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Editorial

Innovations, problem-solving expertise and highest quality are key characteristics
of the German mechanical engineering industry. That is also what Industrie 4.0
stands for. It is about combining information technologies with production engi-
neering and creating new innovative products and solutions. Without doubt, there
are numerous challenges linked to it: data security, technical standards as well

as necessary legal frameworks. In addition, there are investments in research,
education and training to be made and a strong demand for new business models
to be satisfied. As international competition around Industrie 4.0 will increase,

we have to face these challenges. There can be no doubt about it.

The German mechanical engineering industry as a provider and user of Industrie 4.0
technologies plays a vital role in this endeavor. It integrates the latest technologies
into products and processes and hence asserts its leading position as an enabler.
At the same time, it represents a data source for Industrie 4.0: It collects data,
interprets it, uses it for innovation and develops new business models. But
Industrie 4.0 shall not only be of interest to large companies. It must also be
economically viable and benefical for small and medium sized businesses.

Against this background, the Industrie 4.0 guideline from the VDMA (German
Engineering Federation) regards itself as a practical tool for the identification
and implementation of company-specific approaches to Industrie 4.0. The VDMA
guideline shall also encourage and arouse curiosity to see Industrie 4.0 as an
opportunity for the own company.

Many other activities of the VDMA forum Industrie 4.0 also pursue this aim, for
example the “Lab Touren 140” that take the visitor on a journey to innovation sites
at German universities or the “Forschungskreis 140” which initiates cross-industry
research projects in the interest of the VDMA members as part of the Industrial
Collective Research (IGF).

Speaking of research and science: Special thanks are due to Prof. Dr.-Ing. Reiner
Anderl of Darmstadt University of Technology and Prof. Dr.-Ing. Jirgen Fleischer
of the Karlsruhe Institute of Technology as well as to their research assistants for
editing this guideline scientifically. In addition, | would like to express my gratitude
to the involved VDMA members for their commitment as pilot companies.

The VDMA guideline Industrie 4.0 can therefore also be seen as an example for
excellent cooperation and networking of German machine and plant manufacturers.

| wish you all an interesting and inspiring read.

Hartmut Rauen

Deputy Executive Director
VDMA German Engineering Federation



INTRODUCTION

Guideline Industrie 4.0 -
Guidance for German small and medium sized companies

With Industrie 4.0, the fourth industrial revolution has started. Modern information
and communication technologies are merging with production technologies to form
a new stage of value creation. The availability of information in real time through
networking of all partners involved in the entire value-adding process leads to
dynamic, real-time optimizing and self-organizing, cross-company value-adding
networks.

Reiner Anderl

The small and medium sized companies in the German mechanical engineering
industry are the backbone of German industry. They guarantee growth and pros-
perity in our society. According to a study of the Commerzbank [1], the majority of
companies (86 percent) has recognized the opportunities offered by Industrie 4.0.
Nevertheless many of them are still reluctant to introduce solutions.

They are reluctant despite the opportunity that the introduction of Industrie 4.0
solution approaches offers them to respond to the changing conditions of global
markets. Ever shorter product and innovation cycles and the increasing predatory
competition are only some examples of the challenges that small and medium
businesses have to face today. In practical terms, the introduction of Industrie 4.0
Jirgen Fleischer means to these companies that they can adapt more individually to the needs of
their customers and that they can offer a high variant diversity down to a batch
size of 1 at prices close to mass production prices. The approaches of Industrie
4.0 allow to build production networks that produce efficiently and effectively at
low costs.

But other sectors are aware of the potential of Industrie 4.0 as well. Companies
from the field of information technology are pushing onto markets characterized
by production technology. In order to become an innovation and market leader on
the global market or to continue to remain it, time is becoming a decisive factor for
the introduction of Industrie 4.0.

This guideline should support small and medium-sized businesses of the German
mechanical engineering industry in rapidly introducing business models for
Industrie 4.0. For this purpose, the guideline describes a procedure model that
takes into account the visions around Industrie 4.0 and reduces them to viable
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stages of development. The application of these development stages in one’s
own company helps in finding ideas for new business models, innovative products
and improved production. The conception of business models will be carried out
in workshops within the company. The guideline presents the structure and the
procedure of such a workshop.

This way, the guideline offers guidance to the small and medium businesses
of the German mechanical engineering industry to find their own definition of
Industrie 4.0, to see the benefit for their company and to be able to specify it in
monetary terms.

Prof. Dr.-Ing. Reiner Anderl Prof. Dr.-Ing. Jurgen Fleischer
Department of Computer Integrated wbk Institute of Production Science,
Design (DiK), Karlsruhe Institute of Technology (KIT)

TU Darmstadt
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Management Summary

Many companies regard Industrie 4.0 more as a challenge
rather than a chance or an enabler for new business models.
Concrete solutions lie as much in the dark as the question
what Industrie 4.0 actually stands for. The diversity in the
business landscape of the German mechanical engineering
industry, however, means that every company has to create
its own view of Industrie 4.0 and to develop its own ideas for

using the new potentials.

Therefore, the aim of this guideline Industrie 4.0
is to provide small and medium sized machine
and plant builders with a tool for developing
their own Industrie 4.0 business models and
thus support them in their own Industrie 4.0
implementations. For this reason, the guide
does not represent a ready-made strategy for
implementing Industrie 4.0 in one’s own com-
pany. It rather shows tools and procedures for
the individual further development of one’s own
strengths and expertise.

The guideline is divided into five sections:
preparation, phase of analysis and creativity,
evaluation and implementation of the developed
business models. The core forms the realization
of an in-house workshop. Its proceeding and
methods are presented in detail in this guide-
line. The practicability of this guideline was
tested in four workshops in the pilot companies
ARBURG GmbH & Co KG, HAWE Hydraulik
SE, SCHUNK GmbH & Co. KG and SMS
Group. The experiences gained in these
workshops were then again included in this
guideline.

The objective of the workshop concept for the
companies is to develop their own approaches
of business models in the context of Industrie 4.0
with the help of creativity techniques. Core ele-
ments are an analysis of the company’s initial
situation in relation to Industrie 4.0 and the so
called “Toolbox Industrie 4.0”. The toolbox illus-
trates different application levels of Industrie 4.0
approaches and breaks them down into single
realizable development stages. To support
generating ideas in the company, the toolbox

is divided into the parts “Products” and
“Production”.

The workshop concept sees the use of the tool-
box in connection with established creativity
techniques for generating ideas and business
models. Interdisciplinary teams from the respec-
tive company develop their own ideas around
Industrie 4.0 in individual and group work,
assess these and further develop them to create
company-specific concepts for business models.
It concludes with the transfer of these concepts
to projects which can be worked on as part of
an individual Industrie 4.0 strategy.

The workshops carried out in the four pilot
companies brought up innovative ideas for busi-
ness models. It was shown that the procedure
model can be used successfully for elaborating
ideas for business models in the context of
Industrie 4.0. Therefore, the guideline offers
companies a suitable basis for developing their
own concepts within the Industrie 4.0 setting.
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Small and medium businesses
turn towards Industrie 4.0

German machine and plant manufacturers are
facing the challenge of Industrie 4.0. Numerous
companies are not able to see the objectives
and the specific benefit of the solution

approaches provided by or around Industrie 4.0.

They are reluctant to introduce Industrie 4.0
technologies to their own business. However,
the solution approaches of Industrie 4.0 offer
the very potential to establish new business
models through digitalization and cross-linking
of products and production. The challenge for
small and medium businesses of the German
mechanical engineering industry lies in the task
of reducing the visions of Industrie 4.0 to viable
development stages that show tangible benefits
for their own company and are also monetarily
quantifiable.

The time factor is decisive when implementing
Industrie 4.0 solution approaches. Because
information and communication technology is
used in production, companies based on infor-
mation technology are increasingly penetrating
the production technology characterized mar-
kets. By introducing the Industrie 4.0 solution
approaches, German machine and plant build-
ers have a suitable instrument at hand to assert

their market position or to expand it even further.

The time factor plays a decisive role in
shaping the fourth industrial revolution.

How can Industrie 4.0

be used to earn money?

Industrie 4.0 in itself does not represent any
value. The solution approaches of Industrie 4.0
are rather paving the way for new product inno-
vations, product-related services and improved

production processes. This way, on the one hand,
Industrie 4.0 can help companies to reduce
costs of their own production. And on the other
hand, an increase in sales can be achieved
through the enhanced usefulness and value of
their own products.

How can the vision of Industrie 4.0

become reality?

Many technologies for the Industrie 4.0 solution
approaches are already available. But the bene-
fits of Industrie 4.0 will only unfold with a clever
combination of these technologies. Still, many
companies are unaware of the road leading to
the identification and successful combination of
Industrie 4.0 solution approaches. The vision of
Industrie 4.0 must be turned into reality.

The benefit of Industrie 4.0 unfolds
with a clever combination of

already existing technologies.

The guideline will aid orientation

It is for this reason, that this guideline for intro-
ducing Industrie 4.0 to small and medium
businesses has been developed. It equips
companies with a procedure model that helps
them to successfully develop innovations in the
context of Industrie 4.0 and launch them in their
companies.

The guideline primarily addresses the decision
makers in small and medium businesses of the
German mechanical engineering industry. With
this guide they are given a tool that will accom-
pany them step by step in finding their own
concepts based on the Industrie 4.0 vision.
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What are the contents of this guideline?

Industrie 4.0 means change: German small and medium
businesses are given the chance to actively participate in
shaping this change. This may be achieved by launching
new, innovative products but also by improving processes
within the company, especially within their own production.
Ahead of the introduction of these innovations goes a
process that needs to be actively shaped and that takes
into account the potentials and peculiarities of the company.
The aim is to develop new products, processes, services

or business models in general.

Objective of this guideline

This guideline supports small and medium sized
companies of the German mechanical engineer-
ing industry in identifying potentials for products
and production with a systematic process in
relation to Industrie 4.0 and in developing their
own specific ideas in this respect. In doing so,
the guide describes a suitable procedure for
direct application in the company.

The introduction of Industrie 4.0 starts

with a commitment of the senior management.

What is needed for the implementation?
Industrie 4.0 affects all business units of a
company from development and production

all the way to service and disposal. Therefore,
the commitment to the implementation of
Industrie 4.0 needs to be expressed by the top
management prior to applying the procedure of
the guideline.

The solution approaches of Industrie 4.0 may
involve fundamental changes in the production
or in designing business models. It is therefore
necessary that the decision for implementing
Industrie 4.0 solution approaches within the
company is taken at the management level and
that the projects are staffed accordingly.

The first implementation step is the forming of
a suitable project team. The interdisciplinary
project team should consist of employees from
production and information technology as well
as from the development division. This is
especially vital when generating ideas around
Industrie 4.0 that require close networking
between information technology and engineer-
ing sciences.

The Toolbox Industrie 4.0

A key element of the guideline is the Toolbox
Industrie 4.0 (pages 11 to 16). This toolbox
combines the different application levels of
Industrie 4.0 in reference to product innovations
and production-related technical applications.
The application levels are each broken down
into five technological and sequential develop-
ment stages. The Toolbox Industrie 4.0
becomes the starting point for classifying the
fields of expertise offered by the company and
thus serves as a basis for new ideas in the
course of an Industrie 4.0 implementation
process.

How is this guideline structured?

This guideline is to be understood as a chrono-
logically arranged procedure model. To check
its practicability the procedure was tested in four
workshops in the following pilot companies:
ARBURG GmbH & Co KG, HAWE Hydraulik
SE, SCHUNK GmbH & Co. KG and SMS group.
The experience gathered was included in the
further development of this guide.
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Toolbox Industrie 4.0
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Figure 1: Toolbox Industrie 4.0

The procedure in this guide is divided into five
process steps. These process steps have to

be accompanied by a project team that is also
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zation of the workshop. The procedure illus-
trated in figure 2 starts with a period of prepara-
tion. In this preparation phase, a suitable
starting basis for companies to develop their
own ideas in the Industrie 4.0 setting is created.
Building on that, in a subsequent analysis phase
the company’s fields of expertise are identified
and presented in a comprehensible way. Based
on this analysis and the development potentials
derived therefrom, in the following creativity
phase ideas relating to products and production
are generated in an in-house workshop. The
workshop has to be perceived as a key element
of this guide’s procedure model. It helps to
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elaborate and assess the ideas for introducing
Industrie 4.0. To this end, the participants are
informed about the results of the analysis phase
and brought up to the same level of knowledge
during the workshop. Afterwards they purpose-
fully develop concepts for business models. In
the following evaluation phase, the participants
evaluate these concepts in terms of their market
potential and the necessary resources for their
implementation.

The approach of the guideline will be presented
in detail in the following sections.
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Figure 2: Structure of the guideline

Preparation phase

An in-depth knowledge of the relevant market
or of one’s own production respectively is the
starting point for elaborating product ideas and
improving production. A solid knowledge base
of all participants of the workshop in the matters
related to Industrie 4.0 will also support the later
development of ideas. It is therefore the objec-
tive of the project team to create a common
understanding of the subject Industrie 4.0 within
the company.

The workshop brings together the know-how

of different departments and specialist areas.

It is the key element for a creative elaboration

of concepts for business models.

Analysis phase

The analysis phase aims at identifying the
expertise available in the company concerning
Industrie 4.0 technologies. For this purpose, the
market position of the company and the compa-
ny’s own expertise regarding Industrie 4.0 are
ranked in this phase. This ranking is confronted
with the outside image of the company.

The analysis of the competencies or fields of
expertise in this respect is carried out for the
products as well as for the production. It is
inspired by the application levels and develop-
ment stages of the Industrie 4.0 toolbox. The
result is a first starting basis for the later idea
generation.

Project team

Creativity phase

The aim of the creativity phase is the generation
of new ideas and the subsequent elaboration

of concepts for business models. The imple-
mentation will be realized on the basis of the
fundamentals created in the analysis phase in a
process consisting of two stages. In the first part
of the process, the participants of the workshop
identify and collect initial ideas. These ideas will
then be discussed and further developed in the
second part. At the end of this period, business
models related to Industrie 4.0 have been devel-
oped into concepts.

Evaluation phase

The objective of this phase is the assessment
of the previously elaborated concepts for busi-
ness models. For this purpose, the participants
classify the concepts for business models
elaborated in the workshop according to their
market potential or to their potential for produc-
tion respectively as well as according to the
required resources for implementation. The
aim is to identify business models with a high
potential and a low resource input or a valuable
utilization of the company’s strengths.

Implementation phase

Finally, the project team draws up the generated
proposals and prepares them for further exam-
ination or for presenting them to the company
management. This way the results of the work-
shop can be transferred to suitable projects for
practical implementation.
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Industrie 4.0 in the VDMA

The VDMA Forum Industrie 4.0 consists of an

interdisciplinary team of VDMA experts that regard

themselves as partners and service providers. They

support the member companies in the fields of action

relevant to Industrie 4.0.

Politics & Networks

On the road to becoming a leading market and
leading supplier of Industrie 4.0, essential condi-
tions need to be agreed upon with political and
societal representatives. In order to lead Ger-
many as an industrial location into the future,
high requirements in the fields of research and
development, education and qualification,
norms and standards, legal and IT security
need to be complied with.

Production & Business Models

Industrie 4.0 places high value on networking

in production by using modern internet technolo-
gies. The objective is to facilitate communication
between the operating equipment, products

and its components to guarantee efficient and
customer-specific production processes.
Automation and products of batch size 1 will

no longer be mutually exclusive. The potential
for networking and customer-specific production
resides in innovative business models covering
the entire product life cycle — from conception to
disposal.

Research & Innovation

When implementing Industrie 4.0, the success
in international competition and the competitive-
ness of industrial Germany mainly rests upon
the research findings. Particularly important are
reliable funding tools in the research area of
production and ICT as well as the consideration
of the requirements of the sector machinery and
plant engineering mainly operated by small and
medium sized companies. Major factors of
success lie in the networking of all players and
quickly transferring the research findings to all
partners active in industrial operations.

Norms & Standards

Industrie 4.0 allows cross-company networking
and integration of various value-added networks.
For this purpose, norms and standards are of
fundamental importance since they define the
mechanisms of cooperation and the information
to be exchanged. It is thus essential to take
part in the process of standardization and the
shaping of open standards for the purpose of
building a reference architecture and to engage
all players in an active dialogue.

IT Security & Legal Affairs

In the context of Industrie 4.0, IT security is
imperative for the secure operation of cross-
company manufacturing processes. Automated
data exchange of networked systems must be
secure and reliable. It is crucial to control the
identification of the process players and to
protect the know-how of products, machines
and plants.

In the field of Industrie 4.0, legal repercussions
can already be detected. Consequently, existing
legislations need to be further developed and
newly interpreted. This endeavor will constitute
a central task when it comes to implementing
Industrie 4.0 and incorporating it into the daily
business of companies.

People & Work

Industrie 4.0 will fundamentally change work
and processes. In the future, the factory
employees will have to take on more responsi-
bility when it comes to coordinating processes,
steering communication and taking autonomous
decisions. The tasks will be more challenging,
technologically as well as organizationally,

and interdisciplinary competences will gain in
importance. The authorities, educational
establishments and companies will have to
adjust to these challenges.
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