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RWTH Aachen University – One of the Leading Universities in Germany

Percentage of Students by Academic Area 

7 %

57 %

23 %
Natural Sciences

Engineering
Sciences Medicine

Humanities, 
Social Sciences, 
Business and Economics

 Budget: 884 Mio. €
 External Funding: 354 Mio. €
 Affiliated Institutes: 66 Mio. €
 Students: > 40 Tsd.
 Professors: 514
 Institutes, including 260

Large-scale Institutes 22
Fraunhofer Institutes 4

 Graduate Programs 27

“Wirtschaftswoche” Magazine

1st Place Mechanical Engineering
1st Place Electrical Engineering
1st Place Industrial Engineering
1st Place Natural Sciences
2nd Place Computer Science

Competitors: 
KIT Karlsruhe, TU Darmstadt, TU & LMU 
Munich

DFG Ranking: Funding in Mio. €

University Rankings 2012Facts and Figures

278 264 251

RWTH Aachen LMU Munich FU Berlin

13 %
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FIR at RWTH Aachen University is focusing three central subjects, a strong focus 
is on digitized economy

5

Focus topic: Digitized economy

1 2

3

Digital 
Strategy

Digital 
Operations &
Workflow

Digital 
Technology

■ Which opportunities and risks contains 
digitalization regarding my  business 
model? 

■ Which transformation strategy is suitable 
in order to become a digital leader? 

1

■ Which potentials are offered  by 
digitalization regarding my business 
processes?

■ In which way can processes be digitalized 
and sustainably and efficiently designed?

2

■ Which technologies are technically and 
economically  suitable for my digitalization 
project?

■ How do I introduce new digital 
technologies systematically into the 
company?

3

Key questions
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At a Glance: The Institute for Industrial Management at RWTH Aachen University

6

Managing Director 
Prof. Dr. Volker Stich

Board of Directors
Prof. Dr. Günther Schuh

Board of Directors
Prof. Dr. Achim Kampker

Mission Research of practice-relevant problems and transfer of innovative 
organizational and corporate IT solutions for the digital 
transformation of business & industry 

Portfolio  Approx. 40 publicly funded projects
 Approx. 60 projects with clients from business & industry
 Various technology transfer projects

Staff  More than 45 academic staff
 20 regular staff
 100 student assistants

Topics  Production management
 Service management
 Information management
 Business transformation

Motto Making use of research. Adding value.
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Collect, feedback and use data

 Betrieb einer Online-Plattform zum
Austauschen von Gesundheitsdaten, um 
Krankheiten und deren Ursachen zu
analysieren

8Quellen: https://cdn8.giltcdn.com/images/share/uploads/0000/0001/6304/163047479/orig.jpg, http://blog.mindjet.com/wp-content/uploads/2012/09/mindjet-logo.png, 
https://files.graphiq.com/2957/media/images/Jawbone_Up24_5657035_i0.png, https://makkketing.files.wordpress.com/2015/10/32f45-applestore.jpg

Core business Use of data

23andMe

Jawbone 

Apple Stores

 Sale of Fitness-Tracker, including 
wristband and Smart Clips
 Products include Sleep-Tracking, to 

monitor the sleep

 Sale of Home-Kits for screening genetic 
information
 Original business model was prohibited by 

officials

 User data are used for sleeping behavior 
studies, e.g. influence of earthquakes and 
terror attacks

 Innovative Products, including 
Smartphones, Laptops, Desktop-PCs
 Apple Stores all over the world

 Collect all assessable data while sale 
process (first movement, handling, 
duration, …)
 Analysis to optimize the product

Bosch 
 Automated cutting machine was designed 

for big and square gardens
 Internet access to install Firmware-

Updates Over the Air

 Use created garden maps to optimize 
the product
 In reality gardens are small and contorted, 

machine was adapted

 Online-Platform for health data exchange to 
analyze illnesses and the causes thereof
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The capability of using data and generate knowledge will different digital 
champions from losers

9

For  Company success it‘s important, 

to learn faster than others. 

What does that mean?
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Customer and 
aftersales

 Missing 
customer 
feedback
prevents 
continuous 
product 
optimization

 Unused salery
by outsourced
service 
business

Supplier and 
requirements

 Market 
requirements 
are not 
specifically 
used

 Communication 
problems lead 
to shortage

Company

 Sufficient forecasts about demand and production are not possible. This leads to wrong market 
prognoses

 Interrelations between different influence factors along the value chain and especially within the 
company can not identified

 Missing possibility to measure rule-consistence and traceability on machine level
 Target figure, like employee predictability, delivery reliability or quality cannot be sufficiently 

optimized

Potentials are unused due to missing interfaces and data silos

10

Supplier Design Product 
modelling

Work 
planning Production Sales Customer
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Future project Industrie 4.0

11

Cyber

Physical

HardwareSoftware

IT-Software: Truth

Physical Systems: 
Automation

IT-Hardware: Speed

Social Behaviour: 
Cooperation

PLM-Systems
Lokal
data 
store

Cloud

Business 
Communities

Social 
Communities

High Speed 
Computing4. Industrial Revolution

Cognitive Systems

ERP-Systems

Collaboration
productivity

Internet 
of things

Software
Agents

Elements, that influence Industrie
4.0:
− Single Source of Truth

Data management to count on 
accuracy of redundant data

− Speed
Capacity of processors and 
supercomputers enables analysis 
of high data amount  

− Automation
The computer involvement 
automate processes  

− Cooperation
Social Networks enable 
information transfer, that goes 
much further than traditional media 
(e.g. E-Mail)
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Digital red thread enables fast adaption of products and production

12

Digital red thread though the company and supply chain

CAD-
Models

Work 
plans Feedback 

Single Source of Truth

Use of assistant systems

Fast Feedback about producibility Automated generation of work plans

Part 1

Part 2

Underbody

Body

Frame Front

Part 8

CustomerSupplier SalesDesign Product 
modelling ProductionWork plans
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The goal of Industrie 4.0 is a learning agile company;
a mere technology driven approach is not sufficient

14Source: McKinsey 2015

For the implementation of Industrie 4.0 an integrated consideration of technologies and their
organizational and cultural integration in the company are necessary

Project goal: Development of a predictive maintenance 
plan based on measured data for an oil platform

Result: The maintenance plan is mostly based on 
maintenance intervals recommended by OEM

Data collection 100% ~ 40% of measured data are not stored

Infrastructure 60% Approximately only 1% of all data are 
transmitted onshore

Data 
management

~ 1% No real time data access, thus only 
analyses of historical data possible

Analytics < 1% Reporting limited to few KPI

Distribution < 1% No interface for access to real time data 
analyses

Employees & 
Processes 0% Schedule is based mostly on maintenance 

intervals recommended by OEM

~ 30.000 measuring points
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A successful implementation of Industrie 4.0 in manufacturing companies 
requires a holistic transformation approach 

15

Resources Information 
Systems

Organizational 
Structure Culture

technology-
based 

approach

The goal of Industrie 4.0 is a learning agile company;
a mere technology driven approach is not sufficient

For the implementation of Industrie 4.0 an integrated consideration of technologies and their
organizational and cultural integration in the company are necessary

Project goal: Dev elopment of  a predictiv e maintenance 
plan based on measured data f or an oil platf orm

Result: The maintenance plan is mostly  based on 
maintenance interv als recommended by  OEM

Data collection 100% ~ 40% of  measured data are not stored

Inf rastructure 60%
Approximately  only 1% of  all data are 
transmitted onshore

Data 
management

~ 1%
No real time data access, thus only  
analy ses of  historical data possible

Analy tics < 1% Reporting limited to few KPI

Distribution < 1%
No interface f or access to real time data 
analy ses

Employ ees & 
Processes 0%

Schedule is based mostly  on maintenance 
interv als recommended by  OEM

~ 30.000 measuring points
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A successful implementation of Industrie 4.0 in manufacturing companies 
requires a holistic transformation approach 

16

Resources Information 
Systems

Organizational 
Structure Culture

The consideration of resources, information 

systems, organizational structure and culture 

enables a holistic determination of a 

company’s Industrie 4.0 maturity level and 

allows the derivation of company-specific

fields of action.
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There are many reasons why the shift towards a learning, agile company fails

17

Resources Information 
systems

CultureOrganizational
structure

Modern 
plants and machinery

Highly qualified 
employees

Production employees have a 
deep understanding of processes 

and products

Assets collect condition data and 
processes are compatible

Rigid engineering 
processes

Little collaboration with 
external partnersEngineering processes do not 

consider subsequent changes of 
requirement specification

The company does only have 
access to internal competencies 

and resources

Isolated application 
systems

Poor data quality

Manufacturing information are not 
integrated into PLM

Feedback data from 
production can’t be 

processed

Culture of constructive 
criticism

Formalized, hierarchical 
communication

Production employees strive to fix 
process weakness continuously

Production employees do not 
exchange knowledge beyond 

department boundaries
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For a successful implementation, the entire company structure 
has to be considered

18

Agile engineering 
processes

Collaboration in 
networks

Modern 
plants and machinery

Highly qualified 
employees

Culture of constructive 
criticism

Social 
communication

Integrated system 
landscape

High data quality

Production employees strive to fix 
process weakness continuously

Production employees have a 
deep understanding of processes 

and products

Assets collect condition data and 
processes are compatible

Agile engineering process, which 
allows continuous changes

Design of partnerships to provide 
competencies flexible

Implementation of a PLM system 
with ERP integration

Big data applications to 
concern errors in production

Social communication 
supported by

Enterprise 2.0 tools

Resources Information 
systems

CultureOrganizational
structure
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Goal
■ Companies lack an established strategic framework 

for determining their current status regarding 
Industrie 4.0 and deriving measures 

■ The existing frameworks do not take into account 
the entire organization, the culture, the resources 
as well as the interactions between these elements

Approach
■ Development of a maturity model to find out the 

fields of action with special respect to digitalization 
potentials and first actions

■ Identifying the relevant elements based on the 
acatech Industrie 4.0 Maturity Index

Result
■ The main result is a strategic framework enabling 

companies to identify their field of action and deriving 
a company specific Industrie 4.0 roadmap

The Maturity Index is developed by renowned partners from industry and research

19

Project partners Industrie 4.0 Maturity Index



© FIR e. V. an der RWTH Aachen 

Companies are currently failing with the implementation of Industrie 4.0; 
the developed approach deduces necessary actions and ensures investments

■ Industrie 4.0 was first presented in 2011, a systematic implementation 
in companies has not been taken place as far as possible until today

■ In companies use cases are dominant, but an end-to-end implementation
is necessary for raising potentials

■ Many companies are not aware of the development path

■ Companies need a precise development path for a holistic 
implementation of Industrie 4.0

■ An Industrie 4.0 roadmap is necessary to operationalize the implementation, 
to schedule the projects and to highlight the modifications of 
the organization

■ A well-structured roadmap supports benefit-oriented development of 
the company and enables modalities to ensure investments

20
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Transparency Predictability Adaptability

Industrie 3.0

What does happen?
“Seeing”

Visibility

Industrie 4.0

Development Path

Computerisation Connectivity 

Industrie 4.0

Why does it happen?

What will happen?

How can autonomous 
reaction take place?

“Understanding”

“Forecasting”

“Self-optimizing”

Industrie 4.0 Maturity IndexPlanned implementation of Industrie 4.0 in 2020 (State 2015)1
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Companies can leverage diverse potentials on the development path to Industrie 
4.0 by choosing a stepwise approach

21
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Industrie 3.0

What does happen?
“Seeing”

Visibility

Industrie 4.0

Development Path

Computerization Connectivity 

Industrie 4.0

Why does it happen?

What will happen?

How can autonomous 
reaction take place?

“Understanding”

“Being prepared”

“Self-optimizing”

5

6

3

4

1
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Company development within the structuring forces
is based on an Industrie 4.0 development path

22

From inside out: Six levels characterize the Industrie 4.0 maturity

Tasks are supported by data processing systems
Employees are relieved from repetitive manual activities.

1

2

3

4

5

6

Data processing systems are structured and linked
Core business processes are reflected in IT Systems

Companies have a digital shadow
The management takes data-based decisions.

Companies understand why events happen
Knowledge is discovered through recognition

Companies know what will happen in the future.
Decisions are made on the basis of future scenarios.

Companies react autonomously on conditions.
The system controls itself autonomously and is fully viable

<<<<<<

5

6

3

4

Information Systems

Culture

1

2

Resources

Organizational Structure

Visibility

Transparency

Predictability

Adaptability

Computerization

Connectivity
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Information systems comprises integrated systems, 
which capture data and information, process it and 

provide it context-based

The four structuring forces illustrate the fundamental Industrie 4.0 development 
and are captured by key questions

23

■ How can physical objects perceive their 
environment and communicate with it?

■ How flexible are these objects regarding 
their specific application?

■ To what extent do IT systems support a 
proactive provision of required information?

■ To what extent is captured raw data refined 
into highly valuable knowledge?

■ How flexible is the organization to adapt to 
changing general conditions?

■ To what extent do employees collaborate in 
a network based structure with each other?

■ How is information shared between 
employees?

■ To what extent do employees accept the 
image of a continuous adaptation of the 
company towards environmental changes?

<<<<<<

Information systems

Culture

Resources

Organizational structure

Questions within the structuring forces (examples)

Resources comprises employees and all necessary 
production factors, which communicate as smart 
objects with each other

The organizational structure enables an effective 
and secure collaboration along the entire value chain

Company culture supports a mindset of continuous 
learning and improvement

Maturity level corresponds with goal
Actual maturity level deviates from goal
Field of action
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The assessment by means of the I4.0 Maturity Index enables the development of 
a customized roadmap within weeks and an autonomous implementation

24

Kick-Off Workshop Post processing Presentation

Gain of 
knowledge

Procedure

Results

■ Getting to know the 
participants and 
introduction of the 
procedure

■ Self-assessment as to 
the current status of 
the digitalization in the 
company

■ All participants are able 
to understand the 
model

■ Evaluated maturity 
level of digitalization is 
available 

■ Recording the 
production procedure 
of a typical item

■ Tracking of the 
recorded procedure 
and analysis of the 
used aggregates

■ Insights won in the 
Kick-Off extended

■ Findings gathered, 
serving as a basis for 
the group workshop

■ Group workshop for 
analyzing the 
production procedure 
in terms of 
digitalization potentials

■ Additional questions 
asked by FIR-experts

■ Digitalization potential 
determined and FIR-
View added

■ Potentials summarized 
and broadly prioritized

■ Evaluation of the 
workshop based on a 
substantial survey

■ Determination of the 
maturity level and 
deduction of guidance

■ Assessment of the 
latest reached maturity 
level

■ Company specific 
roadmap 

■ Preparation of the 
workshop results and 
interviews with maturity 
index

■ Deduction of actions 
and initial scheduling of 
layout planning

■ Fields of action for 
digitalization roadmap

■ Recommend action for 
preparing the 
implementation

Week 1 Week 2 Week 3

Factory Tour

On Site Back office
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Industrie 4.0 maturity assessment enables the definition of a long term, 
company specific roadmap of specific actions 

25

Implementing today Implementing tomorrow Implementing the day after 
tomorrow

Deduced actions
for achieving 
objectives

Identified 
challenges

■ Reduced process stability due to 
numerous manual activities 

■ Integration of different IT-systems 
improvable

■ Implementation of an automated 
feedback system for production orders

■ Identification of media breaks and 
improving the integration of IT-Systems

■ Low transparency of orders in the 
production

■ Tracing orders is complicated

■ Further automation of working steps and 
creation of transparency in IT-systems

■ Setting up a dynamic planning approach 
on basis of the digital shadow

■ Utilizing the digital shadow; Automatic 
detection of malfunctions

■ Upgrade of dynamic planning approach 
by real time control mechanisms

■ Potential of the digital shadow is not 
completely accessible 

■ Impact of changes in the planning 
process cannot be simulated yet

< <<<<<< <<<<<<

Maturity level corresponds with goal Field of action

Current situation 
and set goals

Example
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Example: Portfolio of identified measures for an exemplary company can be 
separated by the three clusters

Identify of data source with real-time access1

Configure real-time access between ERP and MES (e.g. quality & planning data)7
Integrate maintenance data to data analysis solution8

Establish preliminary hypotheses based on MES data base2
Identification of missing data or data access and initiate subprojects3
Prove hypotheses and document identified pattern4

Install quality in-line sensors with real-time transfer ERP system6

Set up automated data analysis process based on identified patterns 5

Expand bidirectional information flow between ERP and MES system

17

Area symbolizes employee 
effort and time expenditure

18

Implement a business intelligence solution9
Utilize supplier information about raw material

Identify and prioritize media disruption in main processes 

16

Feedback detail planning information to SAP
12

1

7

3

12

Zeit

In-house Implementation

Identify relevant planning data and prepare APS implementation

10

Implement APS

11

Integrate supplier information in APS

13

Identify required and current data and information flow between departments

14

14

16

2 4 5 8 9

10

11

17 18

13
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Measures for data analysis:

Measures for planning system:

Measures for IT system integration:2018 2019-2021 2022-2023
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Three final advises
Think Big, Start Small, Learn Fast

 Start a Top-Down-Program!

 Act methodicaly and set goals!

 Run projects agilely!

27
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Contact

Campus-Boulevard 55 - 52074 Aachen

M.Sc.
Sebastian Schmitz
Information Management

Phone: +49 (0)241 477 05-505
Mobile: +49 (0)177 579 09 45
E-Mail: Sebastian.Schmitz@fir.rwth-aachen.de
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