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Timeline & Context

Industry 1.0 === |ndustry 5.0

Industry 5.0

1760s-1840s

[5.8]

Industry 1.0

From Hand Production
to Machines

Steam Power

Opening of Large Scale
Factories

Mass Production of Iron
and Steel

Emergence of Unions
Increased Urbanization
Pollution, Long Working
Hours

=) Industry 2.0

1870s-1950s

Transition to Electricity
Development of Henry
Ford™ s Assembly Line
enabled Mass Production
Improved Transportation
(automobiles, railways
etc.) and Communication
(telephones, telegraph
etc.)

Job Displacement
concerns due to
Automation

1960s - 2000s

Industry 3.0

Invention of Transistors
(1947) and
Microprocessors (1971)
Introduced Computer
Technology
(Programmable Logic
Controller (PLCs) and
Industrial Robots)
Expansion of Electronics
and Information
Technology

Electronic Waste, High
Power Consumption

>+ ) Industry 4.0

2011 - Present

Built upon Industry 3.0
Cyber-Physical Systems
(CPS), which integrate
technologies like the
Internet of Things (loT),
Artificial Intelligence (Al),
and smart industrial
production ( e.g. digital
twins, additive
manufacturing)
Cybersecurity Risks,
Lack of Skilled Workers,
and job security concerns
due to automation.

Built upon industry 4.0
Collaboration Between
Humans and Machines
Worker Well-Being and
Skills Development
Personalized Production,
Customization based on
User Needs

Focus on Resilient &
Sustainable Systems
Need for New Business
Models and Policies
Ethical Al use, Privacy
Concerns, and Stronger
Cybersecurity

Present - Future
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Digitalization

Human-Centric, Industry 5.0
Sustainable and

* First Industrial Revolution Led by Human

* Restoring the Missing Link Between Nature and Human Made
Ecosystems

* Foundations of Technology + Human Values

Resilient Systems

* Increased Interconnectivity Among Computers and Machines
* Exchanging Data and Coordinating Actions through the Value
Chain

Automation and

Computerization Industry 3.0

 Bell Labs, USA 1947 - Transistors were invented

* Firsttransistors enabled radios and small calculators. Military and
Space ambition in USA accelerated rapid transistor innovation.

* Machines and computer-based controls were introduced.
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Industry 4.0 Toward 5.0 Vision

St
an evolution or nextsseteen *
aft.er Industry 4.0, It St,'”p
relies on the main
technologies (loT
Industry 5.0 data analytics, cygﬁi‘_’:ﬁ;s,.ca,
. . . o o . Systems' etc. t ]
Drivers economic and technological factors eco.nomlc, spaal, .enV|ronmentaI, and 'ndustry4.o') hat define
ethical considerations
\\

Power Source Electrical power, Fossil-based fuels, Electrical power, renewable power sources
Renewable power sources

Automation and data exchange, Artificial Adding on Industry 4.0, Al-Powered

Technology Intelligience(Al), Cyber-physical systems, collaborative robots, Smart Materials,
Internet of Things(loT), Cloud computing, Digital Twins
Big Data
Organizational Research, Process Smart Environments, Organizational
Research Focus Improvement and Innovation, Business Research, Process Improvement and
Administration Innovation, Business Administration
Increased production output, improved Enhanced human capabilities, personalized
Goals quality, lower production costs, faster products and services, sustainable and
production times ethical production, societal progress
[1,13]
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Definitions of Industry 5.0

Industry 5.0 is still evolving, and various definitions exist from industry practitioners and researchers.

1. Industry 5.0 is a human-led industrial evolution based on the 6R principles (Recognize, Reconsider,
Realize, Reduce, Reuse, and Recycle) of industrial upcycling. It is a systematic waste prevention technique
and logistics efficiency design to value life, promote innovative creations, and produce high-quality custom
products by Michael Rada, Founder of Industry 5.0.

2. Industry 5.0 brings the human workforce back to the factory, where humans and machines work together to
increase process efficiency by using human brainpower and creativity, integrating workflows with
intelligent systems.

3. Industry 5.0 integrates the strengths of cyber-physical production systems (CPPS) and human intelligence to
create synergetic factories. It also seeks innovative, ethical, and human-centered design to address the
weakening of manpower caused by Industry 4.0.

4. Industry 5.0 is a human-centric design solution where humans and cobots collaborate to enable
personalizable autonomous manufacturing through enterprise social networks.

[6] More definitions are mentioned in the article.
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Development of Industry 5.0

2015 Industry 5.0 Launch

2020 Named leading industrial trend of a decade
First Industry 5.0 Ambassador Assigned

2021 Integrated into European Union Framework

2023 118 Industry 5.0 ambassadors, 118 countries

2024 United Nations Environment Programme (UNEP) integrated Industry 5.0 into 2024 Outlook

[Michael Rada - https://www.slideshare.net/slideshow/industry-5-0-power-of-industrial-evolution/271750123?from_search=5#1]
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https://www.slideshare.net/slideshow/industry-5-0-power-of-industrial-evolution/271750123?from_search=5#1

Types of Waste

Depending on the industrial upcyling five types of waste is defined.

e PHYSICAL WASTE: Trash and items delivered to garbage bins, containers, landfills
e SOCIAL WASTE: People limited in their will to make work their living

e URBAN WASTE: Buildings, land, locations unused and not utilized properly

e PROCESS WASTE: Not efficient processes and no value services

e WASTING OF TIME: The only waste which can not be recovered once wasted

[Michael Rada - https://www.slideshare.net/slideshow/industry-5-0-power-of-industrial-evolution/271750123?from_search=5#1]
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https://www.slideshare.net/slideshow/industry-5-0-power-of-industrial-evolution/271750123?from_search=5#1

Methodology of Systemic Waste Prevention

RECOGNISE
RECONSIDER
REALIZE
REDUCE
REUSE
RECYCLE

EVARLE L.

RECONSIDER

3R

[Michael Rada - https://www.slideshare.net/slideshow/industry-5-0-power-of-industrial-evolution/2717501237?from_search=5#1]



https://www.slideshare.net/slideshow/industry-5-0-power-of-industrial-evolution/271750123?from_search=5#1

Do Not Waste

1. RECOGNISE 2. RECONSIDER 3. REALIZE

(]
§

Can we recognize something must not become waste? Can we reconsider what to do with the item we saved?

If you do right, you do not need to Reduce, Reuse, Recycle and pay for never ending waste management
[Michael Rada - https://www.slideshare.net/slideshow/industry-5-0-power-of-industrial-evolution/2717501237?from_search=5#1]
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https://www.slideshare.net/slideshow/industry-5-0-power-of-industrial-evolution/271750123?from_search=5#1

EU Framework - Definitions of Industry 5.0 Pillars

Human - Centric

Sustainable

Resilient

used to describe systems that are
designed to work in ways that
people can easily understand and
learn (Cambridge Dictionary)

L

Refers to a set of principles that
prioritize human needs, well-being,
and aspirations, guiding the design,
development, and deployment of
technologies and organizational
practices.

Capable of being maintained or
continued at a certain rate or
level. (Oxford Dictionary)

Commitment to find a balance
among economic improvement,
social equity, and environmental
protection, with the aim of helping
to achieve the Sustainable
Development Goals (SDGs).

Capacity to adapt and recover
quickly from disruptions or
unexpected changes (Cambridge
Dictionary)

Designing systems, supply chains,
and organizations that can maintain
essential functions during
challenging circumstances while
minimizing negative impacts on
society and the environment.

J

[1,2,3]

—

Industry 5.0 in EU FRAMEWORK
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Addressing Social Inequality
and Worker Well-being

Shifting from Technology-
Driven to Human-Driven
Innovation

Encouraging Meaningful and
Engaging Work

Attracting and Retaining
Talent in a Changing Labor
Market

Aligning with European
Values and Fundamental
Rights

Human - Centric

EU Framework - Industry 5.0

Urgency of Climate Change
and Resource Scarcity

Shifting from Linear (take-
make-waste) to Circular
Models (production, use,
recycle)

Meeting Consumer Demands
and Expectations

Aligning with EU Policy
Priorities

Sustainable

Lessons from Recent Crises (
e.g. Covid 19)

Disruptions in global supply
chains

Geopolitical Shifts and
Global Uncertainties

Anticipating Future
Disruptions




Industry 5.0 - Human-Centric

N,

5.0

v

Used various resources included in the presentation.

)

&

Worker Empowerment & Participation

Co-Design & Co-Creation: Engage
employees in the development of new
technologies and processes.
Decision-Making & Autonomy: Provide
staff with genuine input and flexibility in
their roles.

Continuous Learning & Skill
Development: Commit to ongoing
education for emerging technologies.
Well-Being & Job Satisfaction: Enable
safe and healthy work environments

Social Inclusion & Diversity

Accessibility: Ensure that technologies
and environments accommodate
individuals of all abilities.
Intergenerational Collaboration:
Encourage knowledge exchange among
different age groups.

Addressing Bias: Implement fair and
impartial practices and systems within
the workplace.

Human - Machine Collaboration

Integrated Technologies(e.g Robots,
Digital Twins, Al, AR/VR): Employ various
advanced systems that complement and
improve human abilities, deliver real-time
data, optimize workflows, and keep
employees in the decision-making
process.

Ethical & Responsible Tech Development

Data Privacy & Security: Protect
employee information and prevent its
misuse.

Transparency & Explainability: Ensure
that technologies are clear and
trustworthy.

Human Oversight: Maintain human
control over critical decisions and actions.
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Industry 5.0 - Human-Centric

Human Centric Goals

Individual/Micro - Worker empowerment

- Higher workers’ satisfaction
- Fostering creativity
- Better work-life balance and well-being

- Better security . . L.
By realisation of human centricity,

values at micro (e.g., worker
empowerment, satisfaction),

- Life-long learning
- Ethical approaches to business

Organisational/Meso - Growth & productivity
- Employee retention & attraction Meso (e.g., employee retentionr
- Enhanced innovation & learning capacities of organisations profitability) and macro level (e.g.,
- Aligning the core beliefs and values of the organisation with behaviours that Improved quality of life,
prioritise people as well as the planet sustainable growth) can emerge.

- Flexibility & agility, future-preparedness at organisational level

- Long-term competitiveness through enhanced innovation and learning capacity of

Economic and societal/Macro .
companies

- More labour market resilience, in particular less unemployment and less
occupational downgrading due to technological shifts

- Emergence of industry 5.0 related learning ecosystems
- Improved quality of work and health for workers
- Sustainable development

[1]
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Industry 5.0 - Human-Centric

Human-centric Research & Innovation Policy Recommendations
Policy actions recommended in EU roadmap, to be implemented by 2035.

Learning capacity of organisations

Participatory decision-making, enhanced co-
operation and better work-life balance

Focus on harnessing new technologies for
employees’ well-being, learning, accessibility etc.
Support to new organisational model adoption in
the digitalisation & sustainability processes

Education & skills

+ Skills foresight

« Skillset taxonomy for Industry 5.0

« New forms of education,
distributed multidisciplinary training

+ Flexible accreditation frameworks
for non-standard HC-related
educational programmes

HC in technology development

» Foster multidisciplinary technology
development

» Fosteruptake of HC enabling
technology

+ Specific investmentsin HC enabling
technology developments

]

Standards, certifications, PCP
Coherence of HC |50 standards
Seli-assessmenttool for companies Knowledge sharing, open innovation, testing facilities

Maturity model for HC adoption, KPls S iy
. Pre-commercial procurement (PCP) * Monitoring platforms for new training programmes
Open social innovation practices

stipulations including HC
I . Testing facilities for HC technology development

=D
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Industry 5.0 - Human-Centric

Safety

Fatal and non-fatal accidents at work by NACE section, EU-28, 2017

(% of fatal and non-fatal accidents)

Construction |

Transportation and storage

Manufacturing |
Agriculture, forestry and fishing |
Whalesale and retail trade )

Administrative and support senvice aclivities
Public administration and defence

Water supply; sewsrage, waste management
Other

Mining and quarrying

Human health and sooal work acivities
Accommodation and food service activities

Professional, scientific and tlechnical activities |
Information and communication

Arts, enterfainment and recraation

Electncity, gas, steam and air conditioning supply ]

Education

Financial and insurance activities |

Other service activities

Real estate activities |
Activities of households as employers
Activities of extraterritorial organisations and bodies

=

=

2 4 i & 10 12 14 16 18 20 22

MNon-fatal accidents wFatal accidents

Mote: non-fatal (serous) accidents reported in the framework of ESAW are accidenis that imply at least four full
calendar days of absence from work. Ranked on the values for fatal accidents.

Sowwrce: Eurastat (online data codes: hew_n2_01 and hew_n2_02)

eurostati@

Eurostat data indicates that the sectors with the
highest accident rates are also those that are well-
suited for automation. In 2017, there were
reported 3.3 million non-fatal workplace accidents
and over 3,500 fatal incidents. Despite the
common fear of job loss that comes with adopting
new technologies, properly implemented
automation can actually improve workplace safety
and promote inclusivity.

Moreover, the introduction of new technologies
can lead to increased job satisfaction and overall
well-being among employees. It is important to
note that many workplace accidents may be
under-reported, and the actual figures could be
higher. Additionally, variations in accident rates can
be observed among different Member States,
influenced by distinct work cultures and reporting
systems.
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Industry 5.0 - Human-Centric

Standards Related to Human-Centricity at Organisational or Technology Level

Standards related to human centricity

- Ergonomics of human-system interaction — Part 210: Human-
centred design for interactive systems

- Ergonomics of human-system interaction — Part 220:
Processes for enabling, executing and assessing human-
centred design within organisations

- The human-centred organisation — Guidance for managers

- Guidance on human aspects of dependability

- Corporate governance of information technology

- Human resource management — Learning and development

- Systems and software engineering — System life cycle
processes

- Systems and software engineering — Systems and software
Quality Requirements and Evaluation (Square) — Guide to
SQuaRE

- Information technology — Process assessment — Part 5: An
exemplar software life cycle process assessment model

- IEEE P70xx series

Standards, technical reports, technical specifications | Standards related to aspects of human centricity in

on ergonomics

- Software ergonomics for multimedia user interfaces

- Ergonomic design of control centres

- Ergonomic requirements for the design of displays and control
actuators

- Ergonomics of human-system interaction — Usability methods
supporting human-centred design

- Ergonomics of human-system interaction — Specification for the
process assessment of human-system issues

- Ergonomics — General approach, principles and concepts

- Ergonomics of human-system interaction - Auditing procedure for
the development of interactive products based on DIN EN ISO 9241-
210

- Resource-saving application of methods and tools for the
anthropocentric design of effective interactive IT systems

- Ergonomics of human-system interaction — Part 820: Ergonomic
guidance on interactions in immersive environments including
augmented reality, and virtual reality

specific technologies

- Artificial intelligence — Overview of trustworthiness in artificial
intelligence

- Artificial intelligence — Overview of ethical and societal concerns
- Common Industry Format for usability (CIF) - General framework
for usability-related information

- Common Industry Format (CIF) for usability test reports

- Common Industry Format for Usability (CIF): Context of use
description

- Common Industry Format for Usability (CIF): User needs report

- Common Industry Format for Usability (CIF): User requirements
specification

- Common Industry Format for Usability (CIF): Evaluation report

- Software ergonomics for multimedia user interfaces — Part 1:
Design principles and framework, Part 2: Multimedia navigation
and control, Part 3: Media selection and combination

- Robots and robotic devices — Safety requirements for industrial
robots — Part 1: Robots; Part 2: Robot systems and integration

- Robots and robotic devices — Collaborative robots

ONTNU



Industry 5.0 - Human-Centric
Standards & Policies - ISO 27500 - The human-centred organization

ISO 27500, explains the principles that enshrine the values and beliefs that make an organization human-centred. The

term human-centred is used to reflect that organizations not only have an impact on their customers (the users of their products
and services), but also on other stakeholders, including their employees, their families, and the wider

community. ISO 27500 explains seven principles of human centredness, which are:

* capitalize on individual differences as an organizational strength;
* make usability and accessibility strategic business objectives;

* adopt a total system approach;

* ensure health, safety and wellbeing are business priorities;

* value personnel and create meaningful work;

* be open and trustworthy; and

* act in socially responsible ways.

/www.iso.org/obp/ui/en/#iso:std:64239:en



https://www.iso.org/obp/ui/en/#iso:std:iso:27500:en
https://www.iso.org/obp/ui/en/#iso:std:iso:27500:en
https://www.iso.org/obp/ui/en/#iso:std:64239:en

Industry 5.0 - Human-Centric
Organizational Requirements for Digital Transformation Management

()

| understanding

Transparent vision of digital transformation

Internal prioritization of digital initiatives

Change of culture required for digital transformation

Fostering collaboration across organizational functions and levels

* (Change of culture
® Transparent communication
| nl';::r;:i;:nal # Maintaining and rebuilding trust for organizational change
change | » Handling of disruptive re-structuring
* (Capturing the desire for digitalization
Human-centric _/ * Ayvoidance of ad hoc digital initiatives
digital transformation
* Ayoidance of scattered management
Leadership * Recognition of desired leadership
practices * Maintaining and rebuilding trust for leadership
* (Clear ownership of responsibilities

Leaming and * Broadening the knowledge base
innovation | * Continuous up-skilling of employees
processes ®  Ayoidance of scatted competence initiatives

[7] :




Industry 5.0 - Human-Centric

Human-Centered Design

- |. " nganm,]aumw MAPPNE Sysiem mapping l"
1. Plan the human- . " ethn ography |eg., auto -ethnography, .
centred design process | b ervations, cantecul iy H uman-ce ﬂtre d d es |gn fO llOWS
\\ = Interviews: in -depth interviews, focus groups
= Deskresearch

2. Understand i i ] an iterative process consisting

— and specify the

e i | of four primary phases. These

phases are revisited in design
6- Designed Iterate where cycles until the resulting

solution meet appropriate i T . . .
user 5 1 a solution aligns with user
reguirements : 1 : .
s \ 3. Specify the user requirements

, requirements
regquirements

: s S 1. Planthe process
\ '-. D R el S et .. | . Understand the context of
b d standards and guidelines

*  Req.derived from usability requirements and goals use
{including meas urable criteria)
= HAeq.derheed from crganisational req.

N

4. Produce design

solutions to mest
user requirements

Specify user requirements
Develop design

Evaluate designs
e B westrame pae rototphe Ensure the design meets

“ bradn acthvity) S . ) . .. user needs
Overview of exemplary methods for each human-centered design phase

*  Usability Testing
*  AJB resting

*  Heuriatic evaluation
= Participatory design

*  Field study - —_
= Prototyping |rapid prototyping

*  Think-aloud user study
*  Analytics [using ML)

ook o

* Co-design ‘

Source: International Organisation for Standardisation. (2016). Ergonomics of human-system interaction. Part 210: Human-centered design for
interactive systems (EN 1SO 9241-210:2019).
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Industry 5.0 - Human-Centric

Investing in New Human-Centric Technologies

Human centric aspects considered when purchasing manufacturing technologies

100%
90%
80%
70%
60%
50%
40%
30%

10%
0%

4%

Job errichment
[supparting employees to
leamn, upskil, enabing
innovation and
developing new solutions,
worker conrection and
colioboration)

Worker safety, ergonomics  Automating fasks and

and / or well-being creating efficency

Ethical aspects [respect
for buman values,
mantaning the

nuUmans In SeCEIon

rma king)

B share of respondents (%)

autonomy and conirol of

3%

Mone of the above

Considering that these
technologies can be obtained
with or without a focus on
human-centricity, a survey
was conducted among
manufacturing companies to
see if they took human-
centric factors into account
when investing in new
technology or software.
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Industry 5.0 - Human-Centric
Skilled Workforce

Inter-cultural and -disciplinary,
inclusive, and diversity-
oriented mindset (o O

A skilled workforce is critical for effectively utilizing
technologies aimed at human-centered outcomes.

/information mindfulness

Companies must invest in training employees, especially in e cd iy e ol = LBy el
specialized areas like artificial intelligence, to fully harness “‘5"”““”“‘9”"J"f““'”
the benefits of human-centric technology. The 2019 World -

Manufacturing Forum Report titled "Skills for the Future of . I ﬁg';:;v;;_f;tf;ﬂr_;#r':;m;;ﬂs"ﬂs
Manufacturing" offers detailed insights into the skills AR N PR T requirements and simultaneous

required for this purpose.

Effective communlcanan skills

Ability to work physically
and psychologically safely
and effectively with new
technologies

2019 World Manufacturing Forum

Industry
mm P @ NTNU




Industry 5.0 - Human-Centric
Transversal Skills

Human creativity, emotional intelligence and innovation remain irreplaceable, even if:

N
O N
Transversal skills like critical thinking,
14% of jobs are highly automatable 32% of jobs might change substantially due to Al within this decade teamwork, and |ea rning Sk|“S are essential for
work, education and daily life. Developing
and recognizing these skills play an important

role in promoting sustainable economic
growth, social inclusion, and competitiveness.

Both workers and employers value transversal skills that help to adapt the changing work landscape,
particularly in the green and digital transitions.

24.5% of candidates lack transversal skills

SMEs in the EU see a growing importance of these transversal skills:

68% for soft skills 62% for digital skills 42% for green skills

https://year-of-skills.europa.eu/transversal-skills en
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Industry 5.0 - Sustainable

Urgency of Climate Change & Resource
Scarcity

) 2

Sustainable

5.0

v

Used various resources included in the presentation.

Need for Rapid Action: Traditional

linear economic models are exhausting
resources and contributing to climate
instability.

Critical Climate Threat: Reports from
the IPCC emphasize the urgent need for
rapid decarbonization and a transition
to renewable energy sources.

Aligning with EU Policy Goals

European Green Deal: Aims for climate
neutrality by the year 2050.

Digital Transformation in Europe: The
importance of responsible and ethical
digital advancements.

Economy That Benefits People: Social
justice, equitable working conditions,
and inclusive economic growth.

Transitioning from Linear to Circular
Models

Circular Economy: Focus on eliminating
waste by continuously circulating
materials through reuse, repair, and
recycling.

Policy Support: The EU Circular
Economy Action Plan offers a strategic
framework for change

Embracing a Regenerative Approach

Reevaluating Production Processes:
Reduce ecological impact throughout
product life cycles.

Key Approaches: Design products with
durability, reparability, and
recyclability in mind, establish closed-
loop systems to recapture and
repurpose materials, move towards
product-service systems that prioritize
access over ownership.

ONTNU



Industry 5.0 - Sustainable

Some Initiatives From the European Green Deal

Making transport sustainable for all Leading the green industrial revolution

£

.";Z' i ; ! : ;
LA S~ 0 ! TR d .
N £ e — L N
<a T Over €100 More than 400 4.5 million g
55% 50% billion GW green jobs in the o
. o . o o is the value of EU’s net- of wind and solar [EuseEn cgemay (W
reduction of emissions reduction of emissions emissions from new cars 2610 Start-ups ecosystem  renewable energy 2019 up from 3.2 million in
from cars by 2030 from vans by 2030 by 2035 in 2021, doubling since production capacity inthe 2000
2020 EUin 2022, anincrease
of over 25% compared to
2020

Cleaning our energy system Renovating buildings for greener lifestyles

42.5% 117% o To complement new EU rules on buildings and guide Member
States' efforts, there is a new indicative national benchmark of 49%

new renewable energy target for 2030 improvement in energy efficiency by ¢ bl in the buildi "
of renewable energy in the buildings sector.

(with the ambition to reach 45%) 2030

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/delivering-european-green-deal_en#making-transport-sustainable-for-all

ED =D
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Industry 5.0 - Sustainable

Sustainable Development Goals

NO GOOD HEALTH QUALITY GENDER CLEAN WATER
POVERTY AND WELL BEING EDUCATION EQUALITY AND SANITATION

DECENT WORK AND 1 REDUGED
ECONOMIC GROWTH INEQUALITIES AMUNITIES CONSUMPTION
: ANDPRODUCTION

1 CLIMATE 1 LIFE 1 PEACE, JUSTICE 1 PARTNERSHIPS

ACTION BELOW WATER ANDSTRONG FOR THE GOALS ()

SUSTAINABLE
DEVELOPMENT

GALS

https://sdgs.un.org/goals Developed by United Nations = Linked to Industry 5.0
https://dashboards.sdgindex.org/chapters

ED =D
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Industry 5.0 - Sustainable

Comparison of Energy Flows Outlook 2050

TRANSFORMATIONS FINAL ENERGY
b v

DIRECT USE AND
PRIMARY ENERGY
2023 v

Road

Maritime
A
Rail
Pipelines

Manufactured goads

Base materials
Iron and steel

Construction & mining
Cement

Petrochemicals

Feedstock

Space heating
‘Water heating
Cooking

Appliances & lighting

Space cooling
n
Cthar [ ] Agriculture, fishing, military

Energy sector

onnected awWn energy use

nan-thermal
power
stations

SN\
-

H Ol Il Hydropower Il Bioenergy Il Electricity B Methanol
I Coal Wind power Geothermal W Heat Ammonia
Il Matural gas Solar power Il Muclear heat Hydrogen

[18]

PRIMARY EMERGY
v

DIRECT USE AND
TRANSFORMATIONS
v

FINAL ENERGY
b

own energy use

Road

Awiation

Fail
Pipefines

Manufactured goods

Base materials

Iron and steel

Construction & mining
Cement
Petrachemicals

Feedsinck

Space heating

Water heating

Cooking

Appliances & lighting

Space cooling

Agriculture, fishing, military




Industry 5.0 - Resilient

)

5.0

4

Used various resources included in the presentation.

\,

o0—0-O

Insights from Crises (e.g., COVID-19)

Vulnerability of Global Systems: Global
disruptions can occur rapidly when one
region enters lockdown.

Need for Readiness: The necessity of
contingency plans, diverse sourcing
strategies, and the adoption of agile
technologies.

Disruptions in Global Supply Chains

Risk Exposure: Border closures and
lockdowns have exposed the fragility of
streamlined, single-source supply
chains.

Necessity for Diversification: The
establishment of. local and regional
production centers along with multiple
supplier networks

Reassessing Efficiency: Incorporate
redundancy and flexibility even if it incurs
higher costs to enhance resilience.

Geopolitical Changes & Global Uncertainties

Increasing Protectionism: Trade conflicts
underline the importance of strategic
independence and less reliant global
dependencies.

Resource Constraints: The competition for
essential materials necessitates efficient
resource use and circular economy
practices.

Strategic Independence for Europe: Europe
should reduce its dependence on
international suppliers and invest in
alternative resources.

Anticipating Future Disruptions

Foresight & Scenario Planning: Monitor
emerging risks and trends to prevent
crises before they escalate.

Flexibility & Adaptability: Implement
modular production systems, agile
manufacturing etc.

Nurturing a Resilient Culture: Empower
workers, promote teamwork, and support

proactive problem-solving initiatives.

ONTNU



Industry 5.0 - Resilient

Resilience and Projects / Disruptions in Projects

* Unexpected events that impact a project’s progress, cost, or performance.
* Can be internal (endogenous) or external (exogenous).
 May lead to delays, financial losses, resource shortages, or even project failure

Exogenous Disruptions: Forces outside the immediate control of the project or organization

Examples: COVID-19 pandemic, Political clashes, Bushfires, Hurricanes, Typhoons, Cyclones,
Droughts, Sea-level rise, Migration due to climate change and war, 11 March 2011 tsunami in
Japan, 2019/20 Australian Bushfires

Endogenous Disruptions: They arise from within the organization, the project team, or the
supply chain itself

Examples: Counterfeit items (branded to imitate original products), Fraudulent items, Cultural
and Behavioral Factors, Human Errors, Mismanagement, Lack of Coordination between Teams
and Internal Conflicts etc.

[9] This Photo

by Unknown Author is licensed under CC BY-ND


https://policyoptions.irpp.org/fr/magazines/july-2020/global-health-coordination-necessary-in-a-pandemic/
https://creativecommons.org/licenses/by-nd/3.0/

[9]

Industry 5.0 - Resilient

Systems Thinking & Multi-Level Perspective

SOCIETY
(Wider environment: law, policy, norms)

l

ORGANIZATION / INDUSTRY
(Permanent firms, sector-wide supply chains)

l

PROJECT
(Temporary entity delivering a goal)

— T

TEAMA TEAMB
(Subgroups by role or function)

|

INDIVIDUALS
(Managers, engineers, etc.)

N

J

Institutional resilience deals with how well formal
institutional structures can sustain shocks and support
recovery. This involves actions across the community and
public and private domains.

Organizational resilience focuses on shocks to organizations,
business continuity, organizational reliability, resource buffers,
capabilities to deploy resources under crisis, adaptability of
business models, and organizational responses to extreme
contexts.

Project resilience is the capacity to organize under a variety of
scenarios, including disruptions in the form of shocks or
stressors

Team resilience is defined as the ability of teams to perform
under a variety of conditions and towards team goals.

Psychological resilience focuses on the adaptive strength of
individuals to face disruptions and variations in their life and

O NTNU



Industry 5.0 - Resilient

Cybersecurity

Increased Digital Dependence: Industry 5.0 relies heavily on digital technologies, that is vulnerable to
technical disruptions and cyberattacks.

Ensuring Resilience: Cybersecurity measures are essential for ensuring the resilience of Industry 5.0 against
disruptions.

Al-Driven Threats and Defenses: Al can be used for cybersecurity, but also creates risks through Al-related
cyberattacks.

Certificates: Certifications such as TUV is important to ensure the products reliability and security.

e e reEaga Eaaa A ra s mAEE A EE I LA AR A WrEasiaea ag wmaaaa [l e amaran

TUV (Technischer Uberwachungsverein) certification for loT dewces holds a critical
role in Industry 5.0. As loT devices are integral for data collection and automation
in this context, such certification becomes paramount in guaranteeing the reliability
and security of these devices.

10T devices
certification by
TUV

Key Aspects of Cybersecurity
 Data Protection: Cybersecurity protects sensitive data from unauthorized access and breaches.
* System Integrity: It ensures the integrity and availability of digital systems and infrastructure.

[1.3]
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Industry 5.0 - Resilient

Cybersecurity Govarnence — NIST Cubersecurity Framework(CSF) 2.0

The Cybersecurity Framework (CSF) 2.0 is designhed to help

q@“ organizations of all sizes and sectors — including industry,
(000 government, academia, and nonprofit — to manage and reduce
Q¢ GOVERN their cybersecurity risks. It is useful regardless of the maturity
level and technical sophistication of an organization’s
cybersecurity programs.
NIST :
Cybersecurity Actions that support GQVERN, IDENTIFY, PROTECT, and DETECT
Framework should all happen continuously, and actions that support

RESPOND and RECOVER should be ready at all times and happen
when cybersecurity incidents occur.

All functions have vital roles related to cybersecurity incidents.
GOVERN, IDENTIFY, and PROTECT outcomes help prevent and
DETEC‘\' prepare for incidents, while GOVERN, DETECT, RESPOND, and
RECOVER outcomes help discover and manage incidents.

https://www.nist.gov/cyberframework
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Industry 5.0 - Resilient

Cybersecurity Govarnence — Risk Management Communication

The CSF provides a basis for improved
communication regarding cybersecurity expectations,

B f,ﬂ. ,Q.:a \ E planning, and resources. The CSF fosters bidirectional

ET Executives information flow (as shown in the top half of the figure)

— i ol between executives who focus on the organization’s
Changes in Current Mission Priority and . . . .
and Future Risk Risk Appetite and priorities and strategic direction and managers who
Q {; ~_Budget manage specific cybersecurity risks that could affect
_ - ‘ . Managers  <mm the achievement of those priorities.

—_—
.~ = . |
%0 = The CSF also supports a similar flow (as shown in the

Framework  bottom half of the figure) between managers and the

Implementation Profiles practitioners who implement and operate the

P - - . . . .
rogress \ %ﬁi} Practitioners ‘ technologies. The left side of the figure indicates the

importance of practitioners sharing their updates,
insights, and concerns with managers and executives

https://www.nist.gov/cyberframework
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Industry 5.0 - Resilient

Risk Management vs. Resilience

Aspect
Definition
Approach
Focus
Response to Uncertainty
Key Methods

Time
Mindset

Handling Disruptions

Example in Projects

Risk Management

Identifies, assesses, and mitigates known risks to
minimize their impact.

Preventive - tries to anticipate and reduce risks
before they occur.

Managing specific threats that can be predicted and
quantified.

Works best with known unknowns (quantifiable risks
with probability estimates e.g. storm).

Risk assessments, mitigation plans, contingency
buffers, compliance measures.

Short to medium-term (within project lifecycle).
“How can we avoid failure?”

Tries to eliminate or control risks before they occur.

A project team identifies supply chain risks and finds
alternative vendors before disruptions happen.

Resilience

Ability to perform under a variety of conditions, including
disruptions (both known and unknown).

Adaptive - assumes disruptions will happen and
prepares for flexible responses.

Ensuring the system as a whole can continue
functioning despite shocks.

Addresses unknown unknowns (emerging, unpredictable
events e.g. global crisis like pandemic).

Redundancy, adaptability, learning from past disruptions,
cross-functional collaboration.

Long-term and continuous improvement, beyond
individual projects.

“How can we recover and adapt from failure?”

Accepts that some disruptions are inevitable and focuses
on recovery.

A project team rapidly adapts to an unexpected supplier
shutdown by reallocating resources and modifying plans.

ONTNU



What is Happening in Other Industries?

Intelligent Healthcare Supply Chain Management Cloud Manufacturing
o Manufacturing of personalized implants e Minimize the lozses and errors ¢ Low cost manufacturing process
e Performing surgeries in a more precise way e Increase margins, reduce operational costs ¢ Reliability, high quality, on-demand capabilities
* Reduced Error Rates = Better Patient Care e Efficient communication between the stakeholders ~ ® Fliminate the long haul delivery requirements
; & e
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A [’x L 1\*3 )
;/ - é N
. Y.
ve a RS

[6]

Industry
Applications.



What is Happening in Other Industries?

Smart Education Manufacturing / Production Disaster Management
2 inmruwlzs visuali;?aliﬂn andl creativity » Improved Productivity e Ability to handle consequences of the disaster
" Interaghve Learning Expenence _ » Innovation and higher quality products s Used in search and rescue operation
¢ Real-time blended teaching and leaming « FEnergy Efficiency ¢ Enhance the level of preparedness
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What is Happening in Other Industries?

Key Technologies of Industry 5.0 and Applications
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Intelligent healthcare H M L H H H H H L H H M
Cloud manufacturing H H H H H H H H H H H M
Supply chain management M L L H H H H H H L L L
Manufacturing/Production H H H H H H H H H H H H
Education H M L M M M M H L H H M
Human-cyber—physical systems H H H H H H H H H H H H
Disaster management H M M H H H M H H M H M

H | High Utilization M | Medium Utilization L |Low Utilization

[6]
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Integrated Design, Integrated
Construction, and Integrated
Delivery becoming widely important
under industry 5.0

What is Happening in Other Industries?

Architecture Engineering Construction Industry

————————————————————————— —_—
/ Integrated design Integrated construction Integrated delivery A
* BIM-Digital Twin integrated design + Cobot for moedular integrated construction [MIC) + Blockchain-smart contracting °
I = Integrated design using cloud and edge  + 40 printing far MiC + Internet of Everything {loE) for logistic & supply chain I
camputing + Extended reality (XR) inconstruction + Big data analytics for life cycle analysis & costing
I = Human cyber physical system {CPS}in * Human-robot team management in construction = Delivery process mapping & modeling [
| |

Addressing Fragmentation: |IPs
promote collaboration and
information sharing to overcome

architectural design *  Human-machine symbiosis in construction + Blockchain for AEC and associate industry information
= Designing for mass personalization using = Mass personalization for MiC using Big data Analytics  integration
ElM-1oE

[10]
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Integrated design

* Integrated design process (IDP) for projects’

resilience

* Framework for IDP towards “build back better”

Climatic resilience architecture and engineering
design

Designing for multiple resource sourcing (e.g.
water, energy, renewable energy)

Resilience planning

Irl[eg;rated construction
Reconstruction framewcrks /models

= Construction vulnerability indes/ predietions

Medular construction for reconstruction

* Adaptive material use

Integrated delivery
Integrated supply chain for resilience

Integrated contracting for infrastructure recovery

Integrated risk management
Resource planning for resilience
Recovery and reconstruction contracting

using BIM

\

1 —
| -

/

CENTRIC

SUSTAINABLE

Vd Integrated design

\

o = = = =y,

”

= |DP for green/ sustzinable building

* |DP towards circularecanomy

* Bio-climatic architecture and engineering design

= Designing for recycling and reuse

* Design efficiency for energy, water renewable
ENErgY resources

* Framework for sustainability

» Intelligent Green building

Integrated construction
* Smart-bio inspired construction system
* Sustainability integration in MiC
+ Artificialintelligence in construction sustainability
performance assessment
+ Additive manufacturing using 4D and 5D printing
for green/sustainable building

Integrated delivery
Integration of sustainability into project contract
= Digitalization and sustainability integration in
praject management
* Sustainable products and services supply chain

.

o - -

P —

Fig. 14. Prospective research pathways towards achieving Industry 5.0 core values in the AEC industry.

Industry

Applications.

these challenges

* Enhancing Collaboration: |IPs
are collaborative processes
where individuals share skills,
expertise, and knowledge to
achieve optimal solutions

* Improving Project Outcomes:
IPs can lead to improved project
performance and reduced waste

Enabling Technologies

- BIM
e Other Technological Enablers
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What is Happening in Other Industries?

Maritime Industry — Digitalization Needs

Integrated practices are widely becoming important in maritime industry as well in the era of Industry 5.0. The increasing
complexity of shipbuilding projects involving a "spider-web"- type network of information exchanges among dispersed
stakeholders necessitates integrated communication and data flow [16].

Current Future

Design Froguction DESIGN & ENGINEERING PLANNING & WORK PREPARATION PREFABRICATION OPERATIONS & RETROFIT
g From basic to detail design phases - Planning and engineering are integrated Visualization of data for Visualization of production Link ship online data and engineering

n consolidate 30 and 20 engineering and work on the same model. Planning can construction, also using status and progress in 3D and project information. Use of any
" - documentation and manage project reviews create deeper and more detailed plans on VR/AR/MR technology integration with shipyard warehouse operational data for visualization in 3D
I‘E ''''''' - and support changes. the actual model while it is created. management and deliveries. and project handover
=, LY
] S pr ‘*‘ by
| 3, Tt
1 s N
| D
| e
|r
="

5] " I Contractors

= -
- o
-~
-

'\. | .4 ‘ k
%
%
2= Q 6 0
&% Benefits: Designers have g Benefits: Planning ;'__‘j Benefits: Prefabrication Production has access to latest ™ Benefits: Remote viewing with AR/VR

access to latest design is created on actual aidn hasaccess tolatest revision and model. If information is missing.

-~

for retrofit proposals and inspection

Call:l.lliltll:!n 5!.||:I Pl'Er data, sketches and data. Progress is revisions in the model. production can look up information withaut and access to all data generated during
revisions while modeling. tracked according to Keep others informed the need to go back to engineering. With production when in operation. With
Design department can actual planning. about production status, status and progress tracking. planning and predictive maintenance, maintenance
— " i " check production status thereby enabling JIT other departments are constantly informed cost and cycles are reduced.
'nfurmatiun ’ilu" - hlgh EUU rdlnatlun EH:U rtr and progress. pre-production. about actual situation.

inconsistent data, significant risk for errors

l@ CADMATIC

Cadmatic, 2023
naval-architect.io

https://www.cadmatic.com/en/resources/publications-and-brochures/

Industry
Applications.
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What is Happening in Other Industries?

Maritime Industry — Ship Design Process under Industry 5.0

[15]

Scenario an -J-Il-.-:_'.:l'.-
o hu'.;'.;.jr-'l.:'.‘:l':.'.f .’:J.’.'-F-J'.l : Performance
|'ﬂ.ir-! ":.-.iFJ n : H u” Stru':m "
desly + Qutfitting
* Machinery
Economics » Sea keeping
= Building cost ¢ Station keeping

* Operating cost
* Charter rale

Cimbeabrlrdar
staxkeholdel

analysis

+ Profitability
Mission Function
« Tasks * Task related system®
+ Capacity * Ship systems
* Operating area *DWT /A
* Performance * Power — Bollard Pull Form
& @ » Geometric definition
+ Space balance

Scenario analysis
for functional

design

+ Weight balance

Industry
Applications.

Moreover, there are further research on how
Industry 5.0 can transform the ship design
process and methodology. Traditionally, the ship
design process has been viewed as a "design
spiral." However, by explicitly incorporating a
human-centric perspective, we can enhance this
process through stakeholder analysis and
scenario analysis that focus on functional and
economic design.

Additionally, it is beneficial to integrate practices
from other fields, such as project management
and futures studies, to better navigate the
complexities and uncertainties inherent in ship
design.
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What is Happening in Other Industries?

Maritime Industry — Autonomous Ships

[12]

MASS

autonomy

level Details Simplified (Source: Bureau Veritas 2019)

Degree One Ship with automated processes and decision Smart Ship Directed by humans. Rely on the
support: Seafarers are on board to operate and system and sensors for support in collecting
control shipboard systems and functions. Some data and making decisions.
operations may be automated and, at times,
unsupervised, but with seafarers on board ready
to take control.

Degree Two Remotely controlled ship with seafarers on board: Semi-Autonomous Ship Human delegated or
The ship is controlled and operated from another supervised. Rely on the system to make
location. Seafarers are available on board to take decisions and/or initiate actions.
control and operate the shipboard systems and
functions.

Degree Three  Remotely controlled ship without seafarers on Semi-Autonomous Ship Same as above.
board: The ship is controlled and operated from
another location. There are no seafarers on
board.

Degree Four Fully autonomous ship: The ship’s operating Fully Autonomous Ship Unmanned Ship.

system can make decisions and determine
actions.

Requires no input from humans except in an
emergency.

Source: International Maritime Organization (2018).

Factors of MASS

Questions

Technology feasibility
Labour market dynamics
Knowledge and skills

Social acceptance

Regulations and governance
Economic benefits

Is the technology ready for large-scale operation?
Is labour expensive? |s there a labour shortage?
Are users able to master the technology?

Does society accept the technology?

Are regulations ready? Is the authority supportive?
Has a sound business model been drawn up?

Source: Lagdami (2022).

Industry
Applications.

Autonomous ships, are defined as vessels capable of operating
independently of human interaction to varying degrees. The level of
automation for these ships can vary and can even change during a
voyage.

The

introduction of autonomous ships is seen as a powerful

technological advancement that will require a reconfiguration of the
maritime workforce. While some traditional skills focused on manual
operations may become outdated, this transition towards automation
also presents opportunities for new technology-driven roles. Workers
will increasingly need to focus on technology management and data
analysis, as certain tasks are automated.

https://glamsquadmagazine.com/the-worlds-first-fully-electric-autonomous-cargo-vessel-unveiled-in-norway/

https://tipbandit.com/technology/yara-birkeland-fully-electric-autonomous-cargo-ship/

O NTNU
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What is Happening in Other Industries?
Maritime Industry - Net Zero Goals —SDG 13

2023 IMO Strategy

1. Carbon intensity of the ship to decline through further improvement of the energy efficiency
for new ships

2. Carbon intensity of international shipping to decline 08 October 2024

to reduce CO2 emissions per transport work, as an average across international shipping, by at IMO makes

least 40% by 2030,compared to 2008) progress on net-
zero framework for

3. Uptake of zero or near-zero GHG emission technologies, fuels and/or energy sources to shipping

increase

uptake of zero or near-zero GHG emission technologies, fuels and/or energy sources to represent at
least 5% striving for 10% of the energy used by international shipping by 2030; and

4. GHG emissions from international shipping to reach net zero

to peak GHG emissions from international shipping as soon as possible and to reach net-zero GHG
emissions by or around, i.e. close to, 2050

https://www.imo.org/en/OurWork/Environment/Pages/2023-IMO-Strategy-on-Reduction-of-GHG-Emissions-from-Ships.aspx

Industry
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What is Happening in Other Industries?

Maritime Industry - Cybersecurity

e
Standards Regulation/Policies Training/Support Public/Private Cooperation
PLAYERS

NIST DOE CESER
= [ ENISA ] ( DHS CISA ] =
= w ( usco ) _
z _-T;E'-""!":"-.:-.E N - = [ ,h:-'__ :
- e PR =l ( MARAD ) [ NATO ] AT
PRIVATE-SECTOR (_vactinemarers ) (_private Portownars ) ( SAACS R IR ) B

GROUPS ( Private Ship owners )

( BIMCO H Chambers of Shipping
NONGOVERNMENTAL

ORGANIZATION [ Class Societies )

S

= . -

INTERMNATIONAL
BODIES [ — e
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https://www.atlanticcouncil.org/wp-content/uploads/2021/10/Cyber-Maritime-Final-Report.pdf

What is Happening in Other Industries?

Aerospace Industry

Characteristics of Aircraft Industry

Assembly
7 - * High proportion of manual processes;
orveoting | | pistrbution,saes - * Dependence on expert knowledge (e.g., classifying
defects);

Production Control

Production
Planning

N

* R-Processes, like, remanufacture, reuse and retrofit
systems, subsystems, and components;
* Fixed position final assembly;

e e | | memanutacturing | + Historically grown processes;
roduct Crestion product Disposal * Distributed production with a large number of
> suppliers;
| egin-akiiis jHol) >> Mid-of-Life (Mol ) >> End-of-Life (Eol) > * High levels of inspection, testing, occupational health

and safety, certification, and documentation

Fig.3 An aircraft’s lifecycle from product creation to product disposal (based on [16, 17])

Challenges in Aircraft Industry

Integrational challenges Organizational challenges Compliance-related challenges
 Missing standardized structure & semantic * Qualified staff « Data protection/ownership
 Complexity of integration * Collaboration
e Interfaces * Value for management

[22]
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What is Happening in Other Industries?

Applications from Aerospace Industry

AR-assisted H2 Leakage Inspection Digital Production Process Twin

0000 0000 0O

Human Action Recognition (HAR)-based progress detection in manual assembly
(a) (b)

Fotential leakage
locations to be

measured

(fittings/connactors)

O

sor trajactory
as a nng collider
hologram overlay

Fig.6 a Workstation for multi-variant assembly processes in aircraft interior production; b Azure Kinect depth image and skeleton reconstruc-
tion [62]

attached tool [
tracking davice

Fig.4 Top: Use case of an AR-assisted H, leakage inspection on air- . o ) o )
craft - B - AR licati % f s he leak Fig.6 The Digital Production Process Twin of an assembly station
craf compcmcnla. ottom: A app! 1cation tor mc&hunngt c leakage for hybrid assembly of cabin interior components (based on [21])
of fittings in a pipe system with a sniffing sensor

[23]
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Challenges

Some challenges mentioned from the various resources in this document include;
Category Specific Barriers
Technological Lack of interoperability and standardization among different systems and platforms.
Immature or unreliable Al technologies that leads to performance issues or unexpected outcomes.

Difficulties in integrating Al and robotics into existing manufacturing workflows and processes.
Economic High implementation costs for Al, robotics, and other Industry 5.0 technologies, especially for small medium sized enterprises (SMEs)

Uncertain return on investment and difficulty in quantifying the benefits of Industry 5.0 initiatives.
Potential for job displacement and economic inequality due to automation.
Human and Societal Lack of skilled workforce with the necessary technical and cognitive skills to work alongside Al and robots.
Resistance to change and cultural barriers to adopting new technologies and working practices.
Ethical concerns surrounding Al, data privacy, algorithmic bias, and the responsible use of technology.
Organizational Lack of strategic vision and leadership commitment to drive Industry 5.0 transformation.

Siloed organizational structures and lack of collaboration across departments.

Inadequate infrastructure, including data storage, network capacity, and cybersecurity measures.

e S




Challenges

Some challenges mentioned from the various resources in this document include;

Fig. 5.

[21]
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Technological challenges

/ Heterogeneity of systems

Symbicsis under technology
rearganization

Hurman-centric value-driven
technelogy transformation

Limitations, barriers,
and challenges

A ti-dimension architecture of implementing Industry 5.0.

Development of lifelong learning for workers

Privacy and security of data circulation
Interdisciplinarity of research content
Transnationality of value systerms

Chaos in HRC

Other patential challenges

Challenges

Social barriers

Social values

J Industrial chain
F

Time
Right policies
Ethical issues

Moral codes

From technalogy-driven 1o valua-driven

Iassive data

Social supervision system [

Product
socio-ecological systems

Compliance wih induziry slandards

ity

Significant invesirment

A lack of clear objectives

Us=e of different

enabling technologhes

. o Training of warkers in
Diverse Opinons the industrial translormation
Architectural constructon
of Industry 5.0 systems
Few reference

Limitaticns of current research

Fig. 6. Limitation, Barriers, and Challenges towards Industry 5.0.
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Industry 5.0
Key Pillars

Human - Centric

* Well-being and Satisfaction
e Human Input in Decision-Making

e Skill Development and Continuous
Learning

e Security and Stability

Sustainability
e Circular Economy Transition
* Maximize Material and Energy Efficiency

e Design for Sustainability Across the Value
Chain

e Alignment with EU Policies

Industry 5.0

Resilient
e Resilient Value Chains
e Flexible Business Processes
e Create Adaptable Production Capacity
e Create an Adaptable Workforce




Industry 5.0 /N

Interrelated Values

Sustainable

Respcnsible Resource
Use

Net Zero Goals

Reinforcing One
Another

Circular Design
Mindset

[19]
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Industry 5.0

A Design Model for human-centred, sustainable and resilient systems

[17]
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Decision Making

The path of industry 4.0
———— The path to industry 5.0
Industry 5.0 Objectives

@ Organization & People @ Life Cycle Delivery
@ Asset Information
Strategy & Planning

® Risk & Review
@ Asset Management Decision-Making

Framework for making strategic decisions
related to technology development and
implementation in asset management,
targeting alignment with Industry 5.0
goals. The research examines the effects
of technological innovation on industrial
evolution across environmental, social,
and economic dimensions.

Additionally, it outlines key areas such as
organization and people, asset

information, strategy and planning, life
cycle delivery, and risk and review.




Industry 5.0

Value Model for Industry 5.0

. Designing technologies that enhance human capabilities, improve quality of life.
» Foster human dignity, agency, and empowerment.
» Rather than viewing humans as secondary actors in automated systems.
Interaction «» Envision human-centric technological partnerships, where machines support human
creativity, empathy, and decision-making.

Human-technology

. Equitably distribute resources, create meaningful work, ensure inclusivity
and support human rights.

Social Responsibility . Consider inclusive growth where technological advancements benefit all
. Be accountable to the communities they operate in, prioritizing social
equity, education, and empowerment.

Fig. 13 Value conceptual model for Industry 5.0 (Source: authors)

[20]

This study introduces a conceptual model
for Industry 5.0 that integrates human-
centric, ethical, and technological
factors. It connects key elements such
as ethics, sustainability, innovation,
and social responsibility to create a
framework that aligns technological
advancements with societal and
environmental goals.

The model emphasizes a balanced
approach to value creation, moving
beyond the efficiency focus of Industry
4.0 and guiding industrial practices
toward a more human-centered future.




Industry 5.0

Impacts

* Minimizing the Environmental Impact of Manufacturing
* Breaking Down Silos for Unified and Coordinated Action
* Encouraging Cross-Industry Collaboration

* Prioritizing Industrial Upcycling and Repurposing

* Building a Wasteless World for Everyone

[Michael Rada - https://www.slideshare.net/slideshow/industry-5-0-power-of-industrial-evolution/271750123?from_search=5#1]
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