| Industry 4.0 in historical perspective: Defining the ‘field’
| Industry 4.0 building blocks
I. Technology trends of Industry 4.0
II. Design principles of Industry 4.0
III. Industry 4.0 archetype
| Benefits of Industry 4.0
I. Economic-productivity impacts
II. Environnemental sustainability impacts
III. Social sustainability impacts
IV. The negative impacts
| Industry 4.0 Transformation
I. The need for a strategic roadmap
II. Best practices for digital transformation success
III. Separating hype from reality

| Industry 4.0 in historical perspective: Defining the ‘field’
•

•

The first reference to Industry 4.0 occurred
in 2011, yet, it is misleading to assume that
Industry 4.0 is a sudden revolution utterly
unaware of the industrial and technological
revolutions that arose earlier. In reality,
Industry 4.0 builds entirely upon the
foundations
of
previous
industrial
revolutions. However, Industry 4.0 is
expected to deliver the highest degree of
digitalization, automation, virtualization, and
decentralization across all industries, when
coming to its maturity.
The earlier studies tend to narrate Industry
4.0 as the digitalization of manufacturing
processes, limiting it to factories, mainly in
the form of implementing advanced digital
manufacturing technologies such as 3D
printing, modeling, simulation, virtualization,
and data management technologies. More
recent perspectives regard Industry 4.0 as
the digital transformation of industrial
value chains, a paradigm shift across
various industries.
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| Industry 4.0 in historical perspective: Defining the ‘field’
(a) Industry 4.0 definition frequency
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Nowadays, the scope of
Industry 4.0 spans well
beyond manufacturing
sector, involving related
concepts such as
Healthcare 4.0,
Construction 4.0,
Energy 4.0, and
Transportation 4.0,
among many others.
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(b) Industry 4.0 definition trends
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| Industry 4.0 building blocks
To address the elusive nature of Industry 4.0 and the underlying digital transformation, the literature commonly characterizes
Industry 4.0 based on its building blocks; a wide variety of underlying technology trends and design principles.
➢ Technology trends of Industry 4.0 are advanced digital, information, and operations technologies that are
indispensable to shaping the undergoing digital industrial transformation.

➢ Design principles are desirable conditions that enable industrial entities to achieve digital transformation success and
unlock the potential benefits of Industry 4.0 technology trends.
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Manufacturing Digital Transformation under Industry 4.0
Manufacturing Digital Transformation
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The framework of digital transformation success under Industry 4.0

| Technology trends of Industry 4.0
Industry 4.0 could be categorized into two clusters, termed core technologies and facilitating technologies.
➢ The core technologies of industry 4.0 are the modern technological innovations that have been in development within
the past few decades but have matured enough to become commercially available within the last decade.
➢ The facilitating technologies of Industry 4.0 are the more traditional, prevailing, and mature information and operations
technologies that enable the core technologies of Industry 4.0 to deliver their intended functions.
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| Technology trends of Industry 4.0

CPS

Intelligent enterprise
resource planning

Informed
decision making

Monitoring and controlling
manufacturing systems
and data streams

Sensors
Networks
Controller
Cloud

Facilitating
Technologies

Manufacturing execution
system

(a) CPS-IIoT interaction

Smart control level
Machine and process controllers (PLS, SCADA, DCS,

Input and output signals
(Actuators, smart sensors, machine vision, automated inspectors)

Industry 4.0 communication pyramid

IIoT

Smart connection level

Internet of
Internet of
people
data
Industrial
internet of
things
Internet
Internet of
of things
services

(b) Pillars of Internet of Everything

Design Principals of Industry 4.0

| Industry 4.0
archetype

Vertical and horizontal integration
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Cyber-physical
production systems
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- Product utilization optimization
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- Improved customer engagement
- Improved customer support
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Internet of people
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| Industry 4.0 design principles

Real-time capability

93

Horizontal Integration

86

Vertical Integration

79

Customer orientation

76

Virtualization

74

Interoperability

63

Modularity

58

Decentralization

51

Service orientation

46

Technical assistance

29
0

10

20

30

40

50

60

70

80

90

100

| Benefits of Industry 4.0
There are different perspectives on the possible benefits of Industry 4.0 that drive the digital industrial revolution.
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| Economic-productivity impacts
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| Environmental and social sustainability impacts
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| The negative impacts of Industry 4.0

•

Inventions often create more opportunities, and with that, jobs. Nevertheless, Industry 4.0 may very well lead to
mass unemployment, at least in the short run.

•

Industry 4.0, if governed and managed poorly, will lead to the polarization of the labor market. A skilled elite group of
people who can use technology to be more productive tend to replace the labor of others and are paid accordingly,
substantially resulting in income inequality.

•

The digital transformation under Industry 4.0 is hugely resource and knowledge-intensive. Industry 4.0 leaders are
usually the overpowering mega-corporations. The difference in Industry 4.0 transformation competency could
increase the technological gap, hence inequality between corporations and even countries.

•

More affordable, smarter, and personalized products, thanks to the advantages of Industry 4.0, mean shorter
product lifecycle and overconsumption and rebound effect. A prolonged pattern of overconsumption and rebound
effect, in turn, leads to environmental degradation and the eventual loss of resource bases.

Digitalization
readiness
preassessment

• Funding the necessary
planning and analytics tools
• Funding employee training • Recruiting top talent • Timely resource
allocation

• Methodical OT readiness
assessment
• OT maturity prioritization

• Supplying necessary technology
• Funding legacy hardware upgrade

Operations
technology
readiness

• Supplying necessary technology

Information and
digital technology
readiness

• Increased interoperability of
OTs
• Enhanced integrability of OTs

Manufacturing
digitalization strategic
roadmapping
• Identifying digital talent gaps
• Measuring digital competences
• IDT/OT shortcoming assessment

• Digitization project
management
• IDT leveraging competency
• IDT vendor selection
• ITD integration knowledge

• Cybersecurity measure
effectiveness
• Cybersecurity awareness
• IDT resilience
• Funding security program development,
cybersecurity risk assessments, firewalls,
and monitoring services.

• Effective communication
• Progress measurement
and performance analysis
• Informed decision-making

• Change priority identification

• Cybersecurity skill development
• Cybersecurity policy enforcement
• Cybersecurity emergency planning

• IDT technical assistance
• IDT integrability
Information and
• Subsidized IDT training
for employees
digital technology
• SME-friendly regulation
expertise
for IDT service providers

• Collaborative digitization
planning
• Integrated capabilitybuilding ecosystem

Resource
availability

Cybersecurity
maturity

Business partner
digital maturity

• IDT resource
Management
• Digitization
forecasting and
planning

External support
for digitization

• Change-related cost/risk/benefit
assessment
• Digital culture (e.g., digital
leadership, digital attitude, IDT
competency, and digital
thinking) assessment

• Digitization Management
process simplification
• Improved inter-team
communication

• Secure communications
• Information sharing security

Management
competency for
digital transformation

Change
Management
Competency
• IDT resource
alignment
• ITD skill development
strategies

• Industry 4.0 workshops
• Digitization management training
• Manufacturing digitization
consulting services

| Industry 4.0 Transformation
I. The need for a strategic roadmap

• Employee empowerment
• Employee involvement
• Change resistance
management
• Agile workplace culture

• Risk management proactiveness
• Digitization contingency strategies

| Best practices for digital transformation success
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| Industry 4.0 Transformation
I. Separating hype from reality
•

Industry 4.0 technologies are being adopted across the Industry. The adoption rate is increasing, but the overall rate is
still very low. There is a massive discrepancy in the level of Industry 4.0 digital transformation across various industries,
businesses of various sizes, and countries.

•

The scope of Industry 4.0 spans beyond focal firms. Industry 4.0 is also transformative, as it completely changes the
rules of business. However, the digitalization journey under Industry 4.0 can be started in the form of smaller
digitalization projects at the corporate or value chain levels. When it comes to Industry 4.0, businesses need to have a
clear picture of the digital transformation and its underlying requirements, current risks, and opportunities. Businesses
also need to understand what their peers and competitors are currently doing and plan to do in the future to drive value
and capture competitive advantage under the digitalization scenario.

•

Many of the manufacturing-productivity benefits of Industry 4.0 is empirically proven. Nonetheless, the majority of the
socio-environmental implications of Industry 4.0 are theoretical speculations.

•

The majority of Industry 4.0 technologies have been available for industrial use during the past few decades. However,
they have become more mature and commercially viable during the last few years. Digital transformation is not merely
about purchasing and implementing these technologies. Without developing and materializing the core design
principles of Industry 4.0, these technologies cannot deliver the intended benefits.
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