
Industrial Use Case 8

The following case study shows how some of the previously described BPM
concepts, methods and languages were used to improve a core process of a company.
On the basis of the individual aspects of the open BPM cycle their instantiation and
intertwining will be demonstrated as occurring in a real industrial development
project. In the following, the course of the project is described in a structured way.
The respective activities of the bundle of activities in Figure 8.1 are noted in the
margin of the use case description. The activities of each activity bundle are not only
carried out with a high degree of overlap, there are also frequent shifts with respect to
the considered focus throughout the project.

8.1 Background and Setting

ENGEL is a traditional Austrian manufacturer of injection moulding machines and
was founded in 1945 by Ludwig Engel. Following the introduction of the first
injection moulding machine in 1952, ENGEL had developed into the world market
leader by 2016 with a total sales of 1.36 billion euros. The fully owner-managed
company employs around 5,900 people worldwide in 9 production plants and over
85 branches [1].

ENGEL is a strongly customer-oriented company with a focus on flexibility and
innovation.

Analysis: Determining the Key Performance Indicators based on the business
model and strategy

The strong orientation toward customer needs and the ongoing development
toward shorter delivery times has led to the definition of a company-wide goal:

# The Author(s) 2020
A. Fleischmann et al., Contextual Process Digitalization,
https://doi.org/10.1007/978-3-030-38300-8_8

253

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-38300-8_8&domain=pdf
https://doi.org/10.1007/978-3-030-38300-8_8


reduction of the total process lead time for all variants of a standard component for
injection moulding machines by 30%.

A project team was set up to survey and analyze the existing process and to
implement the necessary improvements. The first step in any optimization process is
to capture the actual status to gain more detailed knowledge of the material and
information flows, and of any factors that may affect the process. At the start of the
project there was hardly any explicit information about the overall process, the
detailed process steps, or the process actors involved.

Initially, it was only known that the process involved two production sites in two
different countries (Factory A and Factory B) and three relevant product groups:

Analysis: A look at the “world” as it is.

– Product 1: The finished frame for the injection moulding machine is the initial
component of each machine. Frames are assembled in Factory A and consist,
among other things, of Product 2. The total lead time for Product 1 comprises
order processing, production, and delivery of components (Product 2) and
subcomponents (Product 3).

– Product 2: The so-called 'raw' frame with oil tank. This main component is still
mechanically unmachined. It is assembled in Factory B from Product 3. There are
several dozen variants of Product 2, depending on customer requirements.

– Product 3: A kind of building kit of saw blanks which are sawn off from bar stock
in Factory A for each variant.

Analysis&Modeling: Outline the current process

Figure 8.1: Shift between activities in the sample use case
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Figure 8.2 shows a rough diagram of the supply chain. The triggering event is the
order submitted to Factory A from the production department (as internal customer).
Factory A saws the blanks and then delivers the necessary parts (Product 3) for
Product 2 to Factory B for assembly. The intermediate Product 2 is delivered to
Factory A for assembly and then subsequently delivered to the internal customer
(production line for the injection moulding machine).

This process is controlled by orders that are exchanged between the factories.
When an order arrives at a factory, it is entered into the factory’s ERP system, and a
production order is created with a corresponding delivery date. An order is not
productively effective until this entry has been made. If the process up to the entry
takes longer than 2 working days, the production order does not reach production on
time because the order lead time is set to two working days.

In the initial situation, approximately 95% of all orders between the factories were
entered too late, i.e., more than two working days passed between the arrival of the
order in the factory and the actual entry. These orders then had to be processed
manually with enormous additional effort, which led to an internal delivery reliabil-
ity for Product 2 of only 39%. This in turn resulted in problems with production
planning in Factory A and further delays in the production of Product 1.

Analysis: First rough planning and diagnosis of enterprise architecture: No
fundamental changes to the organization and the IT

In order to achieve the specified goal of reducing the lead time by 30%, a time
frame of only 10 weeks was specified. The two factories were located in two
different countries with different languages. The tight timeframe led to further
restrictions for the project; new software solutions or technologies could not be
introduced on-the-fly. The introduction of such far-reaching changes is a strategic
decision and requires a lot of manpower, budget, risk management, and time. This
meant that changes to the existing processes had to be implemented within the
existing organization and IT environment. Only after achieving the original project’s
objective it would be possible to implement further measures for additional
improvements.

Figure 8.2 Supply chain between factories
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8.2 Implemented Measures

Analysis: Process analysis and selection of a modeling language

Apart from a superficial description of the material flow between the factories, no
explicit process information was available to the project team. Since proper process
documentation is essential for understanding the overall process and identifying
optimization potential, the next step was to document and analyze the already
established production process using Value Stream Analysis (VSA) [2, 3], i.e., the
standard tool for documenting production processes in the company.

For an initial illustration of the process, it was necessary to select a suitable
representative product which covered the basic production steps and most of the
material flow. The project team decided to use a variant of Product 2 for a first as-is
analysis. This selection was based on an ABC analysis of all product variants and the
corresponding work plans. The variant selected for Product 2 accounts for 30% of
total production. It had the most complex work schedules and the highest total lead
time of the three defined product groups.

Analysis&Modeling: Modeling of a part of the as-is process

By tracking the material flow at both production sites, collecting relevant KPIs
(inventory levels, production lead times, customer cycles, etc.), and interviewing the
responsible employees, the project team was able to create a Value Stream Model
(VSM) for Product 2. Figure 8.3 shows the VSM of the production process and its
hierarchical structure.

Analysis&Modeling: Identification of optimization potential

The results of the Value Stream Analysis were as follows:

• The production process of Product 2 consists of two main steps: production of the
base frame and production of the oil tank. Once the oil tank is finished, it is
mounted to the frame to produce Product 2.

• The oil tank and the frame are manufactured separately. This means there is no
coordination between the two production lines once a job has been started.

• Due to the lack of production planning, unfinished stocks are piled up with long
waiting times. Consequently, only about 10% of the total lead time is
production time.

• The lead time can be reduced by optimizing production and workload planning.
However, the identified improvements are not sufficient to achieve the project goal.

• The project team has identified high potential in the processing of orders as part of
the information flow.
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Analysis&Modeling: Detailing the process model

In addition, the project team could obtain more detailed information on the
ordering process between the factories and extend the process description
accordingly:

• The demand for Product 1 originates from Factory A, from where an order for the
required variant of Product 2 is sent to Factory B.

• The order for Product 2 is processed and the procurement of the required
components, including Product 3, begins.

• Factory B now orders Product 3 from Factory A.
• The order for Product 3 is recorded in Factory A, the parts are cut and sent to

Factory B.
• As soon as Product 3 arrives at Factory B, the production of Product 2 starts and

the finished Product 2 is then delivered to Factory A.
• Once Product 2 arrives at Factory A, the production of Product 1 begins.
• This process is the same for each machine, regardless of the variant of Product 1.

The Value Stream Analysis enabled the project team to identify two potentials:
The lack of production synchronization and the non-optimized order processing.
However, production synchronization is directly linked to the respective production
planning process. During a short analysis of the planning process the project team
came to the conclusion that long-term improvements would only be possible if the
procedures in the planning process were completely reorganized and restructured,
and the mindset in itself was changed. Although this would have been a necessary
modification, the project team could not implement it within the timeframe of the
project. The team members therefore focused on the ordering process and its
optimization potential, as they identified it as a possible 'quick win' for their project.

Analysis&Modeling: Modeling still missing aspects

This was the starting point for a comprehensive process survey. However, the
VSM still lacked relevant process information to describe the overall process and the
corresponding information flow in detail, such as,

• information on the interactions between the parties involved
• information on which steps in the process are automated and which steps are

performed manually.
• concrete information on the transactions used in the SAP ERP system (SAP / R3)
• information about the timelines of the information flow
• verification of the information provided

Analysis&Modeling: selection of an additional modeling language
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Since the VSA focuses on the production processes and especially describes the
material flow between the process steps, the project team quickly realized that it
needed a different approach. They had to use an additional method to describe the
flow of information in a level of detail that allowed an accurate analysis to be
conducted. The next step was to create a process model of the people and SAP
systems involved in the process and their respective interactions and information
flows. To supplement the company’s existing VSM, the project team introduced
Subject-oriented Business Process Modeling (S-BPM) [4].

The project team chose S-BPM because of past experience and the problems they
had had with flowcharts and swim lane diagrams, which are occasionally used
alongside the VSA.

Analysis&Modeling: Rationale for the addition of Subject-oriented Modeling

In previous use of swim lanes, the process models either provided an overview of
the process (and were not detailed enough for a thorough process analysis), or the
process models were so detailed that it became very difficult to keep track of them.

Furthermore, in the team’s experience, swim lane models are not suitable for
visualizing the individuals involved and their interdependence in a transparent way,
especially if there are more than five or six participants. Experience has also shown
that the people involved in the processes, their individual approaches, their knowl-
edge and their experience are a decisive driving force for the processes of a company
and are indispensable for successful processes [5, 6].

Since the way in which the flow of information between process actors is
organized has a significant impact on business process performance ([7], the project
team focused on the S-BPM representation of processes. It concentrates specifically
on the point of view of the involved process actors, so-called "subjects", and their
interaction in the process environment. A subject can be a machine, an IT system or a
person. Subjects are abstract agents without any indication of how they are finally
implemented.

Analysis&Modeling: Description of S-BPM and tools used

The S-BPM modeling method uses two levels to describe processes, the Subject
Interaction Diagram (SID) and the Subject Behavior Diagram (SBD). The interac-
tion between the subjects is visualized in the SID, which describes the exchanged
messages between the involved parties (subjects). The SID provides a process
overview and helps to identify the role of a subject in the overall process.

The Subject Behavior Diagram describes the individual process steps of a
participating subject's role in the process. The behavior of a subject is described
by three different actions (the so-called "states" in S-BPM) it performs: "send",
"receive", and execute an internal task ("function"). Since the relevant part of a
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process for a process actor is encapsulated within the respective subject, each SBD
represents an independent actor within the process. It is not necessary to model the
whole process at once or in a strict sequence, e.g., if information is missing or not
available, or if part of the process is not relevant for the task at hand.

The S-BPM notation consists of five symbols which are defined by their meaning
and not by their form, although recommendations exist in associated literature. Two
symbols are used in the SID to represent a subject (e.g., a rectangular shape) and the
interaction (e.g., an arrow), and three symbols (most often rectangular shapes in
different colors) in the SBD to represent each state type (send, receive, function).

One advantage of the two levels and such a simple modeling notation is the
possibility to model processes simultaneously in a top-down and/or bottom-up
approach, whereby the traditionally separate areas of Business Process Management
and Lean Production [8] are combined dependent on the various demands and
requirements, and on the available depth of detail of the information. Although
there are dedicated software solutions for modeling S-BPM, the project team used
their own individual MS Visio template. This allowed them to immediately focus on
process modeling and analysis without investing resources and time in the applica-
tion of an external technical solution - a common mistake in many companies when
process modeling is implemented [9]. Based on more detailed personal interviews,
the project team created a model of the first level of the process, the SID. The
resulting process model of the current situation showed, as expected, that the
logistics and production process were very complex. Approximately 40 subjects
were involved in the production, production control and logistics of all three
products in both factories.

Analysis&Modeling: Detailed modeling using S-BPM

The final version of the resulting as-is SID and the notation used are shown in
Figure 8.4. The SID shows the general communication structure of the process and
which subjects exchange which messages with each other. The concrete names of
the subjects or the content of the exchanged messages are not relevant for the further
understanding of the implemented measures. The rectangular shapes represent the
various subjects involved in the process, and the arrows represent the messages
exchanged between the subjects. In order to distinguish between the two factories,
the project team marked the corresponding subjects in green for Factory A and in
orange for Factory B. In addition, they marked the subjects that represent SAP
systems with hatching to highlight the already digital parts of the existing process.

Although both plants use the same ERP system, the project team dealt with it
separately according to the respective departments for a more structured visualiza-
tion (SAP System A, SAP System B, and SAP System A Dispatching).
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Optimisation: Identification of further optimization aspects

Due to the number of subjects involved and the complexity of the entire process,
it would not have been practicable to collect and model all subject behaviors for the
next steps without a defined framework.

To define such a framework, the project team used the now existing SID to
identify and analyze the main nodes and bottlenecks of the process with respect to
the corresponding products (Figure 8.5).

The most striking part of the process was the order processing itself. The
processing of the order for Product 1 by Factory A, the order processing and the
procurement of Product 2 by Factory B, and the production of Product 3 in Factory A
employed up to 12 subjects (3 SAP systems and 9 persons) and took up to
15 working days. In addition, only 65% of Product 2 was completed on time because
order processing took too long and orders were received too late at the production
center (approximately 95% of all orders). This had a direct impact on the production
of Product 1 and on process stability. The delivery times could only be met with a lot
of effort in production.

Figure 8.4: Communication structure (Subject Interaction Diagram) of production and the order-
ing process
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The project team decided to focus on this material procurement process because
the process itself is very complex and time-consuming relative to the complexity of
the components provided (Product 3). The project team defined the scope of the
process survey as follows:

• The focus is on the logistics departments of Factory A and Factory B. This also
includes the production of Product 3 in Factory A, as this is directly integrated in
the logistics organization and is therefore part of the process and production of
Product 2 in Factory B.

• The material procurement in Factory A and the actual assembly of Product 1 in
Factory A are no longer part of the survey (see Figure 8.5 for a visualization of the
process and the corresponding products).

Validation: Validation of the process model

The project team examined the relevant process steps by interviewing the involved
employees in individual interviews, accompanying the employees during the process,
and at the same timemodeling the Subject Behavior Diagrams (SBD) in the presence of
the interview partners. This enabled the project team to describe the process flow for

Figure 8.5: Relationship between the communication structure and the corresponding products
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Product 3 in detail (see arrows in Figure 8.6), document detailed information about the
SAPERP system and the transactions used, and enable the interview partners to directly
accompany the process modeling procedure while verifying the model.

Analysis: Further process modeling and as-is analysis of process
implementation

After the SAP transactions were clearly described in the SID and SBD and a
dummy request was tracked through the system, the project team specified the
different steps of the SAP system. This allowed the team to distinguish between
automated and manual steps, validate the verified process model, and document
actual process lead times. For the SBD rectangular shapes and different colors were
used to represent the three states: red for the “send” state, green for the “receive”
state, and yellow for the “function” state (see also Figure 8.7).

Figure 8.7 visualizes the process behavior of an employee who processes pro-
duction orders in Factory B. This employee checks whether production plans exist
for planned production orders. Subsequently, all planned production orders with
available production plans are combined according to a defined set of rules and

Figure 8.6: Communication structure (SID) of the process for the production of Product 3
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released for production. The employees do this manually for each production order,
with several thousand orders per day. Product 3 alone causes a total workload of
approximately 7 hours per day.

Validation: Identification of optimization potential on the basis of the as-is
model

Production control
EMCZ PO: SJ

Info mail from
 AV

FROM: work 
preparation EMCZ 

Info-Mail: APL created

not LJIT LJIT (sawed, 
standard frame)

Convert PL-AUF
LJIT or L100

Query PL-AUF with
APL (COOIS): Corner 
start current date +2d

TO: SAP system 
EMCZ Query: PL-AUF

 LJIT (COOIS)

List PL-AUF LJIT

FROM: SAP system
EMCZ Result: PL-AUF 

LJIT (COOIS)

Open PL-AUF to
FE-AUF (manually)

Orders opened

FE-AUF LJIT open
(automatically in SAP)

TO: SAP system EMCZ
FE-AUF LJIT opened

END

TO: Production control EMCZ
FE-AUF approved

Implemented
FE-AUF

sharing (maually)

TO: SAP system EMCZ
FE-AUF open

FE-AUF LJIT opened
(automatically in SAP)

Orders implemented

NR.2: document and 
    rework execptions

Summarize PL-AUF 
(note special rules) and 

open to FE-AUF
 (manually)

FROM: SAP system
EMCZ result: PL-AUF

 with APL

List PL-AUF with APLs

TO: SAP system EMCZ
Query: PL-AUF without APL (ZCCHKSA)

Query PL-AUF with APL
(COOIS): Corner start

current date +2d

TO: SAP system 
EMCZ Query: PL-AUF

 without APL (ZCCHKSA)

TO: SAP system EMCZ
Query: PL-AUF without 

APL (ZCCHKSA)

Query PL-AUF without
APL (ZCCHKSA)

List PL-AUF without
 APLs

Figure 8.7: Example for a behavioral description of an employee
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The total hours worked for the entire survey, all interviews, and the time required
to complete and review the process models was approximately 200 hours. This is a
relatively low effort compared to other process optimization projects in view of the
complexity of the process models and the depth of detail investigated. The now
available detailed knowledge about the subjects involved enabled the project team to
create a time schedule for the process based on the collected data and the data
documented in the SAP system (order times, delivery times, etc.). This schedule
includes all organizational and production steps and their respective lead times. For
example, the lead time for one of the Product 1 variants, from order acceptance in
Factory B to delivery of the finished Product 1 to the assembly line in Factory A, was
approximately 30 working days (see Table 8.1).

Organisational and IT-Implementation:

In cooperation with the employees, the existing work plans were revised, updated
and improved. These changes led to shorter lead times for the individual work steps,
as well as to a reduced number of work steps as a result of merging existing steps. In
this case, a reduced number of work steps means fewer subjects as well as fewer
behavioral states. During the analysis, the project team identified several similar
process steps that were carried out differently in Factory A and Factory B. In one
factory, necessary process steps were executed manually, while the same steps were
executed automatically by the SAP system in the other factory. In addition, existing
automated SAP batch jobs were interrupted because the required manual input
between jobs was missing. These jobs were scheduled at two defined times during
the working day, and if manual input was missing at that time, the entire order would
have to wait up to a full working day. This could happen several times with each
order for different jobs, which could ultimately lead to a delay of several
working days.

The subjects described provided precisely defined processes that describe all
relevant process steps in the SAP system, all required SAP transactions, who
executes these transactions, and the interaction between the system and employees.
This detailed process documentation allowed the company’s IT department to
directly implement relevant subject behavior to create new standardized, digitalized,
and automated processes, as well as enabling them to revise process steps and
streamline the processing schedule of existing batch jobs for both factories. This
included steps such as order acceptance, order entry, order opening, order release in
both factories, and delivery of the production documents to production. The
automated order processing enabled the company to process Product 3 in Factory
A on an order-related and timely basis, which in turn allowed the introduction of
KANBAN inventories with defined critical parts, the reduction of the inventory of
non-critical parts, and the shipment of externally purchased parts directly to
manufacturing.
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8.3 Achieved Results

Operation and monitoring: Measured Key Performance Indicators

One of the achievements was a new warehouse strategy and a reassessment of the
inventory, which made it possible to revise the entire inventory and implement a
KANBAN system for critical parts of Product 3. The newly created KANBAN
inventory and the higher value of the affected parts led to an overall increase in fixed
capital of approx. 209%. However, this had only a minimal influence on the existing
stock value of approx. €10,000 in total. This new strategy increased availability and
reduced delivery times for all parts purchased from external suppliers. The
interruptions in the production of Product 2 due to missing parts could originally
last up to 15 working days. After the changes, all required components were
available within one working day either directly on site or via the supplier's safety
stock - an enormous improvement in process stability and a reduction in rotating
stock compared to a relatively small increase in inventory.

Value Stream Analysis is an established tool in the company for the analysis of
production processes. Although associated literature ([3, 10]) and external
consultants have often highlighted VSA's ability to describe not only material
flows but also information flows, the company’s expectations were not met when
trying to document and visualize these. When most relevant information is available,
the administrative processes and information flow can be described with a Value
Stream Model. Based on the project team’s experience, however, a VSA is not
suitable for a representation of the flow of information with partially abstract
information. S-BPM provided the project team with an easy-to-learn modeling
notation that can still provide very accurate and detailed process models. The
employees involved were able to independently understand, read and correctly
interpret the S-BPM notation and began to verify their own process models (subject
behavior) without the input of the method specialists. This led to a high acceptance
of the process survey and the subsequent changes in the process, as the employees
were directly involved in the documentation and the optimization steps.

The restructuring and digitalization of previously manual process steps has led to
a standardized process and a reduction of the subjects involved from 12 to 8 (see
Figure 8.8). Fewer subjects mean fewer interfaces in the process, which in turn
reduces process complexity and increases process stability and transparency. In
addition, employees were freed from time-consuming and repetitive tasks.

The increased degree of digitalization and the newly planned process has led to a
new process lead time of 2 days for order processing (originally 5-10 days). Thanks
to the detailed and clearly defined process, the company’s IT department was able to
implement the process changes in the existing system environment within just
3 working days. The production and shipping process for Product 3 was reduced
to 3 days, from 5-6 days originally. This means that the project team was able to
reduce the total lead time for Product 3 from 11-15 working days by 87% to just
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2 working days. These changes led to an increase in on-time delivery for Product 3:
delivery reliability rose to 89% just four weeks after implementation and to 97%
after one year.

The relatively long period of time needed to process orders for Product 3 in the
initial phase meant that most orders arrived at Factory A too late or at very short
notice. The newly created automated SAP processes resulted in faster processing of
Factory A orders within the associated Factory B departments. This in turn led to a
shorter ordering time for Product 3 and an earlier start of production for other
components required for Product 2. The result was a reduction from an initial 95%
of orders registered too late to only 12%, which again significantly increased process
stability and quality, and reduced the need for troubleshooting in both factories. The
total lead time of the production and ordering process for Product 2 could be
shortened by 7 working days (approx. 38%), from 19-23 days to only 12-14 days.

The conversion of manual work into automated, digitalized processes running in
the SAP system has led to a reduced workload of the employees involved from 5-6
hours per day to as little as one hour per day. The employees now only have to
manually process the purchase orders for very specific components or special cases
that could not be covered by the SAP system. The effects of these changes add up to
a calculated process cost reduction of around €65,000 per year. The implemented

Figure 8.8: Communication structure of the updated process for Product 3
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improvements and corresponding changes at the process level reduced the lead times
of Products 2 and 3 and led to a shortened overall lead time for Product 1: from
initially 26 to 33 working days to 18 to 20 working days. This is a total reduction of
approximately 60% for the entire ordering and production process (see Table 8.2 and
Table 8.3).

Not only was the project team able to achieve the original target of a 30%
reduction in lead time, but rather to more than double this reduction by digitalizing
and automating the process steps and the corresponding information flow. In addi-
tion, this has led to a reduction in rotating stock with a total value of several hundred
thousand euros over the entire process.

These results show that it is possible to significantly reduce lead time and manual
workload by optimizing and digitalizing the flow of information. The increased
degree of digitalization and the associated process transparency can help to achieve
further improvements and to better understand the processes in future analyses [11].
Although the implementation of specialized S-BPM tools was deliberately avoided
in the case at hand, their introduction, thanks to the S-BPM methodology, could
provide the basis for an even more comprehensive digitalization of existing pro-
cesses. The S-BPM method and supporting modeling tools enable a direct transfor-
mation of process models into running processes [4], which could significantly
reduce the effort for the future digitalization of processes.
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