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Health &
Nutrition

individualised
medicine

optimised
diet

society of
longer life

Climate &
Energy

2

climate
adapted cities

©)

intelligent
energy supply
renewable
resources as

an alternative
to ail

Mobility

{.ﬂ

sustainable
mobility
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smart
sernvices

Security

protection
of communi-
cation
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Internet of Things

f

___

= Cybar Phywcal Spitani

+ |P capability
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Cariuaid, {rwrigs weed Priskaicacn

ncsinch Hugd

Cyber-Physical

H Internet of Data and Services

i,

Systems (CPS) "

+ networked with the Internet

+ networked with each other (M2M)
= wireless communication
= semantic description

Embedded Systems

+ sensors, actuators
+ integration of high-performance
microcomputers

physical objects, devices, ...

Source

Kagermann 4th February 2014 London

Big Data
Cloud Computing
Smart Devices

1 user, several computers

.

Data Warehouses

Internet
PC

1 user, 1 computer

P .

Mainframe
Several users, 1 computer
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161X, 10DHE. 220D FHEMES.

ADDFHEES

Coordination: Siegfried Dais (Robert Bosch), Henning Kagermann (acatech)

—

WG 2: Real Environment

Siemens,
Deutsche Telekom,
ABB, Deutsche Post,
RWTH Aachen
KIT, DGB

WG 4: Human Beings &
Work

WG 1: Smart Factory

WG 3: Economic Environment \

SAP, ABB,
Hewlett-Packard,
Software AG,

DS Scheer, BDI,
BIBA Universitat Bremen

WG 3: Technology Factor

-:usl:h Infineon,
1ﬂ|w ) Minchen,

| I o A o B e

_ Ll Jtl.-t 'H_-Il-\.ldl Ll -\.I
- -
Universitat Breme:

London

Source: Kagermann, 4t February 2014,
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Cha Federal Ministry

ﬂ Federal Ministry Ministers L lanks @ of Education

for Economic Affairs Ren Y and Research
and Energy N

Technical /fpractical expertise Folicy guidance, sodety, Activities on the market
decivion making multipliers

Strategy group Industrial consartia
[Gewernment, business, and initiatives
wnlons, schenc ) Imglementation on the market:
*® Chaired by 515 Machnig, 55 Schitte test bads, eramples of applictions

International
standardisation

Cansartia, standardsation
beclies, DKE and others

Secretanat as service pravider

Hetwork coordination, organisation, project m =rit, inkermal and exterral communicabion

Seatii 11 Myich 1025
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Provides input on Platform’s strategy sends one spokesperson
Steering Committee (SC)

Governing Board (GB) * Member companies o Scientific Advisory
Board members from << Representatives of the 3 professional associatiols> | Committee (SAC)
Steering Committee’s « SAC spokesperson Prafessars fiom the
member companies » Guests: working group leaders relevant technical
disciplines
supports nanages the plathorm in
roordination with WG leaders

Suppons supports
Secretariat (Sec.)
T =

"-Hﬂ“, VOMA and ZVE .E:‘-:'::'-fﬁﬂﬂur::- "

4.0
nforms
communicates sends rEpresentatives

Community of experts

Source: Kagermann, 4t February 2014, London
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Universities:
e TU Darmstadt
* KIT, WBK

e TU Muenchen
* Universitat Oldenburg
e Universitat Paderborn

* Jacobs University Bremen

* RWTH Aachen, WZL

Federations:

e ZVEI

* VDMA
 BITKOM
« BDEW
 BDI

* DGB

* |G Metall

Business:

* Robert Bosch GmbH
e WITTENSTEIN AG

* Siemens AG

* SAP AG
 Bosch Software
Innovations

e ThyssenKrupp AG

e Deutsche Telekom AG

* BMW AG

e Deutsche Post DHL AG

« TRUMPF
Werkzeugmaschinen

Software AG

Infineon Technologies AG
Hewlett-Packard GmbH
Daimler AG

Festo AG & Co. KG

ABB Ltd.

Giesecke & Devrient GmbH
Scheer Group

Research Institutes:
Fraunhofer IAO
Fraunhofer Institut IPA
BIBA

DFKI
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1. industrial revelution
follows introdection of
water- and steam-powered
mechanical manufacturing
v faciities
End of
18th century

I I IXIXXIIX]
k ‘ ‘ 3. industrial revolution
wses electronics and IT o
irst | achieve further automation
' of manufactaring
2. industrial revolution
foliows introduction of
electrically-powered mass
production based on the
division of kabour
Y
Start of Start of 1970s
20th century
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optimization:
product, process,
supply chain

intelligence
flows back

ﬁ visualization,
MMI

decision support

trusted cloud-based
networks

@ "smart data"

new insight *

"smart
products™

it

AY—hrIBTIE.
A= VV—X
DERE—T vl
*YRJ)—OTMHIza

smart factory" j — S a U REE

%

extraction and
storage of data

~
L
.
A
B

"big data
systems”

realtime data analysis
and data fusion

Source: Kagermann, 4" February 2014, London
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— REFXFEMUFDEZFREDOHERE
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1880 1813 1980 2020

i bl 2 3rd 4
Industrial Industrial Industrial Imdustrial
revolution revolution revalution revolution

Source: ZVEIL, 2013
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g EEMELR
Mechanical +504 +3 bn. €
Engineering .
A bil
Hanmu{f}arl“c{:u:iﬁg +3% L
Food Industry +3% +2 bn. €

+2% +7 bn. €




I RI S INTERNATIONAL
RELATIONS

IN SCIENCE

Roland BergerlZ& 4l Industrie 4.0 Readiness Index |

RE Industry 4.0
Readiness Index!
5
® Gemany
Balgium Finiand
b S Iralang
Denmark FRONTRUNNERS
MNetherlandy
POTENTIALISTS
® Austria
UK
France
3
Czach
TRADITIONALISTS Repunlic
-”33'3' ® .Elmlahla
Sioventa
'Spaln Wen2 @ ungary
2 Estonla [ ]
Lithuania
.Purn.gal ®
Paland
HESITATORS ®
Croatia
l.E.ulgana
1
1 2 3 a 5

1) 1 = low, 5 = high

2] Adjusted for owthers Cypnes, Latwia, Luxemburg, Romania, Greece

SLEXRNDY 7 (RGDPLETD %)

o

HhTdy)—
[EEITHILLIUR]:
HEJOERDEEL.
BEMEDESLN, FENT
DZE(EE . EFEDES
MEEHDRYRT—]:

B, EE

=T A/ R—
2= 2SI LD Bty N
A 3—2IEDEEE

Source: Roland Berger Strategy Consultants, Think Act, 2014, p. 13
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(EBIT! added valus
F
35% | Seuth H-ure.a - . Courtry Industry I=o ROCE
L " ® 000 @ 20U eseses
I - ’
-® "
— Chlna 0 gF United *,
, Eirazll @ States .
p " "
g »,
. & a \ -
® 3 ®
Spain ® Germany
. ] . ®
. I .". L ] [ ] "'-...‘_* »
20% | United Kingdom ekl
- " . 30%
fa ®
15% [ e, b o
II I- .x.. : -
v ., | * 20%
0%, @ o,
Itaky S/
5% K
o e . 10%
Japan France
0% "
0.3 0.5 a7 0g 11 13 15 17
BEMERE
Source: Roland Berger, Think Act, 2016, p. 9 .
Source: eland Bergar analyss fasod on HIS and Curastat {added value/capital employed)

renodeling of country iIndus try capital emploved since 1980
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Development & Integration & Configuration & Integration & Development &
Testing Implementation Optimization Implementation Testing
Specilisation | [ Informatics ] | Electrical Engineer | Industrial Mechanic |
Technol : Specialist [ : . P I
nology ; . Robot Programmer | Automation Technician | Manufacturing Engineer
Processes | [5|:-5 Programmer [~ gottu e Frionesr 4 I Production Technician
Inter- i E Flectronics Tochmican | Industrial Enginesr ] | Mechanical Engineer I
disciplinary | for Industrial Systems
i /S}M?f Systems Engineer
: _— R ——
Systern-Design Electronics I[ Robotics J | Automation || Equipment Enginesring
s o
: o O O O
_‘ i
Information & Communication Cyber Physical Systems Real Production
Technology

Source: Jager, Sihn, Ranz, Hummel (0.J.),
ESB Business School Reutlingen/ Fraunhofer Austria Research/ TU Vienna,
Implications for Learning Factories from Industrie 4.0. Challenges for the human factor in future production scenarios
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Claud Computing
Intelligence Wirtual Realhy Virtual Production

Cyber Space

Senses for Data Mining
perception Internee of -
Wireless Network  Things 5 o .
Ability to improve Softwara Tools Digital Production

Learning aptitude
4 Versatility T -
3 Interface
u Crestvity —
E - Ty,

Social RFID
interaction Sensors & Actustors

Wearahle Computers
Smart Devices

= 1

Control Centar
Sprarnt G
Sacial Machines

Physical World

— e —

TR, YRT L, YATRTAVIBTATA | | ghaysht-8G,. 70
2N _ - 7&’(//\_y3/7*y} O »
o < =Lp=E - N = L,
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+
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Source: Jager, Sihn, Ranz, Hummel (0.J.)
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The industry 4.0 The challenges

rT™F & @&

b s ﬁiE4.0 Forschungs:nion macatech

WSS w] PecEETSENgT
sl b g e b SR N A D R

FL

-----
I1I'I$I'H 11E

Advanced Manufacturing Partnership

J,_, 1:|_-¢r'.p| Tl |'.1-| i .
ul.u-null.|;?!|l i %
COVETL R .0

inbusterd.o

Source: Felipe Baenaa, Alvaro Guarina, JulianMoraa,Joel SauzabSebastianRetatc (0.J.)

7/

v Training and continuing
professional development as
priority areas for actions
within industry 4.0
implementation. (Kagermann,
Helbig, Hellinger, & Wahlster, 2013)
v'New learning approaches

are needed (Abele et al, 2015)

v Sustainable Development
and sustainability(wreo
2016),(UNESCO,2010)
v'Strong skills in human

relations (Male, Bush, & Chapman,
2010) (WFEO 2016),(UNESCO,2010)
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Factories are becoming totally digital: engineers simulats, optimise and monitor production processes with the aid of computer networks,
such as here at the Technische Universitgt Manchen {TUM).

Source: DAAD, 2012, Germany — A great Place for Knowledge, p. 4



High level of practical relevance: in the production and research hall of the TUM students
Source: DAAD, 2012, Germany — A great Place for Knowledge, p. 5 can practise the construction of assembly lines.




RWTH AachenD X/ R [ZI[EZLDODDEENSALTINVS
2 EON Enegy Rescarch Conter [ proucncfrocomes

6. Zentrum fur Bio-Medizintechnik
ZBMT

L

5. Carpus+Partner Werkstatt

-~ [ |
Ty L) SR TR T

Further buildings on the Campus Melaten are planned.

® RWTH Aachen Campus GmbH 2013
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Continuous Vocational Training

) University of
Jobs in Trade, Industry and Commerce ‘-‘i%d Sciences

University of
Sciences ~1 7 Mio

= : / students
More than 50% vance ~2,7 Mio students
? Vocational —|e— ~__
of the managers ool (1 year) o
Engineering:
~ 750.000
Dual System (2-3,5 years) (22% female)
Vocational
64% of Training- _ Gymnasium
all students V‘;f;'“';a'
i (3 years)

General Academic
School

Intermediate
School

Secondary
General School

Source: Wiirslin,
13 Dec. 2013,
Berlin; graphic
modified by author



University of
Cooperative Education
(Duale Hochschule)

K small classes \

» fixed timetables

» oriented to practical
experience

» students are employees
of the companies

+ practical training:
« half the time in company

» degrees:
* bachelor of engineering

IDKF

University of
Sciences
(Universitat)

\ master of engineering /

Source: Wiirslin, 13 Dec. 2013, Berlin

» practical training:
= labs and projects
during the study
» 1 Sem. industnal internship
» thesis 6 month in industry

» degrees:
» bachelor of engineering

m)ig classes into the \

first semesters

* liberal structure
of study program

» academic education with
theoretical emphasis

» practical training:
« labs during the study
» 12 weeks industral
internship

» degrees:
» bachelor of science

» master of engineering
» PhD possible in cooperatiy

« master of science
\- PhD /
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