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Abstract 

Digitalization advancements have moved manufacturing towards Industry 4.0 (I4.0), which allows smart logistical 

transformations that have a significant impact on the society and environment. Logistics (L4.0) incorporates modern 

technology and the internet into business systems and promotes sustainable operations in the business environment. This 

study identified and examined the main components and technology developments of I4.0 and L4.0 that facilitate green 

practices in the manufacturing and service sectors. A literature review was conducted to investigate the present research 

development, role, and future research studies of I4.0 and L4.0 technologies to achieve sustainability in organizations. This 

paper also examined a detailed discussion of the relationship and impact of I4.0 and L4.0 technologies in manufacturing 

organizations. This study considered 205 research papers that were published between 2000 and 2024. The findings from the 

literature review highlighted that I4.0 and L4.0 have a considerable impact and play a significant role in sustainable 

operations and performance. Furthermore, this study provides research scopes, insights, and future research directions of I4.0 

and L4.0 in different industrial sectors, which will be useful for industry and academia in achieving manufacturing 

sustainability. This study helps supply chain partners focus on these high-level dimensions in order to successfully implement 

I4.0 and L4.0. 
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1. Introduction 

Industry 4.0 (I4.0) paradigm has become popular in 

manufacturing in recent years, which impacts both 

production and logistical systems [1]. I4.0 is a 

phenomenon that is transforming business models and 

decision-making due to the integration of digital 

technology and increasing participation in products, 

services and processes. Disruptive technologies including 

block chain, artificial intelligence (AI), 3D printing, the 

Internet of Things (IoT), robotics, cyber-physical systems 

(CPS), augmented reality (AR), digital twins, etc. have 

contributed to the evolution of I4.0 [2]. The main pillar of 

Industry 4.0 is the integration of manufacturing operations 

and information flows throughout the entire production 

chain and digital systems [3].  Industry 4.0 streamlines 

logistics by enhancing visibility in real-time, improving 

supply chain processes, and increasing efficiency and 

flexibility [4]. Logistics is an important tool of SCM and 

it plays an important role in an organization's economic 

growth as it effectively manages the flow of resources and 

information [5]. Logistics include a broad range of 

operations, including transportation, inventory control, 

warehousing, and procurement [6]. For both supply chain 

management and logistics, the I4.0 revolution has enabled 

the digitalization of industrial activities by proposing the 

concept of L4.0[7]. Logistics is shifting to Logistics 4.0 in 

order to address global supply chain issues and satisfy 

customer needs for more customized and quicker delivery 

by combining traditional logistics with technologies 

associated with Industry 4.0 [8], [9]. 

Logistics 4.0 is a logistical system that enables the 

long-term sustainable, affordable, satisfaction of consumer 

needs, personalized, and more flexible supply chains and 

logistics based on rising digital technology [10], 

[11].Many technologies, including AI, BD, IoT, Robotics, 

Big Data, CC and RFID, are being used in logistics 

operations [12], [13]. The adoption of advanced 

technologies in L4.0 improves system efficiency and 

operational effectiveness in logistics and transport 

[14].Thus, L4.0 operations provide increased flexibility 

and adaptability to market demands [15]. It will also 

optimize manufacturing networks, resulting in decreased 

production and storage costs and improved customer 

service [16]. L4.0 offers several advantages, such as 

prompt delivery and supply, increased corporate agility, 

flexibility, responsiveness, and predictive analytics [17]. 

* Corresponding author e-mail: asif.wassan123@gmail.com. 
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Figure 1 shows the key components and technologies of 

L4.0. Implementing these advanced elements and 

technology can help businesses become more efficient, 

flexible, and transparent, which will make their supply 

chains more competitive and sustainable. 

 
Figure 1. The technologies and components of L4.0 (Adopted 

from [1]) 

Logistics 4.0 plays an important role in supporting 

sustainable operations by using advanced technologies that 

improve productivity, minimize waste, and optimize 

resource utilization[8]. Logistics 4.0 facilitates sustainable 

operations by providing greater visibility of sustainability 

efforts throughout the supply chain and focusing on 

optimizing routes, reducing fuel usage, minimizing 

environmental impact, and reducing waste through real-

time data and automation [18].The integration of I4.0 and 

L4.0 technologies provides an efficient approach for 

obtaining sustainable operations and enhancing 

performance [19]. These developments are crucial for 

companies striving to boost productivity, reduce their 

impact on the environment, and stay competitive in a 

market [20].  

The purpose of this study is to examine the impact and 

relationship between I4.0 and L4.0 models in the 

implementation of green practices for obtaining 

sustainable operations. This review paper addresses the 

main technologies, challenges, barriers and 

implementation of L4.0 and I4.0 faced by organizations 

when incorporating green practices in their operations. 

This study also demonstrates the adoption and utilization 

of I4.0 and L4.0 for sustainable operations throughout 

companies, sectors, and geographic locations.  

2. RESEARCH GAP 

Organizations are adopting green practices due to 

growing regulatory demands and ecological concerns [21]. 

The integration of IoT, Big Data (BD), AI, and blockchain 

processes within L4.0 causes notable challenges with the 

utilization of advanced digital technology. There are 

several studies focusing on the roles of I4.0 and L4.0 in the 

past literature [22], [23]. While these technologies have 

been examined for their impact on organizational 

performance the combined impact on sustainable 

operations and performance remains underexplored.There 

is a lack of comprehensive studies that investigate how 

these various technologies work to promote environmental 

sustainability, resource optimization, and 

sustainable performance, this creates a gap that needs to be 

fulfilled in order to fully understand their role and 

impact in sustainable operations and accomplishing overall 

sustainability goals of organizations. Table 1 shows the 

research gap in the integration between L4.0 and Industry 

I4.0, as well as their impact on sustainable operations and 

performance in past studies. 

Table 1. The contribution table from the literature review 

AUTHOR LOGISTICS 

4.0 

INDUSTRY 

4.0 

SUSTAINABLE 

OPERATIONS 

SUSTAINABLE 

PERFORMANCE 

[24]  ✓ ✓  

[25]  ✓ ✓  

[26]  ✓  ✓ 

[16] ✓ ✓   

[27]  ✓ ✓  

[28] ✓ ✓   

[29] ✓ ✓   

[30]  ✓ ✓  

[31] ✓   ✓ 

[32] ✓  ✓  

[33] ✓ ✓   

[34] ✓ ✓   

[35] ✓   ✓ 

[36]  ✓ ✓  

[3] ✓  ✓  

[6] ✓ ✓   

[37] ✓   ✓ 

[38]  ✓ ✓  

[39] ✓ ✓   

[40] ✓ ✓   

[41] ✓ ✓   

[42] ✓  ✓  

[43] ✓ ✓   

[44] ✓ ✓   

[45] ✓ ✓   

[8] ✓ ✓   

[46] ✓   ✓ 

[47]  ✓ ✓  

[48]  ✓ ✓  

The table illustrates the research gap, as previous 

research has not considered Industry 4.0, Logistics 4.0, 

sustainable operations, and sustainable performance in a 

single study. It is therefore highly required to conduct 

research considering the mentioned factors in a single 

study and it is also required to find the collective impact of 

I4.0 and L4.0 on sustainable performance and sustainable 

operations in the industrial setting. Addressing this gap 
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could develop a thorough understanding of their combined 

impact and provide helpful insights for industries pursuing 

sustainable change. In addition, the findings of this 

research can also help in highlighting the need for 

framework development in which these technologies (I4.0 

and L4.0) can be integrated to adopt sustainable practices 

and operations in the industrial sector. 

3. Need For this Study 

As per the highlighted gap (see Table 1), a literature 

review on the impact of L4.0 and I4.0 on sustainable 

operations and sustainable performance was required to be 

conducted. In this regard, the present literature review was 

conducted. Previous studies examined the individual 

impacts of I4.0 and L4.0, sustainable operations and 

sustainable performance and their collective effects on 

promoting sustainable practices in organizations. 

Addressing this gap is essential as industries face greater 

pressure to adopt green practices, optimize resources, and 

enhance overall performance. By exploring how I4.0 and 

L4.0 technologies can be integrated to adopt sustainable 

operations to increase sustainable performance.  

4. RESEARCH QUESTIONS 

This research was based on three research questions 

stated below; 

1. What are the key technologies of I4.0 and L4.0 that are 

adopted to improve sustainable performance? 

2. What is the relationship between I4.0 and L4.0? 

3. What is the impact of I4.0 and L4.0 technologies on 

sustainable operations and sustainable performance? 

5. RESEARCH METHODOLOGY  

This study carried out a narrative literature review. A 

narrative literature review is a qualitative and descriptive 

method for reviewing existing studies, aiming for an in-

depth understanding of a particular topic. For example, A 

narrative analysis explores the digital technologies that 

have been used in manufacturing industries across time, 

highlighting trends, benefits, and challenges while 

revealing gaps in understanding their long-term impact on 

industries. 

In the present research, thematic analysis was carried 

out to gain insights associated with the impact of I4.0 and 

L4.0 technologies on sustainable operations and 

sustainable performance. The findings from the 

downloaded papers related to I4.0 and L4.0 were discussed 

in the table and the details included author, methodology, 

and findings. In addition, the business models from the 

literature concerning I4.0 and L4.0 were also discussed. 

An analysis was conducted to recognize the common 

elements and unique features of different I4.0 and L4.0 

technologies. 

5.1. Selection of Papers 

The literature review as conducted in this article was 

initiated with the downloading and selecting of the 

research papers as presented in Figure 2. This process 

started with the keyword search on “I4.0”, “L4.0”, “I.40 

and sustainable performance”, and “I4.0 and sustainable 

operations”, was performed on literature published 

between 2010 and 2024. The platforms from which the 

papers were accessed/downloaded from Web of Science, 

PubMed, IEEE Xplore, JSTOR, Google Scholar, Scopus, 

and Springer Link. Five hundred 500 papers were accessed 

and downloaded among them 250 papers were related to 

the topic and included in this study. As per the paper 

selection criteria for the present research, included papers 

should be of the last 10 years, and must be available in 

English language. Furthermore, only peer-reviewed 

journal articles, and conference proceedings were 

considered for this study. Studies that did not address I4.0 

or L4.0 technologies and their impact on sustainable 

performance or sustainable operations were excluded.  

 
Figure 2. The diagram representing the selection process of the research papers included in this research paper 

  



 © 2025 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 19, Number 1  (ISSN 1995-6665) 108 

6. LITERATURE REVIEW 

6.1. Logistics 

In the modern manufacturing and commercial 

industries, logistics play a substantial part in terms of 

economy and effectiveness [49], [50].Logistics is a 

component of supply chain management (SCM), which 

enables you to efficiently plan, carry out, regulate, and 

transfer information between businesses, partners, and 

customers to satisfy client needs [20], [51], [52]. The 

management system, material flows, and information 

flows are the logistical components of I4.0's potential in 

this industry [20]. Supply chain management depends 

extensively on logistics to organize and schedule the 

timely, safe, and efficient transportation of 

goods[53].There are several characteristics and issues 

(efficiency, flexibility, sustainability) associated with 

supply, production, distribution, and reverse logistics 

chains [54]. The performance of logistics is impacted by 

both managerial (Leadership and Decision-Making) and 

structural factors (technology infrastructure, network 

design, warehouse and distribution) [55]. Planning, 

conducting and supervising the transportation of 

commodities and materials from the point of origin to the 

goal of satisfying consumer demands is a function of 

logistics [12].Logistics management controls the process 

of transferring goods, people, and data in a rapid, 

economical, secure, and sustainable manner [56], [57]. 

6.2. Evolution of Logistics to L4.0 

Employing I4.0 in the field of transportation is known 

as "L4.0." [58]. 

Logistics 1.0: Logistics 1.0 is the traditional logistics 

system that appeared in the initial stages of logistics 

management. Logistics 1.0 includes the basic 

transportation, and distribution processes that exclude 

recent advanced technologies. The primary goal of L1.0 

was to transport items from one point to another in a 

timely and cost-effective manner [59].  

Logistics 2.0: The evolution of L2.0 was to enhance 

process integration and resource utilization in comparison 

to L1.0's manual systems. L2.0 refers to the next stage of 

logistics evolution, in which organizations begin adopting 

technology to improve efficiency and visibility [58].  
Logistics 3.0: During L3.0, technology-assisted 

production technologies start to emerge, as begins the use 

of software to support technological activities in logistics 

process management. Warehouse Management 

Systems and Transport Management Systems are two 

examples of software-based logistics management systems 

that have been implemented physically [60].  

Logistics 4.0: L4.0 is known as the digital era with the 

integration of modernization, applications and software in 

the logistics industry. The idea behind L4.0 is smart 

products and services. "Smart logistics" can help 

organizations become more adaptable and flexible while 

offering benefits that encourage effort for the additional 

benefit [59]. 

Figure 4 shows the evolution of L4.0. L4.0 also 

referred to as the 4th industrial revolution, is the 

combination of the logistics industry with an array of 

technologies, including sensors, AI, BD, IoT 

and developments in automation, which are primarily 

focused on automating the packing and shipping 

procedures. 

 Logistics 4.0 

In 2011, the phrase L4.0 originated as a response to and 

promotion of I4.0 [41]. L4.0 emerged as a result of I4.0, 

the integration of technological advances, and increased 

usage of the Internet in business systems [61].  Logistics 

4.0 refers to smart logistics, which enables smart 

management of processes [62]. L4.0 is a strategic 

technological strategy that integrates various technologies 

to improve supply chain effectiveness and efficiency. It 

aims to shift the focus of organizations to value chains, 

maximizing value delivered to consumers and customers 

while increasing competitiveness[63], [64]. Key 

technologies of L4.0 are IoT, BD, CC, AI, ML, block 

chain, robotics, 3D Printing, and AR [65], [66], [67] are 

shown in figure 5. 

 

Figure 3. Evolution of Logistics (Source: [41]) 

  



 © 2025 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 19, Number 1  (ISSN 1995-6665) 109 

 

Figure 4. Logistics 4.0 Technologies (Source: adapted from [41]) 

Khan et al. (2022) identified the critical success 

elements for L4.0 and the most influential critical success 

elements were highlighted including top management 

commitment, top management support, and technology 

infrastructure[5]. Another study examined the drivers of 

L4.0 and found that information technology infrastructure, 

top management support, and financial investment were 

the most important factors in L4.0 adoption. This research 

provided a more in-depth understanding of the factors that 

drive L4.0 adoption in developing nations[68]. According 

to (Markov &Vitliemov, 2020), block chain technology 

(BCT and production transparency have the greatest 

impact on the logistics and supply chain in the automotive 

industry. However, the major challenges they face are 

cybersecurity and false information[69]. Albrecht et al., 

(2024) investigated the understanding of the role of digital 

technologies in the idea of Logistics 4.0,  the results 

showed the 10 digital technology affordances in 

intralogistics; condition for monitoring of goods and 

assets, assistance with manual tasks, monitoring of manual 

tasks, automation of manual tasks, strategic decision-

making, tracking of goods and assets, automation of 

operational decisions, ubiquitous data availability, 

interruptions in management, and support for operational 

scheduling [70]. Another study investigated L4.0 

challenges, current trends, and elements of business 

operations. Logistics 4.0's elements include automated 

solutions, instant information interchange and real-time 

big data analysis, which offer business opportunities [38]. 

Glistau and Machado (2018) reviewed the concepts and 

ideas of L4.0, solutions of L4.0, and requirements [40]. A 

systematic literature review was conducted by (Vasiulis 

Ferreira Rodrigues et al.,2022), in order to understand L4.0 

and they found that L4.0 improves organizational 

capacities, optimizes value chain, and resources, and 

promotes the development of long-term supply chain 

operations[71].  

6.2.1. Transformation Brought by L4.0  

The integration of advanced technologies AI, IoT, C, 

Blockchain, CS, BD, RFID and AM is transforming 

logistics operations in various ways. These operations are 

material handling, transportation management, technology 

infrastructure, warehouse, safety, security, service quality, 

packaging, and distribution. The transformation of 

logistics operations and L4.0 technologies are shown in 

table 4. 

Table 2. Tasks and technologies of L4.0 discussed in past studies 

Authors Logistics’ Tasks Use of Logistics 4.0 Technologies 

[72] Safety/Security IoTs, CT, 3D AM, TT, and CC 

[73], [46], [6], [74], [31], [44], [7], 

[75], [14], [76] 

 

General Contributions 
 

AM, BD, AI, CC, Blockchain, IoT, BD, CC, RFID,  GPS, CPS, 

Robotics, VR, AR, CPS, 3D printing, AGVS, ICT, BDA, and 
Simulation 

[48] Service Quality AI, AM, Advanced Robotics, and Block Chain 

[77] Digital/Automotive 

Transformation 

IoTs, AI, CPS and Autonomous robots 

[47] Technology Infrastructure CS, Robust and ICT 

[78] Communication Networks Simulation, IoT, SS, CS, AR, BD and AI 

[79] Information Management CS, CC, BD, RFID, Sensors, and  Robots 

[79], [59], [31], [80], [79], [81], 
[82], [83] 

 
Transportation 

CS, CC, BD, RFID, CPS, AM, Sensors, Robots, CL, CD, IoTs, 
3D Printing, VR, ERP, AVs, Sensors, BD, AR, TMS, GPS and 

Automation 

[84], [83] Packaging CPS, RFID, BD, IoT, Sensors, AGVs and BCT 

[83] Distribution Sensors, IoT, AGVs, CPS, and BT 

[81], [84], [83] Warehousing AR, CPS, RFID, Big Data, Sensors, IoT, AGVs, and BCT 

[85], [13], [86], [35]  
Material Handling 

CPS, RFID, IoTs, CC, ERP, Drones, Mobile applications, AI, 
Bar Codes, Block Chain, and  WMS 

[58] Planning & Control Cloud software, AI, BDA, Blockchain, and Networking 

[87] Production IoTs, CPS 
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Table 4 shows the L4.0 technologies in various 

logistics tasks in organizations. AGVs and intelligent 

robots will be essential for warehouse operations including 

storing, picking, loading, and unloading, while 

autonomous vehicles will move things from one place to 

another place without the need for any drivers[14].  

AI and GPS technologies, which enable intelligent robots 

and autonomous vehicles, will improve the automation of 

logistics operations[72].Processes such as tracking the 

location of products, sorting, and data entry for common 

smart products with RFID tags and QR codes can be 

managed with the use of scanners, readers, or mobile 

applications that can identify these codes [14]. Smart 

devices will be made possible by many sensor types, 

which will improve the automation of logistics operations. 

CPS is regarded as the main component of automation 

because it describes systems that combine all information 

and physical systems in the internet that provide global 

access[44]. Real-time tracking and monitoring of products, 

inventory, and machinery throughout the supply chain is 

made possible by IoT in L4.0, which enhances operational 

effectiveness and visibility. Data collected through IoT 

supports proactive decision-making and enhancesthe 

efficiency of logistics operations[60]. Big Data is essential 

to Logistics 4.0 because it enables to gathering, storing, 

and analysis of massive quantities of data generated 

throughout the supply chain. Big Data analytics helps with 

proactive problem-solving and well-informed decision-

making by detecting trends, and patterns. By utilizing Big 

Data, businesses can reduce operational costs, reduce 

waste increase sustainability by maximizing resource 

utilization, and increase consumer retention through 

customized products[7]. L4.0 is revolutionized by AM by 

enabling on-demand production, reducing dependency on 

conventional supply networks. AM enables confined 

production, reducing lead times and transportation 

expenses by offering highly customized goods. Through 

the integration of AM with IoT and AI, L4.0 expands 

production and distribution and enhances efficiency [88]. 

In L4.0, simulation is performed by constructing digital 

twins, or virtual versions of logistics systems, to simulate 

actual operations. These simulations combine sensors, BD, 

and data from IoT devices to analyze aspects like 

transportation routes, factory layouts, and demand 

variations. This data is processed using advanced 

algorithms and computational techniques to find mistakes, 

forecast results, and validate possible solutions without 

interfering with the actual business operations. Through 

real-time insights into transportation networks, warehouse 

management, and resource allocation, simulation improves 

decision-making [72]. In L4.0, robotics plays a 

revolutionary role by increasing efficiency throughout 

logistical operations, minimising repetitive tasks, and 

enhancing reliability. In order to increase speed and reduce 

human error, robots are used in warehouses to select, 

pick, pack, and organise goods[89]. Real-time data and 

decision-making are made possible by these robotic 

systems when combined with IoT and AI, they improve 

supply chain agility and fast responses to shifting logistics 

demands [63].Blockchain enables supply chain operations 

to be transparent, secure, and efficient. By effectively 

transferring information such as shipment details, 

credentials, and compliance records, blockchain improves 

trust among stakeholders. Logistics procedures like 

payments, customs clearances, and order fulfillment are 

handled automatically by smart contracts, which lowers 

expenses and delays [90]. AR reduces errors and increases 

efficiency in warehousing by guiding employees through 

operations including selecting and packaging by 

incorporating digital instructions on real things. AR 

improves safety and speeds up delivery times in the 

transportation industry by allowing drivers to observe 

traffic conditions and get navigational assistance. By 

incorporating technical data, AR additionally simplifies 

remote maintenance and troubleshooting, allowing 

employees to resolve problems more rapidly and precisely 

[81].  

6.2.2. L4.0 in Different Sectors and Countries 

The overview, adoption, past studies, and 

implementation of L4.0 technologies across the various 

sectors and countries are shown in table Table 5.  

Table 3. L4.0 Technologies in Various Sectors and Countries in Literature 

Author Year Sector Country Result 

[69] 2020  
Automotive 

 
Bulgaria 

The article investigated the applications of Logistics 4.0 and Supply Chain 4.0 
in the Bulgarian automotive sector. The findings indicate that production 

transparency and blockchain technologies provide great advantages. However, 

cybersecurity and incorrect data are significant challenges. 

[72] 2024  

 

Logistics 

 

 

Global 

This study investigated tracking and tracing applications in logistics focusing 

on visibility, transparency, operational efficiency and security. The findings 

identified three significant application areas including container asset 
management, intermodal cargo tracking and process certification. The study 

emphasizes the importance of Logistics 4.0 technology for improving logistics 

operations. 

[59] 2021  
Logistics 

 
Turkey 

This study investigated the impact of Industry 4.0 on the logistics sector and 
demonstrates its expanding influence on Turkish transportation networks. It 

discovers no significant relationship between trade infrastructure 

improvements and the adoption of Industry 4.0, digitalization, or internet 
access.  

[91] 2021 Manufacturing Central Europe The study investigates the relationship between the logistical performance of 

the manufacturing industry and logistical 4.0 technologies. Findings showed 
that smart and lean approaches significantly improve performance while that 

while ICT and autonomous systems are still underutilized, 

[65] 2019 Manufacturing Poland and 

Norway 

A Grey Decision Model (GDM) was proposed to evaluate L4.0 maturity and 

identify key variables influencing its implementation. Findings revealed that 
none of the businesses reached the greatest stages of maturity, and the majority 
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are at lower levels, emphasizing the necessity of personalized growth efforts. 

While AI and Logistics 4.0 have a lot of potential in the implementation of 
L4.0 in businesses. 

[7] 2020 Logistics  

Global 

This study provided a risk framework for L4.0 that addressed technological, 

economic, and social issues. Findings emphasized risks such as employment 

losses, ambiguous data ownership regulations, big investments, and data 
security concerns. 

[38] 2017 Logistics Poland The purpose of this study is to investigate how Logistics 4.0 enables new 

business models by facilitating real-time information interchange, automation, 
and big data analysis. The findings revealed the significance of information 

and sustainability needs for manufacturing industries.  

 

 
 

[48] 

2022 Logistics and 

Suppl Chain 

Global This study evaluated criteria for assessing Logistics 4.0 service quality 

(L4.0SQ) and investigated emerging technologies that promote sustainability 
and value creation. It discovered that AI, AM, advanced robotics and 

blockchain are critical technologies for increasing service quality. These 

enablers improve logistics flexibility and responsiveness while solving 
difficulties in traditional supply chains. 

[52] 2023 Automotive Turkey This study investigates the influence of Logistics 4.0 on intralogistics, in terms 

of cost savings and process efficiency. The case study demonstrated a 13.37% 
cost decrease, mainly due to the deployment of RFID technology. The findings 

show that further optimization with unmanned technology could improve 

efficiency. 

[92] 2021 Automotive Global This study investigated the role of Big Data technologies in promoting L4.0. 
Findings revealed that implementing a Big Data warehouse in the logistics 

department improves analytical capacities and also highlights issues such as 

management, infrastructure limits and data quality. 

[54] 2019 Logistics Germany This study investigated how I4.0 affects logistics and supply chain 

management and provides assistance using the Arrowhead Framework. The 

results show that I4.0 brings about major technological changes, and the 
suggested Arrowhead Framework can improve efficiency and adaptability. 

[51] 2020 Logistics Poland The study evaluates two Polish manufacturing organizations' competence 

adoption using an L4.0 maturity model. The results showed that the model 
demonstrated flexibility and offered useful information for businesses to assess 

their progress in digital transformation. 

[93] 2022 Logistics Oman With an emphasis on the impact of technologies like AI, IoTs, and robotics, 

this study evaluated the skills required for implementing L4.0 in Oman's 
logistics sector. Findings revealed that the country's workforce for coming 

challenges in the logistics sector, policy initiatives and emphasize the 

significance of aligning education with business needs for implementation of 
L4.0. 

[83] 2017 Logistics Global To improve operations including distribution, shipping, and warehousing, this 

study investigated how Third-party Logistics (3PL) companies are utilizing 

I4.0 technologies. The findings revealed that technologies including AV, 

blockchain, 3D printing and electronic marketplace platforms play important 

roles in logistic sectors and this represented a significant advancement in L4.0. 

[39] 2024 Manufacturing Global The study aims to investigate how I4.0 technologies influence L4.0 and 
sustainability in manufacturing supply chains. The findings provide insights 

for improving logistics performance and encouraging the implementation of 

I4.0 technologies in small and medium-sized manufacturing firms. 

[32] 2021 Logistics Colombia The use of artificial AI in international logistics and its effects on education 

was examined in this research. Findings showed that AI is playing a bigger 

role in logistics since it can automate processes and make decisions based on 
data. Fewer businesses implement AI in their business operations.  

[66] 2022 Logistics Singapore, The 

United States, 
South Korea 

This study investigates the use of autonomous trucks in logistics, emphasizing 

the advantages, and effectiveness of this technology. According to the study, 
autonomous vehicles increase environmental sustainability, safety, and 

transportation efficiency. 

[94] 2018 Logistics South Koria This study was carried out to activate the Busan New Port and the Pusan New 

Port, building a smart refrigeration logistics center in Busan, Korea. The 
findings suggest helping revitalize Busan's port logistics sector by offering a 

strategic direction for the functioning of this smart logistics center.  

[68] 2022 Logistics and 

Supply Chain 

India This study investigated the factors influencing logistics 4.0 adoption in India. 

The findings revealed that IT infrastructure, financial investment and top 

management support are critical factors for effective logistics 4.0 adoption in 

emerging economies. 

[19] 2021 Logistics Czech Republic This study developed a method for assessing internal logistics capability for 
Industry 4.0. findings focused on IoT connectivity and integration across 

logistics areas.  

[64] 2019 Logistics Germany The study creates the Smart Logistics Zone (SLZ) to improve intralogistics by 
integrating intelligent technology and improving process stability. The results 

revealed that SLZ promotes connectivity in logistics, removes disintegrated 

solutions, and reveals efficiency through technology.  

[95] 2021 Manufacturing 
and Logistics 

Italy This study investigates technologies that assist internal logistics activities and 
enable an L4.0 model. It offers a technology taxonomy for several logistical 
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sectors, with a focus on human-technology interaction. 

[96] 2024 Logistics Portugal The purpose of the study is to investigate the role of Business intelligence in 

I4.0 and L4.0 technologies to obtain a competitive edge. According to the 
findings, BI played an essential part in decision-making optimization, and in 

order to maximize its effectiveness, top management and staff engagement 

were key factors. 

[97] 2024 Logistics India This study was conducted to find the Critical Success Factors for the 

implementation of L4.0. The findings revealed the significance of, integration, 

smart technology and coordination for effective adoption, highlighting 
management devotion as the most important CSF. In order to enhance L4.0 

implementation, the study also recommends that organizations focus on 

important big data analytics and IoT. 

[90] 2020 Logistics Brazil This research investigates Brazilian logistics companies' interest in Big Data 
Analytics and IoT. Findings revealed the practical applications and 

implementation issues for these technologies within the framework of L4.0. 

The study also confirms the increased interest in BDA and IoT. 

[76] 2020 Automotive South Africa The research investigates the organizational, technological, and environmental 

abilities and their impact on Logistics 4.0 capabilities and business 

performance. Findings discovered that technological and environmental 
capabilities have a greater influence on L4.0 capabilities. 

[10] 2022 Manufacturing North eastern 

United States of 

America, Central 
Europe, north 

Thailand, 

A measuring model for L4.0 in manufacturing firms was developed and 

validated by this study, which addresses the lack of understanding regarding its 

elements. The study analyzed data from 239 experts to identify three factors: 
material flow transparency, automation, and organizational abilities. 

Practitioners may assess practices, plan implementations, and evaluate 

maturity with the help of this model. 

[98] 2019 Service Sector Poland The study findings were presented with consideration to the size of the 

organization, taking into account its industry (construction, transportation, 

storage, hotel, catering, IT, finance, insurance, and education) as well as its 
size (micro, small, and medium-sized, and big companies). 

[99] 2021 Food UK The study was conducted in the food sector in order to find the key 

technologies in the logistics sector. The study concluded that technologies like 
3D printing, AR, AI, IoT, CS, BD, blockchains, automation, simulation, 

robotics, and CC were essential technologies for the sustainable growth of food 

logistics. 

6.3. Industry 4.0 

The German government was the first to use the phrase 

Industry 4.0, which refers to the arrangement of industrial 

processes using digital technologies and tools that can 

communicate with one another on their own throughout 

the value chain[100], [101], [60]. According to Szabo et 

al., (2020), the fourth industrial revolution, or Industry 4.0, 

is marked by the integration of advanced technologies into 

industrial processes, including automated machinery, real-

time data, and AI. CPS, BD, and IoTs[44]. In order to 

improve business operations, I4.0 technologies promote 

digitalization through the implementation of automated 

systems and developing technologies [102]. Over the past 

four years, industry 4.0's effects have transformed the 

manufacturing sector to create value-creating economies 

for industries [24]. Today's manufacturing companies are 

under a lot of pressure due to competitive markets and 

higher manufacturing costs [103], [25], [104], [27]. 

According to Tsaramiris et al., (2022), IoTs, AI, BD, CC, 

ML, 5G, 3D Printing, robots, 6G networks, VR, and 

drones were the key technologies of I4.0 that have a 

transformative impact in different industries [105]. 

Qureshi et al., (2024) revealed the importance of I4.0 in 

enhancing sustainability in the supply chain of companies. 

I4.0 technologies, including CC, BD, IoTs and robotics, 

significantly improve the sustainability and efficiency of 

logistics operations. The results of this study also 

supported I4.0 technologies in L4.0 which improved 

sustainability in manufacturing logistics [39]. I4.0 is a 

collective phrase for various technologies including BD, 

IoTs, CC, AM, ML, BDA, CS, CC, DTT, AR, robotics, 

simulation, blockchain and IoE [104], [106], [107] are 

among the modern technological innovations that form the 

foundation of I4.0. Some of the key technologies of I4.0 

are presented in Figure 5. 

 
Figure 6. I4.0 Technologies (Source: adapted from [104]) 

6.3.1. Industrial Revolutions 

The first industrial revolution began in the last decade 

of the 18th century [17]. It is parallel to the shift from 

manual to mechanized production by steam and water 

[34]. The mass manufacturing and electrification of 

production processes marked the 2nd industrial Revolution 

at the end of the 19th century [52]. A 3rd industrial 

revolution, known as the digital revolution, shifted from 

mechanical to analog systems by using computers and 

digital technologies. The 20th century industrial automation 
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was enabled by electronics and information technologies 

[34]. The 4th industrial revolution comes with several titles 

including I4.0, Industry of the Future, Smart Factory, and 

Digital Factory [108]. The 4th IR was marked by the 

integration of smart technologies such as IoT, CC, ML, 

AM, and automation into manufacturing industries. Figure 

6 illustrates all four industrial revolutions. 

6.4. I4.0 Technologies  

I4.0 technologies are a transformative paradigm of 

technological advancement that integrates 

digital technology into operations in industries. These 

technologies including IoTs, CC, AI, ML, AR, BDA, CPS, 

block chain and robots, which allows smooth optimization, 

automation, and communication across industrial 

processes [63]. I4.0 also referred to as smart 

manufacturing, is defined by the use of contemporary 

technologies for automation, digital transformation, and 

networking. As a result, manufacturing and production 

processes become more productive and efficient. Some of 

the major technologies reported in the previously 

conducted research as presented in Table 2.  

 

Figure 7. Industrial Evolution (Source: [34]) 

Table 4. I4.0 enabled smart manufacturing [77] 

I4.0 Technologies Definition Sources 

 

Cyber-Physical 
Systems 

A cyber-physical system is a framework that incorporates virtual 

analytics, networks, computers and the real world to constantly track and 
control physical systems. 

[109], [110], [111], [77], [25], [22], [6] 

,[87], [112], [44], [59], [79], [113], [34], 
[16], [28], [7], [114], [115], [116], [117] 

Artificial Intelligence AI is an emerging technology of I4.0 that uses machines to attempt to 

simulate human intelligence. 

[73], [118],[77], [48], [119], [37], [99], 

[112], [59], [7], [108], [120], [121], [16], 

[62], [122], [123], [116], [41], [124] 

Internet of Things The Internet of things is a network of connected tools that communicate 

and share information with other digital tools and the cloud. 

[110], [73], [102], [77],  [25], [6], [119], 

[14], [87], [112], [44], [59], [108], [113], 

[125], [22], [120], [121], [34], [28], [114], 
[62], [7], [116], [99], [41] 

Automation and 

Robotics  

It is an automated technology that can create, build, and function without 

the need for human involvement. 

[112], [110], [75], [73], [102], [25], [6], 

[14], [44], [59], [108], [113], [16], [48], 

[99], [41], [126] 

Additive 

Manufacturing 

Additive manufacturing also called 3D printing, is an advanced 

manufacturing process that allows materials to be joined, typically layer 

by layer, to generate items from 3D model data. 

[110], [75],  [77], [25], [6], [48], [44], [59], 

[108], [16], [127], [62], [112], [123], [7], 

[116], [99], [41], [128], [129] 

 
Cloud Computing 

Cloud computing is the internet-based supply of computer facilities 
including databases, storage devices, software, analytics and computer 

facilities. Its goals include enabling quicker innovation, adaptable 

resource allocation, and scalability benefits. 

[110], [75], [73], [102], [77],[25], [130], 
[37], [131], [14], [112], [44], [59], [79], 

[108], [113], [120], [16], [123], [116], [99], 

[41]. 

Big Data Analytics  Big data defines the software, tools and methods used to collect and 

analyze a wide range of data sets to create the facts. 

 

[110], [132], [102], [130], [25], [119], [37], 

[131], [14], [112], [44], [113], [125], [22], 

[120], [121], [16], [114], [123], [99], [41] 

Blockchain Blockchain is a decentralized digital technology that guarantees security, 
traceability, and transparency. 

[110], [8], [73], [42],  [25], [6], [131], [14], 
[104], [108], [113], [16], [123], [7], [116], 

[99], [41] 

Machine Learning Machine learning is a technique that enables computers to learn from 
information and perform enhanced performance by using algorithms.  

 

[133], [134], [135], [105], [136], [65], 
[119], [43], [17], [137], [138], [29], [139], 

[70], [140], [141], [10], [17], [142] 

Miniaturization of 
Electronics 

The process of producing ever-smaller mechanical, optical, and electrical 
components is known as "miniaturization of electronics. 

[110], [112], [143], [144], [145], [146], 
[147], [148], [149],[150] 

Autonomous Vehicles  Autonomous vehicles are those that can navigate on their own without the 

need for human guidance.  

[73], [77], [25], [44], [59], [108], [113], 

[41] 

Simulation simulation is the virtualization of activities, simulations enable the 
measurement of process efficiency before its implementation. 

[73], [151], [102], [6], [37], [14], [112], 
[108], [113], [121], [16], [99], [41], [152] 

Cyber security Cybersecurity is the technology of protecting programs, networks, and 

systems from online threats. 

[102], [47], [37], [112], [44], [113], [16], 

[99], [41] 

Virtual Technology Virtual technology enables the creation of a virtualized representation of [77], [6], [14], [112], [108], [113], [121], 
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tangible computers, networks, servers and storage. [114], [99], [41] 

Robust ICT It is a computer program that functions in multiple ways and has a very 

low failure rate is referred to as robust.  

[153], [47], [113], [123], [154], [3], [155], 

[156], [157], [158], [159] 

Autonomous  Robots A robot that functions without the assistance of a human. [121], [160], [41], [77], [83], [58], [161], 

[58], [162], [115], [163], [120], [164], 

[161], [58], [165], [105], [166] 

Smart Factory The term smart factory refers to the use of many modern technology 
combinations to produce a highly adaptable and self-adjusting production 

capability. 

[79], [22], [120], [34], [28], [114], [115], 
[116], [41] 

Drones Drones are also referred to as unmanned aerial vehicles (UAVs). Drones 
are aircraft that are not piloted by a human attendant, crew, or passenger. 

[108], [113], [41], [83], [63], [167], [168], 
[169], [135], [170], [105], [171] 

Automatic Guided 

Vehicles 

Self-guided vehicles, mobile robots, or autonomous guided vehicles are 

the names of AGVs, which are used to move materials in a controlled 

environment without the assistance of a driver or operator. 

[114], [41], [172], [99], [17], [61], [173], 

[174], [175], [103], [100], [176], [177] 

Smart Sensors Smart sensors serve as production tools, gathering copious volumes of 

data on goods and surroundings. 

[121],  [81], [178], [141], [179], [180], 

[138], [137], [181], [38] 

 

 

6.5. I4.0 Technologies and their Applications 

All IoT-related advanced manufacturing technologies, 

including computer vision, robots, predictive maintenance, 

and smart wearables, are included in I4.0. The different 

technologies of I4.0, purpose, methodologies used and 

outcomes of the past studies are shown in Table 3.  

6.6. Green Logistics 

The term ‘eco-logistics’ is sometimes known as green 

logistics (GL) and is a collection of sustainable standards 

and procedures designed to minimize environmental 

damage [17]. The practice of minimizing the effects of 

shipping and logistics procedures on the environment is 

known as GL [48].  

According to Kumar (2015), green logistics refers to 

supply chain management methods and approaches that 

reduce the energy and environmental impact of 

transportation distribution. These techniques and strategies 

concentrate on material handling, waste management, 

packaging, and transportation. In order to meet the needs 

of customers, green logistics encompasses all operations 

associated with the environment and flows of goods and 

information between the point of production and the point 

of consumption. Green logistics is the process of planning 

a company's logistics while considering its environmental 

impact. Its goal is to reduce the environmental impact of 

the company while maintaining its economic activity. 

According to Khoa et al. (2020), GL is one of the 

current practices that organizations are using to improve 

economic efficiency. This study highlighted that green 

logistics practices improve global competitiveness, and 

obtain a competitive advantage in the market [187]. 

Mohammad Nehme (2022) demonstrated the significance 

of GL, social accountability, and life cycle management in 

accomplishing sustainability. He offers ideas for 

improving green logistics processes and proposes a 

sustainable value chain model [188]. Nesan, (2023) 

conducted a study on customer satisfaction with green 

logistics services in Malaysia and examined issues 

including waste management, and high carbon emissions. 

He emphasized the significance of service features i.e. 

responsiveness, empathy for customer satisfaction and 

dependability in businesses [189]. The barriers and key 

drivers to implementing GL in logistics organizations were 

examined by Chen Chiaw Fen (2020). The findings 

demonstrate that the main driver was the need for a green 

environment and the primary barrier was the lack of 

government regulations and laws [190]. A study 

investigated the growth of the circular economy focusing 

on sustainability and GL. An organizational strategy for 

GL was offered to improve environmental security and 

productivity in logistics systems. Regulatory and financial 

issues were recognized as the main barriers to the 

implementation of GL [191]. Isoraite (2023) addressed the 

concept of GL, highlighting its importance in reducing the 

ecological impact while reducing costs. He emphasized the 

importance of GL and investigated how GL  promotes 

sustainable behaviors that contribute to financial 

sustainability [192]. The need for GL transformation in 

logistics systems was addressed by Dzwigol et al. (2021). 

This study focused on barriers of GL that lead to impact on 

the CE. The study proposed an organizational and 

economic framework for implementing GL, focusing on 

factors including cost reduction, waste reuse, and resource 

optimization are the main tools to improve sustainability in 

businesses [63]. Another study found the impact of GL 

Management Practices on sustainability performance in 

Indonesia and Ghana. The study found significant 

relationships between GLMP dimensions, namely 

environmental, economic, and social performance in both 

countries. The findings revealed GLMP's importance in 

promoting sustainability and offer comparative evidence 

for its effectiveness in various industrial environments 

[193]. 

 
Figure 7. Green Logistics(Source: [194]) 
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Table 5. Applications of I4.0 technologies, Methodologies and results of existing Literature. 

Reference Sector Country Findings 

 

 
[23] 

 

 
Manufacturing 

 

 
Bangladesh 

This study investigated the combined impact of I4.0 technology and 

sustainable practices, specifically circular economy and green supply chain 
management practices in Bangladesh's garment sectors. The findings 

demonstrated that I4.0 technologies significantly improve sustainability 

performance, but circular economy and green supply chain management 
practices have less impact leading to enhanced sustainable supply chain 

outcomes. 

 
[120] 

 
 

Logistics 

Bahrain, Kuwait, 
Saudi Arabia, 

Oman, United Arab 

Emirates 

This study was carried out to investigate the adoption of I4.0 technologies in 
the logistics industry across the Gulf countries. The findings indicated that the 

key technologies in GCC are BD, CC, AI, IoT, CPS, block chain and smart 

factories were identified as a component of the adoption process in developing 
countries. 

 

[182] 

 

Manufacturing 

 

Pakistan 

A study was conducted to investigate the influence of I.40 on environmental 

and economic performance in Pakistan. The findings revealed that I4.0 has a 

significant impact and positive relationship with environmental and 
economical performance. 

 

 
[156] 

 

 
Automotive 

 

 
Brazil 

A maturity model for Industry 4.0 was developed in this study to help 

organizations evaluate the degree of readiness for implementing main 
technologies and key concepts. The findings revealed that smart factories, 

structure, and culture, smart processes, workforce, organizational strategy, and 

smart goods and services allowing technologies like IoTs, BDA, and CPS in 
the automotive industries were the five main elements of the proposed maturity 

model. 

[183] Manufacturing Malaysia This study investigated the impact of I4.0 technology on green innovation 
performance. The findings of this research indicated that I4.0 technologies 

have a positive impact on business innovation performance which promotes 

green innovation behaviour. 

 
[118] 

 
Manufacturing 

 
India 

This study highlighted the significance of the implementation and impact of 
I4.0 in the Indian market. The findings revealed the new trends and 

achievements in I4.0 in India and found that I.40 technologies such as SMS, 

IoT, and cloud-based manufacturing play a significant role in enhancing 
productivity and quality through these technologies in the Indian 

manufacturing sector. 

 
[108] 

Logistics, 
Healthcare, 

Energy, 

Agriculture, and 
education 

 
Global 

This study identified I4.0 neologisms and investigated their disruptive impact 
across industrial sectors. The findings identified 99 terms and addressed the 

influence of I4.0 on healthcare, logistics, education, agriculture, and the energy 

sector. The study highlighted the integration of disruptive technologies 
including AI, 3D printing, and block chain have great impact across these 

major industries. 

 

[184] 

 

Manufacturing 

 

Malaysia 

This study investigated the role of I4.0 in achieving sustainability in industrial 

organizations by employing a framework. The findings indicated that It 
infrastructure and top management have a positive impact on I4.0 

implementation, but supply chain integration has no impact on organizations. 

 
[173] 

 
Food 

 
Italy 

The purpose of this study was to implement AGVs in the food industry when 
compared to traditional forklifts.The study discovered that replacing forklifts 

with AGVs in the Italian food industry resulted in reduced operational costs, 

increased safety, and lower environmental effects in the manufacturing sector. 

[137] Manufacturing India A study was conducted in India and findings revealed that IoT and sensors 
played a transformative role in manufacturing organizations. 

 

[185] 

 

Logistics 

 

Global 

The study examined the crucial economic and social factors promoting the 

adoption of I4.0 technologies in City Logistics. The study highlighted key 
variables influencing the adoption of I4.0 technologies in City Logistics, 

including foreign direct investment, employment rate, GDP, R&D spending, 

and population size and showed that these factors have a significant impact on 
CL4.0. 

[45] Logistics Germany A study investigated the relationship between I4.0 and L4.0 using the concept 

of maturity models. Automation, CPS, IoT and data sharing from I4.0 are 
being applied to promote L4.0. 

 

[186] 

 

Logistics 

 

Turkey 

This study investigated the implementation of I4.0 principles in the logistics 

sector focusing on its key service areas including warehousing, information 

services, loading, transportation, and unloading. The company's R&D activities 
include CT, CC, simulation, digitalization, internet, robotic systems and mobile 

apps are the key technologies and organizations that must be included in their 

logistics sector. 

 

[114] 

 

Logistics and 

Manufacturing 

 

Norway 

The article explores the implementation of I4.0 technology in manufacturing 

logistics across a variety of production scenarios. It discovered that enterprises 

with high material flow complexity, ETO and low production repetitiveness 

are difficult to move to I4.0 in terms of manufacturing logistics. 
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Figure 6 shows the visual representation of the green 

logistics concept. When organizing a company's logistics, 

green logistics takes its environmental impact into account. 

Its goal is to decrease the company's environmental impact 

without compromising its economic activities [195]. 

6.7. Relationship Betweeen I4.0 and L4.0 

Over time, logistics has become the more significant 

sector in manufacturing companies[196]. The logistics 

industry is being forced to grow with I4.0, which 

ultimately gave rise to the awareness of L4.0 [99], [197]. 

The topics of I4.0 and L4.0 are currently very popular and 

trending among businesses [44]. The use of  I4.0 

technology in logistics ultimately leads to L4.0 [178]. 

According to Torbacki and Kijewska., (2019), I4.0 and 

L4.0 are interconnected and complementary 

concepts. Both have a mutual focus on sustainability and 

operational excellence. Logistics 4.0 supports Industry 4.0 

by maintaining a continuous and sustainable relationship 

among production and distribution systems, making 

logistics an essential facilitator of Industry 4.0's goals [87]. 

Tubis and Grzybowska, (2022) also supported the 

relationship among I4.0 and L4.0. This study provided the 

framework for digital transformation in manufacturing, 

while L4.0 uses the principles to optimize logistics and 

supply chains. Both principles are interconnected and 

essential for improving operational efficiency, 

sustainability, and competition. Overall, the combination 

of I4.0 and L4.0 is essential for ensuring long-term growth 

and financial stability [43]. According to Szabo et al, 

(2020), I4.0 and L4.0 are critical for businesses to be 

competitive in today's digitalized economy. Larger 

enterprises and smaller businesses with significant 

resources are leading the way in integrating these 

technologies into their operations. Thus, a balanced 

strategy for integrating I4.0 and L4.0 technologies in 

organizations improves performance while reducing 

unnecessary costs [44]. Another Study has revealed that 

I4.0 significantly affects supply chain management and 

logistics procedures [54]. I4.0 and L4.0 both are linked by 

the mutual necessity of employees to evolve to digital 

change and automation. Both demand a comprehensive 

knowledge of data analysis and IT. The competencies 

identified for I4.0, including multidisciplinary skills and 

communication are also required for L4.0. Both sectors use 

advanced technology for I4.0 competencies which 

encourages the growth and adoption of L4.0 is 

demonstrated by Sapper et al., (2021)[198]. Richnak, 

(2022) found a strong link between I4.0 technologies and 

various logistical processes. This study examined how I4.0 

and L4.0 are strongly connected by the implementation of 

advanced technologies in logistics processes. The effective 

implementation of these technologies in logistics increases 

adaptability, flexibility, and productivity [121]. Qureshi et 

al., (2024) examined the relationship between I4.0 

technologies and L4.0. This study emphasizes their 

importance in enhancing sustainability in the supply chain 

of companies. I4.0 technologies, including CC, BD, IoTs 

and robotics, significantly improve the sustainability and 

efficiency of logistics operations. The results of this study 

also supported I4.0 technologies in L4.0 which improved 

sustainability in manufacturing logistics [39]. According to 

ElkeGlistau., (2018), I4.0 and L4.0 are interconnected, 

their primary focus is on digitalization, and the 

incorporation of advanced technology into manufacturing 

and logistics. This relationship enables supply chains to be 

more automated, sustainable and efficient. The use of I4.0 

technology in L4.0 improves business models in their 

operations across manufacturing and logistics sectors 

[199]. A study investigated the relationship between I4.0 

and L4.0 using the concept of maturity models. 

Automation, CPS, IoT and data sharing from I4.0 are 

being applied to promote L4.0 [45]. The study was 

conducted by Douaioui et al., (2018), who emphasized that 

the successful adoption of I4.0 relies on L4.0. I4.0 

technologies such as IoTs, CPS, DS and automation are 

critical for enhancing logistics by enabling continuous 

monitoring and management of risks. Logistics needs to be 

as flexible and agile as manufacturing processes to 

accomplish the objectives of I4.0. In short, L4.0 is 

important for promoting I4.0 through facilitating just-in-

time, personalized, and cost-effective delivery networks 

[34].Michowics, (2022) investigated the role of logistics in 

the context of I4.0 and the digital factory. The findings 

highlighted the significance of successful logistics 

techniques in achieving productivity through L4.0 and 

I4.0in modern production systems[61]. 

6.8. Sustainable Operations and Performance 

Over the last 20 years, there has been a growing focus 

on organizations to pay more focus towards the 

environment[200]. In recent years, organizations that 

prioritize sustainability in their operations have received a 

lot of recognition. Over the past 6 to 8 years, sustainability 

has received a lot of attention from researchers and 

organizations[201]. Many sustainability outcomes are 

strongly affected by operations management decisions 

[202]. Sustainability management practices and strategies 

are growing rapidly as sustainability becomes a more 

serious issue for many organizations [203]. Sustainable 

Operations started to get attention over the past few years. 

Operations that are carried through by integrating 

sustainable development principles are known as 

sustainable operations. The capability of an organization to 

function in a way that maximizes long-lasting success 

while minimizing adverse effects on the environment, 

society, and economy is referred to as sustainable 

performance [204]. Moreover, the primary goal of 

organizations pursuing sustainable performance is to 

reduce the negative effects that transportation, services, 

and manufacturing have on the environment [205], [206].  

By highlighting the integration of environmental and 

social goals into operations management, Bettley and 

Burnley (2008) investigated a connection between 

sustainable operations and sustainable performance. The 

findings demonstrated that stakeholder-driven strategies 

and closed-loop supply chains are the main sustainable 

performance indicators. Furthermore, sustainable 

operations improve value generation and sustainable 

organizational performance [203]. According to Warhurst, 

(2022), the development and implementation of 

sustainability performance indicators evaluate and 

represent contributions to the sustainable creation goals. 

This study highlighted the significance of sustainable 
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performance indicators in linking with sustainable 

operations and found that sustainability performance 

control, evaluate, and assesses the operations management 

systems [207]. Another study offered a technique for 

identifying and analyzing key business-related and 

environmental performance indicators in order to improve 

sustainable performance in the supply chain. This study 

highlighted that information loss, effective measurement 

and reducing complexity are the key performance 

indicators that promote sustainable operations and help 

supply chain management achieve better sustainable 

performance outcomes [208]. Another study was carried 

out in the manufacturing sectors of Malaysia to examine 

the link between sustainable operations and sustainability 

performance, considering social, economic, and 

environmental factors. To help industries evaluate 

sustainability and identify strategies to improve 

performance, a framework was developed that showed a 

significant influence on sustainability performance [209]. 

D’ Agostini et., (2017) also conducted a study in which 

they examined the relationship between sustainable 

operations and sustainable performance. This study 

revealed a positive relationship and impact between 

sustainable operations and sustainable performance 

[210].The impact of lean operations on sustainable 

performance outcomes was investigated by Piercy & Rich. 

Additionally, it highlighted that lean approaches and 

sustainable operations enhance overall sustainability 

performance [211]. Adum et al., (2020), examined the 

relationship between sustainable operations, sustainable 

performance, and green manufacturing practices. It found 

that green practices have a positive effect and overall 

sustainable performance can be improved by incorporating 

green practices into sustainable operations [212].A 

fundamental competitive capability of every organization 

is sustainable performance, which depends on economic, 

social, and environmental factors [213]. The economic 

dimension assists businesses in measuring the economic 

aspects of their sustainable performance, including, good 

quality, profitability, investment, costs, and profit [214], 

while the social dimension measures the satisfaction of 

employees, customers, and the community [163]. The 

environmental dimension encompasses the energy, water, 

and resources used throughout processes [106], [215]. 

7. THEMATIC ANALYSIS 

Thematic analysis is a qualitative analysis that is used 

to analyze the themes, classifications, topics and ideas 

which are related to the data [216]. Thematic analysis has 

gained wide attention because it is a useful, unique, 

flexible, approachable, adaptable, and more established 

qualitative approach [217], [218]. Thematic analysis was 

conducted under these headings in which the results of the 

various studies are discussed reflecting the adoption of 

I4.0, the impact of I4.0 on sustainable operations and 

sustainable performance, and the impact of L4.0 on the 

sustainable operations and sustainable performance in the 

different industrial sectors in different countries. In 

addition, the thematic analysis also helped the authors to 

analyze and link the findings of the considered studies 

related to the themes as presented in the below-given 

headings. 

7.1. I4.0 and the Adoption of Sustainable Operations 

I4.0 integrates digital technologies including, IoT, AI, 

CC, ML, CPS, AM, blockchain, robots, sensors and 

automation in manufacturing operations to improve 

productivity, efficiency, flexibility, and sustainability 

[106]. The integration of modern technologies to promote 

environmental and social sustainability was achieved by 

the implementation of sustainable operations in the 

framework of I4.0 [25]. According to Machado et al., 

(2020), resources like energy, raw materials and capital 

can be utilized more efficiently by integration of I4.0 

technologies. For instance, sensors and IoTscan measure 

the consumption of energy and detect inadequacies 

instantly in business operations [219]. Dubey et al., (2017), 

stated that organizations can develop excellent sustainable 

manufacturing systems by effectively integrating Industry 

4.0 with environmentally friendly practices [220]. 

According to Wang et al. (2016), many I4.0-based 

technologies have the potential to make operations more 

sustainable [221]. ML, IoTblockchain, and machine 

learning are examples of I4.0-based technologies that 

many Indian businesses are starting to implement to 

develop sustainable operations in their business as these 

technologies are found to increase process efficiency 

[217]. A survey of the literature showed that countries 

including the United States, Hungary, Germany, China, 

Austria, Italy, and India, have adopted the I4.0 concept to 

develop sustainable operations in their businesses which 

assist companies in achieving sustainability [222].  

Hozdie, (2015), found out that I4.0 technologies including 

AM, CPS, IoT, and CM are the key technologies that play 

an important role in achieving the sustainable operations 

[222]. To determine the main barriers hindering SC from 

sustainable operations in the context of I4.0, another study 

was conducted by Tsaramirsis et al., (2022). The findings 

demonstrated a positive relationship with digitalized 

manufacturing processes that are more effective 

and affordable [184]. In order to achieve sustainable 

operations, the IoT, CPS, AM and CM were the four main 

I4.0 technologies claimed by Jabbour et al., (2018) [223]. 

Lardo& Russo, (2020) claimed that the use of I4.0 

technologies offers an effective path towards sustainable 

operations and corporate social responsibility [224]. Bag et 

al., (2021) stated that I4.0 Technologies will support 

efficient product life cycle management and create 

sustainable operations. Furthermore, this study revealed 

that companies must integrate advanced technologies, such 

as IoT, 3D printing, and CPS to create a new inventive 

environment in industry operations [225]. According to 

Pacaux-Lemoine and Trentesaux (2019), I4.0 is a 

speculative idea that promotes the growth of autonomous 

production systems through the use of IoT, CPS, and AI 

[226]. Man and Strandhagen (2017) claim that integrating 

I4.0 technologies in value chains leads to proposed 

sustainable operations management decisions. Results 

showed that sustainable operations management helps in 

implementing the relationship between I4.0 methodologies 

and circular economy principles [227]. The successful 

adoption of I4.0 technologies provides the foundation for 

the proposed CE framework and its implementation was 

demonstrated by (Gunasekaran et al., 2014). This study 

highlighted that sustainable operations management can be 

divided into sustainable logistics choices, procedures, and 

products [228]. Khan et al., (2021) analyzed sustainable 

and industrial operations in the context of I4.0 the results 

indicated that CE, security, smart communication, safety, 
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CPS, BD, BI, AI, VR and sustainability are the main 

technologies of I4.0 that help the organizations to achieve 

the sustainable operations [229].  

7.2. Impact of I4.0 on Sustainable Performance 

In recent years, I4.0 technologies and sustainable 

performance have gained popularity among both 

academics and 

practitioners. I4.0 refers to solutions that use digitalization 

and smart devices to boost productivity, reduce costs and i

mprove business performance [106]. A study was carried 

out to investigate the impact of circular economy 

capabilities and corporate sustainability performance by 

I4.0 capabilities. The results showed that GSCI, SSCF, and 

I4.0 technologies greatly enhance the circular economy, 

promoting business sustainability. In order to achieve 

sustainable development goals, Industry 4.0 needs to be in 

line with circular economy actions [230]. Technologies 

such as additive manufacturing, IoT, AI and big data 

analytics are revolutionizing manufacturing and 

manufacturing techniques from the perspective of I4.0, 

which is defined by the integration of digital, physical, and 

biological systems [231]. These technologies greatly 

improve sustainable performance in addition to increasing 

operational efficiency and productivity [17]. Real-time 

data from machinery is gathered by IoT devices and 

sensors, allowing for effective resource management and 

predictive maintenance, which lowers waste and carbon 

emissions. AI and machine learning algorithms improve 

decision-making, forecast equipment breakdowns, and 

optimize logistics, all of which lead to lower emissions and 

more efficiency. BDA provides insights into optimizing 

supply chains and enhancing resource utilization [90]. 

While AM (3D printing) enables customized production 

with little waste, reducing supply chains and permitting the 

use of sustainable materials, advanced robots increase 

precision and safety, minimize workplace injuries, and 

reduce material waste [2]. Digital twins simulate and 

analyze performance to find inefficiencies and optimize 

operations, while CPS improves real-time monitoring and 

control of activities, boosting energy efficiency and waste 

minimization. Blockchain technology supports ethical 

sourcing and circular economy principles by ensuring 

transparency and security in tracking transactions and 

supply chain activity [230]. Large datasets can be stored 

and analyzed more easily with cloud computing, which 

also allows for remote monitoring and less physical 

infrastructure, which reduces resources [232]. Moreover, 

I4.0 technologies reduce dependency on fossil fuels by 

enabling the integration of renewable energy sources into 

industrial processes through smart grids and energy 

management systems [219], [233]. In conclusion, I4.0 

technologies are essential for promoting sustainable 

performance because they minimize environmental effects, 

reduce waste, and improve efficiency. This helps 

businesses maintain a balance between social 

responsibility, environmental stewardship, and economic 

growth [74]. To summarise, I4.0 technologies play an 

essential role in encouraging sustainable performance by 

optimizing productivity, cutting down on waste, and 

mitigating environmental effects [230]. By implementing 

these technologies, businesses can strike a balance 

between social responsibility, environmental protection, 

and economic growth. Organizations may increase their 

competitiveness and further the larger objective of 

sustainable development by utilizing I4.0 [29]. SMEs must 

use cutting-edge technology in the current competitive 

atmosphere to understand I4.0 dynamics and sustainable 

operations for operational excellence [36]. I4.0 is 

essentially the expression of technologies that, as a result 

of digitalization and smart devices, improve corporate 

performance, lower costs, and boost efficiency [106], 

[205]. 

7.3. L4.0 and the Adoption of Sustainable Operations 

According to the literature, L4.0 promotes high 

transparency, enhanced traceability and visibility across 

manufacturing sustainable operations and supply chains. 

L4.0 improved flexibility, control capability, decision-

making capability, reduced cost, and enhanced 

sustainability in operations in manufacturing organizations 

[234], [100], [17].Kumaran et al., (2024) revealed that 

L4.0 plays an important role in driving sustainable 

operations by smart technologies to optimize distribution, 

manufacturing, delivery and procurement processes. L4.0 

enhanced sustainability and productivity by promoting 

sustainable operations by minimizing the environmental 

effects. By focusing on digitalization with triple bottom 

line, L4.0 enhanced social, economic and environmental 

practices [235]. L4.0 including Data analysis and 

automation (IoT, CC, BD and Robotics) has a significant 

impact on sustainable operations management and 

production management and plays a main role in 

manufacturing processes and supply chains to achieve 

sustainability goals was studied by Qureshi et al., (2024) 

[39]. HadiBaloueiJamkaneh, (2022) examined the impact 

of emerging technologies as enablers of sustainable 

operations and identified L4.0 and Service Quality criteria. 

The criteria were categorized as social value and 

technologies including AI, AM, advanced robotics and 

blockchain were found to be essential for sustainable 

operations. These results help firms boost operational 

flexibility, enhance service quality, and integrate logistical 

procedures with sustainable objectives [236]. 

7.4. Impact of L4.0 on the Sustainable Performance 

Sustainable performance in manufacturing is enhanced 

through the role of  L4.0 [237], [238]. According to 

BaloueiJamkhaneh, et al., (2022),  to achieve sustainable 

performance, every business has to move towards 

sustainability. In order to incorporate sustainability (social, 

economic, and environmental) into their operations, 

logistics companies need to concentrate on the three 

mentioned aspects. A study was carried out that revealed 

L4.0 promotes supply chain traceability and transparency, 

all of which are necessary for long-term success [13]. L4.0 

technology such as blockchain technology can offer an 

unchangeable record of each movement and transaction 

inside the supply chain to improve sustainable 

performance [66]. Additionally, L4.0 promotes sustainable 

performance and circular economy by making it easier to 

manage returns, recycling, and remanufacturing 

procedures effectively [239].  Research was carried out to 



 © 2025 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 19, Number 1  (ISSN 1995-6665) 119 

examine the production process in light of sustainability 

and L4.0. The findings showed that the major performance 

indicators that offered insights into linking L4.0 practices 

with sustainable performance goals were waste 

management, lead time, energy efficiency, flexibility, and 

automation [87]. Qureshi et al., (2024) conducted a study 

to promote sustainability in manufacturing supply chains 

with the help of I4.0 and L4.0 technologies including CC, 

IoT and robotics. According to the findings of this study, 

L4.0 technologies support SMEs and logistics companies 

in achieving sustainable performance of logistics and help 

in the accomplishment of sustainability objectives [39]. 

Doha et al., (2016) stated that L4.0 encourages 

organizations to achieve sustainable performance with a 

concentration on ICT, sensors, human-machine interaction 

and lean management [240]. Employing L4.0 technologies 

like IoT, AI, and blockchain improved sustainable 

performance by reducing emissions, and optimizing 

resource utilization. To ensure alignment with sustainable 

goals managerial commitment, and technology 

infrastructure were the key drivers which helped 

businesses attain sustainable supply chain performance 

over the long run [47]. Catarina et al., (2023) integrated 

lean manufacturing and I4.0, this study highlighted how 

lean L4.0 promotes continuous logistics improvement 

while accomplishing sustainability objectives. Setup 

reduction, waste reduction, and cost control were the key 

performance indicators[241]. Lean L4.0 helps companies 

to decrease costs, improve supply chain, increase 

efficiency and reduce environmental impact by optimizing 

resources to enhance sustainable performance in logistics 

operations [242], [243]. It helps organizations to achieve 

operations management drivers including lean 

manufacturing, supply chain, and total quality 

management in order to enhance the productivity and 

optimization of manufacturing process [244], [245], [246], 

[247].  

8. FINDINGS FROM THE LITERATURE 

Several important conclusions have been identified 

from the case studies and literature study. Using I4.0 and 

L4.0 technologies increases the operating efficiency 

significantly in businesses. Manufacturing processes 

become more efficient and flexible and waste is decreased 

through automation, IoT integration, and real-time data 

analytics. These technologies minimize environmental 

impact and maximize resource utilization to enable 

sustainable operations. Businesses using these 

technologies report improved overall results. Metrics that 

track progress include customer satisfaction, quality 

control, and manufacturing speed [248]. Notwithstanding 

its advantages, L4.0 and I4.0 are not yet widely adopted 

because of barriers (policy, rules, and laws) and challenges 

in many countries [157]. These include the requirement for 

qualified workers, cybersecurity issues, and hefty initial 

investment prices. Many industries, including 

manufacturing, logistics, and the automotive sector, have 

successfully implemented these technologies and shown 

notable gains in performance and sustainability [249]. 

Businesses may swiftly make well-informed decisions, 

optimize inventory levels, and save lead times by utilizing 

big data and advanced analytics [119]. Robotic process 

automation (RPA) and automated guided vehicles (AGVs) 

are examples of automated systems that boost throughput, 

decrease human error, and streamline activities. By 

maximizing the use of energy, materials, and other 

resources, smart systems minimize waste and its negative 

effects on the environment. Energy management systems 

and smart grids are two examples of technologies that 

monitor and control energy consumption, resulting in 

significant energy savings. Through improved load 

planning and routing, enhanced logistics planning and 

execution lower emissions. High standards of quality are 

ensured by sophisticated sensors and AI-driven inspection 

systems, which lower defects and recall rates. Even with 

the obvious advantages, many obstacles are preventing 

these technologies from being widely used. 

Implementation of I4.0 and L4.0 calls for large capital 

investments in new infrastructure, technology, and 

training. Businesses need to implement strong security 

measures because of the increased connection and reliance 

on digital technologies, which exposes them to 

cybersecurity threats. The demand for workers 

knowledgeable in cutting-edge technologies is rising, 

making education and training expenditures necessary. 

Efficiency is determined by L4.0. It realizes tiny batch 

sizes and scalable infrastructure while reducing transaction 

costs and enabling flexibility inside networks [250]. It has 

been noted that L4.0 capabilities are significantly impacted 

by organizational, technological, and environmental 

capabilities. Nonetheless, it has been discovered that the 

results of environmental and technological capabilities on 

L4.0 capabilities have a major impact on business success 

[76]. To encounter the demands of I4.0, the concept of 

L4.0, encompasses the most recent information and 

communication technology (ICT), software programs, and 

innovative business models and ideas that work together to 

fully digitalize and automate logistics operations [41]. Key 

elements for the adoption of L4.0 are financial investment, 

IT infrastructure, and top management support examined 

by [68]. 

9. CONCLUSION  

The main objective of the paper is to determine the 

relationship and impact of I4.0 and L4.0 on the 

manufacturing and logistics industries. Logistics is an 

essential part of the supply chain, and companies pay 

serious attention to them. Customers benefit from the 

implementation of L4.0 due to increased traceability, short 

lead times and transparency. This study covered a wide 

range of I4.0 technologies that fall under the L4.0. It is 

concluded that key technologies like blockchain, AI, BD, 

simulation, IoT, CC, CS, AR, AM, sensors and robotics 

are essential to the long-term growth of logistics in 

companies of various sectors. These technologies increase 

the efficiency, productivity, and profitability of companies. 

It is obvious that without I4.0, L4.0 is impractical and to 

help the industries, establish their future development 

strategy and have a clear understanding of what L4.0 

entails, this study includes key technological components 

being used for logistics in the various sectors and their 

impact on the adoption of sustainable operations and 

performance of the company.The findings showed that 

implementing I4.0 and L4.0 technologies can improve 
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sustainability in manufacturing. The research in I4.0 and 

L4.0 in manufacturing industries has various new scopes 

that help in sustainable operations and achieve sustainable 

performance. The findings of this study show that I4.0 and 

L4.0 have a considerable impact and connection with each 

other. Furthermore, it was concluded that I.40 and L4.0 

have a favorable connection and influence on sustainable 

operations and performance. The study's findings will 

provide valuable insights to both business and academic 

executives. This paper discusses the relationship between 

Industry 4.0 and Logistics 4.0, in addition to the role of 

technologies and their contributions in their 

implementation in the logistics process. Logistics 4.0 

offers several advantages, including improved data 

visibility and connectivity, a physical network with fast 

and dependable delivery options, logistics productivity 

efficiency, and a reduced negative impact on the 

environment. 

10. LIMITATIONS AND FUTURE SUGGESTIONS 

This study focused on the manufacturing and logistics 

sector other studies will be carried out in various sectors 

such as healthcare, education, and agriculture.  This study 

is based on the literature review additional studies will be 

carried real-world case studies to support these 

technologies. This study mainly focuses on sustainable 

performance further study will be conducted by focusing 

on operational, and financial performance. Further studies 

should focus on framework development using I4.0 and 

L4.0 technologies in large and small organizations to 

achieve effective outcomes. 
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