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What Industrie 4.0 means
for manufacturing companies

Manufacturing builds an important sector in most economies
worldwide. Industrialization and automatization have entailed
great advances in production processes over the past two
centuries. Today, seeking for market leadership implies a
worldwide footprint representation. In this environment, a
company’s long-term competitiveness is strongly depending on
agility which enables faster adaptation to changing and diverse
requirements. Simultaneously, many companies struggle with
achieving the performance targets for their production and
supporting processes in the short term. Digital Transformation
on the path to Industrie 4.0. allows to successively advance both
agility and operational performance.
As of today, many companies have started activities, launched
initial projects, and promoted individual solutions. However,
projects do frequently not progress beyond the pilot status.

Identified potentials, in particular at interfaces and by scaling,
are only seldomly converted into returns. Failure can largely be
attributed to an insufficient match of activities and the neglection
of necessary cultural and organizational change. Consequently,
there is a need of an overarching plan that integrates individual
projects into a consistent and targeted program with a clear focus
on value. Piloting needs to be accompanied with early evaluation
of potentials, resulting in consequent scaling or discontinuation.
For a global roll-out, activities on plant and corporate level are
to be coordinated and aligned to agile and continuous value
creation. This paper reveals, how manufacturing companies are
managing their individual path towards Industrie 4.0.
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Staying ahead in a
fast-moving industry

Manufacturing is strongly influenced by today’s global
megatrends (see figure 1). While uncertainty or climate
change primarily pose threats on business success, there
is great unlocked potential connected to Digitalization and
Industrie 4.0. Until 2025, the German manufacturing industry
alone is expected to generate additional value added of 70 to
140 bn. US dollars through Industrie 4.0 (DB Research 2018).
Standing out from competition requires to anticipate change
and adapt rapidly. Change is shaped by overlapping drivers
emerging throughout the market environment and along
the entire supply chain. They pose numerous challenges on
manufacturing companies for which Industrie 4.0 can offer a
wide range of solutions. In the following, this paper focusses
on three main challenges from industrial practice, and
corresponding levers for Industrie 4.0 (see figure 2).
Looking at operations, small margins on the sales side
cause high cost pressure and output expectations internally.

Competitiveness depends on the effectiveness and
efficiency of processes. Consequently, increasing their
OEE is one of the most important challenges for operations
managers in most industries. Main levers for Industrie 4.0 are
reducing scrap and increasing the process stability,
particularly by reducing downtimes.
Moreover, expectations on industrial products are growing in
numbers, specificity and scope. Consumer demands have
become not only more sophisticated but also more individual
since purchasing options and information availability increased.
Additional pressure often results from expanding and locally
varying legal regulations and interventions. Highly critical
requirements refer to product safety, quality, and traceability.
Simultaneously, a wide range of products needs to be offered in
order to customize products sufficiently to the individual needs
of customers, e.g. in terms of nutritional trends, allergies, or
consumer experience. In consequence, companies need to
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Figure 1: Global megatrends with strong influence on manufacturing
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Figure 2: Main challenges from industrial practice and corresponding levers for Industrie 4.0

comply with a large bundle of requirements and beyond
that, ensure the documentation of extensive product- and
production-related information.
Increasing and changing product expectations and production
requirements lead to growing complexity. In production,
process complexity is mainly driven by necessary modification

and extension of processes. The same applies to the planning
complexity due to the increasing number of SKU2 and decreasing
batch sizes. Switching production dynamically to different
products demands for adaptability and responsiveness. This
concerns not only the resources but the entire organization
and its culture. Accordingly, companies need to develop their
agility as well as their complexity management.
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Value-creation on
the path to Industrie 4.0

The core idea of Industrie 4.0 is the systematic and automated
learning from data in order to reach better decisions faster.
Data-driven learning is enabled by integrated information flows
throughout the company and the entire global value creation
network. Integration spans all technical and business processes
horizontally and extends vertically from the operational to the
corporate level (BMBF 2013). Data silos are removed, and
information is fed back to operations. Extensive information
exchange with high data volumes and a multimodal way of
communication allow for real-time collaboration.

When advancing uniformly along the stages, the Digital
Transformation allows to reduce costs and increase efficiency,
effectiveness, and transparency at the same time. On the first
two stages, companies still do not enter Industrie 4.0 but lay
its foundations by completing computerization (stage 1) and
ensuring connectivity (stage 2). Building on connectivity,
visibility of information throughout the company can be
achieved on stage 3. Increasing availability of information
supports reliable KPI3, well-founded decisions, complexity
management and collaboration in value creation networks and
facilitates documentation, e.g. on quality and safety issues.
Direct contribution to the customer value is also possible,
e.g. by enabling traceability of materials or enhanced digital
experiences. On stage 4, full transparency can be created
through appropriate use of the generated information. Data
analysis enlarges the process understanding and enables

This vision of Industrie 4.0 is a long-term goal that can be
reached by following a consistent and targeted path of Digital
Transformation. Figure 3 shows six maturity stages according
to the acatech Industrie 4.0 Maturity Index along which companies
may align their individual approaches (Schuh et al. 2017a).
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Figure 3: Stages of Industrie 4.0 development according to the acatech Industrie 4.0 Maturity Index (FIR e. V. at RWTH Aachen University)
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improvements on major pain points, such as low OEE, extensive
downtimes, and scrap.
To reap the full benefits of Industrie 4.0, an acceleration of
decision and adaptation processes within companies and thus
a transformation towards technological and organizational
agility are necessary in the long run (Schuh et al. 2017a). As
illustrated in figure 4, accelerating adaptation processes leads
to significantly reduced latency. With (counter) measures
being taken faster, adaptation can create higher value. Ideally,
a drastically reduced latency can be enabled by accurate
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Data on event
available

B2
C

C2

Value of adaptation

predictions for future events and behavior in combination with
autonomous reactions to changing conditions. Accordingly, the
completion of Digital Transformation leads via predictability
on stage 5 to adaptability on the ultimate stage 6. Possible
applications on those stages are numerous and reach from
predictive maintenance and real-time production control to full
integration of information and material flows over the entire
company, supply chain, and customers.
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Figure 4: Transformation of traditional enterprises into agile Industrie 4.0 companies by accelerating adaptation processes
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Obstacles to an effective
Digital Transformation

Potentials of Industrie 4.0 are well understood in the industry and
many companies started first activities. However, accessing the
potentials in practice is often hampered by the typical obstacles
already broached in the introduction and shown in figure 5.
When it comes to implementation, many companies lose
sight of the overarching coordination and alignment of
activities with focus on the company-specific goals. Bottomup development is not sufficiently backed by top-down
steering and support. In practice, manufacturing companies
are generally confronted with a large and confusing collection of
pilots, which have been elaborated as “Proof of Concept” (PoC)
in different business units, plants, and departments. Frequently,
goals show to be too ambitious in the course of the projects,
as necessary requirements are not ensured. Delays and budget
conflicts result. For instance, enabling mobile maintenance by
using tablets is a popular aim often proving significantly more
difficult than anticipated due to necessary data not (yet) being
available and missing interfaces impeding its collection.

projects, such as the implementation of MES4 or IoT5 platforms
in production, are frequently faltering and not yielding the desired
results. Extensive costs and mostly indirect returns in unclear
amount and long delay are high hurdles, especially regarding
rather small margins in the industry. The obstacle at this point is
to proceed iteratively and develop further exploitative capabilities
in parallel, which allow to create value in the short term.
Finally, most digitalization projects focus on technology and
aim at extending the abilities of physical resources and IT
systems. However, particularly the exchange of information and
collaboration are at least as much depending on the company’s
culture and organizational structure as they depend on
available resources and information systems. Challenges
emerge, above all, at interfaces between corporate and plant
level, different business units or departments, and between the
company and external partners.

Challenges

Alignment of bottom-up
development with top-down
steering and support

Levers for
Industrie 4.0

Increase effectiveness and
efficiency of processes
(increased OEE)

Obstacles of
implementation

Main obstacles also result from asymmetries between longterm orientation and scaling effects on the one hand and
short-term value creation on the other. Enabler and multiplier

Growing complexity of
production and planning

Convergence between
long-term integration and
agile short-term value-creation

 Increase in process stability

 Agility

 Reduction of scrap
and downtimes

 Complexity management

Figure 5: Typical obstacles which inhibit Industrie 4.0 to lever the challenges of the industry in practice
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How to lead manufacturing c ompanies
effectively towards Industrie 4.0

Industrie 4.0 is primarily a target vision for the path of Digital
Transformation that needs to be shaped company-specifically
with focus on clearly defined corporate goals and specific
improvement potentials. A hybrid approach of agile short-term
projects and coordinative, standard-driven long-term integration
ensures iterative value creation while simultaneously keeping
one eye on the overall compass and readjusting the course, if
necessary.
Concerning the organizational structure, it is therefore important
to combine the top-down and the bottom-up approach.
In large companies, the interface between plant and corporate
level and the large product-driven diversity between different
plants represent particular challenges. The task is to consider
local requirements and develop individual solutions on the plant
level while ensuring global overall alignment and standardization
on the corporate level.
Four steps for the effective Digital Transformation can
be derived. They are multiply connected by iteration loops
and should be understood as an agile framework, which is
detailed in figure 6. At corporate level, the scene is set for the
transformation process by adjusting the strategic orientation,

In a nutshell:
Over the last years, companies have mostly focussed on
single technologies and individual use cases neglecting the
overall coordination of activities as well as cultural and organizational aspects. Now, the time has come to realize the full
potential of Industrie 4.0 by keeping its main idea in mind:
Integrated information flows that enable better decisions
faster.

setting up an organization to manage the transformation
process, and defining the framework and tools (step 1). Activities
are grounded on capability analysis for individual plants (step 2).
The analysis comprises a thorough survey of the current status
quo and the subsequent specification of detailed roadmaps.
Individual results are consolidated at corporate level to validate
goals, design standards and tools, and align activities of
individual plants (step 3). Finally, elaborated measures can
be deployed in individual plants as well as company-wide,
including a continuous monitoring to ensure an effective Digital
Transformation (step 4).

Top-down

1
Setting the strategic
course on corporate level

2

Depicting status-quo and

4

individual roadmaps

Deploying measures
individually and company-wide

Plant level
Figure 6: Implementation approach for Industrie 4.0 in large organizations

Merging the activities on
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Individual &
fast solutions

Bottom-up

3

Standardization &
alignment

Corporate level
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1. S
 etting the strategic course
on corporate level

What needs to be done
In a first step, top-down goal definition and commitment to
change are required on the corporate level. This includes
evaluating the current business model and expected future
changes as well as setting up strategic development targets
to be achieved through Digital Transformation. On this basis,
a steering digital organization, an overarching IT architecture,
and a central application and technology store should be
established. Their conception and implementation lead to
extensive synergy effects while allowing customization to
prioritized goals and individual solutions on plant level.

Corporate

An effective digitalization strategy depends on a central
digital organization on corporate level to define standards,
set goals, and steer the transformation. Therefore, it decides on
a common standard framework to structure the transformative
activities within and across plants and guarantee a certain level
of comparability. It also shares best practices and is responsible
for the implementation of task forces. Digitalization consultants
act as connectors between corporate and plant level. They
promote the standard framework while simultaneously feeding
back individual requirements to the corporate level. At plant
level, local digitalization managers organize the individual
transformation path by specifying the corporate goals and
overseeing the adaptation of solutions (see figure 7).

A consistent IT architecture based on a corporate
standard framework enables the integration of various data
sources along the entire supply chain and product lifecycle.
Infrastructure concepts, IoT6, cloud solutions, connectivity
standards, and middleware IT security are to be considered.
For large manufacturing organizations, the focus is on
standards for the MES. On corporate or divisional level, core
business applications, data models, governance concepts,
and master data management measures need to be defined.
Figure 8 contours the Internet of Production (IoP) as holistic
model of IoT in production, including instances on different
levels from raw data collection to expert decisions and across
the development, the production, and the user cycle. For
further information see Schuh et al. 2017b.
In addition to adjustments in the organizational structure and
the IT architecture, a central app and technology store
provides standardized solutions and support on corporate
level. All included digital solutions, such as software, devices,
and sensors, should be ready to use. They need to be validated
to fulfill global requirements. Beyond that, continuous scouting
for new applications is required to keep the store up to date.
On plant level, a local application portfolio, which fits the
individual best practice, is selected, and first level support for
applications is provided. Apps from the corporate scouting can

Executive Board
Chief Digital Officer
Digitalization Team
Central IT

Plant

Digitalization
Consultants

Local Digitalization
Manager

Figure 7: Extract from a central digital organization

Local Digitalization
Manager

Local Digitalization
Manager
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The Internet of Production provides the overarching vision for the implementation of Industrie 4.0
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Figure 8: Internet of Production (Schuh et al. 2017b)

Through the tailored provision of information, the Internet of Production ensures high process quality and fast process execution.
© FIR e. V. an der RWTH Aachen

be validated in pilot plants, and new apps can be prototyped
and tested in order to find local best practices.
How to do it
The initial situation from which the individual path of transformation
is drawn varies from company to company, which is why the
clear definition of a common jump-off point is essential.
As the rate of change is determined by the cultural willingness,
awareness events and workshops on management level may be
recommendable at first instance. The existing course, previously
established with digitalization strategies and organizational
adjustments, needs to be considered. This step is not about
changing everything but adapting to what is already set and
working with what is available.
Digitalization and Industrie 4.0 are not an end in themselves but
an enabler for improvement of the value-creation and therefore
focus on the business operations. This is where they overlap
with the business strategy and why the process of Digital

Transformation needs to be mutually aligned with those goals.
Figure 9 depicts ten goals that are extensively supported by
the potentials of Industrie 4.0. They can be clustered in three
main goals regarding speed and flexibility, quality and
assurance, and efficiency. This framework helps to derive

In a nutshell:
It is extremely important to establish a central organization
that defines and disseminates standardized solutions and
coordinates activities throughout the company. This allows
to lift extensive synergies regarding methods, data models,
IT infrastructure, and data platforms. Simultaneously, it is
necessary that business units and factories have freedom
to further develop or integrate new applications flexibly.
The Digital Transformation can be accelerated significantly
by combining flexibility and standard-driven corporate
alignment.
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Figure 9: Typical goals of Digital Transformation (Singapore EDB 2017)

the individual goals of a company or plant in a vision workshop
with the responsible management. The goals defined on
corporate level are to be considered throughout the following
implementation process to avoid losing focus on what is
important for the company. Specific goals, however, may differ
from plant to plant.
Aligning the organizational structure with the requirements of
the transformation process depends on the already achieved flexibility and the necessary high-level commitment.
Major changes, such as the implementation of a matrix organization, may be recommendable although accompanied with
large efforts and internal resistance. In any case, coordination
of activities and monitoring need to be ensured at all essential
interfaces, e.g. between plant and corporate level. Therefore,
new functions are created, or alternatively the additional responsibilities are allocated to already existing positions.

Setting up a consistent IT architecture and a central app and
technology store on corporate level demands for network thinking. Solutions and expertise of different partners from an extensive ecosystem should be considered and integrated. The
focus is on compatibility of systems, in order to shift away from
isolated solutions to integrated platforms of technologies, resources, and services.

Head of Industrie 4.0 at Strauss Group:
“The i4.0MC has acknowledged to align the digital activities
on the plant level with the organizational structure, central
services, and goals of Digital Transformation on corporate
level. They enable organizations to conduct respective activities in a fast and efficient way.”
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2. Focusing on individual plants

On the plant level, Digital Transformation is driven by specific
activities which aim at developing necessary capabilities in
different operative fields of action. In order to keep focus and
ensure efficiency, they should be coordinated in a detailed
roadmap. The development starts from a clearly delineated
initial level, determined in the course of an in-depth status quo

analysis. For large-scale organizations, it is necessary to gain
a holistic overview by repeating the process in different plants
and consolidating results on the corporate level (see step 3). The
assessment scope should reflect the heterogeneity of the plant
network regarding main differentiation criteria, such as product
portfolio, country location, or age.
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2.1 S
 urvey the current status quo with
the Industrie 4.0 Maturity Index
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Figure 10: Industrie 4.0 Maturity Index with six maturity stages and four structuring forces

What needs to be done
The Industrie 4.0 Maturity Index presented in the acatech
study provides a structured methodology to analyze the status
quo of a company’s Digital Transformation. It is built up on six
value-based development stages, along which companies
advance in the course of their Digital Transformation. The
described development path leads from computerization on
the lowest stage to adaptability on the highest. In supplement
of figure 4, the stages are displayed as concentric circles in
figure 10, visualizing the growing value creation potential of
Industrie 4.0. The four quadrants of the maturity radar refer
to four structural forces. They generate a holistic view on
the resources, information systems, organizational structure,
and culture of the entire company. Each structural force is
characterized by two underlying principles, as specified on
the axes of the Maturity Radar in figure 10. Principles cluster

necessary digital capabilities whose continuous development
drives the Digital Transformation. (Schuh et al. 2017a)
Resources include both physical and immaterial resources. For
example, technical equipment needs to be capable of collecting
and processing data, while employees need to develop an
understanding of the information provided and communicate
efficiently via interfaces. The two principles of this structural
force are thus called digital empowerment and structured
communication. Information systems comprises the
principles of information processing and integration. The former
requires the development of a digital information architecture
which enables the real time collection, processing, and
dissemination of data. All existing systems need to be integrated
into a common IT architecture that is accessible along the entire
value chain. The principles of the organizational structure
include internal organization and dynamic collaboration in
value networks. Internal organization refers, for example, to the
creation of flexible working groups and task-oriented or goaloriented teams. Moreover, the organization promotes external
communication and networks in addition to internal ones and
thus simplifies the exchange of information. With focus on
the culture, readiness for change and social collaboration
are analyzed. The aim is to promote an open exchange of
experiences on how to deal with data-based work. Furthermore,
the culture should encourage employees to proactively pursue
new possibilities and ideas for future change and ensure the
implementation of change with the support of all actors involved.
How to do it
The Industrie 4.0 Maturity Index can be applied via a
questionnaire that is customizable to fit the company.
Analysis are carried out for individual plants and should focus
on an appropriate scope by defining relevant core processes
to be included (e.g. planning, engineering, possibly different
production areas, quality assurance, maintenance, etc.). The
required information can be gathered successively during
process walks and interviews with responsible managers
for all core functions. In order to ensure meaningful results, a
combination of methodological expert knowledge regarding
the Maturity Index and a profound understanding of the value
creation process is needed.
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Figure 11: Results of a status quo analysis

Results are generated on a deep level of detail, which allows
for individual analysis of different core processes, structural
forces, and even single capabilities. Figure 11 presents a
typical analysis result on the overall plant level. The reached
stage is highlighted in green and refers to the average values
for individual principles (cluster of essential capabilities),
which are specified on the axes of the radar. As of today,
most manufacturing companies show a distribution between
stage two and three. However, significant differences between
individual processes and structural forces generally emerge,
revealing substantial gaps of development. Those are a major
barrier to realizing the potentials of Industrie 4.0, as they
prevent initiatives and investments from paying off. Due to the
high level of detail of the analysis results, identified gaps can
be traced back to individual capabilities which need to

be addressed first. In the next step, such insights are used
to derive a consistent roadmap with focus on reaching a
homogeneous maturity stage (dotted circle in figure 11) before
aiming at lifting the entire organization to a higher stage.

In a nutshell:
The application of the Industrie 4.0 Maturity Index enables
a detailed and holistic status quo analysis on the plant level.
The structured methodology makes results comparable on
corporate level while simultaneously ensuring the consideration of individual plant requirements within the transformation process.
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2.2 Defining a roadmap for consistent
and prioritized action

What needs to be done
Based on the detailed status quo analysis, specific measures
of progress can be derived. As pointed out before, poor
coordination of activities is one main obstacle on the way to
Industrie 4.0. Consequently, prioritizing and linking necessary
measures is a key to success. It can be achieved by a consistent
roadmap that forms an overarching program plan, comprising
individual projects which aim at implementing the defined
measures. It starts from the status quo and leads the plant to
a higher maturity stage within a certain time period. The focus
of contained measures as well as the aspired maturity stage
and time frame need to be aligned with the previously defined
corporate goals.

certain requirements that may only be met by implementing
other measures first or in parallel. Being aware of such
interdependencies, when defining the roadmap, allows to
accelerate the progress, increase the benefit, and reduce the
costs, thus pushing efficiency.
Beyond the coordination of activities, the roadmap also helps
to increase the acceptance and commitment on the part of
the employees. Both can be boosted significantly by transparent
communication of the overall plan on the one side and the
contribution of individual efforts on the other. In this context,
the integration of already existing projects is also an important
issue. It may allow to reward and promote the engagement and
capitalize on available budgets. On the other hand, necessary
reorganization of project focus and structure can imply
considerable resistance and effort.

The sequential arrangement of measures in the roadmap reflects
that most measures cannot be started unconditionally but set
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Process: Overall

Operational Strand: Efficient Organization
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 Industrie 4.0 and the roadmap include a complete transformation program
with a variety of single projects, which have to be coordinated

significant

supporting

Benefits
 Coordination and alignment of all Industrie 4.0 related
projects
 Having the transformation as a holistic approach
Implementation complexity

low

medium

high

Efforts
 Required working time in coordinating the projects
(~ 25% FTE)

 Close alignment with engineering and technical development

Figure 13: Measure profile “Appoint and empower an Industrie 4.0 manager at the plant”

How to do it
First, corporate goals need to be validated and broken down to
the plant, concerning its specific requirements. Confining to a
number of two to four main drivers (e.g. asset efficiency, cost
reduction, productivity, etc.) is recommended, in order to keep
the roadmap focused and aligned to the strategic goals. The
focus is moreover ensured by a manageable scope of included
measures. Therefore, a time horizon of two to three years
is generally a good benchmark, allowing to ascend between
one and two maturity stages. A broadly connected company
(stage 2), for example, could reach comprehensive transparency
(stage 4). In any case, reaching maturity stage six in a single
loop is hardly realistic. A more promising approach is to conduct
follow-up analysis and reorient roadmap activities iteratively to
changing requirements and the already achieved progress.
A structured elaboration of measures is again assisted
by the Industrie 4.0 Maturity Index. For all capabilities
of Digital Transformation, the Index describes the degree of

specification at all maturity stages and thus indicates what
needs to change to climb the next stage. Also, obstacles and
necessary action are often alike across plants and companies,
which is why the definition of measures can be supported by
expert knowledge in form of standardized solutions and Best
Practices. Still, measures need to be adapted to the individual
circumstances and status quo, and some measures are probably
to be developed specifically. Those specific requirements should
already be documented during the assessment on site, in form of
ideas, and then merged with appropriate solutions.
A roadmap should comprise a set of measures that are
collectively exhaustive and mutually exclusive, as far
as possible. Therefore, it is indispensable to analyze the
interdependencies between activities and their concurrent
influence on different capabilities. A respective understanding
allows to bring measures in a temporal and relational order,
as shown in figure 12. In addition to the assignment to certain
maturity stages (on the top), operational strands are introduced
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as further structuring element (on the left). They can be used to
cluster measures according to a central progress which they
enable jointly.
The priority of measures depends on their contribution to the
progress of Digital Transformation with focus on the predefined
main drivers. Impact is difficult to quantify as it consists to some
extent in enabling further activities. However, such interrelations
and dependencies also explain why advancing uniformly from
stage to stage is generally convenient to exploit the full potential
of each stage. In consequence, roadmap activities should
concentrate first on closing the gaps at lower stages regarding
individual capabilities, processes, and structural forces. This
means uniform circles in the maturity radar, which then can be
expanded (see figure 11).
If possible, more specific projects of smaller scope and shorter
duration are preferable, as they improve the overall agility.
However, projects with long-term focus are also indispensable,
especially for system implementations (e.g. MES). These should be
structured in a way that allows for partial advance in consecutive
measures and stepwise value creation already in the course of
their implementation. Sometimes it is even reasonable to proceed
in a hybrid manner and conduct agile short-term projects in
parallel to long-term projects with the same focus.

In a nutshell:
Specific measures for improvement can be elaborated and
assigned to development needs resulting from the previously analyzed status quo. Those measures are prioritized and
related to each other in a detailed roadmap that draws a
consistent development path for the individual plant during
the upcoming years.

Figure 13 shows a measure profile for a typical organizational
measure at the beginning of the transformation process.
According to the consistent digital organization introduced
in step 1, it describes the necessary appointment and
empowerment of an Industrie 4.0 manager at the plant. The
measure profile provides a short summary of the status quo
and a description of necessary steps. Meta data regarding
the associated structuring force, operational strand, process,
and maturity stage define the context for implementation. In
addition, a qualitative estimation of the measure’s contribution
to business value, the implementation complexity, benefits, and
efforts are given.
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3M
 erging the activities on
corporate and plant level

What needs to be done
Corporate and plant level activities are to be merged in
a continuous alignment process. This process runs
in parallel to the assessment of single plants as well as
to the subsequently described deployment of measures.
Assessment results of all considered plants are collected
and compared while validating the defined strategic goals.
Individual roadmaps can be consolidated to overall roadmaps
for certain business units and/or the entire company. Locally
elaborated and tested solutions are evaluated regarding their
generalizability and scalability. This allows to define global
standards and tools based on pilot projects and PoCs . Central
systems, solutions, and services can be developed or bought
on corporate level and provided to the plants. The applications
and technology store, established in step 1, can now be filled.
Simultaneously, the process of Digital Transformation needs
to be extended to the entire scope of business units

Legend

and plants. On the one hand, this refers to planning and
conducting further assessments. Such can be appropriate
to survey the status quo in plants with significantly deviating
conditions and thereby consider the entire spectrum of
the company’s locations. Repeated assessments should
moreover be considered to follow up on the progress in already
assessed plants. For large-scale organizations, a training of
inhouse consultants who can apply the methodology of the
Industrie 4.0 Maturity Index and conduct the assessments
may be considered at this point. On the other hand, the digital
organization presented in step 1 is to be extended consistently.
Successively, all plants get included in the mutually permeable
structure, allowing top-down monitoring and support provision
as well as bottom-up suggestions and feedback.
How to do it
Figure 14 gives an example of a consolidated roadmap
on corporate level. It presents measures of relevance for

Maturity levels on transformation path
Digitalization

Industrie 4.0

Average score of all plants and processes

Planning &
Scheduling

Capacity planning in
SAP

Production

Integrate machines
to the MES
Material tracking by
Auto-ID technology

Logistics &
Warehousing
Engineering &
Maintenance

Mobile devices

Quality

Integration of
Measurement

Overall

Collaboration platform

Computerization

Figure 14: Consolidated roadmap on corporate level

Connectivity

Integrated detailed production planning tool
Implement
dashboards

Analyze short
stoppages and scrap

Interface between
WM and MES

Automated material
ordering

Further condition
monitoring

Knowledge
management

Adaptive Production
Planning

Automated
handling systems
Predictive
Maintenance

Integrated quality data analysis tool
Establish incentive
system

Data analytics
team

Visibility

Transparency

Predictability

Adaptability
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Process: Overall

Operational Strand: Efficient Organization

 Production parameters are transmitted manually to the machine PLC
or adjusted manually at older machines

Contribution to business value
essential

Description of measure
 Recording
Integration the
of the
inventory
entire spare
of plant
partinterfaces
life cycle (order, stock, assembly) in
ERP
 Preparation of an information analysis for the transfer of all necessary information
 Integrate spare parts inventory to ERP (see measure 6)
of ordering
a target state
under
of current
 Determination
 Visibility of
process
andconsideration
order status/tracking
ofstandards
spare parts
of the machine interfaces (e.g. OPC UA)
 Increased traceability of ordering process
of an implementation
plan containing
agilespare
implementation
 Creation
 Technicians
can access status
of his andan
other
parts orders
(also via other devices)
 Deployment of an implementation team that includes the necessary competencies
 Implementation of a first pilot
 Evaluation of the results and further roll-out (in coordination with Scrum projects)
 Adaptation of the existing process to the developed machine interfaces

1

Maturity level

Status quo
 Most machines are not connected to the MES and some lack in interfaces

significant

supporting

Benefits
 Continuous information transfer of the production order and
product/process parameters to the MES
 Loading of machine parameters from MES
and ensuring constant parameters according to recipes
Implementation complexity

low

medium

high

Efforts
 Creation of a target image for the machine interfaces
 Development and adaptation of existing machine interfaces

Figure 15: Measure profile “Integrate machines to the MES”

multiple plants and in different processes. By following the
guiding measures of each step, a uniform progress along
the value-based development stages can be supported
company-wide. This progress should be closely monitored by
the corporate/divisional digitalization consultants. For largescale organizations, it may also be considered to train those
consultants to conduct the Industrie 4.0 maturity assessment
in-house in additional plants.
Detailed standardized measure profiles are provided for each
suggested measure in the consolidated roadmap. These
standard measures can be chosen and implemented by the
different divisions and plants and adapted to their individual
requirements. A suitable example is given by the integration of
machines to the MES, which is presented as measure profile
in figure 15 and also appears in the consolidated roadmap in
figure 14.

In a nutshell:
On the corporate level, individual roadmaps and activities are merged in a continuous alignment process. While
collecting the individual requirements of the plants, central systems, solutions, and services can be developed or
bought on corporate level and provided to the plants. Simultaneously, the further assessments and the extension
of the digital organization (step 1) to the entire company
ensure a continuous coordination during the execution of
activities.
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4 Deploying measures individually
and company-wide

What needs to be done
In order to move forward on the path of Digital Transformation,
defined measures need to be implemented in respective
projects. This refers, on the one hand, to assessed plants
where activities can be started immediately after defining
their specific roadmap. On the other hand, the company-wide
deployment of corporate standard measures in all concerned
locations ensures a uniform development. Accordingly, this
fourth step begins after step two and runs in parallel with the
previous step three, where standard tools and services are
defined.
To ensure the effective Digital Transformation, a local
digitalization manager is defined for each plant (see step
1). Corporate standard tools are implemented, and central
services are availed, whenever possible. They are evaluated
regarding their fit to the individual requirements and adjusted,
if necessary. Project management relies on agility and can
be supported by training an increasing number of internal
consultants, who also function as ambassadors. In parallel to
the deployment, the selection and validation of technological
solution continuous, as described in step three. Successful
PoCs, prototypes, and further measures with potential
overarching applicability are fed back to the corporate
functions of the digital organization.

their consistent implementation generates substantial
synergy effects on the plant level due to the shared efforts
for development and planning of measures. Also, the
deployment and thereby the entire Digital Transformation
can be accelerated notably, if solutions are already available
and administrative processes, such as budget releases, are
shortened and simplified.
Starting individual projects requires a sound business
case calculation first. During implementation, a hybrid
approach combining agile value-creation with long-term
target orientation should be pursued, as described in
step 2.2. Projects need to address and treat plant-specific
operational pain points while constantly reviewing the target
achievement and the scalability potential. In practice, this
often means increasing the OEE iteratively by analyzing
scrap and small stoppages and deducing improvement
measures. Direct improvements of process stability may be
achieved by automized data exchange and transparency (e.g.
regarding material tracking, transfer of recipes and process
parameters to machine PLC, downtime protocols). In the long
term, a deepening understanding of error causes enhances
responsiveness and enables, for instance, predictive or even
preventive maintenance.

How to do it
A crucial condition for success is the endowment of local
digitalization managers with sufficient authority and
resources. Beyond the allocation of employees to different
related tasks, a perceptible high-level sponsoring and backing
of decisions is required. Furthermore, the significance of
standard solutions should be emphasized at this point.
In addition to their importance for corporate alignment,

In a nutshell:
Local digitalization managers organize the digital transformation on the plant level. They are guided by individual roadmaps and
rely on the support provided on corporate level. Standard tools and services can be used or adapted in order to successfully
and efficiently deploy Industrie 4.0.
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Conclusion

Manufacturing companies are facing extensive transformative
changes. In order to survive in a highly dynamic competitive
environment with growing customer expectations and further
global competitors, companies need to increase simultaneously
their efficiency and agility. Digital Transformation bears immense
potentials regarding common pain points in production, reaching
from operative aspects such as low OEE, extensive scrap, or long
downtimes to regulatory and customer-demanded requirements
on quality, documentation, or traceability. Even more importantly
and beyond short-term cost savings and efficiency increase,
advancing on the development path of Industrie 4.0 is crucial
to maintaining competitiveness in the long term. Experience
has shown that most companies are aware of the previous but
struggle in driving the transformation in practice. Frequently,
isolated and prototypical solutions are already developed and
tested, but a consistent definition of the development path and
overall coordination of activities are missing. Additionally, the

focus is largely on technology while disregarding necessary
cultural and organizational change. Successful transformation
needs to be grounded on a holistic view and the joint, agile
development of all company dimensions. A hybrid approach
combines top-down frame setting and support on corporate
level with bottom-up specification and implementation on the
plant level. Starting from a solid strategic course and framework,
individual plants should be analyzed. The Industrie 4.0 Maturity
Index provides a standardized methodology to survey the
current status quo in detail and aggregate results for specific
analysis purposes. On this basis, necessary activities can be
defined and structured in a consistent roadmap that aims at
closing existing backlogs and then advancing the plant uniformly
towards higher stages of Industrie 4.0 maturity. The elaborated
activities need to be aligned on corporate level and deployed
company-wide with specific focus on the individual conditions
at each plant.
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