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Manufacturing matters Patras, Greece

WHY Manufacturing Matters?

* 15.6% manufacturing share of global GDP
* 77% share of Global R&D spending in manufacturing nations
* 70% manufacturing share of entire Global trade

* 28.4% of GDP in Europe in todays economic recession

5 20.6%
20% I " . : & - (ForGREECE 9%\
g | Germany of GDP the
& Manufacturing
i _ 7% value added
15.5% | R V-ico
13.8%
— 11.6%
——— W
7.236%
2010 2011 2012 2013 2014 2015 2016 2017

O Manufacturing value added (9% of GDP) [The World Bank, 2018]
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IndUStry 4.0 acrOSS the gIObe Patras, Greece

United States EU / Western Europe China
Industrial Internet (Consortium) Made in China 2025

Smart Manufacturing BN Austria: Industrie 4.0 Osterreich

Industry 4.0
l Belgium: Factories of the future

- Czech Repubhc Pramysl 4.0
-'— Denmark: _MADE
l France: L’lndustde du Futur

— Germanr |ﬂduﬂhe 4.0
,\ " o - H“"‘a'y' 'PARM Robot Revolution Initiative

P TN o s Society 5.0

Industrial Internet: US concept

(GE) but Industrial Internet :

Consortium global and collaborates Portupl: Mlstdl 4 0

with Industry 4.0 Platform

UK: Industry 4.0 and 4IR initiative _ Spain: Indostria Cohectada 40
Post-Brexit unknown
China: Industry 4.0 the framework -"—‘ Sweden: Smart Industry / Produktion 2030

of “Made Iin China 2025 :;::.sé UK: Industry 4.0 / 4IR
Japan: several initiatives,

collaboration Industry 4.0 Piatform EU: aligning national plans

[I-scoop.eu, 2019]
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Digitalization = An OverVieW Patras, Greece

From Traditional to Digitalised Manufacturing

Challenges

Shorter product
lifecycle

International
Competition

Customized
products

loT

Collaborative, Aware and
Adaptive IT tools

Aware / Informed
Operators

Wireless

Big Data
Analytics

Wireless Sensor
NEWT IS
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The evolution from the 1st Industrial Revolution to Industry 4.0 Patras, Greece
3" Industrial 4t Industrial Revolution How Indus.try 4'_0 can
Volume/Complexity Revolution Connected Enterprise, Connected be described in 5
of Data Combining IT and Production Facilities with the words?
nd : . .
2 Indus.tr|a| electronics a||0\fVS B) iﬁj((.))@ Internet of Things Education 4.0
15t Industrigl Revelution further automation s icoetia Research .

Revolution

. Mass ;
Revolution of production

) production S5
Introduction of with the help r

The connected enterprise leads to

mECh an ica I . the 4th irlldustrial re\{oLutior.]_‘ .
. Of electrlcal C(‘)tr;:id!n? pro?u?ilr(])‘n facilities
prOd uction 3rd Industrial with the internet of things.
facilities power Revolution

supported by LEI
Combining IT and els i
Water and &_u u al?cl;:/;?:rgfurt:gr aitf;rt\raot?cl)f\sof
the production process
Steam power ., qustrial
Revolution

Q

Mass production fuels the 2nd
industrial revolution with the help

of electrical power AdvanCEd and ° opge
reconfigurable IT systems Sustainability

1st Industrial
Revolution

Introduction of mechanical

production facilities supperted by [Quelle: BMBF — Umsetzungsempfehlungen fiir das Zukunftsprojekt Industrie 4.0, 2013]

water and steam power
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|
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Industry 4.0 — Digitalization Impact around the Globe (150 countries)

Metrics

I Access to digital services and
UquUIty applications

Vi) 1 11137 Availability through low pricing

Reliability

Quality and consistency of connection

Speed

Real-time throughput rates

Usability

Easy of getting online and ease of use

19 countries are in

an emerging stage

W Morth America

Incorporation of digital services into
lives and business

Results

65 countries are
stillina

[Strategy and Maximizing-the-Impact-of-Digitization] constrained stage

20,0
“Aruba
12.% * Moldova
® Bangladesh ®5ri Lanka
8.1 ® Vietnam *Bolivia
* Benin *Cote d'lvoire  ® Kyrgyzstan
* Sao Tome * Swaziland *Honduras
» Mozambigque ®Vanuatu * Moroceo
® Cameroon * Kenya ® Ehutan
» Toge ® | zbekistan *Cape Verde
®Yamen “Uganda *Angola
# Rwanda ®*lrag *Syria
= Mali ®* Nepal *Ghana
» Lesotho * Cuba * Zambia
® Afghanistan  * Djibouti *Nigeria
» Madagascar  © Senegal Cambodia
# Burkina Fasp ®Laos 13.0
® Miger % Burundi
® Comaras 8.9
» Ethiopia
1.9
[LOWEST

SCORE]

il

STAGE: Constrained

SCORE: Less than 25

Source: Booz & Company
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: lF.:JTI“ Eif:::‘i:r * Peru ®Philippines ¥ Kuwait
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® Pakistan Tunisia # Menezuela
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38 countries are in
advanced levels of
ICT adoption and use

Advanced
40 and higher

itional
2.9
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Industry 4.0 — in Europe and Greece Patras, Greece

Overview of Digital Manufacturing

Initiatives across Europe

European
Commission

EU-level Initiatives
~ Application PPPs: FoF, SPIRE

Finland

> I4MS » FIMECC PPP Programmes
a (MANU, S-STEP, SIMP,
» Smart Anything Everywhere SaFl ect)
» ICT PPPs » Industrial Intermet Business

Sweden
Produktion 2030

Revolution
» ToT pilot Factory (IoT PFF)

Multi-region Initiatives
» Vanguard

Poland
> INNOMOTO
> INNOLOT

Z 2 3 » Digital manufacturing for the SME
United Kingdom Netherlands (Mazovia)
» High Value Manufacturing Smart Industry x
» Innovate UK
» Action Plan for Manufacturing (Scotland) Germany
» Industrie 4,0
» Smart Service World
» Autonomik fur Industrie 4.0
> It's OWL (Ostwestfalen-Lippe)
Belgium > Allianz Industrie 4.0 (Baden-
» Made Different Wiarttemberg)

» Flanders Make/iMinds (Flanders)

Austria
Produktion der Zukunft

[European Parliament, Policy

. . France
department a: economic and > Oane o
scientific policy, report 2016] > Fof lle-de-France -
aly
» Fabbrica Intelligente
::;::g:‘ > Ass. Fabbr. Intell. Lombardia
[t

European initiatives are in red
National initiatives are in blue
Regional initiatives are in green

- o Greece
I Operational Programme in
egion Western Greece

Spain :
Estrategia Fabricacion Avanzada
(Basque region)

European Commission
DG CONNECT, Unit A3, ML

= i Laboratory for Manufacturing Systems and Automation —_—  ——— 3
Professor Dimitris MOURTZIS




06 March 2019,
Patras, Greece

Industry 4.0 — Digitalization Impact on Industry: Intelligent Connectivity

Intelligent
From Connectivity to Intelligent Connectivity Connectivity!
/\

Y ]

+ Al

' ! - Enabling technologies
Connectivity ‘ (!:;i:ﬁ?:iiy ; ‘ @ Society

@ Industry

g

----- e

Path towards Intelligent Connectivity | a
band

Intelligent Connectivity

w = O oo

Broadband Data Center Big Data

Increase 8%
investment
in ICT every
year

$23
trillion by
2025!

GLOBALLY . .
Integration with Al

[GCI 2018 whitepaper, Tap Into New Growth With Intelligent Connectivity]
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Industry 4.0 and 5G

The generation of Connectivity

Evolution

Integration of
Data Services

(mobile Web)
Analog voice Digital voice
Services services + SMS
(car phone) texting

(globally available)

2kbps 14-64 kbps

Evolution

Everything IP-
based +
higher Data
speeds

Voice + data
(call- based +
packet based)

2 Mbps

— — Laboratory for Manufacturing Systems and Automation
—— Professor Dimitris MOURTZIS

06 March 2019,
Patras, Greece

IP Data Control &
(voice, e-mail, web, Management
audio/ video (Machine type
streaming) communication,
loT + AR, VR,
Ambient Assistant
Living)
200 Mbps >1 Gbps
10
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IndUStry 4.0 and SG Patras, Greece

5G supported services matrix
5G is intended to be very

versatile, Ry -
supporting three classes of s & e ”T:&"& ooy g
. . Autonomous driving
applications: Virtual ey G
reality 5G capabilities
\/ . ) Person to person
10 i eal time
eMBB (Enhanced Mobile ms .D.sm,a.m Rg;f,mg. ' i
Broadband) Multi-person _ _
. . video call @ Machine to machine
v mMTC (Massive Machine
Type Communications) 100ms ‘:::;moﬁve e B ool ‘
H remote i i r
v URLLC (Ultra-reliable and Low com,o,,mg‘ R, e
Latency Communications) e
1000ms . Personal cloud . . \:I::l:zsﬂi:w
Monitoring sensor
networks
<1Mbps TMbps 10Mbps 100Mbps >1GB !

Bandwidth

[GSMA paper: Unlocking Commercial Opportunities - —————sseeEE  Throughout

From 4G Evolution to 5G]
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Industry 4.0 — Benefits 06 March 2019,

Patras, Greece

Forecasted Global loT market spending ($ billion)

The Compound Annual Growth Rate (CAGR)

1200 is the mean annual growth rate of an
investment over a specified period of time 1060 _— e
. T o1 expected to spend $189 billion
— on IoT solutions in 2018,
. = continuing to make IoT in .
= manufacturing by far the larges
. spending category. Consumer
= 10T, fourth in 2018, has the.
400 highest CAGR until 2021, with
strong spending growth for ’
| smart appliances, and an overa
CAGR of 21%
0

2015 2016 2017E

2018F 2019F 2020F

m Device hardware m Systems integration

m Platforms/applications/cloud solutions = Network connectivity

[Deloitte Report loT, 2018]

[PWC Report Industry 4.0, 2017]
= Laboratory for Manufacturing Systems and Automation
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IndUStry 4.0 - BenEfitS Patras, Greece

Expected Cost Reduction in every industry sector:

Cost reduction Cost reduction

=
5

o
[i
c
=
=
P
=]
P

=2

&

fin US%bn p.a. until 2020
ey D D .
Expected cost reduction per
p— 1 - oy
industrial sector after the
cremcas [ D) adoption of Industry 4.0
wecs [ ) paradigm. An averoee
percentage of 3,6% is
Enginsering & construction - expected in industry in
S | genera
——— =
- —
Transportation & logistics 3.2% —
wegnied Aversce [
[2016 Global Industry 4.0 Survey]
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Industry 4.0 — Benefits

The way towards Internet of Things (loT):

Indicative quantification of value drivers

10 - 40% reduction of Productivity increase
maintenance costs'’ by 3 - 5%°

\Ja"-.UE drl:VE_rS

20 - 50% reduction Service/ | Resource/
in time to market! | aftersales | process

30 - 50% reduction

Time to e .
e of total machine
market Asset N
/—\\~ utilization downtime
Forecasting - Supply/demand .
accuracy increased = '

to 85+%3

Inven- d

L . 45-55% increase of

- productivity in technical
professions through auto-
mation of knowledge work*

Costs for quality
reduced by 10 - 20%°

Costs for inveﬁtory holding

[McKinsey report, 2015] decreased b‘y’ 20 - 50%3

= = Laboratory for Manufacturing Systems and Automation
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06 March 2019,
Patras, Greece

Connected devices (billions)

2ng Ana 2020 A 2R

Compound Annual Growth Rate
206 2022 CAGR

£} Mobie phones 7.3 8.6

16 20
billion  billion

[Ericsson Mobility Report, 2017]




Industry 4.0 -

8ig Data Driven Quality Corirol

Algorithms based on historical data identify quality issues and reduce
product failures

Roooi-Assisiacd Procuciion
Flexible, humaneid robots perform other operations such as assembly
and packaging

Self-Driving Logistics Venicles
Fully automated transportation systerms navigate intelligently within the factory

Procduciion Lineg Sirnulatior
MNovel software enables assembly hne simulation and ophimizaton

Smart Supoly Networks
Manitoring of an entire supply network allows for better supply decisions

06 March 2019,

Application FiE|dS Patras, Greece

Machines As a Service
Manufacturers sell a senvice, including maintenance, rather than a machine

Self Organizing Procluciior)
Automatically coordinated machines optimize their utilization and output

Additive Manufaciuring of Cornplex Task
3-D printers create complex parts in one step, making assembly redundant

Augrnenisc Work, Vlainienarnce, ancl
Eﬁ"‘r eransion fadlitates operating guidance, remote assistance,
anda’ ntation

Prediciive Vaintenance
Remote monitoring of equipment permits repair prior to breakdown

[BCG, 2015]
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Industry 4.0 - Education 4.0 and Skills

35%

Average

Of core skills will change
between 2015 and 2020

06 March 2019,
Patras, Greece

Top 10 Skills in 2015-2020

In 2020

Complex Problem solving

1.
2. Critical Thinking

Creativity

3
4
5.
6.
7
8
9

People Management
Coordinating with others
Emotional intelligence
Decision Making

Service Orientation
Negotiation

10. Cognitive flexibility

COGNITIVE COMPLEXITY

The degree to which training and doing is elevated to problem solving and research

1
2
3
4.
5.
6
7
8
9.

In 2015

Complex Problem solving
Coordinating with others
People Management
Critical Thinking
Negotiation

Quality control

Service Orientation
Decision Making

Active Listening

10. Creativity

[WEF, 2017]

NOLLOZYIQ
JuNLNd

=5
L=
s: IMEMORIZING UNDERSTANDING
%E EMERGING PRACTICE
{ o Laboratory for Manufacturing Systems and Automation
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IndUStry 4.0 - Education 4.0 Patras, Greece

Cyber-Physical Systems
&
Cyber-Physical Education

L~

3rd Industrial
Revolution

The connected enterprise leads to
the 4th industrial revolution.
Connecting production facilities
with the internet of things.

Online and Digital Learning towards
personalized learning content

'— —l Combining IT and electronics
u u “ allows for further automation of
the production process
2nd Industrial
Revolution Mass

Education

0

Mass production fuels the 2nd
industrial revolution with the help
of electrical power

1st Industrial
Revolution

Apprenticeship

Innovation

Introduction of mechanical
production facilities supported by
water and steam power

= — LMS
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Industry 4.0 — Education 4.0- Skills VS Competencies 06 March 2019,

Patras, Greece

O

&
2
(5"
g

2
@)

© Competencies provide that missing piece of the puzzle by
Skills define specific learned activities, and they translating skills into on-the-job behaviours that demonstrate
range widely in terms of complexity. the ability to perform the job requirements competently.

To measure the actual level of mastery of
certain skill we use the concept of
Competence.

Communication Level: T } """""

Competence

https://anyaworksmart.com/2012/11/12/skills-competence-expertise-what-is-what/
https://talentguard.com/whats-the-difference-between-skills-and-competencies/

- LMS

aboratory for Manufacturing Systems and Automation
rofessor Dimitris MOURTZIS
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Industry 4.0 — Education 4.0

MODERN FACTORY WORKER

= Basic general
g knowledge
P
=4

ﬁ =  Experience
\
0 o]

= Ability to improve
HEEE Bl

= Creativity

=  Knowledge on using
manufacturing
equipment and
specific IT tools

What Skills
were needed?

DIGITAL FACTORY WORKER

(o] Q o) Q) ) "
EEEE EN -

What Skills are
needed now?

i Laboratory for Manufacturing Systems and Automation
Professor Dimitris MOURTZIS

06 March 2019,
Patras, Greece

Intelligence

Senses to perception
Advanced Knowledge
on using various IT
tools

Learning aptitude
Experience

Ability to improve
Creativity

Social Interaction

19
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Industry 4.0 — Education 4.0-Teaching Factory 4.0 Network ratras, Greece

) education { &

innovation

Teaching Factory

as a 2-way
knowledge
communication
channel
o - — — - w— - -
TWO pllots :VOLVO and FESTO C— T e "— [Mourtzis et al., "Cyber-Physical Systems and Education
Ommunication channels 4.0-The Teaching Factory 4.0 Concept”, 2018]
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Industry 4.0 — Educations 4.0 — Greece
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[Thor Berger, Carl Benedikt Frey, Report 2016, Digitalization, jobs, and
convergence in europe: strategies for closing the skills gap ]
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Western Greece HUB for Innovative & Digital Manufacturing

ManuHub@WG

LMS

Laboratory for
Manufacturing Systems
& Automation

Laboratory for Manufacturing Systems and Automation (LMS)

Assoc. Professor - D. Mourtzis
Dr. P. Stavropoulos

06 March 2019,
Patras, Greece

=

i Laboratory for Manufacturing Systems and Automation _—
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o 06 March 2019,
ManuHub@WG: Consortium Patraa:Greece

/ Public Partners / \ Private Partners \

Laboratory foi
Manufacturing Sy
& Aute

STEDE
L

| SEVIPAJ]/

MoV of Alliance for Entrepreneurship and Development in Western Greece

@) 3 AL
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06 March 2019,

ManuHub@WG: Mission & Objectives Patras, Greece

MISSION

Hub’s mission is to create added value for the services and products of local manufacturing companies through innovative technologies
and research activities performed by academia

OBJECTIVES
Devel . Connect
evelop a Develop an Provide Create .
Accelerate Connect strategy for : . start-ups with
. : : added value Technological Training &
Innovation in Academia Innovative & Manufacturin & Eneineerin Education SMEs for
RWG with Industry Digital MFG & communit & sug - & rograms testing &
RIS3 priorities Y PP prog piloting
Impact to Impact to
Companies Community
Reduced barriers to 6 + 4 new job positions
implement new technologies - - —
: : — Increased entrepreneurialism
Networking ‘
. — Business development
Increased visibility Increased tax revenue
{ o Laboratory for Manufacturing Systems and Automation —_— 24 I
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Bridging the Gap

—

ManuHub@WG: Products & Services

~

/- MFG process simulation
* Process experimentation
® Process optimization

® Process planning
development

e Process planning
optimization

e Product
design/development

e Process monitoring
development / integration

e Equipment assessment

e Equipment commissioning

e Production line simulation /
development

e Production monitoring

Pylon 1:

Technical Services

/- SOP development

e On job training
e Workshops

e Seminars

e Webinars

e Access to knowledge
repository (basic research)

[ J
—
o
O

Pylon 2:

Training Services

~

=

i Laboratory for Manufacturing Systems and Automation

Professor Dimitris MOURTZIS

/- Regional R&D call

06 March 2019,
Patras, Greece

~

development

e Funding search

e Match-making

e Sharing infrastructure /
equipment

e Patents

e Business plan development

e Product marketing planning

Pylon 3:

Consulting Services

25




Thank you for your attention !!!

For more information:

Professor Dimitris MOURTZIS
( )

LMS

Laboratory for
Manufacturing Systems
& Automnation

e Laboratory for Manufacturing Systems and L
In Yuu T“be Automation (LMS), University of Patras M s 8+

—

=

06 March 2019,
Patras, Greece
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mailto:mourtzis@lms.mech.upatras.gr
http://www.lms.mech.upatras.gr/
http://www.lms.mech.upatras.gr/
https://www.youtube.com/channel/UCCFh4zQ9X6GlQb4c8wQk8Sw
https://www.linkedin.com/company/laboratory-for-manufacturing-systems-and-automation
http://www.lms.mech.upatras.gr/
https://plus.google.com/u/0/101702008881990454451

