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1. Introduction

Industry 4.0 was introduced in 2011 in German as a government
initiative. Industry 4.0 also refers to the smart factories using
robotics, autonomous operations, the Internet of Things, big data,
analytics, artificial intelligence, and a convergence of IT and OT.
The goal is to create efficient, agile and intelligent manufacturing
[1-3].

Industry 5.0 has been recently introduced in 2020 to achieve
societal goals alongside economic growth and business objectives
[4]. Industry 5.0 focuses on the interaction between humans and
machines/robots [5]. In the smart factory 4.0, humans work
alongside machines/robots and are connected through intelligent

devices [6].

Robots become more important, and can be connected to the
human mind via the brain-machine interface and advances in
artificial intelligence [7]. In the industry 5.0, robots will be
intertwined with the human brain and work as a collaborator, not

a competitor [8]

Industry 5.0 will focus on more advanced human-machine
interfaces using artificial intelligence (Al) algorithms, for a better
integration, enabling faster, better automation combined with the
power of human brains [9].

In the direction of interaction between humans and robots, we can
divide into two groups: humanoid robot and robotic human/digital
human. In the case of humanoid robots, although many of them
are still in the prototype phase, a few have entered the real world
as bartenders, concierges, deep-sea divers and as companions for
older adults [10]. In the case of digital humans, they might be
photorealistic digitized virtual versions of humans. While they
don't necessarily have to be created in the likeness of a specific
individual human, they could look and act like humans [10].
Besides, in other directions, current advanced technologies can

produce the digital twin human.

This editorial aims to explore how blockchain and digital twin can
be used in the industry 4.0/5.0, focusing on smart cities, smart

hospitals, smart manufacturing, automotive industry.
2. Blockchain and digital twin for smart cities

The global smart cities market size was valued at USD 1,226.9
billion in 2022 and is expected to register a compound annual
growth rate (CAGR) of 25.8% from 2023 to 2030. In smart cities,
both information and communication technologies are integrated
for exchanging real-time data between their citizens,
governments, and organisations. Blockchain has been considered
as the key driver for development of smart cities. Blockchain

technology can provide high security for large communications
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and transactions between many stakeholders in the smart cities. In
addition, digital twins are also considered as the starting key for
construction of smart cities. Digital twin refers to a simulation of
physical products in virtual space. This simulation makes full use
of physical models/wireless sensor networks/ historical data of
city operation to integrate big information(digital twin cities)
under multi-discipline, multi-physical quantities, multi-scale, and
multi-probability. In addition, with the support of artificial
intelligence (Al) tools (such as fuzzy logic, genetic algorithms,
neural networks, wireless

ambient-intelligence...), sensor

networks nowadays have become smarter [11].

The digital twin and blockchain can be used in smart cities

through 3 below sections.

- Digital twin and blockchain for managing the regular operations
and services in smart cities (information management, smart grid,
transportation system, construction project, roads infrastructure,
logistics/supply chain management, water management, waste
management, vehicle management, vehicular sensing networks,
smart transportation, autonomous vehicular networks for smart

cities...)

- Digital twin and blockchain for safe cities (secure air-ground

integrated networks, personal security, structural health

monitoring, disaster management...)

- Digital twin and blockchain for healthy cities (epidemic
services, security and privacy in the smart healthcare, healthcare

monitoring, healthcare facilities management...)
3. Blockchain and digital twin for smart hospitals

Nowadays, the latest technologies have been used intensively in
the healthcare sector. Among the current high technologies,
Blockchain has been considered as the key for the perspective of

industry 5.0.

Global revenue in the Health Care segment is projected to reach
US$60.72bn in 2023, with an annual growth rate of 10.95%,

resulting in a projected market volume of US$92.01bn by 2027.
The future of healthcare might be only a few doctors/nurses
taking care of a growing number of patients. For smart healthcare
applications, blockchain technology can improve the connectivity
and secure data sharing to deliver better patient experiences,
streamline workflows, and reduce costs. Besides, the digital twin
global market size was valued at $17.5 billion in 2023, with an
annual growth rate of 36.3% for reaching $154 billion by 2031. In
addition, intelligent wireless medical sensor networks can provide
big information to monitor and manage the patient clinical data in

the smart hospitals.

The smart hospital framework involves three main layers: data,
insight and access. Medical data is collected realtime from all
devices/systems in a smart hospitals. These data should be
integrated to the smart insight from the analytics or machine
learning software. This smart insight should be accessible to any
doctor/nurse/staff via a smartphone or mobile device, for
providing the fast decisions with more efficiency. Blockchain
technology can improve health services in smart hospitals,

especially during COVID-19 pandemic.

In the smart healthcare, digital twin and blockchain can be used
widely, such as the electronic health records, real-time storing and
updating patient data, healthcare data management, insight
healthcare consultant/telehealth-telemedicine,
prescription/medicine/drug traceability and safety, clinical trials,

medical insurance, healthcare digital twin, healthcare monitoring.

In case of smart hospitals, digital twin and blockchain can be used
in prescription process from manufacturing to pharmacy,
decentralising patient health, privileges or accessibility of patient
health history records, efficient medical data exchange, diagnostic
and therapeutic purposes, health apps, patient consultant and
insight/telehealth framework, providing and maintaining the
financial statements in hospitals, multiple digital patient check-in

wireless medical sensor networks.
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4. Blockchain and digital twin for space/aircraft
industry

Manufacturing can provide a high Return on Investment. It was
reported that $1 of investment in manufacturing can create ~ $2.5
of economic activity. Current manufacturing involves batch
the

4.0/5.0,personalized/individualized products with low quantities

production. However, in Industry
can be fabricated inthe smart factories, which integrates all
companies working in the supply chainfrom manufacturing to
marketing/services. In this regard, in Industry 4.0 theproducts
become more personalized, more flexible and smarter [12]. Smart
products should be fabricated from smart materials via the
intelligent manufacturing system framework. Blockchain can
build secure and connected manufacturing infrastructure. In 2017,
it was reported that thebenefit of the space industry was valued at
$384 million USD, and it is expected togrow to $1.1 trillion USD
by 2040. Space application requires high-performance materials
with high strength, high stiffness, high thermal resistance and
lightweight. In addition, the electronic devices in space
application should be lower power consumption, more accurate,
more reliable and in smaller size. Blockchain and digital twin can
be used effectively in the aircraft industry - a high technology
sector, for certifying and monitoring the whole component
production process, especially in the additive manufacturing [13] .
The additive manufacturing technology has been considered as
the key driver to perform the rapid prototyping of product
components, through the supply chain, thus reducing time-to-
market, while ensuring quality and containing costs. Blockchain
and digital twin can be used in various applications in aircraft
[14-17] andUAV (unmanned aerial vehicles) [18], such as for
the

decentralized digital asset management system for commercial

enhancing aircraft maintenance recordssecurity [14],

aircraft leasing [15], aircraft parts traceability and trackability for
inventory management [16], aircraft wing health monitoring
[17]...

5. Blockchain and digital twin for smart agriculture

Smart agriculture refers to the application of fourth industrial
revolutions in agriculture (Agriculture 4.0). Fully automated and
autonomous agriculture can be achieved by using various new
technologies, such as the internet of things (loT), big data,
artificial intelligence (Al)... In a smart real-time agriculture, the
quality of agrifood products could be fully controlled, from the
seed to the harvest/delivery, as well as from the egg to the butcher
shop. In this regard, smart sensors and their wireless network are
important components of Agriculture 4.0/5.0 [19]. Blockchain
and digital twin can be used widely in smart agriculture [20-22],
such as pilot study [23], water management system [24], supply
chain management [25]... However, agricultural digital twins are
challenged to capture the interactions between living systems and

their environment [22]
6. Blockchain and digital twin for automotive industry

In the far future, blockchain technology might change our world,
from the unity of markets (e.g. financial markets) to the equality
(e.g.
blockchain technology has been developed faster, partly due to

among nations peer-to-peer cooperation). Recently,
the evolution of the crypto market. Blockchain technology is the
key for the perspective of industry 5.0, smart healthcare/smart
hospitals, or space exploration/application. Nowadays, the latest
technologies can be found not only in health care and space
application but also in hybrid supercars. Supercars/hypercars
require high-performance materials with high strength, high
stiffness, and lightweight. For higher performance, car engines
now become stronger, but smaller and lower fuel consumption
(with cleaner exhaust). Currently, the automotive industry
batch the

personalized/individualized automobiles with low and limited

involves production, but in near future,

guantities can be fabricated in smart factories, which integrates all
companies working in the supply chain from manufacturing to
marketing/services. In this regard, the future automobiles in smart
cities become more personalized (single user/limited
version/personal spare parts), safer and smarter. Blockchain

technology is the key to these future perspectives toward
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intelligent automobiles without any risk of safety/accident,
security/theft, or traffic jam. In the current industry, blockchain
technology can explore the interconnection of blockchain with
other innovative technologies and trends such as the internet of
things (loT) and artificial intelligence (Al) and analyse the
potential to transform business processes and whole industries of

these innovations are applied jointly.

For vehicles in the smart city, blockchain-based distributed
frameworks can be used. This framework can include a novel
the blockchain-based

miner node selection algorithm for

distributed network architecture.

For automotive manufacturing, blockchain can be used in various

stages, such as self-driving car development, car quality
assurance, smart vehicular communications, automobile sales and

leasing, electricity board (meter readings/payment)...

For future drivers’ everyday lives, blockchain can be used in
various applications, such as future mobility, digital vehicle
passports, backbone of the connected ecosystem of autonomous
vehicles, charging stations for e-cars through blockchain, ride and

car sharingapps... [25].
References

1. https://tig.comptia.org/threads/how-to-integrate-iot-big-
data-and-analytics-into-industry-4-0.5972/

2. Grabowska, S., Saniuk, S. & Gajdzik, B. Industry 5.0:
improving humanization and sustainability of Industry
4.0. Scientometrics 127, 3117-3144 (2022).

3. https://op.europa.eu/en/publication-detail/-
[publication/468a892a-5097-11eb-b59f-01aa75ed71al/

4. https://www.essentracomponents.com/en-

gb/news/trends/industry-40/is-industry-5-0-really-all-
that-different-from-industry-4-0

5. Ozdemir, 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

10.
11.

12.

13.

14.

policy. Omics: A Journal of Integrative Biology, 22(1),
65-76.

Demir, K. A., Doven, G., & Sezen, B. (2019). Industry
5.0 and human-robot co-working. Procedia Computer
Science, 158, 688—695.

Welfare, K. S., Hallowell, M. R., Shah, J. A,, Riek, L. D.
(2019, March). Consider the human work experience
when integrating robotics in the workplace. In 2019 14th
ACM/IEEE international conference on human-robot
interaction (HRI) (pp. 75-84). IEEE.

Nahavandi, N. (2019). Industry 5.0—A Human-Centric
Solution. Sustainability, 11, 4371.

Aslam, F., Aimin, W,, Li, M., & Ur Rehman, K. (2020).

Innovation in the era of 10T and industry 5.0: absolute

innovation management (AIM) framework. Information,
11(2), 124.

https://builtin.com/robotics/humanoid-robots
Nanosensors for smart cities, Editors: Baoguo Han,
Vijay K. Tomer, Tuan Anh Nguyen, Ali Farmani and
Pradeep Kumar Singh, January 2020, Elsevier, USA.
ISBN: 978-0-12-819870-4

Nanosensors for smart manufacturing, Editors: Sabu
Thomas, Tuan Anh Nguyen, Ali Farmani, Mazaher
Ahmadi, Ghulam Yasin, December 2020, Elsevier, USA.
ISBN : 978-0-12-823358-0.

Claudio Mandolla,

Gianluca Percoco, Andrea Urbinati, Building a digital

Antonio  Messeni _ Petruzzelli,

twin for additive manufacturing through the exploitation

of blockchain: A case analysis of the aircraft industry,
Computers in Industry, Volume 109, 2019, Pages 134-
152,

A. Aleshi, R. Seker and R. F. Babiceanu, Blockchain
Model for Enhancing Aircraft Maintenance Records
2019 IEEE
Technologies for Homeland Security (HST), Woburn,
MA, USA, 2019, pp. 1-7, doi:
10.1109/HST47167.2019.9032943.

Security, International Symposium on

Kenk Nanotec Nanosci 9:01-05 (2023)


https://tig.comptia.org/threads/how-to-integrate-iot-big-data-and-analytics-into-industry-4-0.5972/
https://tig.comptia.org/threads/how-to-integrate-iot-big-data-and-analytics-into-industry-4-0.5972/
https://op.europa.eu/en/publication-detail/-/publication/468a892a-5097-11eb-b59f-01aa75ed71a1/
https://op.europa.eu/en/publication-detail/-/publication/468a892a-5097-11eb-b59f-01aa75ed71a1/
https://doi.org/10.3390/su11164371
https://doi.org/10.3390/su11164371
https://doi.org/10.1016/j.compind.2019.04.011.
https://doi.org/10.1016/j.compind.2019.04.011.
https://doi.org/10.1016/j.compind.2019.04.011.
https://doi.org/10.1016/j.compind.2019.04.011.
https://doi.org/10.1016/j.compind.2019.04.011.
https://doi.org/10.1016/j.compind.2019.04.011.

KenKyd®

Kenkyu Journal of Nanotechnology & Nanoscience 9:01-05 (2023)

15.

16.

17.

18.

19.

20.

21.

Paul Kuhle, David Arroyo, Eric Schuster, Building A

blockchain-based decentralized digital asset management

system for commercial aircraft leasing, Computers in
Industry, Volume 126, 2021, 103393,

G.T.S. Ho, Yuk Ming Tang, Kun Yat Tsang, Valerie
Tang, Ka Yin Chau, A blockchain-based system to

enhance aircraft parts traceability and trackability for
with

115101,

inventory  management, Expert  Systems
Applications, 179, 2021,
https://doi.org/10.1016/j.eswa.2021.115101.

Li, C., Mahadevan, S., Ling, Y., Choze, S., & Wang, L.
(2017). Dynamic Bayesian Network for Aircraft Wing
Health Monitoring Digital Twin. AIAA Journal, 55(3),
930-941. doi:10.2514/1.j055201

Tejasvi Alladi, Vinay Chamola, Nishad Sahu, Mohsen

Volume

Guizani, Applications of blockchain in unmanned aerial
vehicles: A review, Vehicular Communications, Volume
23, 2020, 100249,
https://doi.org/10.1016/j.vehcom.2020.100249.

Editors: Adil
Denizli, Tuan Anh Nguyen, Susai Rajendran, Ashok
Kumar Nadda, September 2021, Elsevier, USA. ISBN:
9780128245545

Natasja  Ariesen-Verschuur, Cor

Nanosensors for Smart Agriculture,

Verdouw, Bedir
Tekinerdogan, Digital Twins in greenhouse horticulture:

A review, Computers and Electronics in Agriculture,

Volume 199, 2022, 107183,
https://doi.org/10.1016/j.compag.2022.107183.
Christos _ Pylianidis, Sjoukje Osinga, loannis N.

Athanasiadis, Introducing digital twins to agriculture,

22,

23.

24,

25.

26.

27.

Computers and Electronics in Agriculture, Volume 184,
2021, 105942
Christos

Pylianidis, Sjoukje Osinga, loannis N.

Athanasiadis, Introducing digital twins to agriculture,

Computers and Electronics in Agriculture, Volume 184,
2021, 105942

Lan, et al. Blockchain for agriculture and food: Findings

from the pilot study. No. 2017-112. Wageningen
Economic Research, 2017
Fatima, K.; Hussain, S.; Khan, S.A.; Khan, M.A;

Saleem, S.R.; Kanwal, S. Digital Twin Greenhouse

Technologies for Commercial Farmers. Environ. Sci.
Proc. 2022, 23, 33.

Miguel Pincheira, Massimo Vecchio, Raffaele Giaffreda,
Salil S. Kanhere,

trustworthy data sources for a blockchain-based water

Cost-effective 10T _devices as

management system in precision agriculture, Computers

and Electronics in Agriculture, Volume 180, 2021,
105889,

Borah, M.D., Naik, V.B., Patgiri, R., Bhargav, A.,
Phukan, S.G.M. (2020). Supply Chain
Management in Agriculture Using Blockchain and IoT.
In: Kim, S., Deka, G. (eds) Advanced Applications of
Blockchain Technology. Studies in Big Data, vol 60.

B., Basani,

Springer, Singapore.

Blockchain technology in the automotive industry,
Editors: Ghulam Yasin, Amit Kumar Tyagi, Tuan Anh
Nguyen, 2024, CRC Press, USA. ISBN: 978103254867

Kenk Nanotec Nanosci 9:01-05 (2023)


https://doi.org/10.1016/j.compind.2020.103393.
https://doi.org/10.1016/j.compind.2020.103393.
https://doi.org/10.1016/j.compind.2020.103393.
https://doi.org/10.1016/j.compind.2020.103393.
https://doi.org/10.1016/j.eswa.2021.115101
https://doi.org/10.1016/j.vehcom.2020.100249
https://doi.org/10.1016/j.compag.2022.107183
https://doi.org/10.1016/j.compag.2020.105942.
https://doi.org/10.1016/j.compag.2020.105942.
https://doi.org/10.1016/j.compag.2020.105942.
https://doi.org/10.1016/j.compag.2020.105942.
https://doi.org/10.1016/j.compag.2020.105942.
https://doi.org/10.1016/j.compag.2020.105942.
https://doi.org/10.1016/j.compag.2020.105942.
https://doi.org/10.1016/j.compag.2020.105942.
https://doi.org/10.3390/environsciproc2022023033
https://doi.org/10.3390/environsciproc2022023033
https://doi.org/10.3390/environsciproc2022023033
https://doi.org/10.3390/environsciproc2022023033
https://doi.org/10.1016/j.compag.2020.105889.
https://doi.org/10.1016/j.compag.2020.105889.
https://doi.org/10.1016/j.compag.2020.105889.
https://doi.org/10.1016/j.compag.2020.105889.
https://doi.org/10.1016/j.compag.2020.105889.
https://doi.org/10.1016/j.compag.2020.105889.
https://doi.org/10.1007/978-981-13-8775-3_11
https://doi.org/10.1007/978-981-13-8775-3_11
https://doi.org/10.1007/978-981-13-8775-3_11
https://doi.org/10.1007/978-981-13-8775-3_11
https://doi.org/10.1007/978-981-13-8775-3_11
https://doi.org/10.1007/978-981-13-8775-3_11

