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a b s t r a c t 

Management 4.0 assists businesses in evolving, surviving and performing in the competitive and dynamic world. 
This fourth revolution uses advanced technologies like Artificial Intelligence (AI), Virtual Reality (VR), Internet 
of Things (IoT), Robotics, Holography, Additive Manufacturing etc., for the proper management systems. These 
technologies facilitate working personnel and make it more appealing to complete their duties efficiently and 
accurately. The main aim of this paper is to understand the concept of Management 4.0, its technologies and 
applications for proper management systems. As Management 4.0 enhances process control, the chance of hu- 
man error is reduced, leading to increased efficiency. It enables rapid and intelligent decision-making, reduces 
costs, accelerates growth, and raises profitability. Management 4.0 technologies and advanced data analytics are 
helpful to make smart supply chain management well suited to fulfil industry 4.0. Thus, to overcome various ob- 
stacles and effectively deploy Management 4.0 technologies in manufacturing industries, top management must 
establish a clear asset performance management plan with the help of process engineers familiar with industrial 
system failure occurrences and what operators need to improve. Management 4.0 involves advanced technolo- 
gies, system connectivity, data collection & analysis at the organisation level. Management 4.0 is expected to be a 
critical component in the long-term survival of any business, either manufacturing or service-providing organisa- 
tions. This paper explores the development of Management 4.0 and its dimensions and transformations through 
Management 4.0 perspectives. Finally, the significant role of Management 4.0 for appropriate private manage- 
ment system in manufacturing industries are identified. Organisations require a system that seamlessly meets the 
company’s expectations, consumers, investors, and other stakeholders to remain competitive, and Management 
4.0 will enable this. Many businesses strive to integrate technologies and upskill their personnel to adapt to the 
new job duties and attract more workers with the necessary abilities. 
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. Introduction 

Implementing Management 4.0 technologies provides firms with in-
reased efficiency by connecting automation with data collecting and
xchange protocols. Streamlining the procedures and boosting access
o valuable data can optimise production with optimal resource util-
sation. Advanced technologies are integral to Management 4.0, and
heir effective use could lead to better production and management. For
nstance, robots are an essential part of flexible automation and have
any services in industrial manufacturing, including welding, assem-

ling, plasma cutting, and finishing [1–3] . Manufacturers of all sizes
ay profit from robots in a variety of ways. Proper integration of Robots

ontributes to improved quality control, a safer work environment, de-
reased bottlenecks, higher output, enhanced worker satisfaction, and
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any more. Like this, a new factory is planned, and another powerful
igital twin technology could be utilised for new products or processes.
t allows for faster and more reliable innovation development with fewer
hysical prototypes. When a product is manufactured, or a factory is
mplemented, more data is generated to improve the Management 4.0
nvironment [ 4 , 5 ]. 

Management 4.0 envisages much-improved efficiency, productivity,
nd self-managing manufacturing processes in which people, machines,
quipment, logistical systems, and work-in-process components directly
onnect, cooperate, and collaborate. The main objective is to use low-
ost mass production efficiencies to enable make-to-order manufactur-
ng of quantity one using embedded processing major communications
 6 , 7 ]. Production and real-world performance data are gathered, eval-
ated, and returned to development. Companies have already acknowl-
dged that their most valuable asset is people, with the typical human re-
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for proper management of manufacturing industries. 
ources department trending toward strategic people management. They
lso realised that the technology they produced or could simply and af-
ordably buy from other parties might be used to automate organisa-
ional processes. The Digital revolution increasingly embraces internet
ools, techniques, services, and HR departments [ 8 , 9 ]. 

Several management activities are aided by innovative virtual so-
utions and resources that automate manual procedures and optimise
trategic duties. Management 4.0 systems collect a large amount of
ata that may be utilised to improve performance and productivity
hrough analytics. Real-time predictive maintenance helps manufactur-
ng organisations prevent production interruptions caused by equip-
ent breakdowns on the factory floor, enhancing asset utilisation

 10 , 11 ] —optimising industrial activities, which improves productivity
nd energy efficiency. Manufacturers may now construct digital twins,
irtual clones of processes, manufacturing lines, factories, and supply
etworks. Data from IoT sensors, gadgets, PLCs, and other internet-
onnected things is used to construct a digital twin. Digital twins can
elp manufacturers enhance efficiency, optimise operations, and create
nnovative products. Manufacturers can evaluate the process modifica-
ions by simulating to identify methods to reduce downtime or increase
apacity. Management success relies on adopting new technologies dur-
ng periods of great innovation [12–14] . 

This unique management revolution does not need a huge invest-
ent or a comprehensive Industrial Internet of Things framework. This
rovides the essential information needed to apply just-in-time correc-
ions sequentially and deliver targeted information and operational ad-
ice to line workers in a convenient and straightforward format. It is
bout maintaining the workforce’s efficient workflow, developed over
 decade and giving real-time, contextual instructions to guarantee that
he operation fulfils specifications and objectives. Management 4.0 is
ost closely associated with applicability and general comprehension
anagement. As a result, this is seeing unprecedented growth and de-

elopment. The internet of things, cloud technology, advanced comput-
rs, robotics, and humans are all driving the expansion of automation
nd data technology. Integrating software, equipment, and people ef-
ectively improves the speed, dependability, and data flow across many
ystems [15–17] . This study provides an overview of Management 4.0
nd its potential for a proper management system. 

. Management 4.0 

Management 4.0 revolve around several emerging concepts, includ-
ng smart manufacturing, smart industry, interconnected industry, and
yber industry. These terms indicate the application of technology to
ake the production process more agile, adaptable, and visible to con-

umers. This entails the digital transformation of the industry, which
ncludes integrating and digitising all industrial processes that make
p the value chain, characterised by adaptability, flexibility, and effi-
iency, allowing it to meet customers’ expectations in the present mar-
et [18–20] . Management 4.0 represents a quantum leap in the or-
anisation and management of the whole value chain throughout the
anufacturing and distribution of a product’s life cycle. Management

ransformed through new technologies, business models, and societal
hanges. Digital methods for Quality Management (QM) are becom-
ng essential by employing sophisticated analytics and automation tech-
ologies in Management 4.0. Digitalisation helps achieve higher effi-
iency robustness and delivers an immediate and enduring effect. QM
an be a successful driver on the road to technological advancement
 21 , 22 ]. 

Management 4.0 is a collection of digital technologies ranging from
onnection to sophisticated analytics, robots, and automation, trans-
orming the organisation and creating an agile culture. Furthermore,
t establishes the theoretical underpinning of agile concepts, fully com-
rehending and analysing the value of all expert suggestions [23–25] .
he enhanced cloud capacity, adaptability, and cost-effectiveness for
ata analytics are significant corporate benefits. Predictive measure-
11 
ents may be used to handle changing business realities. In addition,
achine Learning is applied to fine-tune the system to keep up with

ngoing changes in products and processes. MES models may be up-
ated regularly to improve throughput, quality, yields, and uptime us-
ng predictive and prescriptive analytics. This is to achieve plant-wide
nd business-based requirements, such as equipment utilisation targets
r customer-requested delivery schedules [ 26 , 27 ]. 

. Need of Management 4.0 

There is still a human aspect to supply chain management, evolv-
ng in the decentralising setting of Management 4.0. However, there
s a need for a digital management system and operations to fulfil the
equirements of Management 4.0, an automated, intelligent, and more
utonomous flow of assets, products, materials, equipment, and infor-
ation between the point of origin and the point of consumption. Expo-
ential technological advancements lead to more complicated relation-
hips [ 28 , 29 ]. As organisations compete in the global market, work pro-
esses are speeding up, multidisciplinary ties between departments are
rowing, information flows faster, and link expansion has become reg-
lar. These advancements motivate organisations to develop the Man-
gement 4.0 culture. It also enables more robust connectivity inside the
rganisation, optimising the entire value chain and enriching working
paces. 

Further, Management 4.0 is to keep the trend of decreased manu-
acturing costs, even when there are a lot of them. For years, lean ideas
aired with more automation have resulted in economical prices. AR,
obotics, IIoT, mobile, and cloud are examples of Management tech-
ologies that help eliminate the need for people to undertake repeti-
ive tasks. The use of digital management tools such as data mining
llows gathering and evaluating the data created by furnaces contin-
ously, as measured by sensors, flow meters, and other devices [30–
2] . The significant research gap in the literature review is in under-
tanding how Management 4.0 is helpful for data-driven management
ystems. 

. Research objectives 

Management 4.0 technologies provide insights into operations and
usiness processes, allowing visibility, predictability, and automation.
usinesses may use data from various machines and devices to under-
ake predictive maintenance using machine learning algorithms, result-
ng in increased uptime and efficiency. These needs real-time manufac-
uring; some data analysis must be performed at the edge, generated
y the data. This reduces the time between when data is generated and
hen a response is required. Detecting a safety or quality issue with
quipment may necessitate near-real-time response [ 33 , 34 ]. The time
t takes to transport data to the business cloud and back to the man-
facturing floor might be excessive and depend on network stability.
ybersecurity and cyber-physical systems have not always been a prior-

ty for manufacturing businesses. However, the factory connection that
llows for more efficient operations also opens up new entry points for
armful attacks of viruses. It is critical to adopt a cybersecurity solution
hat includes IT and OT equipment while conducting a digital transfor-
ation to Management 4.0 [ 35 , 36 ]. The primary research objectives of

his article are as under: 

RO1: - to brief Management 4.0 and explore its need in the best
management of systems through the contemporary literature; 

RO2: - to discuss dimensions of Versatile Revolutions being bought
through Management 4.0 Perspectives; 

RO3: - to study significant transformations through adopting Man-
agement 4.0 strategies; 

RO4: - to identify and discuss the significant role of Management 4.0
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Fig. 1. Different domains of revolutions that can be bought through adopting a 
culture of Management 4.0. 
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. Dimensions of versatile revolutions through the perspectives 

f Management 4.0 

Several revolutions have been reported to create an influential cul-
ure by providing a base for different courses with a basic understanding
f Management 4.0 culture and fundamentals. It is entirely based on the
deas and structures of Industry 4.0 strategies and their implementation
n the management platforms, as explored in Fig. 1 . It broadly explores
onsumer-related, energy, agriculture, travel, tour-based, etc. The phi-
osophy of Management 4.0 has thoroughly changed the strategic work-
ng of these elaborated revolutions and proposed an excellent base for
urther growth and progress [37–39] . 

The manufacturing industry is undergoing a revolution due to Man-
gement 4.0 technology. Data quality and networked data-sharing sys-
ems will impact quality management, ranging from accelerated im-
rovement and cutting quality costs to driving skill changes. Quality
rofessionals must study, promote, and implement new advances into
heir processes to remain competitive. Integrated sensors and the In-
ustrial Internet of Things (IIoT) could be used to their full potential
 40 , 41 ]. Many businesses have begun their deployment by establish-
ng data collecting infrastructures and installing CPS systems and IoT
evices on the shop floor. Asset management, predictive maintenance,
nd quality control are some operational use cases. 

Manufacturers utilise the large amounts of storage space necessary
o physically store the massive amounts of data generated by Industry
.0 operations. Cloud computing enables a single source of reality and
apid data exchange across the organisations and value chain. This also
llows remote access and management of all data and machine operating
ystems which helps increase visibility and efficiency [42–44] . 

The design of an intelligent factory’s network relies heavily on in-
erconnectivity. Data collected over time from factory sensors, devices,
nd machines can be immediately consumed, used by other manufac-
uring assets, and shared across other corporate software stack com-
onents like enterprise resource planning and other business manage-
ent software. Smart factories can generate more cost-effectively per-

onalised items that fit the demands of individual clients. It leads to
ore income and better customer service and satisfaction. Manufactur-

rs can realise the value of the connected factory when getting the most
ut of their production with sensor-monitored machinery while provid-
ng individualised attention and quick support to consumers via AI and
12 
eld service. Professionals now have other demands, and many receive
mployment offers from other organisations. It is crucial to strive for
he best experience, making the work environment more appealing and
ess monotonous for generations born immersed in technology; having
t present in their day-to-day job is critical [45–48] . 

The role of Humans in Management 4.0 advances from machine op-
rator to problem solver and decision-maker. Assistance systems are in-
ended to assist operators who make quick judgments to handle criti-
al difficulties. Innovative technologies like cloud computing, big data
nalytics, IoT, and even Artificial Intelligence can now link machines,
ensors, and other devices to the personnel entrusted with the moni-
oring process for efficacy and efficiency. Sensors with IP addresses are
nstalled on the manufacturing floor, allowing the machines to commu-
icate with other web-enabled equipment. Large volumes of essential
ata can be collected, analysed, and distributed to mechanisation and
onnectedness. Any Management 4.0 plan must include cloud comput-
ng. Engineering, supply chain, production, sales and distribution, and
ervice must be connected and integrated for intelligent manufacturing
o be fully realised [49–51] . 

. Significant transformations achieved through Management 4.0 

trategies 

The various transformations have been observed with the supportive
ractices of the Management 4.0 scheme in different dimensions. Some
ignificant highlights of changes through Management 4.0 as reflected
n Fig. 2 . The overall development of the industrial issues are named as;
hanges in technology with the innovations like machine learning and
rtificial intelligence, issues of societal improvements, general work pat-
erns transformations, leadership transformations with the provision of
ommand and control of style and management throughout, and busi-
ess transformations for the progressive development of industry prac-
ices as a whole [52–56] . 

Cloud computing allows for more efficient and cost-effective process-
ng of the vast amounts of data stored and analysed. Small and medium-
ized manufacturers can also save money using cloud computing since
hey can predict their demands and scale as their firm grows. Manufac-
uring businesses may use AI and machine learning to fully use the abun-
ance of data created on the factory floor and throughout their business
ivisions and partners [56–59] . An employee can access essential pro-
essing steps while avoiding potential damage using headset technology
uch as those on the inspection line. Furthermore, as predictive main-
enance advances and becomes more widely adopted, augmented real-
ty may be utilised to assist with machine inspections and, in certain
ituations, maintenance jobs. The IoT is concerned with machine con-
ection, smart manufacturing, and operational efficiency. The IoT links
ital machinery and precise sensors in high-tech sectors, including geo-
ocation technology, and creates extensive data. The industrial sector’s
ommunication-based ecosystem brings together people, analytics, and
mart equipment to make gathering, analysing, sharing, and monitoring
ctionable data easier [60–63] . 

Businesses must have essential things to deploy, as Management 4.0
echnologies are: critical engineering and technological knowledge and
xperiences, access to the relevant vendors for devices such as sen-
ors and machines, and sophisticated analytics and data science ca-
abilities. The obtained data must be integrated, organised, and arti-
cial intelligence enriched. It allows for better knowledge of various
esources/machines for problem detection, failure prediction, and op-
imisation operations such as service order management and planning
64–67] . Engineers will be compelled to become practical engineers due
o Management 4.0. The adoption of Management 4.0 will necessitate
he presence of professional engineers at the facility. A practising en-
ineer is a multitasking professional who applies technical expertise,
mploys world-class production tools and procedures, and learns data
nalytics to comprehend and analyse trends to identify the most cost-
ffective solutions. Engineers and executives must take the role of facil-
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Fig. 2. Significant transformations through Management 4.0 adoptions. 
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t  
tators in the connected enterprise. Management 4.0 provides a greater
egree of assurance of quality. Blockchain technology can help protect
ll data related to the product, sub-assemblies, components, and distri-
ution path to market [68–71] . 

. Role of Management 4.0 for enhancing the performance of the 

ystem of manufacturing industries 

Management 4.0 alters production logistics and shifts the demands
n logistics providers. There are several forms of logistics and numer-
us definitions of logistics, ranging from the organisation, planning, and
dministration of a complicated task, such as the logistics of setting up
n event, to activities involving numerous moving components and pro-
esses [72–75] . Management 4.0 is also vital for Industrial Data Space to
nable safe data sharing amongst its participants while simultaneously
reserving data. The Industrial Data Space is one strategy that the propo-
ents of Management 4.0 have pushed hard. The prospects of blockchain
echnology in supply chain management and hyper-connected and au-
onomous logistics have been explored in the future of logistics. The
umber of blockchain efforts in logistics is rapidly increasing, as are
any critical consortiums [76–79] . The significant role of Management
.0 in a proper management system in manufacturing industries is dis-
ussed in Table 1 . 

Machine Learning systems sift through massive sensor data to spot
nomalies or deviations. The Artificial Intelligence algorithms provide
 baseline for permissible sensor behaviour deviations. When the num-
er of acceptable deviations exceeds a certain threshold, an alert of
mpending deterioration or malfunction is created and transmitted to
he facility maintenance team. Because of machine learning, scheduling
aintenance chores will be decreased, allowing resources to be allo-

ated to other areas [202–204] . Machine learning will be utilised in
he Hybrid Smart Factory to discover aberrant and associated patterns
13 
f sensor activity to detect machine deterioration or defect before it
ccurs. Traditional asset monitoring systems will continue to require
igh-priority sensors that must be monitored for strategic or operational
easons [205–207] . 

. Discussion 

The effective adoption of advanced technologies is critical to the
ransition to Management 4.0. Digital twins of machines and operations
nd factory automation, and real-time control of equipment and jobs
ill be required to accelerate smart manufacturing. Management 4.0
rovides a significant level of openness within the digital supply chain
anagement environment. Simultaneously, it enables smooth data in-

erchange between suppliers, vendors, and warehouse managers to elim-
nate potential inconsistencies. The deployment of IoT sensors allows
or real-time asset tracking, which helps warehouse management proce-
ures run more smoothly. 

Additionally, cloud-based dashboards allow businesses to oversee
arious warehouse and supply chain activities from a single location.
anagement 4.0 proposes a more holistic, integrated production strat-

gy. It connects the real and digital worlds and improves the quality of
ross-departmental communication. As a result, Management 4.0 assists
usiness owners in efficiently optimising their operations. Based on this,
e proposed a comprehensive definition of Management 4.0 as follows:

“Management 4.0 is creating and operationalising a digital environ-
ment through the effective integration of Industry 4.0 technologies,
data, and knowledge, enabling high coordination & control amongst
the different activities and working personnel in business organisa-
tion to create and enhance value. ”

This definition focus on the three significant aspects: industry 4.0
echnologies, data and knowledge. These three interconnected compo-
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Table 1 

Role of Management 4.0 for developing the proper management system. 

S No Applications area Brief description References 

1 Open up 
enormous 
possibilities for 
change 

A specialised set of digital quality management technologies may reduce costs and open up enormous possibilities for change. Manufacturing companies must incorporate and leverage 
dimensions in their operations to become more digitised, automated, and distributed. All possibilities are a digitally enabled production and quality feedback loop, AI-based quality testing, 
vision control, and a fully automated, real-time production and quality control tower. It lowers overall performance in labour-intensive processes and related businesses, where production is 
frequently disrupted. These labour shortages are also due to a lack of training, unoptimised processes, a higher rework rate, and a higher scrap rate. 

[80–85] 

2 Inspection and 
quality control 

Manual inspections, which often require many inspectors and associated time, are another problem for quality systems. While quality checks are essential for assuring product specification, 
they can also offer security due to undetected faults and human mistakes on the production line, combining a testing-and-vision control system with an ML-based process. In real-time, one 
can discover operator mistakes, quality deviations, and process variances. Advanced analytics and real-time process verification are used in digitally-enabled production-and-quality feedback 
loops to analyse trends, avoid variations or out-of-spec production, optimise rework, and remove bottlenecks faster. The feedback loop converts work processes into visual advice and quality 
checks using digital tools that are simple and comprehensible for operators and supervisors. 

[86–89] 

3 Digitisation Successful implementation of Management 4.0 encourages a company’s digitisation and long-term growth. As a result, it strengthens new ideas, shapes leadership styles, and facilitates 
restructuring processes and management. As networking and cooperative work grow relevant, Management 4.0 becomes essential as a natural step up. Thus, to include the complicated 
process, stepwise mitigation is essential. In terms of Management 4.0, this goes beyond technical training to encompass sensitisation to change and new working methods. To avoid a sudden 
change, schedule time for staff sensitisation. Therefore, working personnel will be less resistant to new structures, and employees will be more actively engaged in the company’s restructuring. 

[90–96] 

4 Creating a new 

working 
environment 

Upgrading to Management 4.0 necessitates new working methods, and, as a result, a new working environment is required. Internalising and transmitting the ideals of corporate Management 
4.0 to all sectors of the firm is essential to creating the required working environment. Please take advantage of agile management techniques and promote their implementation. A successful 
Management 4.0 strategy must go beyond mere plan execution. Communication skills are required to properly implement change and prepare the firm for future responsibilities that will lead 
it to wealth. More precisely, this implies that change must be communicated inside the organisation to allow people to accept the change and see it as an opportunity. 

[97–102] 

5 Embracing smart 
factories 

Industrial facilities that have embraced the intelligent factory vision like the notion of creating a virtual replica of a machine that can be monitored in real-time. At the same time, adopting 
the digital twin faces considerable challenges. Deployment expenditure is the most prominent barrier to implementing the digital twin in their production setting. The digital twin can give 
vital real-time information about a machine’s functioning. It can be utilised for select high-priority, high-cost equipment at best. The digital twin idea is not economically viable for many 
production verticals and facilities. Because vast volumes of sensor data can be evaluated in real-time, Automated machine learning represents a quantum leap in data science. AI supervises 
the selection and application of machine learning models to datasets in automated machine learning. Automated machine learning enhances the speed and accuracy of data insights by 
allowing AI to handle the model application process. 

[103–108] 

6 Digital 
communication 

Digital communication is a significant force in the evolution of industry dynamics. Information can be exchanged, and cooperation is organised more quickly and efficiently than in the old 
analogue culture. Digital technologies have the power to store information, resulting in perpetual responsibility. Scaled agile Management 4.0 combines ideas into an agile scaling 
meta-framework. Digitisation is an environment that modifies this macro-structure, resulting in interaction patterns that are unique to digitisation. Technology has revolutionised how we 
consume and relate to data in many aspects of our lives. It has made information access faster, resulting in a shift in how to consume and relate to data. The business world is becoming 
increasingly entangled in this ever-changing technology landscape. Automation and connectivity have increasingly become more prevalent in the industrial sector. 

[109–114] 

7 Improving the 
operational 
efficiency 

Digital technologies are used in Industry 4.0 to respond more swiftly to market changes, deliver more customised goods, and improve operational efficiency. All manufacturing elements must 
communicate, including cyber-physical systems, robots, corporate information systems, smart goods, and people. The ability to build autonomous sub-processes inside manufacturing using 
cyber-physical elements can make decisions independently. The capacity to gather and analyse massive volumes of data to monitor, regulate, and optimise processes and facilitate any 
outcome or decision produced from the process at any point in time. It supports the creation of the capacity of a virtual duplicate of fabric by gathering data and modelling industrial 
processes, resulting in virtual plant and simulation models. With new disruptive business models, the capacity to transfer the new value gained to the consumer in new or enhanced services. 

[115–119] 

8 Proper 
distributions of 
goods 

Management 4.0 is changing how businesses make and adequately distribute their goods. Advanced sensors, embedded software, and robots are used in these smart factories to gather and 
analyse data, allowing better decision-making. When data from manufacturing operations are coupled with operational data from ERP, supply chain, customer service, and other business 
systems, new visibility and insight are produced from previously isolated data. The manufacturing industry has an excellent opportunity to enter the fourth industrial revolution by 
establishing smart factories. Analysing massive amounts of big data collected from industrial sensors allows a real-time picture of production assets and predictive maintenance solutions to 
save downtime. Introducing high-tech IoT devices in smart factories has enhanced production and improved quality. 

[120–123] 

9 Information 
transparency 

A smart factory may achieve information transparency and better decision-making by gathering more data from the manufacturing shop floor and linking it with other companies operating 
data. Using AI-powered visual insights to replace manual inspection business models decreases production mistakes and saves money and time. Quality control staff may set up a smartphone 
connected to the cloud with minimum expense to monitor production operations from remote locations. Manufacturers can spot mistakes by using machine learning algorithms. Informed 
data helps manufacture products more effectively and productively across the value chain, as seen by increased automation, smart equipment, and smart factories. Manufacturers’ flexibility is 
enhanced to satisfy consumer expectations through mass customisation, eventually aiming for efficiency with a large size in many circumstances. 

[124–128] 

10 Supply chain 
management 

As part of a comprehensive Management 4.0 plan, industrial operations rely on transparent, efficient supply chain management connected with production processes. It significantly impacts 
how manufacturers get raw materials and deliver completed goods. Manufacturers can better organise delivery by sharing relevant manufacturing data with their suppliers. Industry 4.0 is 
based on the concept that machines should interact with one another and collaborate to produce new goods and services. These solutions are already transforming our lives and work and 
significantly influencing the global economy. This new production age combines technology, robots, AI, and automation to produce a more efficient and effective manufacturing process. The 
investment in new technologies, such as digital solutions that revolutionise physical operations, must maintain the organisation’s advantages at the centre of the plan. 

[129–132] 

11 Enhance safety Factories may achieve better productivity and efficiency, higher quality and output, and enhanced safety by implementing Management 4.0 through digital transformation across lines, 
assemblies, plants, and factories. Improved machine monitoring via industrial connection implies less unplanned downtime due to unanticipated events, increasing overall equipment 
effectiveness. Increased machine efficiency can result in faster changeovers, which helps accelerate the launch of new products. Using Management 4.0 technology to break down the 
conventional silos that operate manufacturing operations can assist boost cooperation and information sharing, allowing to be more agile and flexible. All manufacturing industries are being 
restructured by digital transformation. 

[133–137] 

( continued on next page ) 
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Table 1 ( continued ) 

S No Applications area Brief description References 

12 Detecting faults The system analyses data from several cameras uses deep learning models to detect faults and deviations and functions as a digital assistant by alerting the operator to problems and giving 
directions on how to resolve them. The Artificial Intelligence-based vision control system also feeds into a digital twin, giving real-time data to industrial engineering, production planning, 
and quality management. Several assembly-based enterprises with manual activities and procedures have implemented in-station automated production and quality control systems that have 
significantly lowered rework rates by providing rapid, real-time feedback to workers, thereby avoiding many downstream concerns. It includes shorter cycle times owing to automated flaw 

identification and less reliance on downstream manual inspection at the end of the line. These systems can also give insight into lean improvement metrics, productivity gains, and efficacy. 

[138–142] 

13 Monitoring of 
Real-time 
operations 

Real-time operations monitoring, from single production stations to multi-plant operations, enables speedy discovery of deviations, issue solutions, and decision-making. It involves advanced 
analytics-based alarms, performance trend prediction, and actionable improvement insights to keep more significant quality concerns from escalating upstream. A global top component 
supplier created a manufacturing and quality-control tower to ensure product and process quality from product creation to final product delivery. Even the most senior production and quality 
managers have limited real-time information and visibility into operations and quality performance in a single plant or across many facilities. 

[143–147] 

14 Remote 
Management 

Management 4.0 technologies enable data to be retained and stored in the cloud, an online environment where resources may be accessed and controlled through the internet. This aids in the 
optimisation of structure and storage costs, as well as allows for remote management. It allows for theft prevention and protection against damage to hardware, software, or electronic data, 
giving enterprises a higher level of security. Cameras, displays, and GPS allow virtual information to interact with the actual world, allowing for 3D process simulations and early detection of 
faults. IoT-enabled technology would allow manufacturers to have complete insight into their operations. This system can handle everything from raw material purchases to inventory 
management and production analysis. 

[148–152] 

15 Higher flexibility 
in managing 
operations 

Management 4.0 enables more flexibility in managing industrial operations, resulting in higher asset utilisation. As a result, the possibility for increased income. Autonomous mobile robots 
can do low-value jobs like product delivery, freeing up experienced human employees to focus on higher-value duties. One of the most significant advantages of IoT solutions on the 
production floor is worker safety. Thus to maintain a safe and healthy working environment, sensors are deployed on-site and worn by workers. The skillset of many factory workers is being 
expanded due to Management 4.0. Workers are acquiring new abilities to boost operational efficiency and skill sets when new technology is introduced into the operation. Management 4.0 is 
comprehensive automation that aims to increase industry efficiency by integrating all areas of production and commerce beyond corporate borders. 

[153–156] 

16 Synchronous 
manufacturing 

Traditional assembly lines follow processes based on manufacturing work orders completed through corporate business systems. Each manufacturing station syncs with the assembly line and 
gets production steps from a central location. Industry 4.0 is based on synchronous manufacturing, with auto-identification technology used by components in the production flow to instruct 
each machine and operator. There is the usage of innovative, flexible machines that could adjust to the needs of the product. It results in a highly lean, flexible, and agile manufacturing 
process that allows the manufacturing of a range of products. Due to the ability to quickly adjust equipment to conform to customer-supplied requirements, advanced manufacturing 
technologies allows the manufacturing of customised products. 

[157–160] 

17 Enhancing 
customer 
satisfaction and 
customer delight 

Manufacturers and the service channel can enhance customer satisfaction and time-to-repair metrics using field service based on product performance data. Remote diagnosis, monitoring, 
and repairing of linked items improve customer loyalty, provide value, and help manufacturers maintain product quality requirements. Actual product performance is documented, early 
warning and detection signals are created, and closed-loop feedback promotes quality improvements in future goods. The openness provided by Management 4.0 technology offers operators a 
considerable amount of data that will help them to make informed decisions. Interconnectivity enables operators to collect massive volumes of data and information from all points in the 
production process, improving functionality and discovering critical areas where innovation and improvement may be made. Operators may make choices both within and outside production 
facilities because of interconnection and information openness —this capacity to bring together aids in better decision-making and overall productivity. 

[161–164] 

18 Facilitating good 
consumer 
connections 

Management 4.0 can also influence production by facilitating good consumer connections. Technology, data, and information that may assist in revolutionising industrial operations can also 
improve the responsiveness of processes and systems to consumer demands. Interconnected technologies’ unique characteristics enable manufacturers to respond and adapt to customer needs 
more rapidly and even produce custom orders with less effort and setup time than traditional production. Manufacturing processes constantly change, resulting in leaner production and more 
efficient procedures. This can guarantee that processes produce the required information to guide improvements and optimal performance, keeping ahead of the management 4.0 technology 
and strategy competition. Many technologies of management 4.0 components are already in place, which connect machines, processes, and products. 

[165–169] 

19 Automate data 
analysis 

Another strategy to boost the facility’s production is to automate data analysis. The use of sensors to monitor equipment allows data to be. As a result, the software can forecast when 
maintenance is necessary with greater accuracy. Furthermore, keeping track of the metrics associated with processes simplifies these duties and makes better long-term strategic decisions. 
Augmented reality has seen a rise in popularity across all industrial industries. While these technologies are still growing and safeguarding the worker, health and safety are thought to 
significantly affect overall safety, particularly people and sanitation requirements. Management 4.0 connects portions of a process that formerly relied on human communication, allowing 
users to gather, analyse, and use data in real time. Technologies enable predictive and prescriptive maintenance on industrial assets, considerably improving human operator performance and 
enhancing production flexibility. 

[170–173] 

20 Boost revenue 
growth 

Management 4.0 can boost revenue growth, corporate processes, supply chain, product, and consumer expectations. It covers a considerably larger spectrum of businesses and areas. 
Technology combined with Management 4.0 can create whole new services and products. Using portable devices and sensors, robots, and analysis will enable product innovations, from 

developing testing and prototypes to connecting previously separated items. It is about fundamental changes to how things are done in the industry. There are new manufacturing industries 
and new production techniques with the latest technology. Self-service analytics in engineering can aid in the consolidation of massive amounts of big data from manufacturing plants. It 
offers smart industrial equipment that transmits real-time data to an extensive data analytics system. The self-service technology then dissects the real-time data, identifies trends, detects 
flaws, and analyses essential decision-makers information. 

[174–176] 

21 Preventative 
maintenance 

Managing machine networks, event automation, and preventative maintenance are all significant components of Management 4.0. Real-time processing of complex data from many sources 
makes this feasible. Preventative maintenance enables prompt interventions, reducing the expense and recovery time associated with delayed reactions. Users are empowered to make 
rational decisions based on real-time data in the proper context, saving organisations time, money, and resources. Management 4.0 is making progress in the corporate sector. This revolution 
advances constantly push the limit, from biotechnology to artificial intelligence. Human life and intellect are constantly redefined, and this trend will continue. 

[177–179] 

( continued on next page ) 
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Table 1 ( continued ) 

S No Applications area Brief description References 

22 Powerful 
document 
management 
system 

An easy-to-use and powerful document management system is one of the most excellent methods to succeed with Management 4.0. This system should help stay informed while monitoring 
various types of data and information about workplace procedures, sub-processes, functions, and technology. Regardless of their title or position in the business, all workers must have access 
to and knowledge of responsibility, reporting, and monitoring. Simulation technology allows virtual clones of real-world machinery, objects, and people to be created. The real benefit of 
simulators in product development, material research, and manufacturing processes is that they allow testing and improve machine settings for a product before deploying the same in the 
real world. In this way, the simulation may aid in reducing failures in any manufacturing process, as well as the assurance of quality and the reduction of setup times for the actual machining 
process. 

[180–182] 

23 Collection of 
critical machine 
data 

Management 4.0 allows collecting critical machine data, which can be analysed using machine learning systems. Wearables or mobile devices on the plant floor can alert workers in the event 
of a crisis. One of the numerous benefits of Management 4.0 is that it makes information more accessible. The emergence of Management 4.0 will revolutionise asset management, from how 

technicians conduct day-to-day operations to how plant managers set up their facilities. The most crucial initial step in building the Management 4.0 vision is to recognise the used cases and 
identify enterprise-wide business drivers. It should, however, be accompanied by knowledge of how it will affect personnel, manufacturing processes, and the requirement for new technology 
implementation, integration, and management. Before implementing Management 4.0 technologies and capabilities, manufacturers should have a compelling, tailored storey for their 
business that outlines the common purpose and argument for change and the employee-centred vision. 

[183–186] 

24 Increase overall 
profitability and 
competitiveness 

Management 4.0 methods may assist enterprises in gaining insights and optimising all areas of their production processes and supply chains, increasing their overall profitability and 
competitiveness. Technology is continually evolving, and some trends should be aware of to shape and adapt the company to keep up with the times. Business software digital assistants will 
intelligently classify spending and follow up on invoices automatically, freeing time to focus on serving customers and developing business. Manufacturers in various sectors have a significant 
chance of taking advantage of technology and improving their operations. This examines an end-to-end strategy that integrates people, processes, technology, and data to reach that goal, 
which real business drivers dictate genuinely. Early agile adoption allows for a unified programme structure and delivery, current technological solutions and capabilities, workforce buy-in 
for adoption and development, and compelling value propositions with a clear realisation path. 

[187–189] 

25 Enhancing the 
efficiency of the 
lean process 

Combining conventional lean methods with Management 4.0 enhances the speed and efficiency of the lean process while also allowing firms to capitalise on the initial momentum provided 
by traditional tools. Management 4.0 technologies are beneficial in that they supply more than simply data. However, they also evaluate the data and get essential insights from which choices 
compatible with classic lean may be made. Smart machines will get smarter, factories will become more efficient, processes will become less wasteful, manufacturing lines will become more 
flexible, and productivity will increase. There are chances to prolong machine life through predictive maintenance, facilitate speedy material handling, monitor every element of the shop 
floor, and exploit collaborative robots concurrently with mobile communication, all built on smart, secure, and wireless connections. 

[190–192] 

26 Making resilient 
organisation 

Businesses may establish the groundwork for long-term resilience to future crises by using Management 4.0. Organisations act to keep up with digital change, from updating supply chains to 
addressing cybersecurity. More job and learning opportunities will be available due to an open 5 G network, which is wireless, software-based, and automated rather than relying on legacy 
systems. It will result in a more diversified and technologically adaptable global workforce. It has prompted businesses to reconsider everything about their companies, from products and 
services to operations and delivery approaches. Organisations have depended extensively on technology to design new offerings, communicate globally and internally, and provide goods and 
services. Systems based on exponential technologies can assist businesses in creating more innovative supply chains and improving their digital resilience. Supply chains utilising AI and other 
emerging technologies can help businesses sustain business continuity. 

[193–196] 

27 Enabling the 
adoption of smart 
technologies 

Management 4.0 helps enable the adoption of smart technologies. It encourages the creation of new product developers, resulting in more market competition. IoT is dealing with the advent 
of innovations, such as increased efficiency of data monitoring techniques. It is driving businesses to concentrate on more robust and innovative products. The use of IoT in smart 
manufacturing allows for the collection of intelligent data from systems, which is coupled with contextual data. IoT allows for remote monitoring and process management of data and 
real-time changes to production plans. Connected smart systems can transmit essential data to manufacturing systems in real time, enabling the detection and correction of process steps. 
These smart connected devices provide new possibilities regarding functionality, reliability, product use, and capabilities that cut over and exceed traditional product boundaries. 

[197–201] 
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ents are essential for the realisation of Management 4.0. With the adop-
ion of industry 4.0 technologies, data could be collated and analysed.
ata analysis creates knowledge that is useful for making the proper de-
ision. Based on the knowledge, more autonomous and agile production
ould be achieved. Management 4.0 technologies present fundamentally
ew issues in the interplay between man and machine. 

Further, these technologies help to develop better coordination and
ontrol amongst the people and processes. Consequently, businesses are
ade more efficient as waste generation, reduce mistakes, streamline

perations and create more value. The technologies of Management 4.0
merged gradually, just like any other societal progression. The new
ndustry allows for more flexible manufacturing and customisation op-
ions. Management 4.0 provides real-time device, machine, and data
onitoring, allowing for faster detection of faults and more precise mon-

toring. Various activities are automated because of innovative tech-
ologies like the IoT, big data, and artificial intelligence, resulting in
ore efficient and lean teams. Cutting-edge technology is changing tra-
itional human resources. Management 4.0 marks a significant shift in
ow businesses approach production, and it is also true that this shift has
ecreased the need for human resources, mainly through automation.
imilarly, data transmission across systems has drastically improved ef-
ciency and decision-making processes in human resource management.
hese data could be stored and transmitted over the blockchain network
ore securely [ 208 , 209 ]. 

The ultimate purpose of a connected factory is to increase efficiency
nd, thereby, revenues. Automation must be implemented in some or all
roduction processes to achieve this. The interconnectedness and com-
unication across a Management 4.0 optimised facility enable automa-

ion via robots and Artificial Intelligence. There are many of data to
ort through because every function of the manufacturing operation is
onitored and generates data. For industrial organisations, embedded

ensors and associated machinery generate actual big data. Manufac-
urers may use data analytics to study previous trends, spot patterns,
nd make smarter decisions. It will give them more profound insights,
here smart factories may combine data from other company sections
nd their broader ecosystem of suppliers and distributors. Manufactur-
rs can make production decisions based on sales margins and personnel
y observing human resources, sales, and warehousing data. 

. Conclusion 

Management 4.0 technologies help connect machines to the cloud
nd construct customised versions of their industrial IoT. These tech-
ologies are laying the groundwork for future development and scal-
bility. The ultimate objective of Management 4.0 is to enhance and
dvance industrial processes. In recent years, the manufacturing busi-
ess has undergone many changes. Management 4.0 is a comprehensive
nd unified set of technologies that can transform the entire manage-
ent system. It has also become a reality in which factory automation is

ommonplace, and factories are more intelligent than ever before. Tech-
ologies aim to collect massive volumes of data from various sources.
hese provide intelligent production scheduling software, the founda-
ion for smart autonomous decision-making. In this Management 4.0
cenario, supply chain analytics will reach new heights. Manufactur-
ng as a service allows firms to bid on manufacturing a product or a
ingle production step. This specialisation can improve manufacturing
fficiency while lowering costs and fine-tuning the supply chain. Pro-
uction and logistics operations are smartly connected, resulting in a
ore efficient and adaptable real-time lean manufacturing environment.
his will make it easier to build smart value-creation chains that span
he whole product life cycle, from conception to manufacture, usage,
nd maintenance to recycling. These characteristics of the Management
.0 facilitates the managers to make data-driven decisions and set their
trategic goal in that direction. Management 4.0 enabled culture to help
he employee develop their own skill set that might help make the pro-
ess and operations more efficient. The primary role of Management 4.0
17 
s to motivate the managers to develop the Management 4.0 culture. In
ddition, Management 4.0 technologies will become extremely useful
n the manufacturing process and assist with various logistics, including
anufacturing, production, and shipping. This study might be helpful

or proper management systems in the industries and provide proper
nformation systems. 

Organisations with finite resources safeguard and conserve resources
hile also developing new business models or shifting current business
odels toward more sustainable resourcing models that might result in
ore profitable outcomes in the future. Digitalisation will be the key

o assisting businesses in achieving long-term sustainability goals while
mproving overall performance. Employers will profit by using focused
ethods and incorporating videos to attract potential future workers. A
ix of enticing visual aids and useful, target-orientated information dis-

inguishes well-produced videos. In a sea of generic textual job postings,
 video distinguishes itself and is firm by speaking directly to prospec-
ive applicants. A programme’s processes and technology demonstrate
alue to real-world impact, scale value to generate revolutionary waves,
nd secure ongoing and future success with effective programme gover-
ance. Similar to the other study, this study also has some limitations.
he first limitation of this article is the conceptual nature of the study.
n addition, Management 4.0 is an emerging area, so limited studies are
vailable in this area. Further, this study focuses on the role of Manage-
ent 4.0 and does not propose a framework. This work can be extended

n future with framework development, practical tools and case studies.

eclaration of Competing Interest 

None. 

eferences 

[1] B. Schleich, K. Wärmefjord, R. Söderberg, S. Wartzack, Geometrical variations
management 4.0: towards next generation geometry assurance, Procedia CIRP 75
(2018) 3–10 . 

[2] N. Galaske, A. Arndt, H. Friedrich, K.D. Bettenhausen, R. Anderl, Workforce man-
agement 4.0-assessment of human factors readiness towards digital manufacturing,
in: International Conference on Applied Human Factors and Ergonomics, Springer,
Cham, 2017, pp. 106–115 . 

[3] F. Ansari, Knowledge management 4.0: theoretical and practical considerations in
cyber-physical production systems, IFAC-PapersOnLine 52 (13) (2019) 1597–1602 .

[4] M. Kans, A. Ingwald, Business model development towards service management
4.0, Procedia CIRP 47 (2016) 489–494 . 

[5] E.M. Frazzon, C.M.T. Rodriguez, M.M. Pereira, M.C. Pires, I. Uhlmann, Towards
supply chain management 4.0, Braz. J. Oper. Prod. Manag. 16 (2) (2019) 180–191 .

[6] Y.A. Fatimah, K. Govindan, R. Murniningsih, A. Setiawan, Industry 4.0 based sus-
tainable circular economy approach for smart waste management system to achieve
sustainable development goals: a case study of Indonesia, J. Clean. Prod. 269
(2020) 122263 . 

[7] A. Dolgui, F. Sgarbossa, M. Simonetto, Design and management of assembly sys-
tems 4.0: systematic literature review and research agenda, Int. J. Prod. Res. (2021)
1–27 . 

[8] Y. Kazancoglu, M.D. Sezer, Y.D. Ozkan-Ozen, S.K. Mangla, A. Kumar, Industry 4.0
impacts on responsible environmental and societal management in the family busi-
ness: t echnological , Forecast. Soc. Change 173 (2021) 121108 . 

[9] F.F. de Souza, A. Corsi, R.N. Pagani, G. Balbinotti, J.L. Kovaleski, Total quality
management 4.0: adapting quality management to Industry 4.0, TQM J. (2021) . 

[10] J.A. Saucedo-Martínez, M. Pérez-Lara, J.A. Marmolejo-Saucedo, T.E. Salais-Fierro,
P. Vasant, Industry 4.0 framework for management and operations: a review, J.
Ambient Intell. Humaniz Comput. 9 (3) (2018) 789–801 . 

[11] G. Dicuonzo, G. Galeone, E. Zappimbulso, V Dell’Atti, Risk management 4.0: the
role of big data analytics in the bank sector, Int. J. Econ. Financ. Issues 9 (6) (2019)
40 . 

[12] S. Yang, K. Hamann, B. Haefner, C. Wu, G. Lanza, A method for improving pro-
duction management training by integrating an industry 4.0 innovation center in
China, Procedia Manuf. 23 (2018) 213–218 . 

[13] H. Foidl, M. Felderer, Research challenges of industry 4.0 for quality management,
in: International Conference on Enterprise Resource Planning Systems, Springer,
Cham, 2015, pp. 121–137 . 

[14] K. Zekhnini, A. Cherrafi, I. Bouhaddou, Y. Benghabrit, J.A. Garza-Reyes, Supply
chain management 4.0: a literature review and research framework, Benchmarking
(2020) . 

[15] S.M. Lee, D. Lee, Y.S. Kim, The quality management ecosystem for predictive main-
tenance in the Industry 4.0 era, Int. J. Qual. Innov. 5 (1) (2019) 1–11 . 

[16] F. Acerbi, S. Assiani, M. Taisch, A methodology to assess the skills for an Industry
4.0 factory, in: IFIP International Conference on Advances in Production Manage-
ment Systems, Springer, Cham, 2019, pp. 520–527 . 

http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0001
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0002
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0003
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0004
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0005
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0006
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0007
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0008
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0009
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0010
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0011
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0012
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0013
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0014
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0015
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0016


A. Haleem, M. Javaid, R.P. Singh et al. Sustainable Operations and Computers 4 (2023) 10–21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[17] M. Javaid, A. Haleem, R.P. Singh, S. Rab, R. Suman, Significance of sensors for
industry 4.0: roles, capabilities, and applications, Sensors Int. 2 (2021) 100110 . 

[18] K. Nosalska, Z.M. Pi ątek, G. Mazurek, R. Rz ądca, Industry 4.0: coherent defini-
tion framework with technological and organisational interdependencies, J. Manuf.
Technol. Manag. (2019) . 

[19] S. Sader, I. Husti, M. Daróczi, Industry 4.0 as a key enabler toward successful im-
plementation of total quality management practices, Period. Polytech. Soc. Manag.
Sci. 27 (2) (2019) 131–140 . 

[20] J. Vrchota, P. Ř eho ř , M. Ma ř íková, M. Pech, Critical success factors of the project
management in relation to industry 4.0 for sustainability of projects, Sustainability
13 (1) (2021) 281 . 

[21] M. Elsisi, M.Q. Tran, K. Mahmoud, M. Lehtonen, M.M. Darwish, Deep learn-
ing-based industry 4.0 and Internet of Things towards effective energy management
for smart buildings, Sensors 21 (4) (2021) 1038 . 

[22] F. Hecklau, R. Orth, F. Kidschun, H. Kohl, Human resources management: meta-s-
tudy-analysis of future competences in Industry 4.0, in: Proceedings of the Inter-
national Conference on Intellectual Capital, Knowledge Management & Organiza-
tional Learning, 2017, pp. 163–174 . 

[23] T. Niesen, C. Houy, P. Fettke, P. Loos, Towards an integrative big data analysis
framework for data-driven risk management in industry 4.0, in: 2016 49th Hawaii
International Conference on System Sciences (HICSS), IEEE, 2016, pp. 5065–
5074 . 

[24] U. Rahardja, Q. Aini, Y.I. Graha, M.R. Tangkaw, Gamification framework design
of management education and development in industrial revolution 4.0, J. Phys.
1364 (1) (2019) 012035 . 

[25] M. Ammar, A. Haleem, M. Javaid, R. Walia, S. Bahl, Improving material quality
management and manufacturing organisations system through Industry 4.0 tech-
nologies, Mater. Today: Proc. 45 (2021) 5089–5096 . 

[26] E. Hofmann, H. Sternberg, H. Chen, A. Pflaum, G. Prockl, Supply chain manage-
ment and Industry 4.0: conducting research in the digital age, Int. J. Phys. Distrib.
Logist. Manag. (2019) . 

[27] A. Jayaram, Lean six sigma approach for global supply chain management using
industry 4.0 and IIoT, in: 2016 2nd international conference on contemporary com-
puting and informatics (IC3I), IEEE, 2016, pp. 89–94 . 

[28] D. Guo, M. Li, R. Zhong, G.Q. Huang, Graduation Intelligent Manufacturing System
(GiMS): an Industry 4.0 paradigm for production and operations management, Ind.
Manag. Data Syst. (2020) . 

[29] P.F. Borowski, Digitisation, digital twins, blockchain, and industry 4.0 as elements
of management process in enterprises in the energy sector, Energies 14 (7) (2021)
1885 . 

[30] Y. Yu, J.Z. Zhang, Y. Cao, Y. Kazancoglu, Intelligent transformation of the man-
ufacturing industry for Industry 4.0: seizing financial benefits from supply chain
relationship capital through enterprise green management, Technol. Forecast. Soc.
Change 172 (2021) 120999 . 

[31] N.H.M. Zaidin, M.N.M. Diah, P.H. Yee, S. Sorooshian, Quality management in in-
dustry 4.0 era, J. Manag. Sci. 8 (2) (2018) 82–91 . 

[32] S.G. García, M.G. García, Industry 4.0 implications in production and maintenance
management: an overview, Procedia Manuf. 41 (2019) 415–422 . 

[33] S. Nienke, H. Frölian, V. Zeller, G. Schuh, Energy-management 4.0: roadmap to-
wards the self-optimising production of the future, in: Proceedings of the 6th inter-
national conference on informatics, environment, energy and applications, 2017,
pp. 6–10 . 

[34] D. Guo, M. Li, Z. Lyu, K. Kang, W. Wu, R.Y. Zhong, G.Q. Huang, Synchroperation
in industry 4.0 manufacturing, Int. J. Prod. Econ. 238 (2021) 108171 . 

[35] F. Michard, M. Biais, S.M. Lobo, E. Futier, Perioperative hemodynamic manage-
ment 4.0, Best Pract. Res. Clinic. Anaesthesiol. 33 (2) (2019) 247–255 . 

[36] S. Gentner, Industry 4.0: reality, future or just science fiction? How to convince to-
day’s management to invest in tomorrow’s future! Successful strategies for industry
4.0 and manufacturing IT, CHIMIA Int. J. Chem. 70 (9) (2016) 628–633 . 

[37] F. Hecklau, M. Galeitzke, S. Flachs, H. Kohl, Holistic approach for human resource
management in Industry 4.0, Procedia CIRP 54 (2016) 1–6 . 

[38] T.D. Mastos, A. Nizamis, S. Terzi, D. Gkortzis, A. Papadopoulos, N. Tsagkalidis,
. . . D. Tzovaras, Introducing an application of an industry 4.0 solution for circular
supply chain management, J. Clean. Prod. 300 (2021) 126886 . 

[39] T.P. Raptis, A. Passarella, M. Conti, Data management in industry 4.0: state of the
art and open challenges, IEEE Access 7 (2019) 97052–97093 . 

[40] J. Villalba-Diez, X. Zheng, D. Schmidt, M. Molina, Characterisation of industry 4.0
lean management problem-solving behavioral patterns using EEG sensors and deep
learning, Sensors 19 (13) (2019) 2841 . 

[41] M. Kans, A. Ingwald, A framework for business model development for reaching
service management 4.0, J. Maint. Eng. 1 (2016) 398–407 . 

[42] T.D. Mastos, A. Nizamis, T. Vafeiadis, N. Alexopoulos, C. Ntinas, D. Gkortzis, . . .
D. Tzovaras, Industry 4.0 sustainable supply chains: an application of an IoT-en-
abled scrap metal management solution, J. Clean. Prod. 269 (2020) 122377 . 

[43] P. Egor, Digital Transformation of Industrial Companies: what is Management 4.0?
in: 2020 The 11th International Conference on E-business, Management and Eco-
nomics, 2020, pp. 131–138 . 

[44] A. Moeuf, R. Pellerin, S. Lamouri, S. Tamayo-Giraldo, R. Barbaray, The industrial
management of SMEs in the era of Industry 4.0, Int. J. Prod. Res. 56 (3) (2018)
1118–1136 . 

[45] D. Ivanov, C.S. Tang, A. Dolgui, D. Battini, A. Das, Researchers’ perspectives on
Industry 4.0: multidisciplinary analysis and opportunities for operations manage-
ment, Int. J. Prod. Res. 59 (7) (2021) 2055–2078 . 

[46] Y.A. Fatimah, A. Widianto, M. Hanafi, Cyber-physical system enabled in sustainable
waste management 4.0: a smart waste collection system for Indonesian semi-urban
cities, Procedia Manuf. 43 (2020) 535–542 . 
18 
[47] D.C. Fettermann, C.G.S. Cavalcante, T.D.D. Almeida, G.L. Tortorella, How does
Industry 4.0 contribute to operations management? J. Ind. Prod. Eng. 35 (4) (2018)
255–268 . 

[48] C.P. Simion, S.C. Popa, C. Albu, Project management 4.0–project management
in the digital era, in: 12th International Management Conference. Editura ASE,
Bucharest, 2018, pp. 93–100 . 

[49] G. Neumann, Knowledge management 4.0–implications of the fourth industrial rev-
olution on knowledge management in supply chains, Theory Appl. Knowl. Econ.
(2018) 452–461 . 

[50] A. Haleem, M. Javaid, Additive manufacturing applications in industry 4.0: a re-
view, J. Ind. Integr. Manag. 4 (04) (2019) 1930001 . 

[51] A.H. Glas, F.C. Kleemann, The impact of industry 4.0 on procurement and supply
management: a conceptual and qualitative analysis, Int. J. Bus. Manag. Invent. 5
(6) (2016) 55–66 . 

[52] S. Shamim, S. Cang, H. Yu, Y. Li, Management approaches for Industry 4.0: a hu-
man resource management perspective, in: 2016 IEEE Congress on Evolutionary
Computation (CEC), IEEE, 2016, pp. 5309–5316 . 

[53] A. Sanders, K.R. K Subramanian, T. Redlich, J.P Wulfsberg, Industry 4.0 and lean
management–synergy or contradiction? in: IFIP International Conference on Ad-
vances in Production Management Systems, Springer, Cham, 2017, pp. 341–349 . 

[54] R.G.G. Caiado, L.F. Scavarda, L.O. Gavião, P. Ivson, D.L. de Mattos Nascimento,
J.A. Garza-Reyes, A fuzzy rule-based industry 4.0 maturity model for operations
and supply chain management, Int. J. Prod. Econ. 231 (2021) 107883 . 

[55] L. Ardito, A.M. Petruzzelli, U. Panniello, A.C. Garavelli, Towards Industry 4.0: map-
ping digital technologies for supply chain management-marketing integration, Bus.
Process Manag. J. (2018) . 

[56] G. Culot, F. Fattori, M. Podrecca, M. Sartor, Addressing industry 4.0 cybersecurity
challenges, IEEE Eng. Manage. Rev. 47 (3) (2019) 79–86 . 

[57] M. Piccarozzi, B. Aquilani, C. Gatti, Industry 4.0 in management studies: a system-
atic literature review, Sustainability 10 (10) (2018) 3821 . 

[58] D. Schmidt, J. Villalba Diez, J. Ordieres-Meré, R. Gevers, J. Schwiep, M. Molina,
Industry 4.0 lean shopfloor management characterisation using EEG sensors and
deep learning, Sensors 20 (10) (2020) 2860 . 

[59] A. Chiarini, Industry 4.0, quality management and TQM world. A systematic liter-
ature review and a proposed agenda for further research, TQM J. (2020) . 

[60] T.L. Olsen, B. Tomlin, Industry 4.0: opportunities and challenges for operations
management, Manuf. Serv. Oper. Manag. 22 (1) (2020) 113–122 . 

[61] E. Rother, A. Baboli, L. Bernardini, Lean management 4.0 proposition for the evo-
lution of managerial criteria, in: 2020 IEEE International Conference on Industrial
Engineering and Engineering Management (IEEM), IEEE, 2020, pp. 255–259 . 

[62] T.M. Fernández-Caramés, O. Blanco-Novoa, I. Froiz-Míguez, P. Fraga-Lamas, To-
wards an autonomous industry 4.0 warehouse: a UAV and blockchain-based system
for inventory and traceability applications in big data-driven supply chain manage-
ment, Sensors 19 (10) (2019) 2394 . 

[63] A. Gunasekaran, N. Subramanian, W.T.E. Ngai, Quality management in the 21st–
century enterprises: research pathway towards Industry 4.0, Int. J. Prod. Econ. 207
(2019) 125–129 . 

[64] A. Dolgui, D. Ivanov, S. Sethi, B. Sokolov, Control theory applications to operations
systems, supply chain management and industry 4.0 networks, IFAC-PapersOnLine
51 (11) (2018) 1536–1541 . 

[65] X.F. Shao, W. Liu, Y. Li, H.R. Chaudhry, X.G. Yue, Multistage implementation
framework for smart supply chain management under industry 4.0, Technol. Fore-
cast. Soc. Change 162 (2021) 120354 . 

[66] H. Nordal, I. El-Thalji, Modeling a predictive maintenance management architec-
ture to meet industry 4.0 requirements: a case study, Syst. Eng. 24 (1) (2021)
34–50 . 

[67] M. Ammar, A. Haleem, M. Javaid, S. Bahl, A.S. Verma, Implementing Industry
4.0 technologies in self-healing materials and digitally managing the quality of
manufacturing, in: Materials Today: Proceedings, 2021 . 

[68] A. Romanovs, I. Pichkalov, E. Sabanovic, J. Skirelis, Industry 4.0: methodologies,
tools and applications, in: 2019 Open Conference of Electrical, Electronic and In-
formation Sciences (eStream), IEEE, 2019, pp. 1–4 . 

[69] D. Mehta, S. Tanwar, U. Bodkhe, A. Shukla, N. Kumar, Blockchain-based royalty
contract transactions scheme for Industry 4.0 supply-chain management, Inf. Pro-
cess. Manag. 58 (4) (2021) 102586 . 

[70] M. Robert, P. Giuliani, C. Gurau, Implementing industry 4.0 real-time performance
management systems: the case of Schneider Electric, Prod. Plann. Control 33 (2–3)
(2022) 244–260 . 

[71] B. Esmaeilian, J. Sarkis, K. Lewis, S. Behdad, Blockchain for the future of sustain-
able supply chain management in Industry 4.0, Resour. Conserv. Recycl. 163 (2020)
105064 . 

[72] F. Shrouf, J. Ordieres, G. Miragliotta, Smart factories in Industry 4.0: a review of
the concept and of energy management approached in production based on the
Internet of Things paradigm, in: 2014 IEEE International Conference on Industrial
Engineering and Engineering Management, IEEE, 2014, pp. 697–701 . 

[73] H. Mohelska, M. Sokolova, Management approaches for Industry 4.0–the organisa-
tional culture perspective, Technol. Econ. Dev. Econ. 24 (6) (2018) 2225–2240 . 

[74] E. Nica, Cyber-physical production networks and advanced digitalisation in Indus-
try 4.0 manufacturing systems: sustainable supply chain management, organisa-
tional resilience, and data-driven innovation, J. Self-Govern. Manag. Econ. 7 (3)
(2019) 27–33 . 

[75] D. Rogers, Building management 4.0: smart technology and the great American
retrofit, Construct. Res. Innov. 9 (1) (2018) 21–25 . 

[76] J. Jäger, O. Schöllhammer, M. Lickefett, T. Bauernhansl, Advanced complexity
management strategic recommendations of handling the “Industrie 4.0 ” complexity
for small and medium enterprises, Procedia CIRPp 57 (2016) 116–121 . 

http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0017
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0018
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0019
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0020
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0021
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0022
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0023
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0024
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0025
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0026
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0027
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0028
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0029
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0030
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0031
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0032
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0033
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0034
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0035
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0036
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0037
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0038
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0039
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0040
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0041
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0042
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0043
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0044
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0045
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0046
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0047
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0048
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0049
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0050
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0051
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0052
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0053
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0054
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0055
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0056
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0057
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0058
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0059
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0060
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0061
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0062
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0063
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0064
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0065
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0066
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0067
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0068
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0069
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0070
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0071
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0072
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0073
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0074
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0075
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0076


A. Haleem, M. Javaid, R.P. Singh et al. Sustainable Operations and Computers 4 (2023) 10–21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

 

[  

[  

 

[  

[  

 

 

[  

[  

 

[  

 

[  

 

[  

 

[  

 

[  

[  

 

[  

 

 

[  

[  

[  

 

[  

 

[  

 

[  

 

[  

[  

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

[  

 

[  

 

[  

 

[  

[  

 

[77] S. Shamim, S. Cang, H. Yu, Y. Li, Examining the feasibilities of Industry 4.0 for the
hospitality sector with the lens of management practice, Energies 10 (4) (2017)
499 . 

[78] W. Viriyasitavat, L. Da Xu, Z. Bi, A. Sapsomboon, Blockchain-based business process
management (BPM) framework for service composition in industry 4.0, J. Intell.
Manuf. 31 (7) (2020) 1737–1748 . 

[79] L. Koh, G. Orzes, F.J. Jia, The fourth industrial revolution (Industry 4.0): technolo-
gies disruption on operations and supply chain management, Int. J. Oper. Prod.
Manag. (2019) . 

[80] A. Forcina, D. Falcone, The role of Industry 4.0 enabling technologies for safety
management: a systematic literature review, Procedia Comput. Sci. 180 (2021)
436–445 . 

[81] K. Witkowski, Internet of things, big data, industry 4.0–innovative solutions in
logistics and supply chains management, Procedia Eng. 182 (2017) 763–769 . 

[82] J. Tupa, J. Simota, F. Steiner, Aspects of risk management implementation for In-
dustry 4.0, Procedia Manuf. 11 (2017) 1223–1230 . 

[83] M. Imran, I. Salisu, H.D. Aslam, J. Iqbal, I. Hameed, Resource and information ac-
cess for SME sustainability in the era of IR 4.0: the mediating and moderating roles
of innovation capability and management commitment, Processes 7 (4) (2019) 
211 . 

[84] J. Leng, G. Ruan, P. Jiang, K. Xu, Q. Liu, X. Zhou, C. Liu, Blockchain-empowered
sustainable manufacturing and product lifecycle management in industry 4.0: a
survey, Renew. Sustain. Energy Rev. 132 (2020) 110112 . 

[85] M. Graczyk-Kucharska, M. Szafranski, M. Golinski, M. Spychala, K. Borsekova,
Model of competency management in the network of production enterprises in
industry 4.0 —Assumptions, in: Advances in manufacturing, Springer, Cham, 2018,
pp. 195–204 . 

[86] H. Birkel, J.M. Müller, Potentials of industry 4.0 for supply chain management
within the triple bottom line of sustainability–A systematic literature review, J.
Clean. Prod. 289 (2021) 125612 . 

[87] M. Javaid, A. Haleem, R.P. Singh, R. Suman, Significant applications of big data in
Industry 4.0, J. Ind. Integr. Manag. 6 (04) (2021) 429–447 . 

[88] R. Mi ś kiewicz, Challenges facing management practice in the light of Industry 4.0:
the example of Poland, Virt. Econ. 2 (2) (2019) 37–47 . 

[89] Y.D. Ozkan-Ozen, Y. Kazancoglu, S.K. Mangla, Synchronised barriers for circular
supply chains in industry 3.5/industry 4.0 transition for sustainable resource man-
agement, Resour. Conserv. Recycl. 161 (2020) 104986 . 

[90] S. Khan, R. Singh, A. Haleem, J. Dsilva, S. Ali, Exploration of critical success factors
of logistics 4.0: a DEMATEL approach, Logistics 6 (1) (2022) 13, doi: 10.3390/lo-
gistics6010013 . 

[91] M. Núñez-Merino, J.M. Maqueira-Marín, J. Moyano-Fuentes, P.J. Martínez-Jurado,
Information and digital technologies of Industry 4.0 and Lean supply chain man-
agement: a systematic literature review, Int. J. Prod. Res. 58 (16) (2020) 5034–
5061 . 

[92] X.L. Liu, W.M. Wang, H. Guo, A.V. Barenji, Z. Li, G.Q. Huang, Industrial
blockchain-based framework for product lifecycle management in industry 4.0,
Robot Comput. Integr. Manuf. 63 (2020) 101897 . 

[93] J. Patalas-Maliszewska, M. Topczak, A new management approach based on Ad-
ditive Manufacturing technologies and Industry 4.0 requirements, Adv. Prod. Eng.
Manag. 16 (1) (2021) . 

[94] D. Kozma, P. Varga, G. Soós, Supporting digital production, product lifecycle and
supply chain management in industry 4.0 by the arrowhead framework–a survey,
in: 2019 IEEE 17th International Conference on Industrial Informatics (INDIN), 1,
IEEE, 2019, pp. 126–131 . 

[95] S.B. Rane, P.R. Potdar, S. Rane, Development of Project Risk Management frame-
work based on Industry 4.0 technologies, Benchmarking (2019) . 

[96] M. Javaid, A. Haleem, R.P. Singh, R. Suman, Significance of Quality 4.0 to-
wards comprehensive enhancement in manufacturing sector, Sensors Int. 2 (2021)
100109 . 

[97] M. Habibi Rad, M. Mojtahedi, M.J. Ostwald, Industry 4.0, Disaster Risk Manage-
ment and Infrastructure Resilience: a Systematic Review and Bibliometric Analysis,
Buildings 11 (9) (2021) 411 . 

[98] F. Brocal, C. González, D. Komljenovic, P.F. Katina, M.A. Sebastián, Emerging risk
management in industry 4.0: an approach to improve organisational and human
performance in the complex systems, Complex (2019) 2019 . 

[99] D. Prestiadi, W. Zulkarnain, R.B. Sumarsono, Visionary leadership in total quality
management: efforts to improve the quality of education in the industrial revo-
lution 4.0, in: The 4th International Conference on Education and Management
(COEMA 2019), Atlantis Press, 2019, pp. 202–206 . 

100] V. Babenko, Enterprise innovation management in industry 4.0: modeling as-
pects, in: Emerging Extended Reality Technologies for Industry 4.0: Early Expe-
riences with Conception, Design, Implementation, Evaluation and Deployment,
2020, pp. 141–163 . 

101] B. Tjahjono, C. Esplugues, E. Ares, G. Pelaez, What does industry 4.0 mean to supply
chain? Procedia Manuf. 13 (2017) 1175–1182 . 

102] J. Barata, P.R. Da Cunha, J. Stal, Mobile supply chain management in the Industry
4.0 era: an annotated bibliography and guide for future research, J. Enterpr. Inf.
Manag. (2018) . 

103] M. Javaid, A. Haleem, R.P. Singh, S. Khan, R. Suman, Blockchain technology ap-
plications for Industry 4.0: a literature-based review, Blockchain (2021) 100027 . 

104] C. Weber, P. Hirmer, P. Reimann, A model management platform for industry
4.0–enabling management of machine learning models in manufacturing environ-
ments, in: International Conference on Business Information Systems, Springer,
Cham, 2020, pp. 403–417 . 

105] T.M. Choi, S. Kumar, X. Yue, H.L. Chan, Disruptive technologies and operations
management in the Industry 4.0 era and beyond, Prod. Oper. Manag. (2021) . 
19 
106] K. Zekhnini, A. Cherrafi, I. Bouhaddou, Y. Benghabrit, Analytic hierarchy process
(AHP) for supply chain 4.0 risks management, in: International Conference on Ar-
tificial Intelligence & Industrial Applications, Springer, Cham, 2020, pp. 89–102 . 

107] G. Santos, J.C. Sá, M.J. Félix, L. Barreto, F. Carvalho, M. Doiro, . . . M. Stefanovi ć,
New needed quality management skills for quality managers 4.0, Sustainability 13
(11) (2021) 6149 . 

108] B. Hitpass, H. Astudillo, Industry 4.0 challenges for business process management
and electronic commerce, J. Theor. Appl. Electron. Commerce Res. 14 (1) (2019)
I-III . 

109] R. Čre š nar, V. Poto čan, Z. Nedelko, Speeding up the implementation of industry 4.0
with management tools: empirical investigations in manufacturing organisations,
Sensors 20 (12) (2020) 3469 . 

110] S. Richard, R. Pellerin, J. Bellemare, N. Perrier, A business process and portfo-
lio management approach for Industry 4.0 transformation, Bus. Process Manag. J.
(2020) . 

111] C. Chauhan, A. Singh, A review of Industry 4.0 in supply chain management studies,
J. Manuf. Technol. Manag. (2019) . 

112] M. Hirman, A. Benesova, F. Steiner, J. Tupa, Project management during the In-
dustry 4.0 implementation with risk factor analysis, Procedia Manuf. 38 (2019)
1181–1188 . 

113] S. Duarte, M.D.R. Cabrita, V. Cruz-Machado, Business model, lean and green man-
agement and industry 4.0: a conceptual relationship, in: International Conference
on Management Science and Engineering Management, Springer, Cham, 2019,
pp. 359–372 . 

114] A.L. Marnewick, C. Marnewick, The ability of project managers to implement in-
dustry 4.0-related projects, IEEE Access 8 (2019) 314–324 . 

115] M. Demartini, F. Tonelli, Quality management in the industry 4.0 era, Proc. Sum-
mer School Francesco Turco 2018 (2018) 8–14 . 

116] S. Park, J.H. Huh, Effect of cooperation on manufacturing it project development
and testbed for successful Industry 4.0 project: safety management for security,
Processes 6 (7) (2018) 88 . 

117] J. Cárcel-Carrasco, C. Gómez-Gómez, Qualitative analysis of the perception of com-
pany managers in knowledge management in the maintenance activity in the era
of industry 4.0, Processes 9 (1) (2021) 121 . 

118] N. Koleva, O. Andreev, Aspects of training in the field of operations management
with respect to industry 4.0, in: 2018 International Conference on High Technology
for Sustainable Development (HiTech), IEEE, 2018, pp. 1–3 . 

119] K. Zekhnini, A. Cherrafi, I. Bouhaddou, Y. Benghabrit, Supply chain 4.0 risk man-
agement: bibliometric analysis and a proposed framework, in: International Con-
ference on Integrated Design and Production, Springer, Cham, 2019, pp. 322–
332 . 

120] D. Nell, E.H. Mathews, P. Maré, Industry 4.0 roll-out strategy for dynamic mine
heat load management, S. Afr. J. Ind. Eng. 30 (3) (2019) 106–114 . 

121] B.N. Pasi, S.K. Mahajan, S.B. Rane, Smart supply chain management: a perspective
of industry 4.0, Supply Chain Manag. 29 (5) (2020) 3016–3030 . 

122] J. Enke, R. Glass, A. Kreß, J. Hambach, M. Tisch, J. Metternich, Industrie 4.0–Com-
petencies for a modern production system: a curriculum for Learning Factories,
Procedia Manuf. 23 (2018) 267–272 . 

123] B.K. Dewangan, A. Agarwal, T. Choudhury, A. Pasricha, S. Chandra Satapathy,
Extensive review of cloud resource management techniques in industry 4.0: issue
and challenges, Software 51 (12) (2021) 2373–2392 . 

124] D. Ivanov, S. Sethi, A. Dolgui, B. Sokolov, A survey on control theory applications
to operational systems, supply chain management, and Industry 4.0, Annu. Rev.
Control 46 (2018) 134–147 . 

125] S. Purnama, Q. Aini, U. Rahardja, N.P.L. Santoso, S. Millah, Design of educational
learning management cloud process with Blockchain 4.0 based E-Portfolio, J. Educ.
Technol. 5 (4) (2021) 628–635 . 

126] J.J.A. Obiso, C.M. Himang, L.A. Ocampo, M.F. Bongo, S.A.A. Caballes, D.P.M. Abel-
lana, . . . R.A. Jr, Management of Industry 4.0–reviewing intrinsic and extrinsic
adoption drivers and barriers, Int. J. Technol. Manage. 81 (3–4) (2019) 210–
257 . 

127] L. Hertati, A. Syafarudin, How the implementation of the industrial revolution
4.0 management information system influenced innovation: the case of small and
medium enterprises in Indonesia, J. Asian Bus. Strategy 8 (2) (2018) 52–62 . 

128] C. Horick, Industry 4.0 production networks: cyber-physical system-based smart
factories, real-time big data analytics, and sustainable product lifecycle manage-
ment, J. Self-Govern. Manag. Econ. 8 (1) (2020) 107–113 . 

129] C. Cagnetti, T. Gallo, C. Silvestri, A. Ruggieri, Lean production and Industry 4.0:
strategy/management or technique/implementation? A systematic literature re-
view, Procedia Comput. Sci. 180 (2021) 404–413 . 

130] V. Roblek, M. Me š ko, A. Krape ž , A complex view of industry 4.0, Sage Open 6 (2)
(2016) 2158244016653987 . 

131] A. Ito, T. Ylipää, P. Gullander, J. Bokrantz, V. Centerholt, A. Skoogh, Dealing with
resistance to the use of Industry 4.0 technologies in production disturbance man-
agement, J. Manuf. Technol. Manag. (2021) . 

132] G. Miragliotta, A. Sianesi, E. Convertini, R. Distante, Data-driven management in
Industry 4.0: a method to measure Data Productivity, IFAC-PapersOnLine 51 (11)
(2018) 19–24 . 

133] I. Rajiani, N. Ismail, Management innovation in balancing technology innovation
to harness universities performance in the era of community 4.0, Polish J. Manag.
Stud. (2019) 19 . 

134] M. Abdirad, K. Krishnan, Industry 4.0 in logistics and supply chain management:
a systematic literature review, Eng. Manag. J. 33 (3) (2021) 187–201 . 

135] S. Sisodia, N. Agarwal, Reverse mentoring the editing edge in Management 4.0, in:
Handbook of Research on Managerial Practices and Disruptive Innovation in Asia,
IGI Global, 2020, pp. 185–193 . 

http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0077
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0078
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0079
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0080
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0081
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0082
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0083
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0084
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0085
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0086
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0087
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0088
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0089
https://doi.org/10.3390/logistics6010013
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0091
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0092
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0093
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0094
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0095
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0096
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0097
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0098
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0099
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0100
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0101
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0102
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0103
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0104
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0105
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0106
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0107
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0108
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0109
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0110
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0111
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0112
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0113
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0114
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0115
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0116
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0117
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0118
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0119
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0120
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0121
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0122
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0123
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0124
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0125
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0126
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0127
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0128
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0129
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0130
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0131
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0132
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0133
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0134
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0135


A. Haleem, M. Javaid, R.P. Singh et al. Sustainable Operations and Computers 4 (2023) 10–21 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

[  

[  

 

[  

[  

 

[  

 

[  

 

 

[  

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

 

[  

 

[  

[  

[  

 

[  

 

[  

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

 

[  

 

[  

 

 

[  

 

[  

 

[  

 

[  

[  

 

[  

 

 

[  

 

[  

 

[  

[  

 

 

[  

[  

 

 

[  

[  

 

[  

[  

 

[  

[  
136] J.A. Scholz, F. Sieckmann, H. Kohl, Implementation with agile project management
approaches: case Study of an Industrie 4.0 Learning Factory in China, Procedia
Manuf. 45 (2020) 234–239 . 

137] A. Corradi, L. Foschini, C. Giannelli, R. Lazzarini, C. Stefanelli, M. Tortonesi, G. Vir-
gilli, Smart appliances and RAMI 4.0: management and servitization of ice cream
machines, IEEE Trans. Ind. Inf. 15 (2) (2018) 1007–1016 . 

138] S. Bag, G. Yadav, P. Dhamija, K.K. Kataria, Key resources for industry 4.0 adoption
and its effect on sustainable production and circular economy: an empirical study,
J. Clean. Prod. 281 (2021) 125233 . 

139] D. Horváth, R.Z. Szabó, Driving forces and barriers of Industry 4.0: do multina-
tional and small and medium-sized companies have equal opportunities? Technol.
Forecast. Soc. Change 146 (2019) 119–132 . 

140] E. Kurniawati, A. Siddiq, I. Huda, E-commerce opportunities in the 4.0 era inno-
vative entrepreneurship management development, Polish J. Manag. Stud. (2020)
21 . 

141] S. Sajid, A. Haleem, S. Bahl, M. Javaid, T. Goyal, M. Mittal, Data science applica-
tions for predictive maintenance and materials science in context to Industry 4.0,
Mater. Today: Proc. 45 (2021) 4898–4905 . 

142] E. Bryndin, Technological, economic and social aspects of management by the de-
velopment of the digital industry 4.0, Int. J. Manager. Stud. Res. 6 (4) (2018)
19–30 . 

143] M. Capestro, S. Kinkel, Industry 4.0 and knowledge management: a review of em-
pirical studies, in: Knowledge Management and Industry 4.0, 2020, pp. 19–52 . 

144] E. Hofmann, M. Rüsch, Industry 4.0 and the current status as well as future
prospects on logistics, Comput. Ind. 89 (2017) 23–34 . 

145] Y. Kazancoglu, Y.D. Ozkan-Ozen, Analysing Workforce 4.0 in the Fourth Industrial
Revolution and proposing a road map from an operations management perspective
with fuzzy DEMATEL, J. Enterprise Inf. Manag. (2018) . 

146] Z. Liu, K. Xie, L. Li, Y. Chen, A paradigm of safety management in industry 4.0,
Syst. Res. Behav. Sci. 37 (4) (2020) 632–645 . 

147] C. Garrido-Hidalgo, T. Olivares, F.J. Ramirez, L. Roda-Sanchez, An end-to-end in-
ternet of things solution for reverse supply chain management in industry 4.0, Com-
put. Ind. 112 (2019) 103127 . 

148] J.P. Belaud, N. Prioux, C. Vialle, C. Sablayrolles, Big data for agri-food 4.0: applica-
tion to sustainability management for by-products supply chain, Comput. Ind. 111
(2019) 41–50 . 

149] A. Scavarda, G. Daú, L.F. Scavarda, R. Goyannes Gusmão Caiado, An analysis of
the corporate social responsibility and the Industry 4.0 with focus on the youth
generation: a sustainable human resource management framework, Sustainability
11 (18) (2019) 5130 . 

150] A. Haleem, M. Javaid, R. Singh, S. Khan, Guest editorial: industry 4.0 special issue,
Ind. Robot 49 (3) (2022) 385, doi: 10.1108/ir-05-2022-459 . 

151] P. Pisar, D. Bilkova, Controlling as a tool for SME management with an emphasis
on innovations in the context of Industry 4.0, Equilib. Quart. J. Econ. Econ. Policy
14 (4) (2019) 763–785 . 

152] S. Narula, S. Prakash, M. Dwivedy, V. Talwar, S.P. Tiwari, Industry 4.0 adoption
key factors: an empirical study on manufacturing industry, J. Adv. Manag. Res.
(2020) . 

153] C. Wiradendi Wolor, Implementation talent management to improve organisation’s
performance in Indonesia to fight industrial revolution 4.0, Int. J. Sci. Technol. Res.
(2020) . 

154] R. Maskuriy, A. Selamat, P. Maresova, O. Krejcar, O.O. David, Industry 4.0 for the
construction industry: review of management perspective, Economies 7 (3) (2019)
68 . 

155] E. Bourke, Smart production systems in industry 4.0: sustainable supply chain man-
agement, cognitive decision-making algorithms, and dynamic manufacturing pro-
cesses, J. Self-Govern. Manag. Econ. 7 (2) (2019) 25–30 . 

156] R. Ishak, M. Mansor, The relationship between knowledge management and organ-
isational learning with academic staff readiness for education 4.0, Euras. J. Educ.
Res. 20 (85) (2020) 169–184 . 

157] M. Trstenjak, T. Opetuk, H. Cajner, N. Tosanovic, Process planning in Industry
4.0 —Current state, potential and management of transformation, Sustainability 12
(15) (2020) 5878 . 

158] M. Alarcón, F.M. Martínez-García, F.C.G de León Hijes, Energy and maintenance
management systems in the context of industry 4.0. Implementation in a real case,
Renew. Sustain. Energy Rev. 142 (2021) 110841 . 

159] A. Saihi, M. Awad, M. Ben-Daya, Quality 4.0: leveraging Industry 4.0 technolo-
gies to improve quality management practices–a systematic review, Int. J. Qual.
Reliabil. Manag. (2021) . 

160] M.D. Bermúdez, B.F. Juárez, Competencies to adopt Industry 4.0 for operations
management personnel at automotive parts suppliers in Nuevo Leon, in: Proceed-
ings of the International Conference on Industrial Engineering and Operations Man-
agement Bogota, Colombia, 2017, pp. 736–747 . 

161] Y. Cohen, M. Faccio, F. Pilati, X. Yao, Design and management of digital manufac-
turing and assembly systems in the Industry 4.0 era, Int. J. Adv. Manuf. Technol.
105 (9) (2019) 3565–3577 . 

162] R. Saxby, M. Cano-Kourouklis, E. Viza, An initial assessment of Lean Management
methods for Industry 4.0, TQM J. (2020) . 

163] I.H. Khan, M. Javaid, Role of Internet of Things (IoT) in adoption of Industry 4.0,
J. Ind. Integr. Manag. (2021) 2150006 . 

164] M. Mariani, M. Borghi, Industry 4.0: a bibliometric review of its managerial intel-
lectual structure and potential evolution in the service industries, Technol. Fore-
cast. Soc. Change 149 (2019) 119752 . 

165] M.M.H. Onik, M.H. Miraz, C.S. Kim, A recruitment and human resource manage-
ment technique using blockchain technology for industry 4.0, in: Smart Cities Sym-
posium 2018, IET, 2018, pp. 1–6 . 
20 
166] G. Nota, D. Peluso, A.T. Lazo, The contribution of Industry 4.0 technologies to
facility management, Int. J. Eng. Bus. Manag. 13 (2021) 18479790211024131 . 

167] J. Reyes, J. Mula, M. Díaz-Madroñero, Development of a conceptual model for lean
supply chain planning in industry 4.0: multidimensional analysis for operations
management, Prod. Plann. Control (2021) 1–16 . 

168] S. Khan, Barriers of big data analytics for smart cities development: a context
of emerging economies, Int. J. Manag. Sci. Eng. Manag. 17 (2) (2021) 123–131,
doi: 10.1080/17509653.2021.1997662 . 

169] A. Patrucco, F. Ciccullo, M. Pero, Industry 4.0 and supply chain process re-engineer-
ing: a coproduction study of materials management in construction, Bus. Process
Manag. J. (2020) . 

170] M.C. Lucas-Estañ, M. Sepulcre, T.P. Raptis, A. Passarella, M. Conti, Emerging trends
in hybrid wireless communication and data management for the industry 4.0, Elec-
tronics 7 (12) (2018) 400 . 

171] B. Wang, Safety intelligence as an essential perspective for safety management in
the era of Safety 4.0: from a theoretical to a practical framework, Process Saf.
Environ. Prot. 148 (2021) 189–199 . 

172] J.C. Hollowell, B. Kollar, J. Vrbka, E. Kovalova, Cognitive decision-making algo-
rithms for sustainable manufacturing processes in Industry 4.0: networked, smart,
and responsive devices, Econ. Manag. Financ. Markets 14 (4) (2019) 9–15 . 

173] T. Kliestik, E. Nica, H. Musa, M. Poliak, E.A. Mihai, Networked, smart, and respon-
sive devices in industry 4.0 manufacturing systems, Econ. Manag. Financ. Markets
15 (3) (2020) 23–29 . 

174] P. Dallasega, Industry 4.0 fostering construction supply chain management: lessons
learned from engineer-to-order suppliers, IEEE Eng. Manage. Rev. 46 (3) (2018)
49–55 . 

175] A. Buckhorst, R.H. Schmitt, Quality Management 4.0-Potentials and requirements
of a holistic cloud-based approach towards a digital reflected production system,
in: Proceedings of the International Conference on Industrial Engineering and Op-
erations Management, 2017, pp. 251–252 . 

176] M.K. Habib, C. Chimsom, Industry 4.0: sustainability and design principles, in:
2019 20th International Conference on Research and Education in Mechatronics
(REM), IEEE, 2019, pp. 1–8 . 

177] S. Park, S. Lee, A study on worker’s positional management and security reinforce-
ment scheme in smart factory using industry 4.0-based Bluetooth beacons, in: Ad-
vances in Computer Science and Ubiquitous Computing, Springer, Singapore, 2016,
pp. 1059–1066 . 

178] L. Gerlitz, Design management as a domain of smart and sustainable enterprise:
business modelling for innovation and smart growth in Industry 4.0, Entrep. Sus-
tainabil. Issues 3 (3) (2016) 244 . 

179] G.F. Frederico, Project Management for Supply Chains 4.0: a conceptual framework
proposal based on PMBOK methodology, Oper. Manag. Res. 14 (3) (2021) 434–450 .

180] S. Cyfert, W. Glabiszewski, M. Zastempowski, Impact of management tools support-
ing industry 4.0 on the importance of csr during covid-19. Generation z, Energies
14 (6) (2021) 1642 . 

181] D.P. Maganga, I.W. Taifa, Quality 4.0 conceptualisation: an emerging quality man-
agement concept for manufacturing industries, TQM J. (2022) . 

182] S. Sader, I. Husti, M. Daroczi, A review of quality 4.0: definitions, features, tech-
nologies, applications, and challenges, Total Qual. Manag. Bus. Excell. (2021) 1–19 .

183] H. Sun, M. Fan, A. Sharma, Design and implementation of construction prediction
and management platform based on building information modelling and three-di-
mensional simulation technology in industry 4.0, IET Collab. Intell. Manuf. 3 (3)
(2021) 224–232 . 

184] T. de Vass, H. Shee, S. Miah, IoT in supply chain management: opportunities and
challenges for businesses in early Industry 4.0 context, Oper. Supply Chain Manag.
14 (2) (2021) 148–161 . 

185] Y.T. Chen, E.W. Sun, M.F. Chang, Y.B. Lin, Pragmatic real-time logistics manage-
ment with traffic IoT infrastructure: big data predictive analytics of freight travel
time for Logistics 4.0, Int. J. Prod. Econ. 238 (2021) 108157 . 

186] P. Schott, M. Lederer, I. Eigner, F. Bodendorf, Case-based reasoning for complexity
management in Industry 4.0, J. Manuf. Technol. Manag. (2020) . 

187] M.C. Lucas-Estañ, T.P. Raptis, M. Sepulcre, A. Passarella, C. Regueiro, O. Lazaro, A
software-defined hierarchical communication and data management architecture
for industry 4.0, in: 2018 14th Annual Conference on Wireless On-demand Network
Systems and Services (WONS), IEEE, 2018, pp. 37–44 . 

188] O.K. Babatunde, Mapping the implications and competencies for Industry 4.0 to
hard and soft total quality management, TQM J. (2020) . 

189] R. Milward, G.H. Popescu, K.F. Michalikova, Z. Musova, V. Machova, Sensing,
smart, and sustainable technologies in Industry 4.0: cyber-physical networks, ma-
chine data capturing systems, and digitised mass production, Econ. Manag. Financ.
Markets 14 (3) (2019) 37–43 . 

190] L.S. Goecks, A.A.D. Santos, A.L. Korzenowski, Decision-making trends in quality
management: a literature review about Industry 4.0, Production (2020) 30 . 

191] Y.K. Teoh, S.S. Gill, A.K. Parlikad, IoT and fog computing-based predictive mainte-
nance model for effective asset management in industry 4.0 using machine learn-
ing, IEEE Internet Things J. (2021) . 

192] E. Popkova, A.V. Bogoviz, B.S. Sergi, Towards digital society management and ‘cap-
italism 4.0’in contemporary Russia, Human. Soc. Sci. Commun. 8 (1) (2021) 1–
8 . 

193] A. Gunasekaran, B.K. Rai, M. Griffin, Resilience and competitiveness of small and
medium-sized enterprises: an empirical research, Int. J. Prod. Res. 49 (18) (2011)
5489–5509 . 

194] J. Fiksel, Designing resilient, sustainable systems, Environ. Sci. Technol. 37 (23)
(2003) 5330–5339 . 

195] J. Bergström, R. Van Winsen, E. Henriqson, On the rationale of resilience in the
domain of safety: a literature review, Reliab. Eng. Syst. Saf. 141 (2015) 131–141 . 

http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0136
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0137
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0138
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0139
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0140
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0141
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0142
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0143
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0144
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0145
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0146
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0147
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0148
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0149
https://doi.org/10.1108/ir-05-2022-459
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0151
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0152
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0153
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0154
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0155
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0156
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0157
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0158
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0159
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0160
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0161
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0162
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0163
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0164
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0165
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0166
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0167
https://doi.org/10.1080/17509653.2021.1997662
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0169
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0170
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0171
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0172
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0173
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0174
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0175
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0176
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0177
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0178
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0179
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0180
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0181
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0182
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0183
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0184
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0185
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0186
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0187
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0188
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0189
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0190
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0191
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0192
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0193
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0194
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0195


A. Haleem, M. Javaid, R.P. Singh et al. Sustainable Operations and Computers 4 (2023) 10–21 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

[  

 

[  

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

196] L.P. Dana, A. Salamzadeh, S. Mortazavi, M. Hadizadeh, M. Zolfaghari, Strategic
futures studies and entrepreneurial resiliency: a focus on digital technology trends
and emerging markets, Tech. Empres. 16 (1) (2022) 87–100 . 

197] N. Stylos, A.K. Fotiadis, D.D. Shin, T.C.T. Huan, Beyond smart systems adoption:
enabling diffusion and assimilation of smartness in hospitality, Int. J. Hosp. Manag.
98 (2021) 103042 . 

198] A.O. Windapo, A. Moghayedi, Adoption of smart technologies and
circular economy performance of buildings, Built Environ. Project Asset Manag.
(2020) . 

199] B.G. Hwang, J. Ngo, J.Z.K. Teo, Challenges and strategies for the adoption of smart
technologies in the construction industry: the case of Singapore, J. Manage. Eng.
38 (1) (2022) 05021014 . 

200] L. Gastaldi, S. Lessanibahri, G. Tedaldi, G. Miragliotta, Companies’ adoption of
Smart Technologies to achieve structural ambidexterity: an analysis with SEM,
Technol. Forecast. Soc. Change 174 (2022) 121187 . 

201] A. Davies, IoT, smart technologies, smart policing: the impact for rural communi-
ties, in: Smart village technology, Springer, Cham, 2020, pp. 25–37 . 

202] T.D. Oesterreich, J. Schuir, F. Teuteberg, The emperor’s new clothes or an enduring
IT fashion? Analysing the lifecycle of industry 4.0 through the lens of management
fashion theory, Sustainability 12 (21) (2020) 8828 . 
21 
203] A. Felsberger, G. Reiner, Sustainable industry 4.0 in production and operations
management: a systematic literature review, Sustainability 12 (19) (2020) 7982 . 

204] P. Zheng, Z. Sang, R.Y. Zhong, Y. Liu, C. Liu, K. Mubarok, X. Xu, Smart manu-
facturing systems for Industry 4.0: conceptual framework, scenarios, and future
perspectives, Front. Mech. Eng. 13 (2) (2018) 137–150 . 

205] N. Jahani, A. Sepehri, H.R. Vandchali, E.B. Tirkolaee, Application of industry 4.0
in the procurement processes of supply chains: a systematic literature review, Sus-
tainability 13 (14) (2021) 7520 . 

206] E.B. Tirkolaee, S. Sadeghi, F.M. Mooseloo, H.R. Vandchali, S. Aeini, Application of
machine learning in supply chain management: a comprehensive overview of the
main areas, Math. Probl. Eng. (2021) 2021 . 

207] N.S. Aydin, E.B. Tirkolaee, A systematic review of aggregate production planning
literature with an outlook for sustainability and circularity, Environ. Dev. Sustain-
abil. (2022) 1–42 . 

208] S. Khan, M. Kaushik, R. Kumar, W. Khan, Investigating the barriers of blockchain
technology integrated food supply chain: a BWM approach, Benchmarking (2022),
doi: 10.1108/bij-08-2021-0489 . 

209] S. Khan, R. Singh, Kirti, Critical Factors for Blockchain Technology Implemen-
tation: a supply chain perspective, J. Ind. Integr. Manag. (2021) 2150011,
doi: 10.1142/s2424862221500111 . 

http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0196
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0197
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0198
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0199
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0200
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0201
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0202
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0203
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0204
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0205
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0206
http://refhub.elsevier.com/S2666-4127(22)00027-7/sbref0207
https://doi.org/10.1108/bij-08-2021-0489
https://doi.org/10.1142/s2424862221500111

	Management 4.0: Concept, applications and advancements
	1 Introduction
	2 Management 4.0
	3 Need of Management 4.0
	4 Research objectives
	5 Dimensions of versatile revolutions through the perspectives of Management 4.0
	6 Significant transformations achieved through Management 4.0 strategies
	7 Role of Management 4.0 for enhancing the performance of the system of manufacturing industries
	8 Discussion
	9 Conclusion
	Declaration of Competing Interest
	References


