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Fraunhofer worldwide

Promoting and conducting applied research in an international context,
to benefit private and public enterprise and is an asset to society as a whole
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Fraunhofer IAO and IAT University of Stuttgart
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R&D Management at Fraunhofer IAO

www.rdm.iao.fraunhofer.de/en.html

Corporate
development for
R&D-intensive
enterprises

Organization of Strategic R&D Innovative IT
Research and and technology systems in the
Development management area of R&D

R&D processes, Detailed Concepts for Identifying,
structures and technology “virtual product creating and
cooperation, R&D analyses, program development” implementing
efficiency and planning and with integrated IT development
management of integrated R&D systems and an potentials
innovations strategies integrated
perspective on
processes
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Internet of everything
Living within the »system of systems«

IN THE PAST:

IPv4-Standard:

4,3 billion
IP-addresses

= 8,4 IP-addresses per
square kilometer
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Internet of Things
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IN THE FUTURE:

IPv6-Standard
340 sextillion
IP-addresses

= 667 quadrillion
IP-addresses per
square millimeter
earth’s surface
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Economic potential of technologies

Estimated economic potential of technologies of
different applications in 2025 (in billion US-Dollar per annum)

Mobile Internet

Automation of
knowledge work

The Internet of Things
Cloud technology

Advanced robotics

Autonomous and near-
autonomous vehicles

Next-generation genomics

Energy storage
3-D printing

Advanced materials

Advanced oil and gas
exploration and recovery

Renewable energy

3.7-10.8
5.2-6.7

Range of sized potential Impact from other potential
economic impacts applications (not sized)

Low ! High ‘
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% Die
“&> [ Bundesregierung

How to deal with digitalization

mimi

»We need to significantly increase the
speed of our actions. The digitalization
must be a top issue in Germany and
Europe. The Revolution itself out faster
than many actors in politics and
economics wanted to admit it.«

Gunther Oettinger
EU-Commissioner for
Digital Economy and
Society

German Chancellor Merkel reinforcing
the need of intelligent usage of

»Big Data« and Industry 4.0: A
»Take chances — avoid risks!« Angela Merkel

Chancellor of Germany
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Manufacturing Industries in Germany, but

- - - - . . Productivity
B Leadership in innovation in numerous manufacturing

industries (e.g. automotive, wind power, medicine technology) &'15 5

B Many lead factories for a global manufacturing Automated Production
(pioneering task for product and production technology) e
ng equipment i S
B Strong manufacturing equipment industry (e.g. '
leadership in machine tools, measurement instrumentation, Most Patents
image processing, automation) % o

B Internationally renowned trade fairs
(e.g. Metav, AMB, Automatica)

1y @
W Still very efficient infrastructure (e. g. energy, transport, IT) & (7).

Most intelligent people

B University chairs for production technology and industrial ~ Bestcars
engineering, basic knowledge and applied research, e
dual education &-ﬂ -

References: =
IW K&In (Productivity), JD Power (Best Cars), IT-Performance TNS Infratest, patents: heise online, Intelligence PIAAC-Test % FraunhOfer
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Economic impact of the industrial sector in Germany (in%)
Industry is making about 535 billion EUR to added value

s== Germany === EU ( without Germany) === Target agreement EU
26,0

24,0 - o5 231

22,7

22,0

20,0 -

18,0 +

16,0 -

14,0 -

13,6 13.7
12,0 + 13,2 13,3

10,0 - : : ; : : . _ _ . : ; :
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

German Government invests 500 million EUR

in industry 4.0 until 2017!

Sources: OECD, Eurostat, VCI, 2015
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Industry 4.0 in a nutshell
What does Industry 4.0 stand for?

»Industry 4.0« stands for the expected
digitalization of industrial value chains.

Industry 4.0 describes a real-time-capable, intelligent integration
of humans, machines and objects towards a management of systems.

[according to Plattform Industrie 4.0; DB Research]

M Via IP addresses connected objects (loT, I10S) with embedded hardware
and software (Cyber-Physical Systems) interact with their environment

B The self-organizing smart factory accounts for vision and scope; similar
to smart mobility, smart logistics, smart grid, smart building, smart health.

B Leaders expect the impact of a fourth industrial revolution,
after mechanization, industrialization and automation

B Industry 4.0 has the potential to create novel business models

IoT - Internet of Things, 10S - Internet of Services
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Industry 4.0 as international competitive advantage
German industry in good starting position

Industry is making about 535 billion EUR to added value

[ ]
RE Industry 4.0 = ——
@== Germany === EU ( without Germany) === Target agreement EU Readiness Index'/?! I :
26,0 5 I
' |
1 Germany
® 1
2401 228 231 227 Belgium Finland - —
223 221 215 216 219 22,0 222 219 224 ® °
=01 — ‘ o Sweden Ireland
200 | o - FRONTRUNNERS
‘ Netherlandg
18,0 4 POTENTIALISTS
17,4 .
16,0 16,9 16.3 . . P Austria
158 1 — A8 a4g Mm =S .France
12,0 132 136 137 433
10,0 + T T T : Czech
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 TRADITIONALISTS Repubic
THINK 0, P L s
AcT Slovenia .Hungary
: : Estoni ®
The German industry is well o Ltuania
I
_ . . Y
prepared for the digitalization A
Croatia
of industrial value chains o, .
(within a European scope) e
1 2 3 4 5

Manufacturing share (% of GDP; index)!

1) 1 =low, 5= high 2) Adjusted for outliers Cyprus, Latvia, Luxemburg, Romania, Greece

[Roland Berger, 2014]
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Industry 4.0 raises high expectations
Significant added value and investments expected

The added value of Industry 4.0 is greater efficiency in the area of:

Networked machines (M2M) go| S=339

Supply chain 8% S =347

Order processing &4, S =381

Product creation 21% §=34

[ingenics, 2014] ‘ ‘ ‘ o150
Shopfloor management

7%
I -

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

mAgree (completely) Agree in part Do not agree (at all)

Yearly investment in Industry 4.0 solutions until 2020

amount of investment
e (in % of the annual turnover)
Machinery and

Process industry

Electrical and
electronic industry

[PWC, 2014]

Information and communications
technology industry

Total

High expectations
regarding efficiency
gains by industry 4.0 —
within own
manufacturing and
across the value chain.

German enterprises
expect efficiency and
turnover gains and
plan to invest annually
further EUR 40 bn for
industry 4.0 solutions.
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Digitalization of manufacturing - International mega trend

HORIZON 2020

Chicaaoidt@ribune
BUSINESS

Chicago picked as site for Obama's
manufacturing initiative
February 22, 2014 | By Melissa Harris and Christi Parsons | Tribune reporters

EU-level Initiatives
= Application PPPs; FoF, SPIRE

Il TheXKorea Herald

Robots herald brave new world

Despite some concerns, robots seen complementing human activities rather
than replacing them

The role of Internet of Things in China's

» 14M5S 12th Five Year Plan
= Smart Anything Everywhere Joarne Chien, DIGITIMES Research, Taipei [Monday 31 October 20017
# ICT PPPs

Sweden
Produktion 2020
Multi-region Initiatives L

= Vanguard
United Kingdom iNetherlands
¥ Hight Value Manufacturing .| Smart Industry
* Scottish Initiative

Germany

= Industrie 4,0

* Smart Service World
IS Owl

# Allianz Industrie 4,0

France
Uirwa du Fulur

Austria
Procution der Zulounft

Italy

# Industria Sostenibile

¥ Fabbrica Intalligente

= Ass, Fabbr. (ntell, Lombardia

Portugal
Produtech

= Nabional Inltiative
= Rasqua Initiative

Several international initiatives towards smart manufacturing
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Industry 4.0 — a dual strategy

Germany as leading market and leading supplier in order to

strengthen Germany’s Manufacturing Industry

Germany as leading market

B Increase in process efficiency by
implementation of IoT use cases (CPS)

[e.g. mobile internet, MES, embeddeds,
mobile robotics, control engineering,
automation]

Germany as leading supplier

B Realization of new market opportunities
by innovative business models

Today, main focus is on process efficiency

The competition for the best business
models is just beginning

Horizontal Integration —
Inter-company value chains & networks

Production
Production engineering

- Production planning
Product design and development
Digital end-to-end engineering
across the entire value chain
N—/

®
| + g )
3 RO c__& kit
? ) P
E Lo Q
& T [\

Development, Implementation and Vertical Integration
of flexible & reconfigurable Manufacturing Systems

Forschungsunion nsacatech

Wirtschaft urd Wissenschaft MATIOMAL ACADEMY OF
beglsiten die Hightesh-Strategie SCIENCE AND ENGINEERIKG
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Economic potentials of Industry 4.0
Increase of gross value added from 15 % to 30 % until 2025 possible

1 1 Industrial sectors Grossvalue added Potentials Increase Increase

models not considered

sufficie ntly yet Chemical industry 52,10 +30% 221% 12,02
. Automobile and
74,00 88,80 +20% 153% 14,80
B Conservative components
1 1 Machine and
Estimation lart e eion 76,79 99,83 +30% 221% 23,04
. . . Electrical equipment 40,27 52,35 +30% 2,21% 12,08
B Core industries with
. Agriculture and forestry 18,55 21,33 +15% 117% 2,78
highest leverage
ICE 93,65 10770 +15% 117% 14,05

Exemplary projection

for gross value added 2.326,61 2.593,06"* +11,5%"* 127%" 267,45
in Germany

@ 1
7 = ll [ ]
N e TS oS
% a =
o] —=1% TR
: " el [T
L T | — @
Source: Bitkom/Fraunhofer IAO 2014, www.bitkom.org —
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Implications for enterprises
Why should you think about industry 4.0 today?

Leading market Leading supplier
(Focus: process efficiency) (Focus: business models)
»Supplier« Data is the oil of the Differentiation is
(Manufacturing technology, 21st century. realized by IT and
mechanical engineering, | The use and control of software functionality.
industrial IT) data will be the first Rol will be increasingly
Implications for significant business made by profits of
advantage. service business.
products
loT solutions, cloud Market requirements of
software, mobile IT and individuality, quality
robotics offer and delivery
new opportunities of performance will not be
WSS OERT valuic chain efficiency gains satisfied with existing
partners) »Beyond Lean«. manufacturing
processes.
Implications for
value chain |
Rol — Return on investment —
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Impact on production work
Big discussions between experts

Maih I"iSkS Of an »Industry 4.0«: Technology Bring on the personal trainers
. Rev'ew F 4 _Eobabi l'ig‘th:;; cumputizi;atic : willzilieiasd tojob
B Data security S it
e Y - Job Probability
B Process and work organization e -. T
. . - A A anw
B Standardization : s el S
B % Vi1 d e 002
B Labor resources B S i
B Professional development il . it e e i
Computer S
B Research activities | ] el i
® Regulatory framework B
Technical writers 0.89
. Available products Risk Of up to 45 0/0 Rew[sa[espermns .................................. 092
job losses within | Acswancaniasdiss 0
. the next 20 years Telemarketers 0.99
. NeW bUSIneSS mOdeIS Source: “The Future of Empleyment: How Susceptible are

Jobs to Computerisation?” by C.Frey and M.Osborne (2013)

Experiences on employment cannot be foreseen (quantified) yet -

nold« jobs are threatened; »nnew« jobs will develop!

Source: Platform Industrie 4.0
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Industry 4.0 at Fraunhofer IAO

Surveys
: :
Research & I JUMP 4.0 “A4KapaflexCy | E
industrial : MetamoFAB — SIEMENS PRODUKTIONS (; ol |
projects ! Cinfineon et 4 appsisc K
! PALFINGER FESTO W ... j

Implementation —
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Industry 4.0 - MetamoFAB Project Bt WLTTN
. . andResearch N1t amoFAB
Transformation to CPS Factories

Start: 11/2013 Duration: 36 months

Demonstrator Realisation steps Industry 4.0 Vision
Initial state (Demonstrator) for demonstrator locations

z.B.im
Sinne der
acatech

=
Industrie*d

Blaupause ‘ - Ausgangs-/Zielzustand
(Demonstratoren in MetamoFAB)
. Umsetzungsmeilensteine der geplanten
Transformation (Demonstratoren,
Realisierung in MetamoFAB)
O_ Umsetzungsmeilensteine der geplanten
Demonstfatorstandorte zZu Be ,.'nn des Transformation (keine Realisierung in
T f tio g spezifische Zielstellungen Standort- MetamoFAB)
ransformationsprozesses fiir Demonstrator Whl‘te_Paper“ ‘ >7 Mégliche Fabrikzustande, nicht geplant

Z Fraunhofer

IPK

SIEMENS (ifien  FESTO pickert®, budatec’ -

niversitit Stuttgart

nnnnnnnnnnnnnnnnnnnnn
uuuuuuuuuuuuuuuuuuuu

Transformation of “Brown Fields” to networked and

intelligent CPS (Cyber Physical Systems) Factories

v:_:"" Bild: © Kapley - Fptc
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Industry 4.0 - JUMP 4.0 Project B JUMP 4.0
Processes management on shop floor level for SME

Start: 09/2015 Duration: 36 months
customer request, modifications, order etc.

Objectives

real-time
transparency

adapter Modular

Fieldbus e.g. MES Services
level UMCM

management system
TecScout on shop floor level

Industry 4.0 for the master
S

dynamic

CPS routing

connection

technology and skill-
oriented decisions

Interactive model based guidelines

@R | sb.) UALER) [CIFP rickertd® budatec

Mobile and dynamic job scheduling support on shop floor level for

the master within a Industry 4.0 production
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http://www.maier-machines.de/

A Kind of Conclusion

Industry 4.0

M s a strategic Initiative and with its
“Dual Strategy” will have a significant
impact on manufacturing Industry

M can be an enormous competitive
advantage and has a huge
economic potential

M needs some transformation and
particularly change
to become a real Factory 4.0

You need to start!

Industrie 4.0 -
Valkswirtschaftliches Potenzial
fir Deutschland

(i BITKOM 5 Fraunnofer
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Thank you for your kind attention!
Tesekkur ederim!

Mehmet Kurumluoglu
Dipl.-Ing.

DEP Head of Competence Centre R&D-Management
Head of PLM Consultancy Center

Fraunhofer IAO
NobelstraBe 12 | 70569 Stuttgart | Germany

Phone: +49 711 970-2280
mehmet.kueruemlueoglu@iao.fraunhofer.de
http://www.iao.fraunhofer.de
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