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Project Design
Industrie 4.0 Global

» Objectives: Opportunities and challenges of international cooperation in
respect to the
iImportance of Industrie 4.0-standards:

o In-deph analysis of the importance of standards.

STUDIE

o Development of country profiles for major Industrie 4.0-partner
countries.

o Providing advice for companies, politics & organizations on the chances
& challenges of international cooperation within Industrie 4.0.

» Important outcome: Outline of major areas of cooperation within Industrie
4.0 & analysis of major partner countries. *
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After Our Initial Publication in April 2011 the German Term
sindustrie 4.0“ was Propagated Exponentially Worldwide

STRUKTURWANDEL: Zur Hannover Messe tritt die Initiative
— Industrie 4.0 an die Offentlichkeit. Henning Kagermann, Wolf-
Dieter Lukas, Wolfgang Wahlster, drei Vertreter aus Wirtschaft,
Politik und Wissenschaft, zeigen im nachfolgenden Beitrag, wie
der Paradigmenwechsel in der Industrie ablaufen wird. In der
nachsten Dekade werden auf der Basis Cyber-Physischer Systeme
— neue Geschaftsmodelle maglich. Deutschland kdnnte hierbei

die erste Geige” spielen.

VO rachricttse, B, 1.4 13, N8

Stellung insbesondere im Auto-

_Industrie 4.0: Mit dem Internet der Dinge
—auf dem Weg zur 4. industriellen Revolution

46.305

12.588

Sich als Produktionsstandort auch  mobil- und Maschinenbau erarbei-
. . in einer Hochlohnregion behaupten  tet. Nun gilt es, den nichsten Schritt
zukonnen, wird zunehmend zueiner zum Internet der Dinge im indus-
‘ Schiiisselfrage im globalen Wett- trielen Umfeld zu machen, damit
bewerb. Deutschland bis 2020 Leitanbieter
Im Gegensatz zu anderen Indus- auf diesern neuen Markt wird.
‘ trielandern ist es Deutschland in den Durch die digitale Veredelung von
letzten zehn Jahren dieAn- und industriel-
[ zahlderBeschaftigten in der Produk- len Erzeugnissen bis hin zu Alltags-
tion weitgehend stabil zu halten. produkten mitintegrierten Speicher-
Nicht zuletzt wegen des stark mittel- und Kommunikationsfahigkeiten,
1600 [ stindisch gepriigten, aber hoch in- Funksensoren, eingebetteten Aktua-
iven produzi den Gewerb toren und intelligenten Softwaresys-
hal Deutschland mch die wirtschaft-  temen entsteht hier eine Bricke zwi-
1400 — schen virtueller (,cyber space”) und
bmt gemeistert als \1ele nndm dinglicher Welt bis hin zur wm:hsd
Die Entwicklung und I seitigen fei Sync
1200 "~ neuer Technologien und Prozesse  tion zwischen digitalem Modell und
haben dazu wesentlich beigetragen.  der physischen Realitat.
Bei der Entwicklung dieser Cyber- Wolfgang Wahlsw Chef des Deutsdlen Forschungsmnuums fur Kunsthd'ae lm.elhqem Hennmq hgermann Pﬁsndem dev
1000 ——  Produktionsstandort bleiben heift Physischen Systeme wirdin Deutsch- Deutschen demie der Tech haften, und Wolf-Dieter Lukas, Abtei
heute, sich fit 7u machen fur dievom  land bereits auf die Ergebnisse meh-  sch planen die Zukunft: Sie sehen Geschaftspotenziale der 4. mdustnellen Revolution nicht nur in der betrieb-
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The Importance of Industrie 4.0 and Open Standards
not relevant not relevant Pioneer for
2 % 19, Industrie 4.0
less relevant 42 %
6 % extremely relevant
37 % .
relevant " Waiting
20 % for the first
commercial
solutions
19 % p
;grg relevant Early introduction
’ of Industrie 4.0
n = 145 38 % n=141
The importance of Industrie The importance of open standards

4.0 for my company for Industrie 4.0
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Industrie 4.0 as a Megatrend in the US
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Proclamartion

City of Cincinnati

Be It Proclaimed:;

gﬁfl‘eﬂﬂ‘, Dr. Jay Lee, Dept of Mechanical and Materials Engineering of the
University of Cincinnati and the IMS Center have been at the forefront of the Indusiry 4.0
global revolution in manufacturing technology; and

gﬁez‘e&s’, Dr. Jay Lee, Dept of Mechanical and Materials Engineering of the
University of Cincinnati and the IMS Center/Industry 4.0 will enhance Cincinnati’s stature as
a city that provides global leadership in technology; and

gﬁefeﬂﬁ’, Dr. Jay Lee, Dept of Mechanical and Materials Engineering of the
University of Cincinnati and the IMS Center/Industry 4.0 will help Cincinnati regain its
Jormer glory as a city riding the wave of new manufacturing revolutions; and

gﬁtfzﬂﬂ, Dr. Jay Lee, Dept of Mechanical and Materials Engineering of the
University of Cincinnati and the IMS Center/Industry 4.0 and their work helping
manufacturers increase their productivity, and therefore, create new wealth in investment
capital and jobs for the Cincinnati region.
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PRotw, Therefore, I, John Lranlep,

Mayor of the City of Cincinnati do hereby proclaim December 1, 2014

As

“Cincinnati to be the Industry 4.0 Demonstration City”

in Cincinnati.

IN WITNESS WHEREOF, I have
hereunto set my hand and caused this seal
of the City of Cincinnati to be affixed this
first day of December in the year Two
Thousand and Fourteen.

John Cranley, Mayor
City of Cincinnati

Patrick Riilke
Industry 4.0 Liaison
Operational Excellence

+1650.656.3963 mobile

pruelke@teslamotors.com
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TESLA FACTORY 45500 Fremont Boulevard Fremont, CA 94538
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Open standards & interoperability
Interoperable Solutions

» Importance of open standards & interoperability:

® important unimportant

» Flexible and interoperable solutions between systems are
essential > extensibility of systems.

8%

> Fast & cost-efficient solutions for a broad customer
base.

> Reduction of R&D costs and investment risks for SMESs.

n=143

» Reducing the risks of technological lock-ins on the buyer side of proprietary silo-
solutions (especially for SME); on the supplier side: Reducing the risk of developing
products not demanded by the market.

» There will not be ,,the one“ Industrie 4.0 standard but multiple standards and
iInteroperable solutions.
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Main Topics for International Standardization

Germany
Semantics_ 28 %
Reference Model s_ 40 %
APls | 40 %
Interoperability | 44 %
Unified Industrie 4 0 -7
Glossary 24 %
Data Formats | 21 %
0 El[} 1[|]'[]I
China
Semantics_ 22 %
Reference Model s_ 28 %
APIs | 30 %
Interoperability | 47 %
Unified |ndusér|i§ s;?y -
Data Formats | 23 %
0 5|[]' 1[|)[}
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South Korea
Semantics | 27 %
Reference Mnde{s_ 36 %
APl | 46 %
InterDDHabimY_
Unified Indusgg ;Sg}r; 36 %
Data Formats | 23 %
0 50 100
Japan
S emantics 21 %
Reference Mnde{s_
APs | 41 %
Interoperability | 4r%
Unified Indusire Sgé?y - 21 %
Data Formts | 18 %
0 50 100
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USA
Semantics_ 29 %
Reference Model 5_ 18 %
APIs | 24 %
Interoperability | 53 %
Unified Industgilaﬂﬂl ss% r_y i 18 %
Data FDrmats_ 21 %
0 EID 1L1I'EII
Great Britain
Semantics
Reference Mnde{s_ 33 %
APIs | 50 %
Interoperability | 50 %
Unified Indu%rlit? Sgénr}y - 17 %
Data Formats | 22 %
0 EID 1[I}D
n = 149



The Speed of Standardization
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Germany South Korea USA
too slow 78 0 t00 Slow a1 % too slow 338 %
0 comect g
cormect 22 % corred 0% 62 %
too fast 0 % o fast 9% too fast 0 %
T ] T 1
0 50 100 0 50 100 0 20 100
China Japan Great Britain
too slow 30 % too slow 34 % too slow 25 U4
cormect 48 % comect 59 94 comect 75 %
too fast 22 % too fasr 7 % too fast 0%
0 50 100 0 50 100 0 50 100
n =139
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Country Profiles
Germany
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Strong industrial basis & IT

Early recognition of the disruptive potential.
Challenges in the implementation of the
Industrie 4.0 strategy (SME, Security, data
law).

Most important stakeholder: politics,
companies, associations & unions.

Data-driven business models and digital
ecosystems should more be focus in the
future.
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10 German Competence
Centers for Industrie 4.0

Helping SME‘s during the transition
phase to Industrie 4.0

Brandenburg

% Federal Ministry
for Economic Affairs
and Energy

Core Centers selected
In First Round in 2015
First Smart Factory
Living Lab
founded in 2005

Secondary Centers
selected in 2016
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BaSys: an open system architecture for Industrie 4.0
like AUTOSAR for vehicle manufacturers

Interface:

Interface:
Middleware

Static

Services Functional Services
Industrie 4.0
Interface: Components Interface:

Runtime
Services

Local
Services

Interface: Application Environment

BaSys 4.0
Runtime System

BaSys 4.0
Services

Interfaces

BaSys 4.0 Software Abstraction Layer
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Country Profiles

USA
_Customisation
B &
W OMG Q\
= & =
= &S ° &
- QQ’ SOFTWARE é 5
= ,&\ - o & » Strong focus on data-driven business models.
N\ ]
| \\Q 6},’%} g % » Strong private associations & organisations
\{\‘b ‘5},1/4’%\ z E (e.g. lIC).
NS N9 NINZSNEIT- » VC-driven Industrie 4.0 start-ups.
QQ i WAL .
N\ - 2.6 » Strong interests from Internet- & Software-

(@)
| TESTBEDS OQ companies on Industrie 4.0.

Venture Capital
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Country Profiles
Japan

Control System Security
Center

_ (vanced Kobotico %

= v 8
= & Tkl
w 00 £ E E
- g:\ cf.‘é' £ a » Strong national standardization for the Japanese
s ,\74) 5&? 5 E industry via the Japanese Industrial Standards

! 4’){(\ 2 SUE- Committee (counterpart to DIN).

.0 = g > Tights relations to ISO, ITU, IEC & international
\\‘\a“"e 06\7( % Consortia (e.g. W3C).

@cxo\f‘l 4/06‘ § » Japanese companies are advanced regarding the

e =

implementation of Industrie 4.0.

\

Revitalization Strategy_..-
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Country Profiles

China
Smart Factory 1.0, 2.0 |
w2
€S _IRANSFORMAISON % Q
= \:" /o
= @‘& & I ﬁ
= }f" @ ;"' UEJ £ » Goal of ,Made in China 2025": Economic
= ‘\ N0, g 2 E transformation and international supplier of
| @ ‘?07 < % g Industrie 4.0-solutions.
& VS "5/»., = » Disparities between large, international
Z \@ Wl 7){(\ % E corporations & government-owned SME.
g xad"> v < » High interest in international cooperation &
_INTERNET PLUS technology transfer.

15 acatech | October 2016



16

Country Profiles
UK
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Strengths in smart services & new business
models.

Focus on automation & integration of
networks.

Challenges in the re-industrialization process.
Application-oriented research (Catapult).



i=acatech

NATIONAL ACADEMY OF
SCIENCE AND ENGINEERING

Country Profiles
South Korea

_10.000 Smart Factories Initiative

_Propriet;
Drietar \,\t'lo"\ 1er© E’
yafol} g
= { O £ » Dominance of Chaebols &
TecivEXDOL S E -
2| _ RS E relatively low autonomy of SME.
§ 41,)(’/1, I3 » Government Goal: 10.000 ,Smart Factories"
= Q(@)e/ é & higher efficiency in production among
erat anie /Q&O,%\ § SME.

\
>
Y

Import of Industrie 4.0 solutions and export

of high quality products.
_CHAEBOL-DRIVEN ECONOMY > strengthsin IT-infrastructure.
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Chances & Challenges

International Challenges

» USA: Innovative Silicon Valley start-ups, venture capitalists, internet-corporations focus on
Industrie 4.0.

» China: Contextual connection between new business models and intelligent integration
“China2025” and “InternetPlus”.

» Major challenges for Germany & Korea: Building-up in-depth IT-competencies & overcome
shortfall of innovative business models

» Large domestic markets + critical masses = strong ecosystems.

Platform Type: Transaction Innovation Integration Investment

18 acatech | October 2016
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Chances & Challenges

Specific Chances of Industrie 4.0

» Germany & South Korea: Focus on intelligent and smart factories &
production efficiency > strengthening of national production sites (resourcing)!

» USA & China: Strong focus on new business models, platform economics &

intelligent products.

Korea mGermany

0,
more sales e 18%

better service portfolio

new business models
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EChina ®USA

more sales

optimization of production

better service portfolio

better customer service
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Open standards & interoperability
Investment restraint

» Gap between international corporations & national SME, regarding resources, international
networks and opportunities to join several international standard organisations.

» How to overcome the penguin-effect for SMEs?

20 acatech | October 2016



i=acatech

NATIONAL ACADEMY OF
SCIENCE AND ENGINEERING

Open standards & interoperability
Complexity of the international standardization landscape

» Complexity of Industrie 4.0 is reflected by a high number of international stakeholders & slow
speed of standardization activities due to lack of international coordination.

» Well-coordinated & multi-stakeholder teamwork across countries in order to build-up trust &
competencies on integrated technological solutions.

» Global cooperation between organizations (e.g. Platform Industrie 4.0; 1IC) in order to foster
speed & dynamics of complex standardization processes.
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What are the implications?
Rethink Value Chains

»ﬁ

O 0 O @ Management and Engineering |Frld||clion > Ad hOC Value networkS

Planning . | -
1" i” # ] ° Dynamlc reconflguratlon
## ' in real time.
Enumeermg Production
/ supply chain.

 Trusted data
Fat:tury 2 '1Mark¢tmg _ ° |ntegl’ati0n of ShOp
> 'E‘FE floor and office floor.

i EE: Production Smart Grid
A__ Customers i& I::

External =
Designer

F‘dl:tl]ry J Marketing

and-Sales

Suppllers and
Subcontractors

74

%

Factury 1 Marketing
and Sales
Engmeenng

Image source: Hewlett-Packard
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What are the implications?
Rethink the Job Market

Change in Occupation

low qualified medium qualified high qualified

23 acatech | October 2016 Image source: Robert Bosch GmbH
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What are the implications?
Rethink cooperation partners

» Focus on testbeds for the development of
prototypes, pragmatic solutions & innovation
advantages (Gap between international
corporations & national SME).

» Focus on industry specific integration platforms
for a broader impact & orchestration through
International standardizing organizations.

» Cooperation on open-standards: Reducing the risks of technological lock-ins on the
buyer side of proprietary silo-solutions (especially for SME); on the supplier side:
Reducing the risk of developing products not demanded by the market.

» Global cooperation between organizations (e.g. Plattform Industrie 4.0; 1IC; OMG) in
order to foster speed & dynamics of complex standardization processes.

acatech | October 2016
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What are the implications?
Rethink Business Models & Financing

» Disruption of traditional supply chains, value creation &
business models due to Industrie 4.0.

'~& » Data sharing across value networks & definition of data
Q security standards are essential requirements for the

7 development of successful Industrie 4.0 platforms & data-
® driven business models.

» Digital ecosystems are created around Industrie 4.0 shaper-platform & focus on network-
effects, lock-in-effects and domestic market size as important factors for fast and global
growth rates of Industrie 4.0 platforms.

» Different forms of financing beyond banking loans (e.g. venture capital, corporate venture,
business angels) & new competitors from internet businesses, require new forms of
cooperation within Industrie 4.0
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Takeaways
Industrie 4.0 Country Profiles

Strong brand Industrie 4.0 High level of training & qualification
Strengths in the production sector Excellent international reputation

Strong focus on new business models Large domestic market

IT-start-ups in Industrie 4.0 Driven by private organizations (e.g. lIC)
High-tech operating companies & Ambitious government programs (China 2025)
low-tech SME Fragile legal framework

Dominance of “Chaebols” Focus on production efficiency

Know-how in consumer technologies  Strengths in IT-security

Strong production sector Focus on new business models
Complex standardization landscape Strengths in robotic & work science

Focus on reindustrialization Strong R&D sector & research transfer
Strengths in smart services Cooperation in “Catapult’-centers
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Takeaways
A Vision for international cooperation: Do’s & Dont’s

Strengthening the concept Industrie 4.0 & exploitation of a strong production sector

Keeping control of new business models & connecting to private organizations (e.g. 1IC)

Multiplier for international standards & exploitation of the buyer’s market potential

Exploiting the “Chaebol-system” & excellent IT-infrastructure

Cooperation in robotic & work science

Chances for cooperation in “Catapult”-centers & usage of the IT-service know-how

*eoe®
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Beyond Industrie 4.0: Long-term Autonomy

Beyond Industrie 4.0

30%
=
‘Im 1009% — 307
20%
20%
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> Thank you for your attention!




