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The Renaissance of Manufacturing
Industry ensures growth and employment while financing
the economy

Share of the manufacturing sector (including energy) Importance of the industry to
in total GVA (gross value added) the national economy
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Regional Manufacturing Conditions
Intensified competition for local value-added

USA
Re-industrialization

Decreasing energy costs
(shale gas/oil)

Decreasing unit labor
costs

(2000 - 2014: +1,4%
=> -5% since 2009)

Low interest rates
Low exchange rates

Applied research

Europe
Re-industrialization

Increasing energy costs

Unchanged unit labor costs
(2000 - 2014: +1,8%

Asia (China)
Transformation of the
industry

® Increasing energy costs

B Increasing unit labor costs
(2003 - 2009: +10,9%

=> +3% in Germany since 2009) => n/s since 2009

Low interest rates
Decreasing exchange rates

Horizon 2020

Medium interest rates
Increasing exchange rates

Government subsides

High investment in
education/research
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Manufacturing Cost Index 2014

The manufacturing costs continue to converge

EXHIBIT 1| Comparing the Top 25 Export Economies

Manufacturing cost index, 2014 (U.S. = 100)
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Volume of exports (highest to lowest)

[]Labor* [] Electricity [ | Naturalgas [__] Other

Sources: U.S. Economic Census; U.S. Bureau of Labor Statistics; U.S. Bureau of Economic Analysis; International Labour Organization;
Euromonitor International; Economist Intelligence Unit; BCG analysis.

Note: The index covers four direct costs only. No difference is assumed for other costs, such as raw-material inputs and machine and tool
depreciation. Cost structure is calculated as a weighted average across all industries.

*Adjusted for productivity.

source: Boston Consulting Group 2014
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The Digital World of Today and Tomorrow

Internet of Everything

Holistic global integration as base for new
business ecosystems

®m 3 billion people used the internet in 2014

B 17 billion things were connected in 2014 via
internet. In 2020 the number it expected to rise up
to 28 billion.

B internet services are uncounted.
example apple store: > 1 million apps were
downloaded more than 75 billion times

B new economic activities arise:

shared economy
prosumer
Industrie 4.0/industrial internet...

Connected devices (billions)

[ . Devices” (machines, sensors etc.)
Tablet computer
PC & laptops

B Mobile phone

30
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Change of Product Architecture
The ability to manage complexity effectively becomes
a key competitive advantage

degree of integration

a

cyber-physical

mechatronical

complicated

mechanical | simple W/ =\
asE=ay
e -

&

comrm

B Minimal complexity, maximum
personalization and economies of scale

M Customer is part of the personalization
process and pays for it

B Innovation focus: eco-system,
user-friendliness, design

M Success factor: openness

standard individualized
mass
products

regionalized,
personalized

» degree of personalization
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Classification within the Context of the Presentation
Adding value vs. positioning

Back End Focus Adding Value ! Focus Positioning Front End

Eco system

-
-~
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Production network

® Factory

_--
-
-

!

oy yofStUtgR =2 Fraunhofer

Institute of Industrial Manufacturing IPA
and Management |IFF




Digitization of Business Models
Everything goes smart and changes industrial branches

Social Web

Smart Home

Quelle: Bosch Software Innovations 2012
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The Base: Processing Power and Connectivity
Moore and Metcalfe are proven right and define
the scope and value of an enterprise

Connectivity
Metcalfe:
“The benefit of a communication system
increases with the square of the number
of participants.”

Performance
Moore:
“Computer performance doubles
every 18 months.”

Ecosystems for Smart Business Models

Transparency cyber-physical systems Knowledge

n
B Internet of Things and Services
B real time & at run time
B everything as a service

2. el amazoncom W B Google
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Assessment of the Industry 4.0 Readiness
Germany as frontrunner has the best position in Europe
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Potential Economic Benefits by Industrie 4.0
Possible increase in gross value added from 15 % to 30 % by 2025*

=B |tk0 m/IAO expeCts Wirtschaftsbereiche Bruttowertschopfung Potenzial durch| Jahrliche
add Itl Ona | annua | [Mrd. €] Industrie 4.0 | Steigerung [Mrd. €]
growth of 17% by 2025 20 | 202 | 2oms | 2082 |

Chemische Industrie 40,08 52,10 +30% 2,21% 12,02

® John Chambers, Kiafhemgen: tind 74,00 88,80 +20% 153% 14,80
CEO Cisco: ,,... 2% of Kraftwagenteile ’ ' ' ;
additional annual il 7679 99.83 +30% 221% 2,08
growth for the Germany  cicktische ausristung 40,27 52,35 +30% 2.21% 12,08
economy... " ** Land- und Forstwirtschaft 18,55 233 5% 7% 278

Informations- und

B German businesses are Kommunikationstechnik 93,65 10770 +5% 7% .05
planning to invest €40
billion over the next 5

* %% Beispielhafte
years H“g’“h““"g i 2.326,61 2593,06" +11,5% 127%" 26745
Gesamtbruttowert- ot et ’ ! '
schopfung in Deutschland
. gt den Hochrechn ingen Tur 2025 wur de kein Wirtschattswachstum berucksic r-tlgf £s handelt sich um eine remne Relativbetrac htung mit und ohne g
ndustrie 4 o-Potenziale fur die sechs Jusgewlhiten Branchen
**  Gesambyumme enth3it die Industrie 4.0-Potenziale fr die sechs susgewahiten Branchen sowle die Hochrechnung der restlichen 8ranchen unter der
Annahme, dass fir diese ein Potenzial in Hdhe von 50% des MUr die auspewihiten Branchen gilt
sources: * Bitkom/IAO 2014, ** Sueddeutsche.de, *** PwC Studie 2014, wiwo.de
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Research Funding in Comparison
The race for access to customers has started

Advanced manufacturing partnership (AMP): +50 mio dollars

Cyber security R&D and standards: +45 mio dollars

Cyber-physical systems: +40 mio dollars

National network for production innovation (NNMI): 1 billion dollars
public-private partnerships, e.g. industrial internet consortium

By 2015 1,2 trillion euros will be provided to reach the global
technology leadership

July 2014 founding of ,,China Internet and Industry Convergence
Innovation Alliance"

Target: promote digitalization of distribution and usage of ICT
in production

Funding of several initiatives for implementing

the internet of things into production

More than 9 billion euros are available
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The Next Step of Decentralization
From fractal factory to cyber-physical production system

Cyber-Physical Systems Features

Embedded Systems

(part of devices, buildings,
vehicles, transport routes,
production facilities,
medical processes,
logistics, coordination and
management processes)

m Acquisition of actual physical data
by means of sensors

m Usage of worldwide available
data and services

m Data analysis and storage

m Networking by means of digital
communication technology

m Operation in the physical world
by means of actors

m Usage of multimodal man-
machine-interfaces

.....  Unversityotstugan 22 £ b ofer

Institute of Industrial Manufacturing IPA
and Management |IFF



Context Management Replaces Operational Planning
Smart Factory organizes its own operations in a decentralized way

I‘'m booked out till

Cyber-physical systems
(e.g. machines, facilities)

| have to be at the goods
issue in 2 hours!

| can work on
= Saturday.

Magazine will be
empty soon, please refill!

M Have an identity

B Communicate with each
other and with the
environment

Sorry, I'm not
available on Saturday.

® Configure themselves
(plug and produce)

I need to go home
now. Who can
take over my

orders?

B Store information

v

decentralized
self-organization

New big order: We need an
extra shift on Saturday.
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ARENA2036 - Stuttgart Research Campus
Active Research Environment for the Next Generation
of Automobiles

" ARENA2036

m PPP
B 15 years
B Research factory
as integration platform

—

e
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Automobile Production Tomorrow:
Variable Logistics, Cycles and Throughputs

Variants

Assembly integrated
manufacturing
processes

Context-based
planning and control
via apps

Intelligent and self-
configuring
simulation models

Big Data based

Process
module

Process
module

Process
module

Process
module

Process
module

Process
module

Process
module

Process
module

Process
module

Process
module

Human robot
cooperation

Automated guided
vehicle systems and
smart carriers

Control from the
cloud/plug & produce

Augmented operator

pattern recognition

. as conductor of value
for optimization

\

University of Stuttgart
Germany % FraunhOfer
Institute of Industrial Manufacturing IPA

and Management |IFF



All Objects in a Factory will be Smart
iBin — Intelligent bins order their filling autonomously

iBin®-Modul, RFID compatible

Free access

push trays for VDA labels

Open by pushing a button

Via an integrated camera
combined with its cloud,
iBin counts the parts
enclosed in it.

2stage front flap

URTH
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All Objects in a Factory will be Mobile to a Large Extend
Example: swarm intelligence for logistics

source: Fraunhofer IML, Prof. Dr. Michael ten Hompel
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Robots will be mobile, flexible and safe
Example: SEW Eurodrive - freely navigating DTS (carries the robot
for bin picking)

3D-camera system
ensenso N20

KUKA Agilus

Bin with
cut-pieces
Cut-pieces

Mobile platform —
Inductive power
transmission

Point cloud
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All Objects in a Factory will be Mobile as Far as Possible
Example: Audi R8 - freely navigating AGV (navigation as a service)

: UniversityofStuttgart 22 £ Inhofer
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Everything as a Service” (Xaa$)
Use case Virtual Fort Knox - integration platform

VIRTUAL

Devices mOS AppStore App Development

\ Y4/ ﬂﬂl

.............. : - -
................... Prlvate or Public Cloud -

< L s0a, ws
Sw S 53 6 ) Legend:
< Manufacturin Service Switch (ESB++) ZS ::;ated cervice
_ IS Integration Service

CS  Cloud Service

|
CPS Cyber-Physical System

Robot Sensor Product mOS Manufacturing Operating System

|
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Example 1: What if Bin-picking Came out of the Cloud?

Advantage

B externalization of skills,
services, maintenance

B |ean robot workecell
("lean client”)

B centralized collection
of data

optimization
by statistical learning

M best practice solutions
accessible

M to be displayed at HMI2015

Planner Operator Work piece CAD-model

& 3 o, [ | P,

System planning

Skills, Services -
Part teaching

Part models

Bin-Picking App

m Object localization

Task/Path planning

Service Bus

Object  Motion
Features Data

\
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Example 2: What if there was a AGV Cloud Navigation?

Advantage

B |ogistics: centralized vehicle
coordination (as is today)

B “Lean Client” AGVs;
Navigation skills on demand

B centralized data collection

optimization by statistical
learning (adaption of
skills, condition
monitoring)

M partnerships with technology

providers, external services

M under development

Supplier Tech. Partner Operator Maintenance
Q0 2 Q Q0

Skills, Services
Environments

| Sensor
| Sensor |

Service Bus

System configuration

Maintenance

Navigation Plug-Ins
Vehicle coordination

Navigation method

Vehicle, motion control

method 1 = map1 method 1

Navigation

University of Stuttgart
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All Entities of a Factory have a Digital Shadow
Example: Motion Capturing for feed-back of real processes
into planning models
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Challenges when Dealing with Big Data -

Change of Perspective

Dealing with Complicated Contexts Dealing with Complex Contexts

Complicated contexts are being
systematically analyzed (root cause
analysis)

The complicated network is divided in
small entities and correlations are being
examined

Random sample analysis, deductive
approach

The question is “why”

Complex contexts are no longer being
analyzed with regard to their causes
(correlation replaces causality)

Regularities are being derived from all
available data (pattern recognition,
e.g. customers’ behavior patterns)

Complete data screen is being analyzed,
inductive approach

The question is “what”
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Business potential of Integrated Industry (Industrie 4.0)
Specialists expect an increase in overall performance between

30 to 50 % in value creation

Estimation of potential benefits

Costs Effects

B Reduction of safety stocks
B Avoiding Bullwhip and Burbidge effect

Carrying costs

Manufacturing costs B Improvement of OEE -10 % to -20 % .

B Process control loops

B Improvement of vertical and horizontal staff

flexibility

Logistics costs B Higher level of automation (milk run, picking etc.) -10 % to -20 %
Complexitx costs B Wider span of supervision -60 % to -70 %

B Reduced trouble shooting
Quality costs B Near-realtime quality control loops -10 % to -20 %
Maintenance costs B Optimization of stock levels -20 % to -30 %

B State-oriented maintenance (process data,
measurement data)

B Dynamic priorization

Potential

-30 % to -40 %

Pilot project at Bosch: Restructuring
of complete distribution process
based on an in-plant logistics center
in an Industrie 4.0 project.

/ BOSCH{QA

Automotive manufacturer

-30 %
stock
reduction

-10 %
milkruns
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Key Factors of Success for Industry
Maximum proximity to customers combined with the highest
productivity levels

B Expanded value-added system
(ecosystem, business model, customer and supplier integration, customer-orientation)

B Comprehensive transparency
(Vertical and horizontal interconnection in real time, focus on communication)

B Rapid process capability
(big data, predictive analytics, qualification, focus on learning curves)

B High level of flexibility and economies of scale
(everything as a service/ Xaa$, decentralization, connectivity, service-orientation)

B Maximum efficiency and synergies
(zero waste technologies, willingness and capability to change, autonomy, resource-
orientation)

B New security culture
(safety, security and privacy, risk-orientation)

B Optimal framework conditions
(infrastructure, financing, research scene, lifelong learning)
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