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Abstract
Industry 4.0 has been provided for the last 10 years to benefit the industry and the shortcomings; finally, the time for
industry 5.0 has arrived. Smart factories are increasing the business productivity; therefore, industry 4.0 has limitations.
In this paper, there is a discussion of the industry 5.0 opportunities as well as limitations and the future research prospects. Industry 5.0 is changing paradigm and brings the resolution since it will decrease emphasis on the technology
and assume that the potential for progress is based on collaboration among the humans and machines. The industrial
revolution is improving customer satisfaction by utilizing personalized products. In modern business with the paid
technological developments, industry 5.0 is required for gaining competitive advantages as well as economic growth
for the factory. The paper is aimed to analyze the potential applications of industry 5.0. At first, there is a discussion of
the definitions of industry 5.0 and advanced technologies required in this industry revolution. There is also discussion
of the applications enabled in industry 5.0 like healthcare, supply chain, production in manufacturing, cloud manufacturing, etc. The technologies discussed in this paper are big data analytics, Internet of Things, collaborative robots,
Blockchain, digital twins and future 6G systems. The study also included difficulties and issues examined in this paper
head to comprehend the issues caused by organizations among the robots and people in the assembly line.
Keywords: Industry 5.0, Human machine collaboration, Supply chain, Disaster recovery, Smart healthcare, Cognitive
systems, Green manufacturing
Introduction
A major shift comes through the first industrial revolution (Industry 1.0) in the eighteenth century, where items
were being produced by means and processes invented
and allowed to be produced by machines. It started in
England in 1760 and reached the United States by the
end of the eighteenth century. Industry 1.0 marked a shift
from the handicraft economy to dominate by machinery and impacted the industries such as mining, textile,
agriculture, glass, and others [1]. The next shift to the
manufacturing industry from 1871 and 1914 is termed
Industry 2.0, which allowed for faster transfer of persons
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and innovative ideas. This revolution is a period of economic growth, increasing business productivity causing
a surge in unemployment as machines replace factory
workers.
Industry 3.0 is termed the digital revolution, started
in the 70s in the twentieth century through the automation of memory-programmable controls plus computers.
The central point of this particular phase is mass production and the use of digital logic, integrated circuit chips;
derived technologies included computers, digital cellular
phones, and the internet [2, 3]. The innovations of the
technology are transforming traditional products as well
as business procedures. The digital revolution is converting technology into digital format. Industry 4.0 is a union
among the physical assets and advanced technologies
such as artificial intelligence, IoT, robots, 3D printing,
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cloud computing, etc. The organizations that adopted
4.0 are flexible and prepared for data-driven decisions
[4]. Industry 5.0 is the upcoming technology of the previous generation designed for efficient and intelligent
machines. Figure 1 shows the industry revolution from
industry 1.0 to industry 5.0. Table 1 remarks the most relevant surveys that discuss some aspects of industry X.0.
The rationale following the progression of industry 5.0

The revolution of industry 5.0 means that humans and
machines are working together, improving the efficiency
of industrial production. Human workers and universal robots are boosting the productivity of the manufacturing industry [5]. Each of the executive teams of the
manufacturing company is required to define the production line, then follow the key performance indicators
and ensure that the processes are working effortlessly.
The future direction of industry 5.0 is the manufacturing of robots and industrial robots. The advancement of
artificial intelligence and cognitive computing technologies is taking the manufacturing world to a high speed
and increasing business efficiency [20]. Apart from the
benefits in the manufacturing business, industry 5.0 also

Fig. 1 Industrial Evolution from Industry 1.0–5.0
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benefits in sustainability as it aims to develop a sustainable system that runs on renewable energy.
In order to adopt industry 5.0 for the companies, the
personnel are required proper interaction among the
machines as well as operators. It is knowledge in the
fields like robotics as well as artificial intelligence [21, 22].
The role of the business organization is based on making
decisions around the advanced factors. Training employees is required with virtual education to decrease the cost
for the businesses, as it is not required production to
stop for providing training to the employees. It provides
safe training that can prevent the workers from being
uncovered to needless issues during the training sessions.
Communication and employee motivation are boosted
by resulting in interactive knowledge environments [1,
6, 23, 24]. The employment positions are related to communication with the robotics systems as well as artificial
intelligence.
Collaborative robots are being designed for intuitive
interaction with humans. Expansion of the digital twins
is required technology in industry 5.0. Visual models of
the products, processes, and generation will allow better
understanding and testing. The Nexus Integra platform
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Table 1 Summary table of most relevant surveys

Note: references within the table [1, 5–19]
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is the software required to drive the transformation of
the industrial business in industry 5.0 [7]. It is an integrated system for the large-scale management of industrial assets, allowing companies to leap towards digital
transformation. Previous generations adapted lifestyles to
what machines can do [25, 26]. Still, industry 5.0 differs
from all previous resolutions, as humans are at the present face with the center in production procedures.
Contributions of the paper

The significance of the survey has set to defining the definitions and features of the fifth generation from the literature sources that can help understand the term industry
5.0 from the perspectives of various authors. There is also
a discussion of various features of Industry 5.0 as compared to the industrial evolutions. Moreover, there is a
discussion of the applications to develop and enable in
industry 5.0 like the healthcare, supply chain, production
in manufacturing, cloud manufacturing and others. The
key technologies of industry 5.0 are also discussed in this
paper, including big data analytics, Internet of Things,
collaborative robots, Blockchain, digital twins and future
6G systems. Finally, this paper also discusses the challenges to understand the issues related to robots and
humans in manufacturing factories. There is a highlighting of the future direction of the research work towards
the realization of Industry 5.0.
Structure of the paper

In section 2, there is reviewing of the definitions of
Industry 5.0 from the literature sources with added features of 5.0 in comparison with the past industrial revolutions. The applications are also discussed in this paper
in section 3. Later, the enabling technologies for industry
5.0 are discussed in section 4, such as big data, IoT, cloud
computing, 6G networks, Blockchain. Section 5 highlights. Finally, in section 6, the conclusion is provided
with summarizing the entire paperwork.

Explanations and modernization
Explanation of definitions

i. The term Industry 5.0 refers to people working with robots and smart machines. It is about
robots helping humans work faster by leveraging
advanced technologies such as big data analytics
[27, 28].
ii. Industry 5.0 is termed as the revolution in which
man and machine are findings ways to work for
improvement means and efficiency of the manufacturing production [29].
iii. Ocicka and Turek [30] suggested that Industry 5.0
is compelled with various industries technologists,
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philosophies, and others to focus on the human
factors and technologies in the manufacturing systems.
iv. Industry 5.0 is considered the edge of the smart
factory, where it communicates with robots and
humans [13, 31]. It uses social networks for communication purposes among humans and electronics components.
v. Industry 5.0 added human-centric, sustainable,
and resilient concepts to the industrial revolution.
It will revolutionize the manufacturing systems
worldwide by preventing repetitive tasks from
human workers [32]. The intelligent robots will
penetrate manufacturing supply chains as well as
the workflow of the production to unparalleled levels.
Added features of industry 5.0

Industry 5.0 is taking over the past improvements, and it
is an effective process due to its highest level of perfection, and the machine work reduces the time and effort
of the human workers [33]. Apart from the challenges, a
few features encourage business organizations to implement industry 5.0. For instance, in the medical sector, the
professionals are working on in the direction of creating a synthetic pancreas. This project has not yet finalized. The sufferers who diagnosed with Type-1 diabetes
have been provided with monitoring device that checks
blood and levels of sugar in their blood. This device is
interconnected with another device that has the capability to deliver the insulin into the body. This is one of
creative technologies that has been developed and personalized for patients in terms of providing a reliable
and handy control system for the patient. Industry 5.0
is taking this personalization to the next level as it enables the medical doctors to provide the patients with an
application that they can install on their smart phones,
so they can be traced by their lifestyle and daily routing
and a customized plan can be made for them. This would
be a life-changing for the Type-1 diabetes sufferers, as the
technologies utilized are based on artificial intelligence
(AI) systems. These AI systems have the capability to
understand and learn the different reactions of the body
and act accordingly.
Increase the maintenance plan: Predictive maintenance
is required for the smart sensors, IoT, customized software as it requires proper monitoring and maintaining of
the failures in the smart devices. The machines will probably break down, and a maintenance plan will stop it [34,
35].
Sustainability: Industry 5.0 is promising to use the
resources adjusted to the current requirements of the
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manufacturing industry. Collaboration among humans
and machines leads to supple business models. Waste
along with overproduction is to be reduced to eliminate
it. Along with new efforts, local production makes economics sustainable [8, 36]. With industry 5.0, corporate
technologies are changing the trend. It leads to the emergence of sustainable policies, like minimal generation of
the waste and management that can make the companies as effective. Industry 5.0 is created to be applicable
through purposefully concentrating on creative research
as well as setting knowledge at the frontline of the evolution. It is considered as being marked by a determination
that is more than just manufacturing goods for profit.
The fundamental principles of Industry 5.0 are: sustainability, human-centricity, and resilience.
The efficiency of humans and productivity: Advanced
technologies bring people back to the production center.
Collaborative robots perform repetitive and dangerous
jobs while people focus on creativity and efficient business solutions [37]. The skills are led to an increase in
business productivity, where people feel motivated to
do the work and receive the results. A human-centered
methodology highlights human demands over the manufacture procedure. Producers have to recognize what
technology can do for the people and focus on how
technology can adjust to the requirements of the worker
instead of the other way. It is essential that technology
tackle autonomy and privacy issues.
Environmental control: Smart and connected sensors
and customized software provide a real-time predictive overview of the climate, temperature, consumption
of energy, and others [38]. It is helpful for business firms
to prevent losses and improve production. For maintaining the sustainability of the manufacturing process,
it must improve iterative procedures that repurpose,
recycle and recover assets. Environmental influence has
to be decreased. Sustainable manufacturers can utilize
the developed technologies, for example, artificial intelligence to boost personalization, which minimize waste
and optimize source-productivity.
Forecast line production efficiency: Smart and connected machines, machine learning, industrial automation is forecasting the efficiency of the production
based on the existing activity. It increases business efficiency, where the processes are to be adjusted based on
the parameters to avoid losses [39]. Manufacturers need
to improve a higher level of resilience in production to
enhance and defend their industrial production against
disturbances and disasters such as covid-19.
Creativity: Technological innovations are not allowing for a degree of personalization that can meet with
demands of the customers. Personnel is part of industry
5.0, which can leverage the potential of the technology
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[40]. It finds ways to provide new ideas that can lead to
product development with personalization in mind.
Modernizations and innovations

Industry 5.0 is evolving in different domains such as
healthcare, manufacturing, textile, education, food,
and others. The products are discussed by Bundesgartenschau [41], a woollen pavilion with the robot hand
developed by a joint venture of the businesses. KR 500
FORTEC robot is being used as the product. It can perform various types of carpenter tasks like moving the
components, applying adhesives, and enabling the robots
to collaborate.
By adopting industry 5.0, most industries are moving
towards the smart social factory. The project selected to
better understand the concepts of industry 5.0 is an intelligent management project of Repsol. The business is
employed in the Blockchain, robotic processes automation technology to enhance the security and productivity
of the business. The automated guided vehicle is the first
Cobot of Repsol that carries out the logistics works such
as deposition of waste, delivery of the raw materials from
warehouse and lab visualization. Repol is conducted on
the project Block lab, where the business is transmitting
sensitive data through the property of Blockchain [42–
47]. The project is designed to streamline the samples of
safety issues, and it is properly managing 10,000 samples
every year.

Industry 5.0 creative applications
Smart hospital

Industry 5.0 is aimed to create a smart hospital with
real-time capability. The technology can provide remote
monitoring systems within healthcare [48]. It plays a key
in making life better for the doctors. In the COVID-19
pandemic, doctors can use this smart healthcare technology to focus on infected patients and provide efficient
data regarding better treatment [1, 49]. Even it also helps
the students as well as medical students for needed medical training through the outbreak of COVID-19. Machine
learning (ML) is applied to medical imaging, natural language processing, plus genetic data [7]. It is focused on
the diagnosis of the diseases, detection, plus prediction of
the diseases.
Abdelmageed and Zayed [50] mentioned that industry 5.0 allows manufacturing of the personalized smart
implant properly as per the change in requirements
of the customers. The medical professional is moving
towards artificial intelligence technology to measure
various problems like glucose levels. It helps implement
mass personalization by producing implants per the patent match, which are the initial needs for orthopedics
[51]. Even there is a change in the traditional method
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manufacturing of the implants of patients, and it is also
capable of upgrading various medical devices plus tools.
The technologies are used in revolution as it is helpful
to perform the surgery in a precise manner [10, 52]. It is
helpful for medical students to provide better education,
learning, and research and expansion procedures [53]. In
orthopedics, industry 5.0 requires high-quality implants
with an extended life that is personalized. It helps solve
various challenges like over-production, wring selection
of the tool and lack of transparency [35, 54, 55].
Manufacturing industry

Industry 5.0 is considered a new production model
where it is focused on interaction among humans as well
as machines. Industry 5.0 is involved in leveraging collaboration among increasing accurate machinery plus
the innovative potential of human beings. In order to
make manufacturing sustainable, it develops processes
that repurpose and recycle the resources [56, 57]. There
is also required to reduce the environmental impacts in
the manufacturing industry. Additive manufacturing is
required to increase personalization to optimize resource
efficiency and waste. Industry 5.0 is revolutionizing the
manufacturing systems across the globe by taking away
repetitive tasks from human workers. Brown and Wobst
[58] illustrated that intelligent robots and systems are
penetrating supply chains and manufacturing shop floors

Fig. 2 Applications of Industry 5.0
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to an unparalleled stage. Smart manufacturing allows
designers to protect design files of manufacturing items
by storing them in the cloud with robust access control
and usage of the manufacturing resources across various
places [59]. Figure 2 pictorially illustrates a number of
potential applications within industry 5.0.
Ghobakhloo et al. [60] defined that the designers are
permitted to place the manufacturing plants close to raw
material and the areas with low manufacturing costs.
Control of machines in the plant and operations of the
manufacturing lifecycle is to be handled by cloud manufacturing [61]. The service-oriented model helps manufacturing integrate production abilities with the services
to provide the clients with proper solutions. Through the
business innovations, adding service factors to the production process aims to improve production efficiency,
value-added, and the market share for the manufacturing business [9]. The cloud-based platform controls the
manufacturing services, and it is used in a cost-optimized
way. Cloud manufacturing is networked as well as a distributed system for the production resources.
Supply chain management

Nguyen et al. [62] determined that supply chain 5.0 highlights the importance of collaboration among smarter
machines like COBOTS and humans [63]. Industry 5.0
is aimed to cater to hyper-personalization moreover
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hyper-customization requirements of the customers,
which require combine of human originality plus the
competence of the machines. Robots are required for the
supply chain management in standardized procedures
in high production volumes, added this to each product,
and it is a challenge where the robots are required proper
guidance [64]. Babamiri, Bahari and Salimi [40] mentioned that the human touch is not required to customize
and personalized products. Still, it also ensures seamless
end-to-end processes of the supply chain, such as selecting the raw materials to comprehend its personalization
and customization needs for the individual consumers.
Industry 5.0 seeks to take automated and intelligent digital ecosystems and pair them with the human touch [65,
66]. There is leveraging of human elements in such a process that it helps customize the end-user experiences and
optimized workflows.
Human intelligence is worked with the empowered way
with cognitive computing along with intelligent automation abilities to enable hyper-personalization. The technologies like machine learning, robotic automation, and
others are helping the employees increase business proficiency and deliver high value to the customers faster
[12, 67]. From delivering the raw materials, transactions,
transportation, the ERP system manages the supply chain
for the business organization [68]. The next generation
of supply chain solutions is making and deploying the
technology to empower the digital supply chain. It means
bringing customization to the supply chain, improving the customers’ satisfaction and the management of
the business efficiency and market margins. There is the
reduction of the risks related to supply chain and wastages based on the existing information of the business.
Ietto et al. [32]concluded that there is the improvement
of the supply chain integration for the strategic partnerships and enabled the supply chains to spend time on the
experimentation plus less on the fighting forces on matters for the project executions.

Industry 5.0 technologies
The enabling technologies related to industry 5.0 include
cloud computing, Blockchain, analytics of big data, IoT
and 6G networks.
Cloud computing

Cloud computing is the delivery of computing services
those are included databases, software, intelligence
analytics, networks, and others [69]. This technology is
offering efficient innovation and economics of the scale.
This technology uses the internet to store and manage
data on the remote servers, and then data is accessed
via the internet. It delivers on-demand computing
services from applications to storage plus processing
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power [58, 70]. The industrial cloud is the virtual environment that provides a supportive environment for
industry applications [71–73]. The cloud providers are
manufacturing applications like IoT monitoring tools
adopted for mobile and web usage. The cloud also supports the usage of API that can automate data normalization from diverse data production sources [74]. Edge
computing devices handle data analytics equipped with
limited computing resources to manage the business
analyses. Global cooperative type of typical cloud ecosystems in critical sectors is pictorially demonstrated in
Fig. 3.
According to Haleem, Javaid and Khan [75], cloud
computing provides a scalable infrastructure to support
data edge devices. The cloud infrastructure backs edge
IoT platforms. The platforms are being used to manage
the edge devices like autonomous robots and diverse
robots deployed on the shop floor. In order to manage
critical data, the industry is access to the data from the
local servers daily. Industry 5.0 can reduce the volume
of data sent to the centralized server [76]. Cloud computing allows preventive data to detect machine failures
and mitigates them by continuing with more workforce.
Collaborative robots

Industry 5.0 aims to put the human touch back in
development and production. It grants the human
operators with benefits of the robots like technical precision and heavy lifting abilities [77]. There is a high
ability of humans to perform critical tasks, allowing the
introduction of a high degree of control and the capability to individualize the production phases [78]. One
of the significant implications of collaborative robotics as well as Industry 5.0 is required for human inputs
that can extend the existing iterations. Collaborative
robots, as well as industry 5.0, are representing new age
in robotics plus production. Industry 5.0 plus Cobots
is the heart that can combine people’s creativity and
craftsmanship with the efficiency and constancy of the
robots [62, 79, 80]. From people-centric, the customized products and specialist skills are made more available. Industry 4.0 is focused on ensuring consistency of
the quality and data collection.
In contrast, industry 5.0 focuses on highly skilled people plus robots to create individualized products from
smart devices to cars for consumers [81]. With industry
5.0, the robots are started to work together. The collaborative robots are accomplished with the tasks of heavy
lifting plus ensured consistency, while skilled humans are
provided cognitive skills of the craftsperson [82, 83]. It is
to be expected that robots are changing relations among
humans plus machines in the context of production.

Adel J ournal of Cloud Computing

(2022) 11:40

Page 8 of 15

Fig. 3 Cloud Ecosystems in Critical Sectors

Industry 5.0 refers to people working with robots and
smart machines. Robots are helping humans work better
by leveraging advanced technologies such as the Internet of things. It added a human touch to industry 4.0 for
automation plus business efficiency [11, 75, 84–86]. It
is described as a network of physical objects and things
embedded with sensors, software, and other technologies. It is a way to connect and exchange data with the
devices plus systems over the internet. Ghobakhloo et al.
[60] mentioned that IoT is a new paradigm that is to be
changed the traditional way to live in the high-tech lifestyle. The research is done to enhance the advanced
technologies through IoT. Even IoT is considered a way
to provide efficient solutions to data and information
security problems. There is the development of secured
interaction among social networks plus privacy issues, as
it is a hot topic in IoT developers [87]. The smart city is
considered an important area for IoT as it incorporates
smart homes. It contains IoT-enabled home appliances,
heating systems, security systems, and others communicating with each other to provide better comfort and
reduce energy [30].
Sinclair et al. [77] concluded that authentication plus
access control are the issues in IoT; those are required

to have promising solutions to have strong security. A
solution is required to verify communication parties to
decrease the loss of sensitive data. It is provided with
an authentication scheme and verifies various security
threats such as man-in-the-middle attacks the key security controls. The proposed authentication and access
control approaches help to provide authenticity plus confidentiality end-to-end latency in IoT based on the communication network. It is a dynamic approach for the
data-centric applications concerning the cloud platforms.
Big data analytics

Industry 5.0 is an innovative technology that enables utilizing 3D symmetry in the innovation ecosystem designs.
Matheus et al. [70] mentioned that big data analytics is a
complex procedure to examine big data to uncover data
like hidden patterns, trends of the markets and others. It
uses an advanced analytic method with diverse data sets,
including structured and semi-structured data. It has
massive data sets to store and process through traditional
tools [15, 88, 89]. It is used as real-time data to enhance
the competitive advantages of the business industry,
focusing on providing possible recommendations on predictive discovery. Big data analytics is used to recognize

Adel Journal of Cloud Computing

(2022) 11:40

discrepancies while the organization is leveraging a list
of the root causes of the issues. Most businesses use big
data analytics to make strategic decisions [90–92]. The
business uses various factors like population, location
accessibility and others to get details of the customer
preferences. There is the improvement of the customer
experiences by monitoring the customer experiences and
addressing problems solutions to build strong customer
relationships [93, 94]. Even big data is a challenge for
industry 5.0 when detailed information is not gathered
on the manufacturing cycle.
Blockchain

It is decentralized and distributed technology, where the
digital ledger contains records named as blocks to record
the transactions data. It is a shared ledger that can facilitate recording the transactions and tracking the assets in
the business network [95]. The business is running on the
information. Therefore, Blockchain technology delivers
the data by providing shared and completed information
stored in the immutable ledger that the network members access [96–99]. Blockchain technology helps the
customers by tracking the orders, payments, production,
etc. The network participants have distributed ledger
records of transactions, which are recorded to avoid
duplication of efforts and records in the database system [100]. In order to speed up the transactions, a smart
contract is stored on Blockchain and is to be executed
on an automatic basis. It is defined as conditions for
the corporate, including terms for paid travel insurance
[100–102]. The transactions are to be blocked in irreversible chains, and it strengthens verification of previous
blocks plays the entire Blockchain transaction is done.
Data accuracy is required for the business to validate the
transactions, which are recorded [103–105]. With the
distributed ledger, network members share, so time wastage is eliminated.
6G and beyond

It is a sixth-generation standard for developing wireless
interactions technologies that can support cellular data
networks. 6G organizations are relied upon to display
significantly greater heterogeneity than their ancestors
[106]. They will probably help applications past current
portable use situations, like virtual and increased reality (VR/AR), omnipresent moment correspondences,
and inescapable knowledge of the Internet of Things
(IoT). Normally, versatile organization administrators
will embrace adaptable decentralized plans of action for
6G, with nearby authorizing, range sharing, framework
sharing, and wise mechanized administration supported
by versatile edge processing, artificial brainpower, shortparcel correspondence and Blockchain advances [107].
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For industry 5.0, 6G networks are expected to meet the
intelligent information society standards to deliver ultrahigh reliability [108]. Artificial intelligence methods are
used to get mobility predictions solutions to ensure network connectivity. The challenge of industry 5.0 included
a high data rate for various applications [109]. As large
smart devices are connected, energy management is an
issue for industry 5.0. There is the optimization of energy
management through the usage of energy consumption
plus methods of energy harvesting.

Challenges of industry 5.0
With around industry 5.0, it is easier to overlook the
potential challenges. The challenges are being identified
and solved for industry 5.0 developments to succeed for
the business.
1. People are required to develop competency skills, as
working with the advanced robots, the human workers are required to get knowledge about collaboration with the smart machine and robot manufacturer
[110]. Apart from the soft skills required, gaining
technical skills is also an issue for human workers [2,
101]. Programming to the industrial robot and managing translation in the new jobs are difficult tasks
requiring a high level of technical skills.
2. Adoption of advanced technology is required more
time and effort from the side of the human workers.
Customized software-connected factories, collaborative robotics, artificial intelligence, real-time information, and the internet of things must be adopted
for industry 5.0 [50, 111–113].
3. Advanced technologies are required investments.
UR Cobot is not coming cheap. Training the human
workers for new jobs is bringing extra costs. The
companies are found it difficult to upgrade the production lines for industry 5.0 [114]. Adopting Industry 5.0 is expensive as it requires smart machines and
highly skilled employees to increase productivity and
efficiency.
4. Security is a challenge for Industry 5.0 as it is critical
to establish trust in ecosystems. The authentication
is used in the industry is the scale to interact with
various devices, to stand against the future quantum
computing applications to deploy nodes of IoT [60,
94, 115]. Usage of artificial intelligence and automation in industry 5.0 are threats for the business, and
therefore it is required to have trusted security for it
[88, 116–118]. The applications of Industry 5.0 are
focused on the ICT systems, and therefore it leads to
strict security requirements to prevent the security
challenges.
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Lessons learned
The evolution of Industry 5.0 is done in the retail, healthcare, finance, manufacturing and other industries. The
lessons learned are discussed from various studies, applications, and enabling technologies of Industry 5.0. Figure 4 illustrates the opportunities, limitations, and future
research directions on industry 5.0.
Definitions of industry 5.0

From definitions of Industry 5.0, it is being observed that
it is an innovative production model where the focus is
based on interaction among humans and machines [56,
119–122]. It is involved with leveraging collaboration
among increased power and efficient machinery and
innovative potential of human beings. The existing projects based on which industry 5.0 is conducted related
to the optimization of artificial intelligence that leads
to customized products [18, 46, 123–128]. There is the
adoption of this industry at the international standards.
Applications of industry 5.0

Industry 5.0 provides benefits for the industry for both
the workers and society. There is also an increase in

Fig. 4 Opportunities, Limitations, and Future Research of Industry 5.0
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the competitiveness of the business and help attract
the best talents [129–131]. Adoption of this industry
supports technologies that make natural usage of the
resources properly. Human robotics, such as Sophia,
personifies dreams of the future of artificial intelligence
[132, 133]. It helps in the decision making of humans
and is supported by enabling technologies that help in
revolutionize various sectors. Even various challenges
are mentioned in this paper, like handling quantity of
data, managing resources, and others.
Enabling technologies

The enabling technologies of industry 5.0 are set for
complex systems that can combine the technologies
such as smart materials, human-machine interaction,
big data analytics, cloud computing, and others [134].
Smart manufacturing and intelligence help reduce network traffic, facilitate transactions, and privacy, which
helps the business use software resources to exchange
data about the industrial sectors [135]. Blockchain
technology is automated agreement processes among
various stakeholders, while smart contracts manage
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security, authentication, and automated service-related
actions [136, 137]. 6G network is expected to meet with
the intelligent information standard that provides high
energy efficiency, high reliability, plus capacity of traffic.
Big data analytics is the enabling technology that helps
manage a large amount of data [17, 116, 138]. Even the
internet of things is an opportunity for industry 5.0 that
can reduce operating costs by eliminating issues on the
communication network, waste management, supply
chain, production process optimization, and others.
Limitations of industry 5.0

Acceptance of technology and trust in the technologies
are critical. Adaptation of the technology to humans
coincides with training people who are using the new
technologies [139–143]. Current challenges are security, privacy, lack of skilled workers, time-consuming process, and large budget required. Adoption of
industry 5.0 is required to follow industrial laws and
regulations that can help to work together with smart
machines plus cobots. Future directions for industry
5.0 are cognitive computing, human and machine interaction, and quantum computing.

Future directions
Cognitive computing: This application aims to stimulate the thoughts of the human in processes into a computerized model [16, 144, 145]. Using the self-learning
algorithms uses data mining, recognition of patterns,
natural language, and others that the computer can
read that the human brain will work.
Human and machine interaction refers to communication with interaction among humans and machines
via the user interface. Natural user interfaces like gestures are used to gain attention as they allow humans
to control the machines through intuitive and natural
behaviours [86, 146–149]. It is the future direction for
industry 5.0 as it helps to keep the humans at the centre of the system and technologies to build in. Even the
user interface helps people understand people’s behaviour and motivations.
Quantum computing is a type of computation that
can harness collective properties of the quantum states,
like interference entanglement, to do the calculations.
The devices are performed quantum computations
which are defined as quantum computers [8, 150–153].
It is performing calculations focused on the probability
of the object’s state before it is measured.
Conclusion
From the study, it is concluded that the author started
the work with definitions of industry 5.0 from the
perspective of the industrial as well as academic
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communities. Even the applications have also been
discussed that help better understand the features of
industry 5.0, followed by a discussion of enabling technologies. Industry 5.0 concept is designed to make the
efficiency of humans and machines correctly. Challenges
are also presented in this paper that help manage the
issues caused in industry 5.0. Future directions are discussed in this paper that should be handled better to use
this industry shortly.
Acknowledgements
The authors would like to thank the anonymous reviewers for their insightful
comments and suggestions on improving this paper.
Author’s contributions
The author was responsible for the data collection, analysis of the literature
review, and paper organization. The author(s) read and approved the final
manuscript.
Funding
The authors declare that they have no funder. It is aimed to find a funder
through OA funding service.
Availability of data and materials
The datasets used during the current study are available from the corresponding author on reasonable request.

Declarations
Competing interests
The authors declare that they have no competing interests.
Received: 27 February 2022 Accepted: 24 July 2022

References
1. Longo F, Padovano A, Umbrella S (2020) Value-oriented and ethical
technology engineering in industry 5.0: a human-centric perspective
for the design of the factory of the future. Appl Sci 10(12):4182
2. Pathak A, Kothari R, Vinoba M, Habibi N, Tyagi VV (2021) Fungal
bioleaching of metals from refinery spent catalysts: a critical review of
current research, challenges, and future directions. J Environ Manag
80:111789
3. He D, Ma M, Zeadally S, Kumar N, Liang K (2017) Certificateless public
key authenticated encryption with keyword search for industrial internet of things. IEEE Trans Ind Inf 14(8):3618–3627
4. Leone LA, Fleischhacker S, Anderson-Steeves B, Harpe K, Winkler M,
Racin E, Baquero B, Gittelsohn J (2020) Healthy food retail during the
COVID-19 pandemic: challenges and future directions. Int J Environ Res
Public Health 17(20):7397
5. Majumdar A, Garg H, Jain R (2021) Managing the barriers of industry
4.0 adoption and implementation in textile and clothing industry:
interpretive structural model and triple helix framework. Comput Ind
125:103372
6. Angelopoulos A, Michailidis ET, Nomikos N, Trakadas P, Hatziefremidis
A, Voliotis S, Zahariadis T (2020) Tackling faults in the industry 4.0
era—a survey of machine-learning solutions and key aspects. Sensors.
20(1):109
7. Nahavandi S (2019) Industry 5.0—a human-centric solution. Sustainability 11(16):4371
8. Javaid M, Haleem A (2020) Critical components of industry 5.0 towards
a successful adoption in the field of manufacturing. J Industr Integr
Manag. 5(03):327–348
9. Deepa N, Pham QV, Nguyen DC, Bhattacharya S, Prabadevi B, Gadekallu
TR, ..., Pathirana PN (2022) A survey on blockchain for big data:

Adel J ournal of Cloud Computing

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.

23.
24.
25.
26.

27.
28.
29.
30.
31.

32.

(2022) 11:40

approaches, opportunities, and future directions. Future Generation
Computer Systems
Pereira AG, Lima TM, Santos FC (2020) Industry 4.0 and society 5.0:
opportunities and threats. Int J Recent Technol Eng 8(5):3305–3308
Fraga-Lamas P, Lopes SI, Fernández-Caramés TM (2021) Green IoT and
edge AI as key technological enablers for a sustainable digital transition
towards a smart circular economy: an industry 5.0 use case. Sensors
21(17):5745
Lu Y (2017) Industry 4.0: a survey on technologies, applications and
open research issues. J Ind Inf Integr 6:1–10
Masood T, Sonntag P (2020) Industry 4.0: adoption challenges and
benefits for SMEs. Comput Ind 121:103261
Yadav G et al (2020) A framework to achieve sustainability in manufacturing organisations of developing economies using industry 4.0
technologies’ enablers. Comput Ind 122:103280
Hopkins JL (2021) An investigation into emerging industry 4.0 technologies as drivers of supply chain innovation in Australia. Comput Ind
125:103323
Madsen DO, Berg T (2021) An exploratory bibliometric analysis of the
birth and emergence of industry 5.0. Appl Syst Innov 4(4):87
Özdemir V, Hekim N (2018) Birth of industry 5.0: Making sense of big
data with artificial intelligence,“the internet of things” and next-generation technology policy. Omics A J Integr Biol 22(1):65–76
Rupa CD, Hasan MK, Alhumyani H, Saeed RA (2021) Industry 5.0:
Ethereum blockchain technology based DApp smart contract. Math
Biosci Eng 18(5):7010–7027
Cisneros-Cabrera S et al (2021) An approach and decision support
tool for forming industry 4.0 supply chain collaborations. Comput Ind
125:103391
Chen H, Simoska O, Lim K, Grattieri M, Yuan M, Dong F, Lee YS,
Beaver K, Weliwatte S, Gaffne EM, Minteer SD (2020) Fundamentals,
applications, and future directions of bioelectrocatalysis. Chem Rev
120(23):12903–12993
Zhang C, Chen YA (2020) Areview of research relevant to the emerging
industry trends: industry 4.0, IoT, blockchain, and business analytics. J
Industr Integr Manag. 5(01):165–180
Chowdhury MZ, Shahjalal M, Ahmed S, Jang YM (2020) 6G wireless
communication systems: applications, requirements, technologies, challenges, and research directions. IEEE Open J Commun Soc
1:957–975
Abubakr M, Abbas AT, Tomaz I, Soliman MS, Luqman M, Hegab H (2020)
Sustainable and smart manufacturing: an integrated approach. Sustainability. 12(6):2280
Leong YK, Tan JH, Chew KW, Show PL (2020) Significance of industry
5.0. In: Show PL, Chew KW, Ling TC (eds) The Prospect of industry 5.0 in
biomanufacturing. CRC Press, pp 1–20
Wang M, Wang CC, Sepasgozar S, Zlatanova S (2020) A systematic
review of digital technology adoption in off-site construction: current
status and future direction towards industry 4.0. Buildings. 10(11):204
Deepa N, Prabadevi B, Maddikunta PK, Gadekallu TR, Baker T, Khan MA,
Tariq U (2021) An AI-based intelligent system for healthcare analysis
using Ridge-Adaline Stochastic Gradient Descent Classifier. J Supercomput 77(2):1998–2017
Javaid M, Haleem A, Singh RP, Haq MI, Raina A, Suman R (2020)
Industry 5.0: potential applications in COVID-19. J Industr Integr Manag
5(04):507–530
Martos V, Ahmad A, Cartujo P, Ordoñez J (2021) Ensuring agricultural
sustainability through remote sensing in the era of agriculture 5.0. Appl
Sci 11(13):5911
Imoize AL, Adedeji O, Tandiya N, Shetty S (2021) 6G enabled smart
infrastructure for sustainable society: opportunities, challenges, and
research roadmap. Sensors. 21(5):1709
Ocicka B, Turek J (2021) Supply chain sustainability risk management
in a digitally VUCA changing world. In: The economics of sustainable
transformation, pp 167–190 Routledge
Carayannis EG, Christodoulou K, Christodoulou P, Chatzichristofis SA,
Zinonos Z (2021) Known unknowns in an era of technological and
viral disruptions—implications for theory, policy, and practice. J Knowl
Econ:1–24
Ietto B, Ancillai C, Sabatini A, Carayannis EG, Gregori GL (2022) The role
of external actors in SMEs’ human-centered industry 4.0 adoption: an

Page 12 of 15

33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

45.
46.

47.
48.
49.

50.
51.
52.
53.
54.
55.

56.
57.

empirical perspective on Italian competence centers. IEEE Trans Engineering Management
Adadi A, Berrada M (2018) Peeking inside the black-box: a survey on
explainable artificial intelligence (xai). IEEE Access 6:52138–52160
Ali MH, Issayev G, Shehab E, Sarfraz S (2022) A critical review of 3D
printing and digital manufacturing in construction engineering. Rapid
Prototyping Journal
Sherburne C (2020) Textile industry 5.0? Fiber computing coming soon
to a fabric near you. AATCC Rev 20(6):25–30
Saraswa V, Jacobberger RM, Arnold MS (2021) Materials science challenges to graphene nanoribbon electronics. ACS Nano 15(3):3674–3708
Yu M, Lou S, Gonzalez-Bobes F (2018) Ring-closing metathesis in
pharmaceutical development: fundamentals, applications, and future
directions. Org Process Res Dev 22(8):918–946
Riedl R, Fischer T, Léger PM, Davis FD (2020) A decade of NeuroIS
research: progress, challenges, and future directions. ACM SIGMIS
Database: DATABASE Adv Inform Syst 51(3):13–54
Peck ME, Moore SK (2017) The blossoming of the blockchain. IEEE
Spectr 54(10):24–25
Babamiri B, Bahari D, Salimi A (2019) Highly sensitive bioaffinity electrochemiluminescence sensors: recent advances and future directions.
Biosens Bioelectron 142:111530
Llorens Duran JID (2019) TensiNet Symposium 2019: Softening the
habitants: Report. TensiNews 37:16–23
Li L (2020) Education supply chain in the era of industry 4.0. Syst Res
Behav Sci 37(4):579–592
Simchenko N, Tsohla S, Chyvatkin P (2019) IoT & digital twins concept
integration effects on supply chain strategy: challenges and effect. Int J
Supply Chain Manag 8(6):803–808
Föckler P, Zeidler T, Brombach B, Bruns E, Bimber O (2005) PhoneGuide:
Museum guidance supported by on-device object recognition on
mobile phones. In: Proceedings of the 4th International Conference on
Mobile and Ubiquitous Multimedia. ACM, pp 3–10
Wu H, Nguyen GT, Chorppath AK, Fitzek F (2017) Network slicing for conditional monitoring in the industrial internet of things. Transport 2018
Paschek D, Mocan A, Draghici A et al (2019) Industry 5.0-the expected
impact of next industrial revolution. In: Thriving on future education,
industry, business, and Society, Proceedings of the MakeLearn and TIIM
International Conference, Piran, Slovenia, pp 15–17
Guidotti R, Monreale A, Ruggieri S, Turini F, Giannotti F, Pedreschi D
(2018) A survey of methods for explaining black box models. ACM
Comput Surv 51(5):1–42
Phuyal S, Bista D, Bista R (2020) Challenges, opportunities and future
directions of smart manufacturing: a state of art review. Sustain Futures
2:100023
Lima F, De Carvalho CN, Acardi MB, Dos Santos EG, De Miranda GB, Maia
RF, Massote AA (2019) Digital manufacturing tools in the simulation
of collaborative robots: towards industry 4.0. Braz J Oper Prod Manag
16(2):261–280
Abdelmageed S, Zayed T (2020) A study of literature in modular integrated construction-critical review and future directions. J Clean Prod
277:124044
Lutz J, Memmert D, Raabe D, Dornberger R, Donath L (2020) Wearables
for integrative performance and tactic analyses: opportunities, challenges, and future directions. Int J Environ Res Public Health 17(1):59
Abid H, Javaid M (2019) Industry 5.0 and its applications in orhaleem
thopaedics. J Clin Orthop Trauma 10(4):807–808
Saxena A, Pant D, Saxena A, Patel C (2020) Emergence of educators for
industry 5.0: an Indological perspective. Int J Innov Technol Explor Eng
9(12):359–363
Latva-aho M (2017) Micro operators for vertical specifc service deliver in 5G
Tosh D, Galindo O, Kreinovich V, Kosheleva O Towards security of cyberphysical systems using quantum computing algorithms. In: 2020 IEEE
15th international conference of system of systems engineering (SoSE),
vol 2020. IEEE, pp 313–320
Aslam F, Aimin W, Li M, Ur Rehman K (2020) Innovation in the era of IoT
and industry 5.0: absolute innovation management (AIM) framework.
Information. 11(2):124
Alhassan AB, Zhang X, Shen H, Xu H (2020) Power transmission line
inspection robots: a review, trends and challenges for future research.
Int J Electr Power Energy Syst 118:105862

Adel Journal of Cloud Computing

(2022) 11:40

58. Brown DG, Wobst HJ (2021) A decade of FDA-approved drugs (2010–
2019): trends and future directions. J Med Chem 64(5):2312–2338
59. Mahmood NH, Böcker S, Munari A, Clazzer F, Moerman I, Mikhaylov
K, Lopez O, Park OS, Mercier E, Bartz H, Jäntti R (2020) White paper on
critical and massive machine type communication towards 6G. arXiv
preprint arXiv:2004.14146
60. Ghobakhloo M, Fathi M, Iranmanesh M, Maroufkhani P, Morales ME
(2021) Industry 4.0 ten years on: a bibliometric and systematic review of
concepts, sustainability value drivers, and success determinants. J Clean
Prod 302:127052
61. Porambage P, Gür G, Osorio DP, Livanage M, Ylianttila M (2021) 6G security challenges and potential solutions. In: 2021 Joint European Conference on Networks and Communications & 6G Summit (EuCNC/6G
Summit), pp 622–627 IEEE
62. Nguyen TN, Ebrahim FM, Stylianou KC (2018) Photoluminescent,
upconversion luminescent and nonlinear optical metal-organic frameworks: from fundamental photophysics to potential applications. Coord
Chem Rev 377:259–306
63. Zambon I, Cecchini M, Egidi G, Saporito MG, Colantoni A (2019) Revolution 4.0: industry vs. agriculture in a future development for SMEs.
Processes. 7(1):36
64. Wang S, Wang H, Li J, Wang H, Chaudhry J, Alazab M, Song H (2020) A
fast cp-abe system for cyber-physical security and privacy in mobile
healthcare network. IEEE Trans Ind Appl 56(4):4467–4477
65. Adel A (2022) A conceptual framework to improve cyber forensic
Administration in Industry 5.0: qualitative study approach. Forensic Sci
2(1):111–129
66. Priadythama I, Herdiman L, Susmartini S (2020) Role of rapid manufacturing technology in wearable customized assistive technology for
modern industry. AIP Conf Proc 2217(1):030076
67. Onik MM, Miraz MH, Kim CS (2018) A recruitment and human resource
management technique using blockchain technology for industry 4.0.
In: Smart Cities Symposium 2018, pp 1–6 IET
68. Wagg DJ, Worden K, Barthorpe RJ, Gardner P (2020) Digital twins:
state-of-the-art and future directions for modeling and simulation in
engineering dynamics applications. ASCE-ASME J Risk Uncert Engrg Sys
Part B Mech Engrg 6(3)
69. Sarsaiya S, Jain A, Awasthi SK, Duan Y, Awasthi MK, Shi J (2019) Microbial
dynamics for lignocellulosic waste bioconversion and its importance
with modern circular economy, challenges and future perspectives.
Bioresour Technol 291:121905
70. Matheus LE, Vieira AB, Vieira LF, Vieira MA, Gnawali O (2019) Visible light
communication: concepts, applications and challenges. IEEE Commun
Surveys Tutor. 21(4):3204–3237
71. Opare EO, Struhs E, Mirkouei A (2021) A comparative state-of-technology review and future directions for rare earth element separation.
Renew Sust Energ Rev 143:110917
72. Siriwardhana Y, Porambage P, Liyanage M, Ylianttila M (2021) A survey
on mobile augmented reality with 5G mobile edge computing:
architectures, applications, and technical aspects. IEEE Commun Surv
Tutorials 23(2):1160–1192
73. Sheridan TB (2016) Human–robot interaction: status and challenges.
Hum Factors 58(4):525–532
74. Cioffi R, Travaglioni M, Piscitelli G, Petrillo A, Parmentola A (2020)
Smart manufacturing systems and applied industrial technologies
for a sustainable industry: a systematic literature review. Appl Sci
10(8):2897
75. Haleem A, Javaid M, Khan IH (2019) Current status and applications of
artificial intelligence (AI) in medical field: an overview. Curr Med Res
Pract 9(6):231–237
76. Trakadas P, Simoens P, Gkonis P, Sarakis L, Angelopoulos A, RamalloGonzález AP, Skarmet A, Trochoutsos C, Calv D, Pariente T, Chintamani
K (2020) An artificial intelligence-based collaboration approach in
industrial iot manufacturing: key concepts, architectural extensions and
potential applications. Sensors. 20(19):5480
77. Sinclair LK, Tester JW, Thompson JF, Fox RV (2019) Supercritical extraction of lanthanide tributyl phosphate complexes: current status and
future directions. Ind Eng Chem Res 58(22):9199–9211
78. Massaro A, Galian A (2020) Re-engineering process in a food factory:
an overview of technologies and approaches for the design of pasta
production processes. Product Manufact Res 8(1):80–100

Page 13 of 15

79. Harman CL, Patel MA, Guldin S, Davies GL (2019) Recent developments
in Pickering emulsions for biomedical applications. Curr Opin Colloid
Interface Sci 39:173–189
80. Kiran D, Sharma I, Garg I (2020) Industry 5.0 and smart cities: a futuristic
approach. Eur J Mol Clin Med 7(8):2750–2756
81. Taş R, Tanrıöver OO (2020) A systematic review of challenges and
opportunities of blockchain for E-voting. Symmetry. 12(8):1328
82. Ramesh C, Vinithkumar NV, Kirubagaran R, Venil CK, Dufossé L (2019)
Multifaceted applications of microbial pigments: current knowledge,
challenges and future directions for public health implications. Microorganisms. 7(7):186
83. Zhai H (2019) Advanced membranes and learning scale required for
cost-effective post-combustion carbon capture. Iscience. 13:440–451
84. Kharchenko V, Dotsenko S, Illiashenko O, Kamenskyi S (2019) Integrated
cyber safety & security management system: industry 4.0 issue. In: 2019
10th International Conference on Dependable Systems, Services and
Technologies (DESSERT), pp 197–201 IEEE
85. Mitra A (2021) On the capabilities of cellular automata-based MapReduce model in industry 4.0. J Ind Inf Integr 21:100195
86. Chander B, Pal S, De D, Buyya R (2022) Artificial intelligence-based internet of things for industry 5.0. In: Artificial Intelligence-based Internet of
Things Systems. Springer, Cham, p 3–45
87. Javaid M, Haleem A (2019) Industry 4.0 applications in medical field: a
brief review. Curr Med Res Pract. 9(3):102–109
88. Li B, Boiarkina II, Yu W, Huang HM, Munir T, Wang GQ, Young BR (2019)
Phosphorous recovery through struvite crystallization: challenges for
future design. Sci Total Environ 648:1244–1256
89. Deepa N, Pham Q-V, Nguyen DC, Bhattacharya S, Gadekallu TR, Maddikunta PKR, Fang F, Pathirana PN (2020) A survey on blockchain for big
data: approaches, opportunities, and future directions. arXiv preprint
arXiv 2009.00858
90. Kumar A, Choudhary A, Kaur H, Guha S, Mehta S, Husen A (2022)
Potential applications of engineered nanoparticles in plant disease
management: a critical update. Chemosphere. 295:133798
91. Roy S, Chowdhury C (2021) Remote health monitoring protocols for
IoT-enabled healthcare infrastructure. In: Healthcare Paradigms in the
Internet of Things Ecosystem. Elsevier, pp 163–188
92. Ya M, Chen H, Yu Y, Zhao H, Li CF, Hu ZY, Wu P, Chen L, Wang H, Peng
D, Gao H (2018) 3D Ferroconcrete-Like Aminated Carbon Nanotubes
Network Anchoring Sulfur for Advanced Lithium–Sulfur Battery. Adv
Energy Mater 8(25):1801066
93. Furstenau LB, Sott MK, Kipper LM, Machado EL, Lopez-Robles JR, Dohan
MS, Cobo MJ, Zahid A, Abbasi QH, Imran MA (2020) Link between sustainability and industry 4.0: trends, challenges and new perspectives.
Ieee Access 8:140079–140096
94. Kent MD, Kopacek P (2020) Do we need synchronization of the human
and robotics to make industry 5.0 a success story? In: The International
Symposium for Production Research. Springer, pp 302–311
95. Adhikari M, Hazra A, Menon VG, Chaurasia BK, Mumtaz S (2021) A roadmap of next-generation wireless technology for 6G-enabled vehicular
networks. IEEE Internet Things Magazine 4(4):79–85
96. Tong Z, Huang L, Lei W, Zhang H, Zhang S (2021) Carbon-containing
electrospun nanofibers for lithium–sulfur battery: current status and
future directions. J Energy Chemistry 54:254–273
97. Wan Y, Singgih M, Wang J, Rit M (2019) Making sense of blockchain
technology: how will it transform supply chains? Int J Prod Econ
1(211):221–236
98. Wu J, Tran NK (2018) Application of blockchain technology in sustainable energy systems: an overview. Sustainability. 10(9):3067
99. Xie JH, Huang T, Yu FR, Xie R, Liu J, Liu Y (2019) A survey of blockchain
technology applied to smart cities: research issues and challenges. IEEE
Commun Surveys Tutorals 21(3):2794–2830
100. Serror M, Hack S, Henze M, Schuba M, Wehrle K (2020) Challenges and
opportunities in securing the industrial internet of things. IEEE Trans Ind
Inf 17(5):2985–2996
101. Liu Y, Yuan X, Xiong Z, Kang J, Wang X, Niyato D (2020) Federated learning for 6G communications: challenges, methods, and future directions.
China Commun 17(9):105–118
102. Bajic B, Rikalovic A, Suzic N, Piuri V (2020) Industry 4.0 implementation
challenges and opportunities: a managerial perspective. IEEE Syst J
15(1):546–559

Adel J ournal of Cloud Computing

(2022) 11:40

103. Melnyk L, Dehtyarova I, Kubatko O, Karintseva O, Derykolenk A
(2019) Disruptive technologies for the transition of digital economies
towards sustainability. Економiчний часопис-XXI (9-10):22–30
104. Siriwardhana Y, Porambage P, Liyanage M, Ylianttila M (2021) AI And 6G
security: Opportunities and challenges. In: 2021 Joint European Conference on Networks and Communications (EuCNC) and 6G Summit. IEEE,
pp 1–6
105. Li L (2018) China’s manufacturing locus in 2025: with a comparison of
“made-inchina 2025” and “industry 4.0”. Technol Forecast Soc Change
135:66–74
106. Raj V, Shim JJ, Lee J (2020) Grafting modification of okra mucilage:
recent findings, applications, and future directions. Carbohydr Polym
246:116653
107. Foresti R, Rossi S, Magnani M, Bianco CG, Delmonte N (2020) Smart society and artificial intelligence: big data scheduling and the global standard method applied to smart maintenance. Engineering. 6(7):835–846
108. Sedlmeir J, Buhl HU, Fridgen G, Keller R (2020) The energy consumption
of blockchain technology: beyond myth. Bus Inf Syst Eng 62(6):599–608
109. Siuly S, Bajaj V, Sengur A, Zhang Y (2019) An advanced analysis system
for identifying alcoholic brain state through EEG signals. Int J Autom
Comput 16(6):737–747
110. Narvaez Rojas C, Alomia Peñafiel GA, Loaiza Buitrago DF, Tavera Romero
CA (2021) Society 5.0: a Japanese concept for a superintelligent society.
Sustainability. 13(12):6567
111. Sun W, Wang Q, Zhou Y, Wu J (2020) Material and energy flows of the
iron and steel industry: status quo, challenges and perspectives. Appl
Energy 268:114946
112. Tripathy HP, Pattanaik P (2020) Birth of industry 5.0: “the internet of
things” and next-generation technology policy. Int J Adv Res Eng Technol 11(11):1904–1910
113. Wang Y, Han JH, Beynon-Davies P (2018) Understanding blockchain
technology for future supply chains: a systematic literature review and
research agenda. Supply Chain Management: An International Journal
114. Yin Z, Zhu L, Li S, Hu T, Chu R, Mo F, Hu D, Liu C, Li B (2020) A comprehensive review on cultivation and harvesting of microalgae for
biodiesel production: environmental pollution control and future directions. Bioresour Technol 301:122804
115. Rashidi M, Mohammadi M, Sadeghlou Kivi S, Abdolvan MM, TruongHong L, Samali B (2020) A decade of modern bridge monitoring using
terrestrial laser scanning: Review and future directions. Remote Sensing
12(22):3796
116. Tanveer M (2022) Supply chain and logistics operations management
under the era of advanced technology. In: Integrating Blockchain
technology into the circular economy. IGI Global, pp 126–136
117. Tijan E, Aksentijević S, Ivanić K, Jardas M (2019) Blockchain technology
implementation in logistics. Sustainability 11(4):1185
118. Tönnissen S, Teuteberg F (2020) Analysing the impact of blockchaintechnology for operations and supply chain management: an explanatory model drawn from multiple case studies. Int J Inf Manag 52:101953
119. Abu-Elezz I, Hassan A, Nazeemudeen A, Househ M, Abd-Alrazaq A
(2020) The benefits and threats of blockchain technology in healthcare:
a scoping review. Int J Med Inform 142:104246
120. Ahluwalia S, Mahto RV, Guerrero M (2020) Blockchain technology and
startup financing: a transaction cost economics perspective. Technol
Forecast Soc Chang 151:119854
121. Andoni M, Robu V, Flynn D, Abram S, Geach D, Jenkins D, McCallum
P, Peacock A (2019) Blockchain technology in the energy sector: a
systematic review of challenges and opportunities. Renew Sust Energ
Rev 100:143–174
122. Broo DG, Kaynak O, Sait M (2022) Rethinking engineering education at
the age of industry 5.0. Journal of industrial information. Integration.
25:100311
123. Paschek D, Luminosu CT, Ocakci E (2022) Industry 5.0 challenges
and perspectives for manufacturing Systems in the Society 5.0. In:
Sustainability and Innovation in Manufacturing Enterprises. Springer,
Singapore, pp 17–63
124. Perera S, Nanayakkara S, Rodrigo MN, Senaratne S, Weinand R (2020)
Blockchain technology: is it hype or real in the construction industry? J
Ind Inf Integr 17:100125
125. Ponnusamy V, Natarajan S (2021) Precision agriculture using advanced
technology of IoT, unmanned aerial vehicle, augmented reality, and

Page 14 of 15

126.
127.
128.
129.
130.
131.
132.
133.
134.

135.

136.
137.
138.

139.
140.
141.
142.
143.
144.

145.
146.
147.
148.

machine learning. In: Smart Sensors for Industrial Internet of Things.
Springer, Cham, pp 207–229
Radanović I, Likić R (2018) Opportunities for use of blockchain technology in medicine. Appl Health Econ Health Policy 16(5):583–590
Saberi S, Kouhizade M, Sarkis J, Shen L (2019) Blockchain technology
and its relationships to sustainable supply chain management. Int J
Prod Res 57(7):2117–2135
Sandt A, Al-Deek H (2018) A wrong-way driving crash risk reduction
approach for cost-effective installation of advanced technology wrongway driving countermeasures. Transp Res Rec 2672(14):85–95
Bryndin E (2020) Creation of social self-sufficient digital natural ecological economy with industry 5.0 of social state. Internet Things Cloud
Comput 8:17–23
Cabaj K, Domingos D, Kotulski Z, Respício A (2018) Cybersecurity
education: evolution of the discipline and analysis of master programs.
Comput Security 75:24–35
Siyal AA, Junej AZ, Zawish M, Ahme K, Khalil A, Soursou G (2019)
Applications of blockchain technology in medicine and healthcare:
challenges and future perspectives. Cryptography. 3(1):3
Han WB, Lee JH, Shin JW, Hwang SW (2020) Advanced materials
and systems for biodegradable, transient electronics. Adv Mater
32(51):2002211
Smith D, Feldman M, Anderson G (2018) The longer term effects of federal subsidies on firm survival: evidence from the advanced technology
program. J Technol Transf 43(3):593–614
Fazal N, Haleem A, Bahl S, Javaid M, Nandan D (2022) Digital Management Systems in Manufacturing Using Industry 5.0 technologies. In:
Advancement in materials, manufacturing and energy engineering, Vol.
II. Springer, Singapore, pp 221–234
Janssen M, Weerakkody V, Ismagilova E, Sivarajah U, Irani Z (2020)
A framework for analysing blockchain technology adoption: integrating institutional, market and technical factors. Int J Inf Manag
50:302–309
Long T, Liang Z, Liu Q (2019) Advanced technology of high-resolution
radar: target detection, tracking, imaging, and recognition. Sci China Inf
Sci 62(4):1–26
Maddikunta PK, Pham QV, Prabadevi B, Deepa N, Dev K, Gadekallu TR,
Ruby R, Liyanage M (2021) Industry 5.0: a survey on enabling technologies and potential applications. J Industr Inform Integr 26:100257
Mohant BK, Panda SS, Jena D (2018) An overview of smart contract and
use cases in blockchain technology. In: 2018 9th International Conference on Computing, Communication and Networking Technologies
(ICCCNT), pp 1–4 IEEE
Feng H, Wang X, Duan Y, Zhang J, Zhang X (2020) Applying blockchain
technology to improve Agri-food traceability: a review of development
methods, benefits and challenges. J Clean Prod 260:121031
Golosova J, Romanovs A (2018) The advantages and disadvantages of
the blockchain technology. In: 2018 IEEE 6th workshop on advances in
information, electronic and electrical engineering (AIEEE), pp 1–6 IEEE
Hakak S, Khan WZ, Gilkar GA, Imran M, Guizani N (2020) Securing smart
cities through blockchain technology: architecture, requirements, and
challenges. IEEE Netw 34(1):8–14
Haleem A, Javaid M (2019) Industry 5.0 and its applications in orthopaedics. J Clin Orthop Trauma 10(4):807–808
Ha ER, Ye S, Kim MJ, Lee YH, Park KH, Roh H (2019) Medical education
trends for future physicians in the era of advanced technology and
artificial intelligence: an integrative review. BMC Med Educ 19(1):1–5
Martyno VV, Shavaleeva DN, Zaytseva AA (2019) Information technology as the basis for transformation into a digital society and industry
5.0. In: 2019 International Conference “Quality Management, Transport
and Information Security, Information Technologies” (IT&QM&IS), pp
539–543 IEEE
Min H (2019) Blockchain technology for enhancing supply chain resilience. Bus Horizons 62(1):35–45
Chen G, Xu B, Lu M, Chen NS (2018) Exploring blockchain technology
and its potential applications for education. Smart Learn Environ 5(1):1
Cole R, Stevenson M, Aitken J (2019) Blockchain technology: implications for operations and supply chain management. Supply Chain
Management: An International Journal
Demir KA, Döven G, Sezen B (2019) Industry 5.0 and human-robot coworking. Proc Comput Sci 158:688–695

Adel Journal of Cloud Computing

(2022) 11:40

149. Di M, Nardo M, Yu H (2021) Special issue “industry 5.0: the prelude to
the sixth industrial revolution.” Appl Syst Innov 4(3):45
150. Jarvenpaa SL, Välikangas L (2020) Advanced technology and end-time
in organizations: a doomsday for collaborative creativity? Acad Manag
Perspect 4:566–584
151. KK. John, SN. Adarsh, V. Pattali, Workers to super workers: A brief discussion on important technologies for industry 5.0 manufacturing systems.
In AIP Conference Proceedings (2020) 2311(1), p. 070025. AIP Publishing
LLC
152. Kayes MI, Al-Deek H, Sandt A, Rogers JH Jr, Carrick G (2018) Analysis of
performance data collected from two wrong-way driving advanced
technology countermeasures and results of countermeasures stakeholder surveys. Transp Res Rec 14:96–105
153. Kouhizadeh M, Saberi S, Sarkis J (2021) Blockchain technology and the
sustainable supply chain: theoretically exploring adoption barriers. Int J
Prod Econ 231:107831

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Page 15 of 15

