mmtt.45812
https://www.wr-publishing.org/


International Journal of Applied Research in Business and Management (ISSN: 2700-8983) 

an Open Access journal by Wohllebe & Ross Publishing, Germany. 

Volume: 06 Issue: 01 Year: 2025 

https://doi.org/10.51137/wrp.ijarbm.2025.mmtt.45812  

 

 

 

Wohllebe & Ross Publishing, Germany – The Open Access Publisher. 

More information and current publishing opportunities at wr-publishing.org 

technology culture, and inter-organisational cooperation, collectively enhancing responsiveness in 

unpredictable contexts (Najar, 2022). In addition, the findings highlight that project managers possessing 

digital abilities act as resilience facilitators by promoting innovation and adaptation in transformation 

activities. A strategic roadmap was outlined in a study by Ghobakhloo (2020) indicating that automation, 

remote sensing, and real-time monitoring are pivotal digital functions enhancing supply chain resilience. 

In a different study, Tortorella et al. (2024) analyse healthcare logistics and determine that digital 

technologies, including RFID and IoT, enhance traceability and assist in managing fluctuations in 

demand and supply uncertainty. Research suggest that digital transformation allows businesses to 

evolve from fragile and reactive states to agile and antifragile ones by enhancing visibility and 

decentralising decision-making (Wu et al., 2024). As indicated in the research of Rymarczyk (2022),the 

COVID-19 pandemic has expedited the transition to digitally-driven resilient networks by revealing the 

weaknesses of conventional, internationally distributed supply chains. The literature confirms that agility 

and resilience are complementary qualities increasingly integrated into digital transformation initiatives 

across various businesses. 

De Oliveira-Dias et al. (2023) examine the literature connecting I4.0 with lean and agile concepts. They 

observe that although I4.0 improves lean-related efficiency through process visibility and automation, its 

connection to agility is more indirect. The research supports a hybrid paradigm in which agility facilitates 

the efficacy of lean strategies in volatile markets.  In addition, Zhou (2023). highlights the advent of 

Logistics 4.0, propelled by real-time tracking technologies and data-sharing platforms. They reference 

many sources affirming that smart sensors and interconnection enhance logistics efficiency and 

transparency. The authors emphasise the difficulty of measuring return on investment ROI, advocating 

for additional longitudinal research to evaluate economic benefit in practical applications. In a study by 

Patrucco et al. (2023) which examined absorptive capacity (AC) as a mediating variable between big 

data analytics BDA and supply chain results, the authors designate knowledge acquisition, assimilation, 

and application as the foundational pillars of absorptive capacity. The study emphasises that in the 

absence of organisational learning and internal dissemination mechanisms, BDA findings are 

inadequately used. 

Supply Chain Strategy and Leadership 

Strategic alignment and committed leadership are often regarded as essential components for the 

effective execution of digital transformation in supply chains. Chatterjee et al. (2024) assert that senior 

managers' commitment and alignment of digital strategy are essential enablers of comprehensive digital 

adoption and continuous innovation inside firms. Loosemore et al. (2020) expand this perspective by 

defining project managers as change leaders who must overcome obstacles such as presenteeism, 

resistance to change, and strategic misalignment to facilitate digital transformation. Their findings 
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indicate that project leaders need cross-functional competence and digital fluency to efficiently manage 

stakeholders and integrate digital solutions into operational processes. Mutambik (2024) supports this 

viewpoint, suggesting that strategic alliances and robust internal leadership enhance agility and 

organisational responsiveness under unpredictable circumstances. Barata (2021) notes that inadequate 

alignment between organisational structures and digital objectives may result in organisations being in 

pilot phases, so failing to realise complete digital transformation. Eslami et al. (2024) emphasise that 

leadership commitment contributes to the development of dynamic supply chain capabilities, including 

agility, integration, and risk reduction, which are essential for financial performance. Wu et al. (2024) 

assert that a data-driven culture must be integrated into leadership practices to realise the potential of 

networked technology, emphasising the significance of strategic vision at the highest level. Oubrahim et 

al. (2023) emphasise that the success of change is contingent upon the effective alignment of digital 

technologies by corporate leadership with institutional support, workforce readiness, and market 

expectations. The literature collectively emphasises that leadership encompasses not only vision but 

also execution, culture, and supportive frameworks that convert digital strategy into quantifiable results. 

Digital Transformation Challenges and Barriers 

Despite the extensive understanding of the advantages of digital transformation, various obstacles 

impede its execution throughout supply chains. Sayem et al. (2022) highlight persistent challenges, 

including insufficient scalability, interoperability, and institutional reluctance to change. Lin & 

Liangrokapart (2025) identify a deficiency of skilled labour, financial instability, and challenges in data 

standards as significant obstacles in storage drive manufacture. Kandasamy et al. (2023) mention 

further barriers in circular economy supply networks, such as insufficient awareness, elevated 

implementation costs, and misalignment between digital instruments and environmental objectives. 

Iranmanesh et al. (2023) emphasise the hesitance of SMEs to embrace blockchain technology owing to 

technical complexity, substantial initial investment, and inadequate institutional backing. Barata (2021) 

identifies digital stagnation in companies that do not properly integrate their innovation initiatives with 

overarching business goals, a sentiment reiterated by Mutambik (2024), who emphasises the 

significance of digital culture and leadership endorsement. Chatterjee et al. (2024) assert that digital 

transformation initiatives frequently falter due to inadequate integration of technology into legacy 

systems, leading to fragmented processes and inadequate use of capabilities. Furthermore, Jackson et 

al. (2024) express apprehensions regarding the ethical and regulatory dilemmas linked to generative AI, 

encompassing governance, data reliability, and model explainability. Cammarano et al. (2023) and 

Difrancesco et al. (2023) highlight infrastructure limitations and the absence of real-time support systems 

as significant barriers to blockchain scalability and efficacy. Oubrahim et al. (2023) stress the importance 

of institutional preparation, asserting that organisations require conducive ecosystems comprising 

training, policy alignment, and financial incentives. These complex issues highlight the need of thorough 
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readiness evaluations and change management techniques to facilitate successful digital transformation 

in supply chains. 

Eyieyien et al. (2024) demonstrate that project managers must oversee both technical and behavioural 

transformations in digital initiatives. Research emphasises the significance of agile mindsets, 

interdisciplinary collaboration, and resistance management as essential success elements in the digital 

transformation of healthcare supply chain management. Sayem et al. (2022) outline obstacles to 

Industry 4.0 in nascent manufacturing contexts. The study highlights that cost, infrastructure, insufficient 

training, and lack of top management support are the most commonly cited difficulties in the literature. 

It emphasises the significance of organisational culture and the need for governmental action to promote 

adoption.  

Oubrahim et al. (2023) identify principal drivers of digital transformation, including leadership, 

technological readiness, and external pressure, as well as obstacles such as investment risk, talent 

deficiencies, and misalignment. The study indicates that effective transformation depends on the 

equilibrium between digital competencies and organisational support, as well as the readiness for 

change. Jackson et al. (2024) suggests that GAI can facilitate demand planning, risk management, and 

adaptive sourcing via predictive capabilities. Nevertheless, research cautions about issues related to 

'data quality, model explainability, and governance' that must be resolved for secure implementation. 

Blockchain and Transparency 

Blockchain technology is acknowledged in the literature as a transformative enabler for transparency, 

traceability, and compliance within contemporary supply chains. Cammarano et al. (2023) investigate 

the integration of blockchain and RFID in vendor-managed inventory systems, asserting that the 

technology substantially enhances 'traceability, data integrity, and confidence' in agri-food supply chains. 

Likewise, Difrancesco et al. (2023) examine blockchain applications in closed-loop value chains, 

highlighting their ability to improve reverse logistics visibility and reduce fraud and inventory 

discrepancies.' Iranmanesh et al. (2023) focus on SMEs, emphasising that blockchain implementation 

enhances transaction security, regulatory compliance, and real-time tracking' despite prevailing 

restrictions. Shoaib et al. (2023) outline several obstacles, especially in smaller enterprises, such as 

'data privacy concerns, technological underdevelopment, elevated implementation expenses, and 

interoperability constraints. Rejeb et al. (2023) advance the discourse by integrating blockchain with 

artificial intelligence to facilitate ethical supply chain compliance in halal logistics, illustrating a use case 

in which digital provenance guarantees certification authenticity. Chandan et al. (2023) also reference 

blockchain's potential to reduce food loss and waste through improved tracking and supplier 

responsibility. However, research by de Oliveira-Dias et al. (2023) cautions that organisational 

readiness, data standards challenges, and insufficient cross-industry collaboration frequently limit the 
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influence of blockchain. Notwithstanding these issues, the research robustly supports the assertion that 

blockchain constitutes a crucial technology for enhancing supply chain transparency, especially when 

integrated with IoT, smart contracts, and distributed data ecosystems. 

AI, Predictive Analytics, and Decision-Making 

AI has become an essential enabler of predictive analytics and real-time decision-making throughout 

supply chains. Virmani et al. (2024) accentuate the significance of AI in healthcare supply chains, 

highlighting its capacity to oversee logistical planning, enhance inventory optimisation, and predict 

patient requirements. Gazar et al. (2024) emphasise AI's role in environmental monitoring inside port 

logistics, where algorithms facilitate the reduction of congestion and emissions. Attah et al. (2024) 

illustrate that artificial intelligence facilitates supply chain operations by automating repetitive decisions, 

improving demand predictions, and optimising transportation routes. Jackson et al. (2024) explain the 

promise of generative AI, emphasising its potential in predictive sourcing and risk management, while 

also highlighting significant issues related to data quality, model explainability, and ethical governance. 

Yadav et al. (2024) present a bibliometric analysis demonstrating the increasing adoption of AI in 

sustainability-oriented supply chains, encompassing carbon tracking, emissions optimisation, and data-

driven regulatory compliance. Patrucco et al. (2023) assert that the successful implementation of big 

data analytics and AI depends on an organisation’s absorptive capacity, its capability to absorb, 

assimilate, and exploit new knowledge. Badakhshan et al. (2024) examine literature that integrates 

simulation with machine learning, demonstrating that reinforcement learning, in conjunction with 

discrete-event simulation, enhances decision-making in complex logistics environments. Sunmola et al. 

(2025) clarify that the integration of AI with blockchain enhances automated compliance verification in 

halal supply chains through the analysis of transaction histories. However, challenges remain. This 

encompasses the need for significant data volumes, infrastructure for real-time analysis, and human 

expertise to interpret results and ensure accountability (Jackson et al., 2024; Helo & Hao, 2022). 

Nonetheless, the literature confirms that AI and predictive analytics are crucial for attaining agility, 

efficiency, and responsiveness in digital supply chains. 

Gazar et al. (2024) present an overview of artificial intelligence applications in maritime logistics, 

highlighting its capacity to mitigate congestion, optimise resource distribution, and improve port 

sustainability. The authors cite previous research on AI-driven scheduling and risk assessment tools, 

asserting that AI serves as a revolutionary enabler in complex, time-sensitive supply contexts. 

The Role of Context and Sector-Specific Insights 

The impact and implementation of digital transformation differ significantly between geographic locations 

and economic sectors, as demonstrated by the 68 papers examined. Akbari (2023) and Barata (2021) 
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assert that regionalisation plans and technological maturity affect the way in which enterprises use digital 

technology. Barata (2021) explicitly observes that research in Supply Chain 4.0 is fragmented and 

influenced by local industry dynamics, while Akbari (2023) emphasises the significance of additive 

manufacturing in enhancing regional supply chain resilience. Asrol (2024) elucidates that developing 

countries face distinct institutional and infrastructural challenges, such as inadequate digital 

infrastructure, weak regulatory frameworks, and financial limitations. Sector-specific assessments 

reveal increased differentiation in the deployment of digital transformation. Tortorella et al. (2024) 

illustrate that in healthcare, technologies like RFID and IoT are crucial in enhancing patient safety, 

resource tracking, and inventory management. Gazar et al. (2024) demonstrate that AI systems improve 

environmental sustainability and efficiency in maritime and port operations through real-time scheduling 

and predictive maintenance. Abideen et al. (2021) investigate digital applications in agri-food supply 

chains, revealing that technologies like blockchain and AI aid in the reduction of food loss and waste 

(FLW), although their implementation frequently suffers from inadequate systemic coordination. The 

findings by  Sunmola et al. (2025) demonstrate a culturally unique use of digital tools in halal compliance 

management, integrating AI and blockchain to authenticate product origin and ethical standards. Le & 

Fan (2024) examine the significance of digital twins in complex logistics settings, especially where 

simulation and real-time integration are essential. Moreover, Iranmanesh et al. (2023) and Shoaib et al. 

(2023) demonstrate that in small and medium-sized enterprises, particularly in impoverished areas, the 

adoption of blockchain and other digital technologies is sluggish due to insufficient preparation, technical 

expertise, and scalability challenges. The findings collectively indicates that digital transformation is not 

a universal solution; its efficacy depends on contextual characteristics such as industry type, legal 

frameworks, cultural influences, and levels of digital maturity. 

Discussion 

This systematic literature review highlights the significant impact of digital technology on supply chain 

optimisation in industrial engineering. The literature regularly recognises a group of digital enablers AI, 

IoT, blockchain, digital twins, additive manufacturing, and enhanced simulation as essential for the 

modernisation of traditional supply chain processes. These technologies collectively improve flexibility, 

visibility, and responsiveness, allowing organisations to function effectively in volatile, uncertain, and 

complicated environments. The significance of digital integration became increasingly pronounced. 

Technologies like real-time dashboards, AI-driven forecasting tools, and smart contracts facilitate 

efficient communication and collaboration within geographically dispersed supply networks. Wu et al. 

(2024) and Reaidy et al. (2024) assert that these technologies provide data network effects that facilitate 

antifragile systems, enabling them to learn and adapt from previous disruptions This finding correlates 

with the antifragility frameworks established by Ivanov and Dolgui (2020), which emphasise digital twins 
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as experimental platforms for augmenting resilience. The reviewed frameworks highlight that digital 

transformation is not solely a technological initiative but a strategic transition demanding extensive 

change management. Strategic alignment, leadership commitment, and cultural readiness are essential 

for attaining successful digital integration. Research conducted by Chatterjee et al. (2024), Jerome et 

al. (2024), and Eslami et al. (2024) indicates that leadership functions as both an enabler and an 

impediment, depending on the level of digital literacy and strategic vision present within top management 

teams. The simulation and hybrid modelling capabilities that accompany digital twin architectures are 

equally significant. Literature supports simulation-based decision-making in uncertain and disruptive 

environments, especially relevant to industries characterised by volatile demand, such as healthcare 

and food logistics. The models presented by Ivanov and Dolgui (2020) and Badakhshan et al. (2024) 

indicate improved resilience through scenario planning and antifragility tactics. This leads to a 

restructuring of industrial engineering supply chain models, transitioning the focus from deterministic 

optimisation to adaptive resilience. Notwithstanding the clear benefits, digital transformation faces 

implementation difficulties. The highlighted hurdles include infrastructure limitations, cybersecurity 

threats, deficiencies in human capital, and ethical dilemmas. Kamble et al. (2021); Jackson et al. (2024) 

illustrate that these hurdles are frequently systemic, demanding both organisational change and 

institutional and regulatory assistance. This indicates an urgent need for comprehensive ecosystem 

readiness strategies encompassing financial incentives, training initiatives, and regulatory coherence to 

facilitate scaling digital adoption. Sectoral distinctions were widely highlighted in the literature. 

Healthcare supply chains utilise AI for resource allocation and blockchain for traceability, while the agri-

food sector employs digital twins for perishability modelling. The manufacturing industry's embrace of 

additive manufacturing signifies a movement towards localised and sustainable production. These 

findings confirm that digital transformation is generally beneficial, but its execution must be customised 

to sector-specific limitations, competencies, and legal frameworks. The analysis indicates a significant 

transition towards linked, data-driven, and resilient supply chains enabled by digital transformation. In 

industrial engineering, this necessitates a transformation of conventional optimisation models to 

incorporate real-time analytics, automation, and strategic alignment. Future research must enhance our 

comprehension of cross-functional collaboration, ethical AI implementation, and digital readiness 

evaluations to facilitate comprehensive digital transformation strategies that are both adaptable and 

inclusive. 

Conclusion  

This study emphasises that digital transformation is now an essential requirement for attaining supply 

chain optimisation in industrial engineering. The use of digital technologies, including AI, IoT, blockchain, 

digital twins, and simulation-based analytics, has significantly improved visibility, agility, resilience, and 
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overall operational efficiency within supply chains. The findings indicate that successful digital 

transformation requires not only technological adoption but also strategy alignment, leadership 

commitment, cultural preparation, and ecosystem engagement. The analysis emphasises that sectoral 

settings significantly affect the trajectories and efficacy of digital integration, with areas such as 

healthcare, agri-food, and manufacturing exhibiting customised adoption patterns. Despite the clear 

revolutionary advantages, several obstacles remain, such as budgetary limitations, infrastructural 

deficiencies, cybersecurity risks, regulatory uncertainties, and shortages in human capital. Thus, digital 

transformation is not a singular occurrence but an ongoing, adaptive process demanding continual 

investment in capacity development, governance enhancements, and technology advancement. The 

following are recommendations of the study: Strengthen leadership commitment; Cultivating digitally 

proficient leadership teams is essential for advancing digital transformation initiatives and mitigating 

opposition to change across all organizational tiers. 

Invest in digital readiness and skills enhancement; Organisations must methodically evaluate their digital 

maturity and prioritise staff upskilling to address the talent deficiencies in managing digital technology. 

Implement sector-specific strategies; Digital transformation initiatives must be customised to the distinct 

regulatory, technological, and operational frameworks of each industry to optimise relevance and 

effectiveness. 

Alleviate risks cybersecurity, ethical AI practices, and data privacy must be prioritised to cultivate trust 

and reduce vulnerabilities in increasingly digital and decentralised supply chains. 
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