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+ Reinventing your business model: M. W. Johnson, C.M.
Christensen, H. Kagermann, December 2008, Harvard
Business Review (hbr.org)

+ IT-Driven Business Models: Global Case Studies in
Transformation: H. Kagermann, H. Osterle, J. M. Jordan,
English version 2010

- Future Business Clouds: Appelrath, H.-J./Kagermann,
H./Krcmar, H. (Hrsg.), Ein Beitrag zum Zukunftsprojekt
Internetbasierte Dienste fiir die Wirtschaft (acatech
STUDIE), Miinchen: Herbert Utz Verlag 2014

- Recommendations for implementing the strategic initiative
INDUSTRIE 4.0. Final report of the Industrie 4.0 Working
Group (Position paper): Kagermann, H./ Wahlster, W./
Helbig, J., Berlin 2013

+ Smart Service Welt - Recommendations for the Strategic
Initiative Web-based Services for Businesses Final Report:
Smart Service Welt Working Group/acatech (Eds.), Berlin,
March 2015

- Innovationspotenziale der Mensch-Maschine-Interaktion
(acatech IMPULS): Kagermann, H., Miinchen: Herbert Utz
Verlag 2016

+ Industrie 4.0 in a Global Context: Strategies for Cooperating
with International Partners (acatech STUDY): Kagermann,
H./Anderl, R./Gausemeier, J./Schuh, G./Wahlster, W. (Eds.),
Munich: Herbert Utz Verlag 2016. (Print version available)

+ Fachforum autonome Systeme - Chancen und Risiken fiir
Wirtschaft, Wissenschaft und Gesellschaft. Herausgeber:
Fachforum autonome Systeme im Hightech-Forum.
Kooperationspublikation, 2017

- Work in the Digital Transformation - Agility, Lifelong
Learning and the Role of Employers and Works Councils in
Changing Times: Jacobs, J. C./Kagermann, H./Spath, D.
(Eds.): A paper by the acatech and Jacobs Foundation
Human Resources Working Group - Forum for HR
Directors on the Future of Work (acatech DISCUSSION),
Munich 2017

- Revitalizing Human-Machine Interaction for the
Advancement of Society - Perspectives from Germany and
Japan (acatech DISCUSSION): Henning Kagermann,
Youichi Nonaka (Eds.), Munich 2019

+ European Public Sphere: Henning Kagermann, Ulrich
Wilhelm (Eds.), Gestaltung der digitalen Souverinitit
Europas (acatech IMPULS), 2020
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The Mission: -l
Secure Competitiveness as Reaction to the Economic Crisis 2009

Foderal Miristry Federal Ministry
B i Q for Economic Affais

and Research and Energy
Education & Culture

Cross-cutting issues
i ility of services, of the future

A
30>
A )
&1 20
Cyber Physical Systems (CPS)

merging real and virtual space

. Cross-cutting issues - @
Connectivity, norms & standards, reference architecture, cloud computing, security, ...
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NATIONAL ACADEMY OF
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i=acatech

NATIONAL ACADEMY OF
ENCE AND ENGINEERING

2 | Industrie 4.0: Enabler of Economic Growth and Social Benefits | 17 November 2020

X—1
(—1) FL7AS SAP ZiBH L 72 2009 4F, YHFOREF LD IZRM LR BEO LR S 2K L T\ E
L7z, ZL T, THELERELZ LV AELSICTEMTE D L5, MIKAIRE ) 21 b S & 2 B 2 &
CE L, £, MAEOGWEF—T 7 /) nP—0ESZEN L, RO ZRFEICHATL 2 L
MTEDLEZEZTCWEL, ERTATTLLTE, B/ —ERADA 2 —Xy MIBITS



INETOMREEZENL, ZNOHOF—TFT 7 /uP—C XV BEELRBEZEMEREG ST YA
N=T A TPANVAT N ZEATHZLTT, ANET TR A= F7 V=7 FHEE, &
—EREMT —F T 7 T EIEHAL, RV —ADLDO—ERARLT =X EH LNE TV RATS
B RHPIABET, £HTHIET, FHFHREXRAET VOAREELZEIVH Z &R T

BERAT AT E VoI B T DT R Y ) a— v a VERBET LN TED
@Tﬁo

The brand Industrie 4.0
Success Factors for the broad acceptance I

100,000

89,101

Focus on German strength:
manufacturing & logistics

The right combination of
high-level experts

Early support from government,
business, sciences and unions

Early adoption in many countries

80,000 ——

60,000 —

40,000

20,000

[3 ... the claim: It's a revolution!
o

| —
2010 2011 2012 2013 L 2015 2016 ¥ 2018

Source: GENIOS Data Base of Publications in Germany ;r: acatech

NATIONAL ACADEMY OF
3 | Industrie 4.0: Enabler of Economic Growth and Social Benefits | 17 November2020 ~ SCIENCE AND ENGINEERING

X —2

(B —2) [FIRFZ, BURIZW DD D HFE RS, BREaRERICBIT 2 N Y ORF N 2 HkT 5
TmODEHI 7 0y =7 FOREERDE L7z, acatech (KA Y LETHTI—) OERTE-7-
I V—F o I N—TFDala=r—ra IR rmEEEERESNE L, ZEO®mY |
FEFEBRALEZTATTIE, (W=D ZHDZT~NTOT TV r—ra VEBICENT 5 28R T
TET, LarLl, BREAEROKRTIZENTHREERICHRWEA NEE L Tz 2 Eh b AR
CHEAICEAAES ZENREBEFHTHDL LHELE L,

2011 4B, RMT U VT H 7« 7 L AZ— (Wolfgang Wahlster) &4 /L T « F 4 —HF— -
JL—J1 A (Wolf-Dieter Lukas) & #:IZFEEEZIEE L. Industrie 4.0 (A U F A R U —4.0) &\
IMEEZMOTRIELE L, MO L b 00D L 912, 2oL CIcHRFrs 5
VERZEDE LT,

ZOEDIELZITANS NI ERIME SO TL LI N2 VWS ONDERRH Y F
TN, EFTIERAYORATHLRERITERAZY T 23T EEVWET, acatech @
JRE7Z2 Ry FU—ZICHH S Z L T RRDFEMOFMARIZHICH LT, Z0ar 7 Fa3FfL,
SRART =% T T N—TIZBMNT HEO0GT 2 ENTEE L, BUF., B3, EMA.
ZLCHFRICERERBER CHOLMEOREKENO ORI BRIFLHL LN TEE L,

Fo [CETEGRTH D) LFHABERELIEIL T, Z<OEHEEDL LN TEDOL
HEHROOEDSTL XD,



[
The Vision:

Impact on Economy and Society at large scale I
[ soal |
= Individual products under the = Energy- and resource- = Additional job creation:
conditions of mass production efficiency (up to -50%) Onshoring vs. offshoring
= Value generating processes = ‘Urban production’: = Social Inclusion,
are optimized to customer closer to employees’ homes supported by autonomous
demand in real-time systems
—High adaptability — Sustainable growth — ‘Better & meaningful Work’
& improved productivity (Circular Economy)

2
N

— New concepts for improved competitiveness & social innovations
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[
The Journey I
A Second Wave of Digitalization Merging Real and Virtual Space
2011 . = |T/OT-Convergence @
2013 URERSSE.S = SmartX, Ad-hoc connectivity, decentral I

Rethink business processes and workplaces

2013 . = Business model of the digital economy (7
iy G
2018 Smart Service Welt = Xaas$, data driven, platform based ﬁ
Rethink business models and ecosystems
2015

& Autonome Systeme = At home, at work, on the way @ ﬁ
Al

2017 = XBots & ‘moral algorithms’

Rethink social, legal, and ethical implications
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I u
Long-term Institutionalization
“Plattform Industrie 4.0” I

Reference Technology and Security of
1 22 Industrie 4.0 y Architectures, Application Networked Systems
—__ Standardization and | Scenarios
Norms
1

m 7 Smart

A\

5 > i Work, Education Digital Business
Service Welt and Training Models in Industrie
4.0
- Autonome
n e
Vil B Systeme Research Council
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Phase I: Smart Factory & CPS
Individual Products Under the Conditions of Mass Production I

Internet of things, data and services

= Smart Products: Actively support
production processes

Smart Grids

= Smart Machines: negotiate independently

= Smart Operator: Digital assistance systems
support employees

= Hybrid teams: Robots become co-workers

—Goal: Learning and Adaptable Factories

— Semantic standards & Digital Twins (Asset Administration Shell)

i=acatech
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Interoperability & Standardization
Call for strong international cooperation I

— —LJE3
Netherlands
Smart Industry DACH
e Suisse & Austria
Alliance

= 1’1 (i

USA France & Italy EU China
Smart Manufacturing Initiative Alliance Industrie du future DG Connect Made in China 2025
Industrial Internet Consortium Piano Industria 4.0 Internet Plus

NETED
> | Robot Revolution &
Industrial loT Initiative
Czech Republic

Austral

Mexico
Mexican Ministry of
Economic Affairs

Australian Industry
4.0 Task Force
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Phase IlI: Business Models of the Digital Economy l
...are based on Smart Services
£ Business Model ﬁj = Smart data - independent value generator
i — :> = Digital platforms - scalable & repeatable business
= Dynamic ecosystems -> attract developers of complements
e SR = Smart talents > individualized qualification on the job

Value proposition

What value is created?

= Individualized product-service-bundles on demand
= Superior user experience / real-time responsiveness
= “Everything-as-a-service”, low switching costs

\ = Flexible pricing model: — usage-based (time)
Profit formula — output-based (piece)
How are revenues /profits created? — value-based (profit sharing)
wmacatech
NATIONAL ACADEMY OF
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Phase Il: Smart Services are created... I

..in Dynamic Digital Ecosystems on Digital Platforms
Superir AR LR MR AL T
@ @ @ @ @ @ 00 @ @ P

- n l =0 | (e

Platfon disruptive business models
Shared Smart Data [@ P':,s."c'e'"s ‘::ﬁ;t:wces .A' .EI 4 CIIOTUR : .
A

------------------------------------ * A A
V Teor = E

Transport  Energy Retail

== DEEE2O0-

Source: acatech (2017), Wegweiser Smart Service Welt. ;r: acatech
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Quality Education & Better Work

Agile working

Lifelong learning

= Flexible working time

= Individual skills management
= Innovative workplace design
= Design thinking / scrum

= Human-machine-interaction

Tailored to individual needs
On-the-job / on-demand
Digital tools (e.g. MOOCs)
Al-based mentoring
Nanodegrees

Joint responsibility

—Ambidextrous structures

11 | Industrie 4.0: Enabler of Economic Growth and Social Benefits | 17 November 2020

— Life-long employability
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Phase lll: Autonomous Systems and Al

Environment . Self Implicit
Model Model Knowledge
)
° q (Constructed)
Perception
L
N o ) _5; A Explicit
' - Knowledge
f
LA

( Responsible'
Action:

— Consistent
human-
technology-
interaction

— Consistent
safety levels

— Consistent
legal & ethical
rules

12 | Industrie 4.0: Enabler of Economic Growth and Social Benefits | 17 November 2020

Environment Model: recognize the situative context, available resources (time) ~ Self Model: own limit of performance, available resources (energy)
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Phase llI: A new Paradigm of HMI
A joint Japanese-German Project I
..will radlically transform jobs and B
H//A - competence profiles = Similar social
551 o ife long learning ::hellengesl E
. aging population,
= f kpl 3
m B e
increasing diversity)
— “historical
...creating a society where we can background and
resolve various social challenges eocial structures
2;7' - How will introduction of Al etc. influence o8l
\I| change workplaces? Mz ivoustiieeo Sacatech approach w
Study in Japanese available HMI
waacatech
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A new hybrid model of working I
= Joint problem solving in hybrid, teams | | Adaptive & hybrid prc |
[ Human & Machine ] [ On-Site & remote J
Create . Assemble
Juelc, Human-only L | On-Site e —
Train Design
co';t";‘a"s . ) Either On-Site :
Explaln pemen i Simulate, ...
Hybrid Hybrid —_——
Machines
[teractii complement ) ( Develop, ...
Transact Office work
Machine-onl Remote
Predict, . y Analyse, ...
waacatech
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What's next: 2030 Vision for Industrie 4.0
Shaping digital ecosystems globally I

Autonomy

Resilience Self-determination not self-sufficing

Interoperability
Cooperation and open

Sustainability

ecosystems permit Ca Modern industrial value creation
plurality and flexibility ensures high standards of living

r- acatech

NAL ACADEMY
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Digital Sovereignty in a connected economy -I
Data Ecosystem
Advanced Smart
Services
Data Spaces
GAIA-X Federation Open Ecosystem
services .
of Services &
] Data
Portability,
Interoperability & 4 SR ST
Interconnectivity
Compliance Infrastructure Ecosystem ﬁ aCateCh
NATIONAL ACADEMY OF
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Resolving issues caused by economic growth:

Circular Economy I
Industrie 4.0 N

1 /% Digital twin, W%mlm @ o

i Resource efficiency R
Smart Service Welt Circular
2 Sharing economy, Economy PRODUCE

Everything-as-Service
3

Autonomous Systems =g e
_ 4% Symbiosis Human & Machine a'ry
v

i=acatech

NATIONAL ACADEMY OF
NEERI
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Resolvmg issues caused by technology I

= Potential of Autonomous systems:
— Solving the major social issues

— Provide situational adaptability

= New social, legal & ethical challenges
— Gradual and experience-based
introduction via use cases

— |Value by Design

From left to right: H. Kagermann,
S. Abe & A. Merkel at Hannover Fair 2017

i=acatech

NATIONAL ACADEMY OF
SCIENCE AND ENGINEERING
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Value by Design
‘Technology is never neutral’ I
= Plurality of opinions = Search & Recommendation
Diversity & Openness = algorithms

Transparency & Accountability : Traceability of source and author = E-ldentity for Human & Machine

= Publication of source code

Economic Competitiveness - Reoonqhng openness & IP- . Opepz smnda@uzed interfaces
= Protection = Avoiding lock-in
& Social Welfare
Individual Rights = Data protection & portability = Data wallet
& Collective Purposes . * Right to erasure

— A trusted digital public sphere as basis for democratic debate,
public opinion-forming and respect for societal values

iaacatech

NATIONAL ACADEMY OF
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Future Challenges require global Cooperation

National
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NATIONAL ACADEMY OF
SCIENCE AND ENGINEERING
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