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Overview

e Industry 4.0, the fourth industrial revolution, is projected to
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change society and industry. Figure 7 shows four key

iIndustrial changes throughout history.
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e This starts with the utilization of steam power and

mechanical mechanisms in production in 1784, which While our society is promoting
exponential technological growth,

human activities and many
popularized mass manufacturing and assembly lines, resources (e.g., energy, materials, and

launching the second industrial revolution. In 1969, PLCs water) are increasingly resulting in
climate change. The modern

dustry is facing two significant
stages to automate and digitize the third industrial \nges that will affect all

represents the first industrial revolution. In 1870, Henry Ford

i
oy

and robotics were introduced in various manufacturing

revolution. 5 of consumption and
he 21st century: the

evolution and the
experiencing the fourth industrial revolution. This revolution B L cictainable

e Currently, and since 2001, the industry has been

Is based on emergent technologies such as big data
analytics and the Internet of Things (loT), enabling the
development of an intelligent network that permeates all
production stages and completely changes the relationship

between companies and society.
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Interoperability in factory 4.0

e This new holistic approach to manufacturing links equipment to the network and

facilitates safe, real-time communication between divisions, corporations, and

consumers. Logestics ___ ™~ \Design

e To enable flexible manufacturing, devices and machines may prioritize production 7~ N \
orders, job optimization, and maintenance. / \

e Factory 4.0 networks machines and processes to gather, share, and analyze data to / \
forecast future behaviors and find effective solutions to issues. \ Corporation 3 , _ c ,

N orporation 7
e This network lets robots interact and make small choices without human N\ ~ P
S ——

involvement.

e Figure 8 shows three types of interoperability: vertical, horizontal, and end-to-end
[28]. N

« Horizontal integration connects businesses to share financial and material )Productlon
: . ~
information. ~ -~

e This ensures fresh, updated business models.

e Vertical integration links corporate subsystems such sensors, actuator control, Conporiien
mManagement, production, and planning. Sensors
. . . a1y . SEIT g Actuators |\ <+ Horizontal Integration
e Allowing smart devices to self-organize will increase production flexibility. v AN :
. . . . . * anagement v »——4  End-to-End Integration
e Finally, end-to-end integration links consumer demands, product design, N Planning
— ) Horizontal Integration
mMaintenance, and recycling across the product life cycle. || Manufacturing |,
‘ Control

This integration allows investigate and anticipate the interaction impact between various

processes, allowing product customisation at different life cycle phases.
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Impact on

Interoperability in factory 4.0 | Focor 40 eatur

e Considering Industry 4.0 is shaping the future of industry and

manufacturing, it is essential to understand how it can contribute to
sustainable development. In the past, the term sustainable development

(i.e., the traditional concept) had a mainly environmentally oriented

definition; however, nowadays, sustainable development effectively includes

three dimensions: environmental, social, and economic.
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e Thus, achieving sustainable and smart development is required in order to Improved
[Increase Automation Process Social ]
build a society with the appropriate equilibrium that is shaped between the ‘ Performance

two perspectives (i.e., sustainability and industry 4.0). In a previous work, an v AT T
attempt was made to summarize the positive impact on sustainability of Economic _ [ Social ]
the triple bottom line concept of applying the concepts of factory 4.0, as ,
[Increased Productlon]
shown in Figure 10. Effec+iency
e They also pointed out that the effect of factory 4.0 on the sustainability TBL + >[ Taxes ]
concept line is interactive in nature, as shown in Eigure 11. Such interaction Competitive Defending
Advantage Employment
indicates that implementing factory 4.0 features can lead to simultaneous Level
enhancements in TBL aspects. The next part provides an in-depth analysis
of the influence of factory 4.0 on each of these sustainability aspects. [Reduce D?feCt Ratej
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https://www.mdpi.com/2071-1050/12/6/2280#fig_body_display_sustainability-12-02280-f010
https://www.mdpi.com/2071-1050/12/6/2280#fig_body_display_sustainability-12-02280-f011

Industry 4.0's influence on the three sustainability directions is the first step to assessing its sustainability.

Starting with economics, a factory will increase process and product performance, quality, and flexibility, but i‘t?. vill

investment compared to the traditional one.
Industry 4, O‘s diversified manufacturing capabilities will lower operating and running expenses.

g demand for this innovative technology, capital investment costs should decrease.

> Use and waste, improving the process's environmental effect.
y increase environmental risk.

re f_‘nd need S|gn|f|cant extraction and processing, negating factory 4.0's enwronmental benefit. f
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Adapt to tentatively limited choices
Seek future opportunities
Continuous learning

_

Resourceful

Maintain standard of living
Avoid potential risks
Purse long term employment

_

Integration

Require a re-orientation
Modernize tasks
Re-education

Career

ustamability Flexible

Rationalize disparate information
Combine diverse knowledge
|dentify critical perspective

Renewable
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\

Challenges

Higher competitiveness
New employee abilities

New regulations and requirements

| \Ignoring some sustamnabality aspects /

/

Opportunities

New business models
Increase efﬁciency

Increase speed and flexibility




The elements of the smart and
sustainable business model.

With careful and calculated implementation, factory 4.0 and sustainability perspectives
can sustain and expand economic growth, customer relationships, goods and facility
values, employee safety and well-being, and environmental stewardship [1]. Thus, there is
pressure to incorporate both views to create a smart, sustainable company strategy that
meets both internal and external demands. Figure 15 depicts the smart, sustainable,
integrated company model. This approach may increase profit, fulfill government
requirements, meet consumer expectations, and improve employee life quality by using

these elements:

e decentralized management;
e advanced technologies for better environmental impact; and
e promising energy management through information transparency and technical
assistance through the industry 4.0 approach.
Finally, the integrated smart and sustainable business model should be based on policies
that increase competence to satisfy urgent facility needs. This will enhance future
environmental quality and industrial business projections. This approach's problems will

be discussed next.
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