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Abstract The Stuttgart region is a very prosperous area. The economical backbone
of the region is the production of industrial goods. The globalization is a trigger for
changing economical dependencies. Industrial processes are changing because of
the new challenges. Digitalization is a current topic which has huge influence on
economical procedures. A main topic in this context is the German initiative
“Industry 4.0”. New ways of thinking have a great impact on the way manufac-
turing is done and the digitalization opens up new possibilities. Current discussions
on sustainability are influencing the economic thinking heavily. The importance of
sustainable development with respect to environment and climate becomes more
and more obvious to everybody. The climate conference in Paris was finished with
a consensus of all present parties. Every important economic nation has a common
sense on climate targets nowadays. Reasons for that are manifold, e.g. limited
resources and huge amount of emissions. Nevertheless, society will only accept
limitations, without a reduction of living quality. Based on that, it is necessary to
implement a new procedures in existing structures. Additionally, it is required to
implement changes without reducing economic potentials. The approach of sym-
biosis can support these developments. However, technology is a required exten-
sion to reach the target of sustainability. In this chapter, different views are
discussed to facilitate long-term development. The first view is a holistic view. The
idea of creating a symbiosis between enterprises in an industrial estate is easy to
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realize. On one hand the enterprise manager are able to shape the collaborations,
and on the other hand the local administration is able to support the approach with
small efforts. Besides the sustainable development of industrial estates the com-
panies need a strategy for their own development. A development path towards
urban manufacturing is helping the management of companies to create a strategy.
A concrete step-by-step approach is the base. Additional technological drivers are
analyzed in their capability of supporting sustainability.

Keywords Urban manufacturing � Industrial symbiosis � Sustainable industrial
development � Additive technology � Long-term improvement

The Stuttgart Metropolitan Region is situated in the center of Baden-Wuerttemberg
(see Fig. 3.1). This federal state is economically the most powerful area in Europe.
It creates 3 percent of the economic value in the European Union [1]. The economic
potential is mainly based on producing goods for industrial purposes, such as
machines, process technology and automotive parts. Based on the generated turn-
over, companies in these fields are contributing around 80% of the total economic
value in the production sector [2]. The companies in Baden-Wuerttemberg are
mainly small to medium sized enterprises additionally a high number is still
family-run.

Coming to Stuttgart Metropolitan Region a main focus lies on automotive
products either cars or supply parts and products. In Stuttgart city and its sur-
rounding which can be called Stuttgart Metropolitan Region live more than
2.7 million people [3]. The high density of people and the widely spread industrial
areas of different sizes generate a high amount of commuters. The economic power
with its potential for wealth and jobs let increase the value of all living areas in
Stuttgart Metropolitan Region. Additionally, Stuttgart was rated number one for its
richness in cultural possibilities of all Metropolitan Regions in Germany [3].

Fig. 3.1 Map of Baden-Wuerttemberg region (left), Stuttgart Metropolitan Region (middle),
Stuttgart city (right)
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The Stuttgart Metropolitan Region is also seen as High-Technology location. The
reason is the high amount of headquarters and big production and research location
of multi-national companies with technical products. Well-known are Daimler,
Bosch, Porsche, IBM, HPE and Hewlett Packard. Characteristically is the mixture
of global companies and highly innovative medium-sized companies. Innovation
and research is well integrated in the Metropolitan Region. With a high number of
universities and universities of applied science and world-known research institu-
tions (5 Fraunhofer-institutes, 2 Max-Planck-institutes and 6 institutes of DLR, plus
others) the region has a high potential for innovative research and development in
technology, products and services [4].

Stuttgart Metropolitan Region is also well located in Europe. The
east-west-connection is directly passing the region. Transportation connection to
train and roadway is existing. A main connection is coming from London, via Paris,
passing Stuttgart Region towards Istanbul via Munich, Vienna and Budapest. This
is an additional advantage of the region which has an influence of the economic
potential of the region.

Digitalization and Industry 4.0 is changing the way of performing business of
German companies in the global economy. The distribution of information and data
is increasing. The high competition of companies globally leads to new production
methods and new products which can be customized faster and more efficient. The
new technology has an impact on business processes and requirements of customers.

Locations of industrial production and living have short distances. Additionally
it is common sense that sustainability is increasing in importance. Companies in
Germany have already integrated the mindset for sustainability in their strategies
because legal regulation force them to do so. However, the potential can even be
extended when all entities in an industrial estate collaborate and use optimal
technology. In this chapter it is presented how a framework for collaborative
long-term development could be designed. It is presented how an implementation
could be done on different levels of detail. This framework is currently tested in
different industrial areas in the Stuttgart Metropolitan Region and
Baden-Wuertemberg. As stated the distance between living and industrial manu-
facturing zones is decreasing which requires new ways of processing.

The presented work is structured in three sub-chapters. The work provides an
insight on current ongoing changes. A transformation process is started and based
on this, a study is presented which is currently in an evaluation process and its
implementation in the Stuttgart Metropolitan region.

The first sub-chapter presents a way, how industrial estates can be transformed
towards sustainability. It is presented which methods can be used to support the
transformation process under respect of strategical guidance. Based on the size and
capacities of the industrial estate, approaches of different detail and complexity are
provided. The approaches guide not only the transforming companies itself but also
their partners in the network. The approach will help to identify suitable partners
and ease the matching for cooperation. The long-term orientated creation of net-
works is supporting sustainable links with a high potential to reduce negative effects
without reduction of economic power.
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In the second sub-chapter an approach for enterprise-internal transformation is
explained. Starting as conventional production enterprise a way for sustainable
manufacturing is presented whereby different areas have to change. The develop-
ment path presented, is supporting the strategic change process. With simple steps
in different fields, the companies are supposed to reach the target stage easier. The
target stage is depending on the size and power of the company and can be defined
freely without regarding boundary conditions.

Lastly in the third sub chapter, Additive Technology is presented with regard to
a total change in production processes. Furthermore, the new technology supports
sustainability aspects because there are huge potentials in reduction of used
material, reduction of waste, energy efficient processes and less effort in adaption of
processes even with big a variety of products. Nevertheless, the new technology
requires a change in mindset and an adaption in processes. It is presented what areas
in the value creation process are influenced by the changes. An insight on use-cases
is completing the overview of the additive manufacturing.

3.1 Long-Term Oriented Holistic Development Towards
Sustainability

Many influences enforce companies to rethink their doing in business. A main
influence is the request for sustainability by customers. On the one hand all pro-
cesses can be analyzed to find improvement potential. The focus of improvement is
mainly reduction of resources and energy. Nevertheless, this can be broaden by a
perspective on the employee. However, these improvement potential is mainly
short-term driven. Therefore, an improvement is require which supports a long-term
development towards sustainable processes, performance and thinking. The loca-
tion and its surrounding are important to have supportive base.

3.1.1 Change in Location Selection and Company
Settlement

The development of company locations has often been a decision based on indi-
vidual interests of the company management and/or the owner. Society is changing,
based on that processes for location identification and development have to be
revised and adapted. Furthermore demands for sustainability are growing.

3.1.1.1 Sustainability as Core Element During Transformation

Sustainability and the associated long-term view are becoming increasingly
important. In particular, the efforts in the area of climate protection, such as the
Paris Conference [5], show the importance.
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According to Chertow, the effective path to sustainability with value added in
industrial eco-systems (see Fig. 3.2) is possible [6]. Within the industrial ecosys-
tem, three main fields of activity—within the organization, between organizations
and overarching relationships—are identifiable. In each of these fields of action,
individual levels of action need to be placed which contribute to the sustainability
of value creation.

The sustainability within an organization is decisively determined by the strategy
of the company management. In the strategic orientation, goals and measures for
the organization as well as employees are determined. This field is being put into
focus by companies, in particular as a result of guidelines and requirements from
regulatory bodies or customers. Within the scope of the concept study, only a
subordinate focus is placed on this field of action.

The establishment of sustainable processes between organizations is more dif-
ficult since the internal strategy of the different parties is not always congruent or
similar. Therefore, in addition to bilateral links between companies that can

Fig. 3.2 Sustainability as a development driver [6]
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successfully fulfill the symbiosis of their own interests, multilateral links are nee-
ded. Since the structures for the local compositions of manufacturing companies are
diverse, methodological approaches for the creation and maintenance of multilateral
symbioses are necessary. This area is the focus of the concept study.

More extensive relationships and links are addressed by approaches for circu-
latory systems. The complexity of this mechanism differs significantly from
localized systems. The consideration of sustainability is necessary, but it will not be
the focus of this study.

Taking the approach of Chertow as basis for the study, the concept study can be
depicted as shown in Fig. 3.3. The focus is on the analysis of company internal
processes and regional relations. As a system, the direct environment of companies
is subjected to a detailed analysis. The focus is on the company settlements, which
are classified according to BauNVO as commercial, industrial and mixed areas with
a high commercial share [7].

Fig. 3.3 Levels of analysis for implementation of sustainability (with local interdependencies, in
direct surrounding of company, within the company—increasing degree of detail)
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3.1.1.2 Manufacturing Companies in the Context of Sustainability

Industrialization is one of the triggers for climate change on the planet, which is
largely accepted by government representatives. Based on this knowledge, an
agreement [5] of 170 countries has been signed at the 21st World Climate
Conference in Paris in 2015. The aim of this agreement is to limit CO2 emissions in
the long term to a level that is compatible with the environment [8]. Within the
framework of further negotiations, such as the “Conference of Parties” in
Marrakech in 2016, the partners of the Treaty will present national targets. These
goals will locally lead to new requirements and regulatory frameworks, since the
objectives are to be regularly checked for realization status. If companies and
processes in manufacturing companies are considered, it becomes clear that
approaches to resource and energy efficiency alone will not be sufficient. Due to the
already existing environmental requirements, a large number of approaches are
currently being implemented fully or at least partly. Collaboration between different
stakeholders and a symbiosis of these partners will be necessary as they are already
established in individual sectors in order to meet the requirements in the long
term [9, 10].

For companies, it is therefore increasingly important to deal with the required
production factors in the future and to use them optimally. Efficient use is not
always possible. Therefore the understanding of one’s own processes with the
associated input and output becomes more important. A suitable modeling as an
abstraction helps managers in companies to optimize the throughput (see Fig. 3.4).
In order to carry out potential optimizations, it is necessary to know about these
dimensions. In addition to the optimization of the throughput, potential users or
interested parties can be identified for undesired output in order to establish possible
links. These approaches allow the creation of small circulatory systems, which
already offer great potential for resource efficiency. Through appropriate IT-support
and tools, digitization can help create the required transparency and the complex
control mechanism.

For the possible transformation processes, material, technology, energy, water,
data, and human are central areas of interest in the context of resource and energy
efficiency. The consideration of energy transformation already results from the
efficiency efforts with regard to energy. Resources are to be understood as material,
but also water and human beings are part of it. Water should be considered as a
particularly important substance, as the global scarcity is to be taken into account in
the context of sustainability efforts [11]. In the long term, this general scarcity could
also create difficulties for companies [12]. In the context of value creation, people are
often grouped together as a resource, which cannot longer be justified by the changes
caused by digitization. Humans will less and less take up the task of production,
instead takes agile decisions and exploits his creativity as a potential [13]. In the
productive sector, new technology and data are also components which are
becoming increasingly important for increasing efficiency and sustainability [14].
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3.1.1.3 Transformation of Industrial Estates Under Respect
of Sustainability

Through the publication of the Athens Charter, Le Corbusier created the basis for
modern urban development, which envisaged a separation, from individual func-
tional areas [15]. This is how to separate areas for work and living. Although the
Charter of Athens is currently regarded as failed, some principles, especially
sociological demands, are still anchored in current urban development, as is the
distance from industry to housing. A further principle laid down in the Charter can
now only be described as partial—subordination of private interests to Community
interests [16]. The growing individualization of the individual’s requirement for
product, work and housing prevents it from addressing this principle in an appro-
priate form.

If business settlements are considered, a life cycle (see Fig. 3.5) becomes clear.
The operator or owner starts with the planning. During this period, objectives,
methods and approaches for the following periods are defined. After the planning,
in part already during the planning, the development is started. In doing so, con-
cepts are created that prepare the available surfaces based on this. After the
development, the acquisition of business can be built up or filled with life by the
acquisition of users. The start-up process is difficult to separate from the plant,
especially in the initial phase, since the processes run parallel for some time. All

Fig. 3.4 White box model of a company with focus on sustainability
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surfaces are used during operation. In operation, the optimal fulfillment of the user
is the main focus. After the operational phase, which can be successful over many
decades, the needs and requirements have to be re-analyzed. In this way, disman-
tling and conversion of existing infrastructure, utilization behavior and need are
identified, which require a new planning or adaptation of the objectives. This starts
the circulation [17] from the front.

The focus of the concept study is the period between high development activity
and operation. For here, the settlement is always repeated, which is to be described
with development and structure. This phase in the life cycle is so interesting, since
there is a great potential for shaping the basic conditions. If the goals and methods
for the appropriate design are established, expenses in the operating phase are less
critical. The company stands, in particular, for the iterative continuous optimization,
in order to realize goals and visions or simply to fulfill legal regulations.

In the context of resource-efficient and sustainable developments, company set-
tlements are often referred to as eco-industrial parks. These company settlements can
be subdivided into three types, which can be executed either as a new “Greenfield
Development” or “Brownfield Development” portfolio development [18].

• Industrial Complexes—Industrial complexes are defined as spatially limited
areas that contain industrial production processes. There is close chaining or
coupling in the processes. Usually the use of material is low, but the processes
are connected with enormous energy expenditures.

Fig. 3.5 Generic life cycle of an industrial estate
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• Mixed industrial parks—Due to the locally limited settlement of companies,
many SMEs as well as larger companies, mixed industrial parks can be defined
and marked. The links between the companies are low, which is also reflected in
the low chaining of production processes.

• Industrialization—An industrialized region is a spatially distributed enterprise
group. Although the companies are usually assigned to different sectors, they
have certain specializations, as are customary in clusters.

3.1.2 Methodological Approach and Development
for Creating Synergistic Relationships

The complexity of creating synergies is not easy to master. Because the more
complex relationships become, the more difficult it is for the user to draw the
conclusions correctly. Because with increasing complexity and consideration of
possible interactions, influences of individual factors in relation to other factors can
no longer be described by simple causalities.

According to Romero and Ruiz an adaptable scaffold is needed for the modeling
and operation of an eco-industrial park [19]. Only with appropriate modeling it is
possible to assess changes and to assess their impact. The aim of the method-
ological approach is to establish and establish relationships and symbioses between
the partners involved within commercial space. Existing loose relationships should
be systematized and new relationships created. The aim of these relationships is to
optimize the supply and the output in the long term. These are possible reductions
resulting from the sharing and further utilization of the output of other parties within
the commercial space (see Fig. 3.6).

3.1.2.1 Focus Area—Life Cycle of Industrial Estates

The selection of locations in the company usually takes place according to a clearly
structured process. These location decisions are also becoming more and more
important for companies in global competition. In particular, the optimal alignment
and design of a production network or embedding in existing networks is crucial.
Systematic decisions on site selection and development are described by Reuter and
Prote and record the procedure within the selection process [20]. This is described
with 5 steps (see Fig. 3.7). For the development of symbioses between participants
within a business establishment, the period of observation is usually after step 4 or
the settlement has already taken place.

These resulting states are significantly different. The analysis of these scenarios
in consideration, selection of measures and long-term development will be analyzed
and results are derived.
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Fig. 3.6 Interactions to optimize the input and output of the overall system (based on 19)

Fig. 3.7 Five phases of
systematic site selection [16]
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3.1.2.2 Model for the Creation of Complex Symbiosis

The high complexity of the modeling of interaction relationships is best realized
through understanding. For this purpose, iterative pitfalls are used in the question,
which allow even less experienced users to develop an understanding.

In order to be able to adapt the interaction models to the local specifications, a
rough selection of potential stakeholders is necessary. This should be made possible
by simply assessing the suitability of various potential stakeholders.

The approach provides for three levels with increasing level of information and
increasing complexity with regard to networking and dependencies.

The first step is to match companies with the area. This is to distinguish
unsuccessful or synergistically incompatible companies from potentially good
symbiosis partners. Thus, an extensive reduction of possible combinations can be
realized in the first step. To this end, the companies and the commercial space have
to be structured by means of a transparent and objective classification approach in
order to realize the allocation by means of a suitable assessment approach in order
to address the next detail level.

In the next detail level, the company settlement is viewed as a collection of
individual companies and thus a further selection for the optimal composition is
supported. The desired selection of suitable partners should be supported by means
of an abstraction model. Based on the Congruence model for the strategic man-
agement of organization is an adaptation [21]. This abstraction model is the basis
for the assessment of matching. The congruence model consists of four main areas,
which can be named as strategy, input, mechanisms and output. These main areas
agglomerate individual factors or factor groups that influence the core in the
Congruence model. For the development of interactions with symbiosis, the man-
ufacturing company should be investigated, using the abstraction model. In addi-
tion, the company resettlement itself has to be regarded as a stakeholder with a
specific congruence model approach.

In the third level of detailing, an interaction model is adapted from the deter-
mined data and findings and thus individualized for the application area. The
objective is clear that companies are optimally represented in terms of their inter-
action potential.

On this basis, the assessment of matching as well as the derivation of possible
measures for optimization are carried out. This assessment can be used in the long
term based on the created interaction model. For this purpose, an adaptation of the
implemented values and dependencies is necessary on a regular basis in order to
adjust the actuality of the model to current circumstances.

Analysis and classification of commercial estates

The environment can be described by subsystems. According to Wiedemann, the
urban environment—regions in which life and work are carried out with a small
distance from each other—can be reduced by nine relevant subsystems [22]. The
relevant subsystems are
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• Production systems (production agglomerations)
• Culture
• Environment
• capital
• residents
• infrastructure
• Shops and services
• Knowledge/education and training
• Information and communication

Based on these relevant subsystems, a further reduction and adaptation is pos-
sible for the company settlement. There is a summary of the subsystems inhabitants
and knowledge of employees. This is because only a part of the company can be
used simultaneously. The integration of knowledge into the subset of employees is
based on the assumption that knowledge is introduced by the employee into the
company or is transferred to it from outside. Capital is generally important, but it is
a subordinate part of the company settlement, since the fiscal-political links are to
be considered only marginally. If the location is selected by site analysis, fiscal
conditions have already been analyzed. For the commercial space, the transfor-
mation involves financial expenses, the source of the funds being dependent on the
organizational form. Culture is a relevant commodity for society, but there is no
direct link to company settlements. Therefore, culture is not analyzed and integrated
as a separate subsystem (Fig. 3.8).

There are relationships between all remaining subsystems. Depending on the
intensity of the characteristics of individual sub-systems, a classification of com-
mercial space appears to be useful (Fig. 3.9).

Fig. 3.8 Subsystems of relevance for industrial estates
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The potential dimensions, which can have an influence on a classification, are
manifold. This diversity, however, makes the consolidation and the related rela-
tionship difficult. A reduction of the dimensions to the essentials is therefore the
goal. For the classification of the commercial space, five dimensions are identified
that allow consolidation with sufficient diversity. The dimensions can be described
as follows:

• Connection to urban centers (see Fig. 3.10),

Urban cities that are classified as central, suburban regions are the wider sur-
rounding around these centers and rural are all other regions that have increased
distances to the centers.

Fig. 3.9 Assessment factors for subsystems

Fig. 3.10 Spatial connection and distance to centers
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• Area utilization intensity (see Fig. 3.11),

The area utilization intensity describes how strongly a limited area is continually
loaded by people. There can be many people on a very small area, then the area per
employee is very small. If there are only a few people on a large area, the area per
employee is large. Consideration is given to the total available net area for the work.

• company types according to technical-economic classification (see Fig. 3.11),

Companies can be classified technically and economically. The processes
implemented in the company are considered. If the processes are associated with
high energy consumption, the company is energy-intensive. If a large number of
raw materials or large quantities of material are processed in the company, material
intensive is the respective term. In processes with a high proportion of intellectual
input and the need for highly qualified employees, these are knowledge-intensive
and/or person-intensive. Processes that are characterized by high technology quality
or a large number of systems, technology is intensively assigned.

• Control structure (see Fig. 3.12) and

The two extreme forms of the decentralized control and the central control
system exist in the control system itself. In the case of decentralized control, all
stakeholders are equally entitled and implement their own goals. One of the
stakeholders can be in the de-central structure of the surface developers themselves.

Fig. 3.11 Land use intensity related to the technical-economic classification
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As a result of the ownership conditions, he is no longer in a position to influence
other stakeholders. The central control structure has a superior stakeholder. This can
be the owner of the whole area and the other parties have rented their land
exclusively or an operator organizes the type of use of the areas in the settlement
area. The central control system has the advantage of being able to influence the
development stronger. On the other hand, the central organization does not always
guarantee the optimal creation of symbiotic relationships, since not all dependen-
cies are always clear and transparent.

• Special features of the supply.

In the simplest case, the commercial areas all have the same offer and offer
similar facilities. Only the connection and the access to traffic infrastructure is
specific to the location. Independently, there are many commercial settlements,
which are distinguished by an additional offer. For example, in some locations,
there are non-technical services, such as childcare, catering services or special
counseling services. In many cases, however, technical services such as the pro-
vision of a computer center, building maintenance and facility management or
energy from regenerative energies, infrastructure for electro mobility or energy
storage are also highly developed. All these services, which are both centrally
organized or provided by individual service providers, increase the supply on site.

Based on an analysis of the commercial settlements in Baden-Württemberg, a
classification of settlements has been made. Five basic shapes are possible, which
can be further specified with the corresponding design. Each of the basic forms has
a certain appearance in the identified six subsystems (Fig. 3.13).

• Office

In the basic form of office, there is a great use of office and service facilities.
These areas have a relatively high density of employees. Furthermore, services and

Fig. 3.12 Control structure (left: centralized, right: decentralized)
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services are more in demand and the requirements are higher. In infrastructure,
particularly person-related criteria are paramount.

• Manufacturing

Manufacturing subsumes all areas that are increasingly characterized by man-
ufacturing companies. The density of the employees is medium. Complex
requirements are placed on the infrastructure, since, on the one hand, the move-
ments of goods and materials must be reconciled with the additional demands on
capacity and/or person-related requirements. Possible services are much more
complex to identify, as the utilization of individual offers is significantly more
demanding.

• Hub

Areas that are increasingly developed for goods handling or the storage of
products and goods are defined as a hub in the basic form. The infrastructure of
these areas is subject to requirements with regard to the connection and heavy load
traffic. Furthermore, the density of employees is relatively low, which also has an
impact on the services and services.

• Innovation

In the case of innovation, the use of office and service equipment with use for
production and trade use is balanced. Due to the significant use of personnel, there
is an increased density of employees. Furthermore, information and communication
are a key element.

Fig. 3.13 Characteristics of the subsystems in comparison of basic form of industrial estate
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• ManufacturingHub

A balanced use of space through production and storage such as logistics is
available in the ManufacturingHub. It is characterized by a reduced employee
density. The requirements for services are therefore reduced. But the increasing
amount of information and communication will be strongly identifiable as a result
of the increasing digitalization in the areas.

The subdivision or specification of the description can be further expanded based
on the basic forms. The view of the control approach allows the division into the
park and area (Fig. 3.14). In a park, there is a central organizational structure, e.g.
an operator, a private investor or a local authority. This organization provides
targets for further development and also leads to developments with its own
financial resources. Furthermore, these organizations can promote the attractiveness
or the outside perception by creating an additional service offer.

Depending on the availability or availability of additional offers, extended parks
or areas are possible. They are characterized by an increased range of services and
increased information and communication. The strength of the infra-structure
depends on the nature of the offer.

A more pronounced development of the environmental subsystem is charac-
terized by the extension Eco. Corresponding to the nature of the subsystem envi-
ronment, the sub-area infrastructure (Fig. 3.15) will also be identified.

In the US, the Eco Prelude has established itself as a collection of companies and
organizations that have succeeded in improving their performance both environ-
mentally and economically by jointly launching an initiative and co-operating in the
management of environmental and resource requirements, They derive double
benefits from this as efforts are reduced and the results are better than when indi-
vidual companies carry out an optimization [23].

The link to local centers and the associated characteristics can also be examined.
However, these are already integrated into the analysis of the subsystems infras-
tructure, employees and companies, which would lead to an additional reinforce-
ment of effects in the sub-areas. This consideration seems to be of little use.

Fig. 3.14 Characteristics with extended viewing (park and area—with and without additional
offers)
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If the classification of the business areas is applied to Baden-Württemberg, an
overview of the distribution in the state can be drawn up. When looking at more
than 250 of the 1127 currently available industrial areas in Baden-Württemberg, the
wider range of business areas is outstanding (Fig. 3.16). The business areas are
consolidated to the upper centers and the counties of Main-Tauber, Schwäbisch
Hall, Rottweil, Tuttlingen, Baden-Baden and Rastatt, in order to not be too small in
the representation.

Classification on manufacturing enterprises for suitable combinations

Companies are very different, both in organization, products, technology and
philosophy. Based on this, classification is difficult. The possible classifications are
also different in relation to the viewing perspective.

For the further analysis and classification based on this, a reduction and com-
pression was made on essential factors. The consolidation and summary result in 3
main business levels (see Fig. 3.17). These viewing plans result from the combi-
nation of grouped details. The aim of this summary is the reduction of degrees of
freedom and the associated complexity in classification. The aim is to achieve a

Fig. 3.15 Enhanced character of the environmental subsystem

Fig. 3.16 Distribution of industrial estates according to basic form (left), characteristic of service
(center) and focus on environment (right)
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relatively simple classification of companies, which makes it possible to compre-
hend the breadth of the diversity of companies completely without simplifying them
too much.

By analyzing and consolidating the factors for the classification of companies in
the context of resource-efficient location development, the following company
classification is conceivable:

• Tech Industries

Companies of the class Tech Industries produce complex products and product
service combinations, so-called systems. The products can be digital as well as
physical. The companies are more likely to be located in later stages of the supply
chain and access the corresponding suppliers, which is why they can be found in the
industry as processing companies. The technical-economic classification is char-
acterized by system-intensive or technology-intensive processes.

Examples for companies in Baden-Württemberg: Agilent Technologies GmbH,
Robert Bosch GmbH, [24].

• Heavy Industries

If individual parts or few complex components are produced by means of
energy-intensive processes, these companies can be classified as heavy industries.

Fig. 3.17 Factors for the classification of companies in different degrees of detail
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The products are mainly physical and are rarely combined with a service.
Companies are more likely to be allocated to the processing companies.

Examples of companies in Baden-Württemberg: Albert Handtmann Metallguss
GmbH, Hornschuh GmbH [24].

• Light Industries

If individual parts or few complex components are produced as
material-intensive processes, the companies can be classified as light industries. The
products are predominantly physical and in the case of services, these are rarely
intended as an extension of the service offer.

Examples of companies in Baden-Württemberg: Amcor Flexibles Singen
GmbH, Carl Edelmann GmbH, [24].

• Service Organizations

Service organizations are service companies that offer both digital and physical
services. Services are classified as knowledge-intensive.

Examples of companies in Baden-Württemberg: Bertrandt AG, SCHOLPP
AG [24].

• Transportation Organizations

Similar to service organizations, transportation organizations are service com-
panies. They mainly offer physical services, which are usually classified as material
intensive.

Examples for companies in Baden-Württemberg: Horst Mosolf GmbH & Co.
KG, Müller - Die lila Logistik AG, Simon Hegele Company for Logistics and
Service GmbH [24].

• Digital Organizations

If the company’s product is digital and is often extended by a service, the
company can be classified as a digital organization. The products are usually
complex and the processes can be described as technology-intensive.

Examples of companies in Baden-Württemberg: Bechtle AG, Fiducia IT AG,
RAFI GmbH & Co. KG, SAP AG [24].

• Innovative Organization

Innovative organizations produce products with a high percentage of service,
mostly as a product service combination. The processes in the company are
knowledge-intensive. Depending on whether the product is digital or physical,
Innovative Organizations can be described as processing companies or service
companies.

Examples for companies in Baden-Württemberg: Fraunhofer Institutes, Ensinger
GmbH, HP Enterprise, IBM Germany Research & Development GmbH [24].
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• Mixed Organizations

Companies which are not clearly assignable to one of the aforementioned cat-
egories are classified as mixed organizations.

Creation of congruence models

The Congruence model has been postulated for the first time by Nadler and
Tushman [21] in the context of organizational modeling for management devel-
opments. In the congruence model, input and output parameters exist, as it is
common in many currently used control models. Furthermore, the model is com-
pleted by control and disturbance variables. This approach is ideally suited for
system thinking, since control and control systems are also used for systems.

As already mentioned before, two congruence model approaches are necessary
since companies differ significantly from the settlement area. Therefore, the two
possible approaches are discussed in detail below.

Congruence model for companies with focus on resources

The content of the four parameter fields must be defined by a manufacturing
company (see Fig. 3.18).

A strategy (A) is important for a company because it serves as a guideline for
controlling and controlling the company. The vision of long-term goals as well as
the management of short-term steering play an important role in the company’s
strategy.

In order to enable the processes in the company, input values or an input (B) are
required. For a manufacturing company, both measurable and non-measurable
inputs are important. The measurable quantities include all raw materials, auxiliary

Fig. 3.18 Approach to a congruence model of a manufacturing company
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materials, purchased parts—together the material. Energy is needed for all pro-
cesses, especially in the production process. In a company, capital is always
important in order to make investments or simply to bridge times with low capacity
utilization. Non-measurable inputs are the knowledge of the organization, because
without the appropriate knowledge it is not possible to produce products according
to defined requirements.

There are mechanisms (C) in the company that influence the production process.
The most important parts with influence on manufacture are the people, processes
and available tools. If a mechanism falls behind a defined state, this always has
negative effects on production and must be compensated by control.

According to classical understanding, an enterprise always has the goal of cre-
ating a capital increase through value creation [25]. The result of the added value is
the product of the company as part of the company output and the output (D). In
addition to the product, there are also residual substances, which are produced as a
by-product in value creation. A less measurable output is the increase in experience
in the organization, e.g. Employees, executive staff and corresponding units. In
addition, prosperity is created for those involved in production.

In the course of resource efficiency, the input of the production company has to
be optimized with appropriate approaches in the strategy and adapted use of
mechanisms. Measurable input variables should be reduced and non-measurable
quantities should be increased according to existing requirements.

The output should also be optimized. In doing so, the relationship between
product and residual material is to be transformed in favor of the product.

Congruence models for commercial estates with respect of resource efficiency

Business settlements are very different from the established companies in
objectives and systemic logic. For this reason, the Congruence model for an
enterprise is not similar to the company. There are again the four parameter fields.
However, the concrete content is different (see Fig. 3.19).

In the strategy (A) of the company settlement regulations, which are derived
from laws, guidelines and guidelines are very rigid and strictly observable variables.
In addition to the regulation, the motivation for the company’s establishment is an
important element. Similar to the company vision, long-term goals are to be
achieved which are usually defined by the control authority. They have a great
influence on the desired output.

The input (B) is a sum of the inputs of the companies located. Energy and
materials, which are an important input for enterprises, are direct input of the
settlement. In the case of a non-symbiotic business establishment, these variables
can simply be combined as the sum of all the requirements of the companies. In
addition, companies’ knowledge is also a resource. This cannot be described by
purely mathematical methods, whereby the exploitation of distributed knowledge
offers enormous potential for the collective [26]. The situation is similar with the
people who are employed in the company. They are a resource and a demand carrier
and thus an important input in the system of company settlement.
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The mechanisms HOW consist of the companies established and the technolo-
gies used. Because dependencies and interactions are established, the system is not
balanced accordingly in the event of a company’s failure. All relationships must
then be analyzed again and appropriate adaptation must be made. Similarly, if a
company replaces the established technology with another one, the resulting change
in processes can significantly change the demands on energy and materials, which
also entails a new analysis and adjustment e.g. usage of additive manufacturing.

The output (D) has only little to do with the congruence model of manufacturing
companies. Because other resources are more important under the focus of resource
efficiency. Thus an optimal symbiotic net value is striven for. The better the
coordination of the network partners fits, the more successfully efficiency strategies
can be implemented and sustained in the long term. The values that generates a
settlement company as a result, on the one hand carries the result of the corporate
value along the other hand, the perception/image as created value may be used. The
increase in the attractiveness of the site is to be mentioned as a self-serving goal of
the company’s settlement. After all, a suitable successor can be quickly found if a
network partner fails. Furthermore, the chances are increased to identify a suitable
network partner and to settle in order to advance to a further increase of the other
output factors by increasing the potential prospects.

Development of a holistic model for the system

Based on the developed congruence models, the development of a holistic
interaction model for the system of company settlement is structured (Fig. 3.20).
A combination of the various individual models is helpful as a preliminary step
towards a holistic model. Because the congruence models according to the chapter

Fig. 3.19 Approach for a congruence model of industrial estates
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before are created for all companies in the existing company resettlement or the
potential network partners in new plans, input and output are all easily connected.
In addition, the generic models are used to create a concept that is specific to each
company. On this basis, a qualified evaluation can be carried out.

All relationships between the individual units of observation (participants) are
documented and analyzed with regard to their active connection. The first step is a
qualitative analysis. The qualitative analysis reveals whether the active relationship
has a reinforcing or a diminishing effect. After the qualitative evaluation is com-
plete, the quantification has to be carried out. The quantification is necessary in
order to have a mathematical model for a simulation. The active relationships are
described according to the qualitative evaluation by means of a mathematical
relationship. The set of all mathematical descriptions of the active relationships
yields a calculation approach for each variable in the system.

3.1.2.3 Data Acquisition and Information Gathering

As it is apparent from the foregoing, the data and information required are varied
and complex. Irrespective of these hurdles, it is imperative to use high-quality data,
as this is the only way to make long-term reliable statements. This is important in
order to formulate and manage strategic developments. In addition, it is relevant to
be up-to-date with the current information in order to always be able to work with
an actual and thus realistic data base.

For the data and information as well as their origin, two viewing directions are
possible. The “top-down” approach is based on the viewpoint of the business
owner. This is almost exclusively to restrict access to publicly accessible data
sources opened by licensing. But already from these data sources a large number of
information can be aggregated. The “bottom-up” approach is taken by the company
as a participant in the system. Here, the amount of potentially available data and

Fig. 3.20 Interaction links within the system view
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information is much more complex because there may already be close links and
intermeshing. Furthermore, shares of the information are relevant to the competition
and should not be directly visible to all. This increases the complexity of using and
providing the available data.

There are various factors to be considered in the data to be used. These factors
have a major influence on the usefulness of the data and information (see Fig. 3.21).
For before the data can be used effectively, these must be collected or acquired,
followed by a processing. If the resulting cost-benefit ratio is unfavorable, a check
for reduction is useful [27].

3.1.2.4 Generic Approach for System Modelling

System modeling is carried out using system dynamics. Variable variables are
defined for this purpose. For system dynamic modeling, the viewing space must be
defined. According to the preceding considerations, consideration of the subsystems
is suitable for this purpose. System dynamics are characterized by closed loop
diagrams (see Fig. 3.22). The advantage of this representation is that all relation-
ships between the viewing variables are directly visible. To create closed-loop

Fig. 3.21 Factors influencing the potential use of data and information
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diagrams, define the frame. Through the system boundary, the framework deter-
mines the viewing space, which is delineated by the system environment. The
interaction between system and system environment takes place through a limited
defined exchange. Regardless of these system input and system output variables,
interactions are not considered in the system dynamics view. The analysis of the
system variables as well as the established links is carried out in the system view.

The strengths and weaknesses of system dynamics are also associated with this.
Strengths can be seen in the complexity of interactions. Large quantities of rela-
tionships can be described [27]. Furthermore, the system dynamics allow con-
clusions to be drawn about the backflow of information or the reaction. This
allows dynamic dependencies to be assessed both in terms of time and importance.
The weaknesses of system dynamics include the limited precision of the calcu-
lation results. This correlates with the exactness of the mathematical description of
links. Since every relationship involves a number of unknowns, the results of
system dynamics are difficult to make use of for a reliable statement of reality in
absolute size. It is, however, very suitable for the estimation of trends and
developments [28].

The analysis of the subsystems identifies the variables for the evaluation of
interactions (see Fig. 3.23). This is the output information to derive the relation-
ships. Each identified variable has been examined for connection to all other
variables.

In interaction modeling, the effect is always analyzed, starting from a change in
the factor. In the first approximation, the relationship is assessed only qualitatively.
If factor A increases, the effect on factor B is positive, this results in an increase of
factor B. If the influence is negative, an increase of factor A leads to a reduction of
factor B. In order to obtain a complete system model, all factors are investigated

Fig. 3.22 Approach to system modeling [24]
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with respect to each other. If all relationships are identified and evaluated, a
visualization can be created. This presentation allows a quick understanding of the
interactions and dependencies.

If the holistic model is created, the qualitative representation must be quantified.
Only through the quantification simulation results can be calculated which allow to
directly compare different scenarios.

An example of quantification can be found below. A simple example is used for
the concrete representation. An increase in traffic density leads to an increase in
emissions. This statement is comprehensible under current circumstances, that the
multiplicity of transport emissions generate emissions, as more means of transport
lead to more emissions [29]. Now the mathematical link must be established in
order to create a calculation basis (Fig. 3.24).

An adaptation of the generic interaction approach (see Fig. 3.25) is made by
specifying the interaction and linking to quantifiable dependencies. Furthermore,
the company’s image can be reproduced by replicating the company-specific
variables in a generic approach. In particular, the networks of the various compa-
nies are focused on achieving improved networking and synergies.

Fig. 3.23 Identified variables for interactions

Fig. 3.24 Example for quantification of a relationship from the interaction model
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3.1.3 Evaluation Approach for Long-Term Resource
Efficiency

Using the activities described lastly, a status quo analysis needs to be carried out for
the environment to be considered. This survey of the current situation is important
in order to develop good-looking, meaningful scenarios. For a meaningful assess-
ment, the distinction between existing development and the new settlement is
necessary. If the new business development is planned again, the flexibility in the
selection of potential interaction partners as well as the appropriate requirements are
significantly higher than the development of existing areas.

Two objectives can be pursued, which are defined by the respective boundary
conditions: stock development and the new settlement.

Inventory development is significantly characterized by grown structures. In
particular, existing links and connections must be taken into account. In most cases,
the development of the stock is about the resettlement of one or fewer companies on
areas with a lot of space or a building complex. Rarely, the existing structures meet
the requirements for the new use. This has to be considered, with all its advantages
and disadvantages.

3.1.3.1 Evaluation of Classification Levels

Resettlement offers the developer or future operator all degrees of freedom during
the development process. This also entails the requirements that the future operator
will set up for collaboration and data provision for holistic control. In the case of
resettlement, the development of the settlement can be divided into individual steps.
The step-by-step construction always leads to situations that are similar to the
development of the stock. Accordingly, the procedure for inventory development is
significant for many situations.

In the case of a resettlement, but also in the case of integration into an existing
commercial area, the extent to which the company is suited to the boundary con-
ditions at the location and to the other companies must be examined. Here, state-
ments early on in the decision-making process on the basis of classification data are
useful and desirable.

If the classifications of the commercial area and the company can be carried out
in a first step, a profile matching can be carried out.

By matching commercial space and companies on the basis of qualitative
characteristics, it is determined how well a company fits into the commercial area.
This helps the companies in the pre-selection as well as the municipal side and the
management of the commercial area. Table 3.1 shows how the matching can be
performed using a simple table as a tool. Such a profile can also be used for
communication and negotiation between companies and local authorities or oper-
ators. Differences in supply and demand or demand become obvious and can be
negotiated efficiently.
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In addition to the coordination between companies and the infrastructure, the
question arises of how well companies fit in a commercial area. This is true both in
the sense of synergies through commonalities and symbiosis through differences.
The matching between companies gives a first indication of the similarity of the
companies. It is assumed that similar companies, through their similarities, also
create prerequisites for synergies. A possible summarization of the factors in
companies A and B can be found in Table 3.2.

Table 3.1 Matching table between industrial estate and company

Part of
settlement
area

Evaluation
factors,
and other

Offer
Industrial estate

Needs
Companies

Matching

Infrastructure Data
infrastructure
(Band width
internet)

Glass fiber
G5 test area

G5 Test area 1

Waste
management

Industrial hazardous
waste treatment
company locally

No special
requirements

1

Energy supply District heating/
electricity

Gas 0

Employees Number of
employees

Rural area
4000 inhabitants at
location,
80,000 inhabitants in
radius of 10 km

1400
300 employees
specialized in
electronics

0

Specialized
expert
knowledge

Vocational schools of
all industries (5 km)
Universities of
applied science
(15 km)

Experts
electronics

1

Companies Need of land Parking spaces,
trans-shipment center

Parking spaces 1

Sharing
potential

Vehicle fleet, Cantina,
parking space

Own provision 0

Non-material
products

Yes/no Yes 0

…. …

Environment Waste water
pollution

Regulation nature
protection area

Not applicable 0

State of
technology

Fully automated/
manually

Manually 0

Noise Regulation sleeping
times

Day shift 1

0—bad matching 1—well matching 5
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The results of the matching of companies can be summarized and compared in
tabular form. The sum of the matching values per company can be used to deter-
mine synergistic potentials. Table 3.3 shows an example of such a similarity matrix.

At this stage, companies that do not fit into the commercial zone can be
excluded. However, the similarity between companies alone is not sufficient to
derive conclusions about the quality and degree of possible symbioses. Often,
different companies complement each other with regard to resource efficiency, since
they are not competing for scarce resources. This can also be formally mapped in a
matching matrix in which similarity or symbiotic matching is highly valued for
certain criteria. Such algorithms are often dependent on the order of evaluation.
Typically, most recently rated companies have disadvantages with limited resource
criteria.

Table 3.2 Matching of companies

Factors Enterprise A Enterprise B Matching

Product Type Digital/physical Digital/physical 1

Value adding Part/system Part/system 0

Execution Part/system Part/system 1

Typology Size Small/medium/big Small/medium/big 1

Industry Treatment/
production/service

Treatment/
production/service

1

Technical
economical
classification

Personnel/energy/
material/machines

Personnel/energy/
material/machines

1

Cooperation Horizontal Sharing/no
sharing

Sharing/no
sharing

1

Vertical Small/big supply
chain

Small/big supply
chain

0

Lateral Local/regional/
interregional

Local/regional/
interregional

1

0—bad matching 1—well matching 7

Table 3.3 Similarity matrix
of the companies A–E

Enterprise A B C D E Sum

A – 7 6 3 5 21

B 7 – 9 2 6 24

C 6 9 – 8 5 28

D 3 2 8 – 7 20

E 5 6 5 7 – 23
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3.1.3.2 Assessment of Congruence Models

The data obtained is used in the development of the congruence models. To this
end, the input variables and the output variables for companies and commercial
settlements are firstly defined. In addition, the company strategies as well as the
strategy of the business area developers are described and the mediating resources
designated as “mechanisms”, are characterized.

It is a good idea to create congruence models based on templates, and then join
them together to get a good base for an integrated congruence model. Figure 3.26
shows such an integrated model. In doing so, the inputs and outputs of companies,
their strategies and mechanisms/resources are brought together.

The integrated congruence model reveals whether the initial strategy of the
business area is in harmony with the company’s strategy and whether the under-
standing of mechanisms, inputs and outputs is covered. It is possible to identify
contradictions in the system that go beyond the pairwise matching on classification
level. In the present example, the sustainability strategies of the commercial region
and of the three companies considered fit together well. This is also reflected at the
operational level in the mechanisms.

Figure 3.26 also shows that the views of the companies can differ from the
viewpoint of the operator of a commercial establishment or an economic developer.
Thus, the increase in purchasing power in the region is an important argument for
him, whereas this does not play an important role in the company’s view.

Fig. 3.26 Integrated Congruence model of an industrial estate
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Important for the creation of congruence models is their specificity and mean-
ingfulness for the respective situation and application. In this way, machines,
consumer products and the flow of goods from the »Transportation
Organization« can be combined again into the material output of the commercial
area. The separate presentation, however, says more about the specific character-
istics of the commercial settlement. The companies “Tech Industry A”, “Tech
Industry B” and “Transportation Organization”, which are generically named here,
should also be replaced by speaking names in the specific case. Here, company
names can be found, or »mechanical engineering«, »manufacturers of consumer
electronics« and »commodity distribution centers«.

3.1.3.3 Assessment of System Models

On the basis of the integrated congruence model, the input and output variables can
also be operationalized and an estimation of magnitudes can be carried out. Thus,
there are indications of bottlenecks. In the above example, a bottleneck could be
assumed by the required load capacities for electric vehicles in the distribution
network and the shared vehicle fleet. Are the transport capacities sufficient for the
intensive inflow and outflow of the goods capacities in the distribution center? Does
the environment of the commercial area provide enough technical personnel?

Typical questions for evaluation at the level of congruence models are:

• Comparison of input and output variables for network analysis (informational,
physical). What input does a company need from other companies? What output
does the company provide to other companies?

• Are company strategies compatible? Are there any conflicts of interest and
interests, or can synergistic or symbiotic mechanisms be developed?

• Can the mechanisms in companies be reconciled? Are there potentials for shared
resources?

On the basis of the understanding gained with the profile analysis and the
congruence models qualitative and later quantitative system models of the com-
mercial settlement can be created.

In contrast to Congruence models, this is not the case with the creation of
individual models. As shown in Fig. 3.27, the modeling of key variables that
characterize the commercialization (Start A) proceeds. Partially, they are extracted
from the integrated congruence model. In the beginning, the most important target
size, Such as the number of companies established or the number of employees in
the commercial area. Further key variables can then be ecological balance variables
such as energy consumption or traffic volumes. This can not only be simply
quantifiable variables but also more abstract values such as company development
or symbiosis potentials. However, in contrast to the representation of the congru-
ence models, it is necessary that the variables for system modeling increase or
decrease. System models are displayed as graphs. The key variables are written to a
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block diagram. Subsequently, the variables which influence each other are con-
nected to one another. The direction of the interaction between the variables is also
determined. For example, the number of established companies may have an impact
on the attractiveness of the commercial area and not vice versa. Finally, the effect
direction must be specified. Thus, the number of companies being established will
have a positive effect, i.e. steadily, on the attractiveness of the industrial area.

It is recommended to start with the key variables from the conception of the
commercial area and to network them. This model should include balance figures
that also reflect company interests and needs. Subsequently, additional key sizes of
the individual companies can be added to improve the specificity of the model and

Fig. 3.27 Qualitative system modeling and evaluation
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to incorporate the respective company interests into the model. In addition, all the
companies involved are added to the modeling (Start B), the scheme being retained.

System models are typically no longer created on paper. There is relevant
software for this. This also allows the analysis of qualitative system models.
A dependency diagram shows how strongly variables can be influenced and
whether they have a strong influence on the other. With this analysis, levers can be
identified, in particular. These are variables which have a strong influence on others
without being strongly influenced by themselves. These are the driving forces in the
commercial settlement. Both the individual companies and the developers of the
commercial area have their levers, which should be clear to all parties involved in
order to drive the entire system together optimally.

In addition, the qualitative system models can be used to perform stability
analyzes. Software-based systems for system modeling can identify amplifying
circuits that promote desired growth (Fig. 3.28) but also show limitations of growth
(Fig. 3.29).

However, the use of qualitative system models is limited. They do not allow the
temporal development of the variables to be projected. This requires the functional
relationships between the sizes. Figure 3.30 shows the procedure for quantitative
system modeling. Non-quantifiable variables are either to be eliminated or replaced
by quantifiable variables. The functional relationships between the variables are
then to be defined as well as the time units used.

Fig. 3.28 Increasing
feedback

Fig. 3.29 Self-stabilizing
feedback
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The system-dynamic evaluation can then be carried out with a corresponding
software. The typical result of the analysis is time series of the key variables or
target variables of the commercial settlement. They are interested in the develop-
ment of the size of the companies, the number of workers employed in the set-
tlement, and the tax revenue that can be achieved therewith. The same applies to the
balance of sustainability, such as traffic volumes, energy consumption, water
consumption, environmental pollution, etc. The individual sizes can also be broken
down into the corresponding companies.

Fig. 3.30 Quantitative system modeling and evaluation
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While qualitative models can also be created and analyzed at a higher level by a
developer with basic knowledge in system modeling, dynamic system models
require greater effort and are typically created by a team of specialist and specialist
planners.

3.1.4 Summary and Outlook

Within the framework, it is possible to present an approach to the creation of
resource-oriented commercial settlements. A first step towards establishing sym-
biosis with respect to resource efficiency can be presented through a correspond-
ingly described procedure. With the method presented above, commercial
settlements with narrow control logic should be able to establish symbiosis
resulting in resource efficiency.

The concept is based on the current state of research and already implemented in
several projects. The idea of the symbiosis is not new. The symbiosis has already
been postulated in 2012 as the basis for an urban-focused production [30]. Even in
these scientific treatises the symbiosis predicts a reduction of effort. Today, some
exemplary approaches [31, 32] have been implemented, but the created connections
are less for the creation of resource efficiency as for the compatibility of production
in the context of urbanity. Approaches like Urban manufacturing can play an
important role for the further development and implementation of sustainable
procedures in manufacturing enterprises.

In the future, it is required to adapt the approach to different industries. With an
industry specific model and approach the development will be even increased.

3.2 Strategic Approach for Enterprise Improvement

3.2.1 Introduction

Current trend is the individualization of products. This provides the challenge of
smaller lot sizes and high numbers of variants in final assembly of companies.
Parallel the rural areas where plenty of world leading manufacturing companies are
situated in Germany, a lack of qualified personnel can be stated. Reasons for that
are multiple.

Facing these challenges the following approach is promising to address the
question occurring. A general approach is the differentiation between
customer-neutral manufacturing and customer-specific individualization. Therefore,
an approach could be to keep centralized manufacturing of costumer-neutral
pre-products and to decentralize the customer-specific production steps, e.g. final
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assembly, into smaller units which are close to the customers and near to hubs of
qualified personnel, like in urban surroundings. To support companies in the
transition towards the resulting urban manufacturing, in this contribution, a
development path is introduced. For this, at first urban manufacturing is charac-
terized, then the concept of development paths is highlighted. Based on this, per-
spectives for a development path towards urban manufacturing are described and a
generic development path to support the respective transition is presented. The
contribution ends with a summary and an outlook to future work.

3.2.2 Urban Manufacturing

Urban manufacturing can be seen as an approach to tackle current challenges for
industrial companies like the need for more flexibility and labor shortage [33].
Urban manufacturing is a manufacturing approach, which is so compatible with its
surroundings that it may even take place in urban surroundings and furthermore
results in advantages for all related parties [34]. Thereby, its application area is
especially products with a high degree of customization, a high ratio of value to
volume, and which require knowledge-based processes in production. So, branches
like heavy industries are not seen in the focus of urban manufacturing. Obviously,
the request to be city-compatible results in demands on a factory, based on potential
disadvantages of manufacturing in urban surroundings (cf. [33]).

An essential disadvantage of urban locations is the low availability of areas,
which tend to be expensive. Consequently, to be city-compatible, factories have to
have a low land consumption. This results in the demand for products with low
dimensions, which are produced in low quantities and which have short dwell times
in the site. Furthermore, to be city-compatible, manufacturing has to produce a low
amount of emissions. In addition, as traffic is mostly heavy in cities, logistics should
be low to keep the impact of the factory on the traffic volume low, thereby not
worsening the traffic situation. Thereby logistics not only concerns the transport of
goods, like material and products but also of humans, i.e. employees and customers.

Essential advantages of urban manufacturing are based on the premise that urban
manufacturing results in short distances to the markets. Proximity to the resourcing
market supports the collaboration and cooperation with suppliers for goods and
services like research and development as well as training. Short distances to the
output market reduce efforts for distribution logistics and facilitate the integration
and bonding of customers.

Furthermore, short distances between housing and workplaces of employees
support flexibility in working times and therefore in production capacity and
work-life-integration.
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3.2.3 Concept of a Development Path

Typically, companies will not realize urban manufacturing from scratch, but a
respective transition process is needed. This process has to lead from individual
starting points to company-specific target states. To guide the transition process, we
suggest the concept of a generic development path which can be applied to different
kinds of companies. Thereby, the development path considers essential perspectives
of the development of a company towards urban manufacturing and is based on a
set of development steps for the different perspectives. Interpreted as a process, the
development may be run through completely from initial state to target state or in a
company-specific range. By this interpretation of the term development path we
follow the work of Lopez et al. [35] but are in contrast to Perkins and Small [36].
Lopez introduced a Digital Business Development Path to support companies in
assessing their position related to digitalization. In this development path, the state
of a company can be characterized by 5 perspectives with 6 development steps.
Here, it is not needed that the steps have to be passed one after the other. Perkins
and Small presented a Product Development Path for Microbial Diagnostics con-
sisting of 7 steps in 3 perspectives. For advancing on this development path, it is
needed to successively go through the steps one after the other without skipping one
or more steps. Furthermore, it is needed to run through the complete development
path from the starting point to the final stage.

So, in the following, development paths and maturity models are seen as
instruments to guide the transition of an object, e.g. a factory, from an initial state to
a desired state along a series of steps or stages, respectively. Thereby the starting
point of the transition is to be determined based on an as-is characterization of the
object and is not necessarily at the initial stages of the development path, but the
object may already have a specific maturity. During the advancement, no step or
stage should be skipped completely, but all respective characteristics have to be
fulfilled, which may be the case for several steps at once. Thereby we see the
difference between a development path and a maturity model in the fact that in a
maturity model along the steps more perspectives and more characteristics or cri-
teria, respectively, have to be fulfilled, meanwhile the amount of perspectives and
criteria along the transition stays constant along the transition for a development
path.

3.2.4 Development Path for Urban Manufacturing

3.2.4.1 Structure

The development path for urban manufacturing is structured into perspectives,
covering essential characteristics: the factory (representing the overall manufac-
turing distribution approach), the product, manufacturing and its organization, sales,
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the human side consisting of employees and citizens as well as of the cooperation
perspective. Therefore, in the development path emphasis is given to leveraging the
advantages of urban manufacturing based on short distances to the output and
resourcing markets as well as for the employees. Along the 7 perspectives, the
development path is divided into 5 steps including the initial state and the target
state, thereby following the most popular way of evaluating maturity as stated by de
Bruin [37]. Obviously, besides the considered perspectives, other elements of the
company and its processes like logistics, low-emission equipment, and
IT-infrastructure have to be shaped in accordance to the state of the company, too.
These elements are not directly considered in the development path as they are not
seen as drivers for urban manufacturing, but enablers which have to be shaped
based on the occurrence of the driving perspectives which are represented in the
development path. Nevertheless, elements as logistics are of high importance for the
city-compatibility of factories and should be shaped in a low-impact manner, e.g. by
using electrically driven vans instead of heavy trucks for the case of logistics.

3.2.4.2 Factory

With the perspective factory, we refer to the manufacturing distribution approach
including decentralization and number of factories as well as the respective work
distribution between the sites.

The first characteristic in the perspective factory is the number of sites. In the
classical manufacturing approach, we assume that manufacturing takes place in one
central site, thereby leveraging economies-of-scale. The location of this site is
typically selected without considering advantages of urban manufacturing but with
traditional locational factor analysis. Therefore, the sites are often placed in more
rural areas, and may be surrounded by cities over time. In these central sites, all
organizational functions are bundled and products are entirely manufactured, also
based on supplied components. The central sites are controlled in a centralized
manner.

In the final state of the development path, the urban manufacturing state, we
assume a decentralized approach, consisting of one or more pre-factories which are
dedicated to manufacture customer-neutral pre-products, thereby still leveraging
economies-of-scale and city factories, dedicated to the final manufacturing of
customer-specific products, e.g. by configuration and final assembly. The manu-
facturing sites also contain indirect organizational units, e.g. for internal control and
administration, but also for product development. In the case of city factories,
product development focusses on localization of products towards regional needs
and costumer integration in engineering and innovation. The proximity of engi-
neering and manufacturing also supports short feedback loops to advance products
with regard to manufacturing, like manufacturability and quality issues. The dis-
tribution of organizational units for administration and control also enables a
decentralized manufacturing planning and control approach, thereby reducing the
complexity of managing the overall manufacturing network and its parts.
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For the development path towards urban manufacturing, we suggest the fol-
lowing steps from classical factories to the decentralized urban manufacturing
approach.

• Initial State:

– Classical factory for complete manufacturing, which is often in an initially
rural area and is operated in a centralized manufacturing approach.

• Step 1:

– establishment of a first city factory for final manufacturing of
customer-specific products, thereby emphasizing on a specific urban area,

– Core factory remains unchanged but is complemented by first city factory.

• Step 2:

– establishment of further city factories,
– Core factory remains unchanged but gets focus on manufacturing of

pre-products, and is complemented by city factory.

• Step 3:

– Check if initial factory brings substantial market access, if not: question to
transform it into pre-factory.

• Final State:

– Urban manufacturing by a decentralized manufacturing approach of one or
more pre-factories for the manufacturing of costumer-neutral pre-products
and city factories for the final manufacturing of customer-specific final
products.

Furthermore, it could be reasonable to decentralize also the innovation and
engineering process as well as manufacturing control along the transition towards
urban manufacturing. The product development-related area can thereby be seen as
linked to customer-integration which is considered in the sales perspective and to its
subject-matter the product, addressed in the following chapter. Manufacturing
control is considered along with Industry 4.0 in the manufacturing.

3.2.4.3 Product

Another essential base for a transition of the manufacturing approach in a company
is the product itself, delivering possibilities and boundary conditions for
manufacturing.

As stated in Sect. 3.2, the development path for urban manufacturing especially
addresses the manufacturing of discrete, complex series products with a high degree
of customization, resulting in a high variety.
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A significant property of the product with regard to the distribution of its pro-
duction is its structure, i.e. in how far the product is composed from modules or
single parts. Thereby, we assume for the initial state a classically developed product
with no consideration of modularization, and for the final state a very high level of
modularization of the products, which, in addition, are built on product platforms.
Consequently, the following steps for the product perspective are suggested:

• Initial State:

– Classical product without modularization or platform consideration.

• Step 1:

– First modules in a part of the products.

• Step 2:

– Cross-product platform/s.

• Step 3:

– Modularization of the full product range.

• Final State:

– Products, modules and platforms optimized for decentralized manufacturing
with pre-factories and city factories, including late customization.

3.2.4.4 Manufacturing

To enable the envisaged decentralized manufacturing approach for customized
products, classical production systems have to be transformed towards systemswhich
enable the efficient manufacturing of very small lot sizes, i.e. down to lot size 1. This
can be supported by applying lean approaches as well as by using technologies from
the so-called Industry 4.0 [38], resulting in the following steps.

• Initial State:

– Classical manufacturing based on push principle.

• Step 1:

– Lean production with pull principle in sync with customer requests at city
factory/factories.

• Step 2:

– Decentralized production triggered by customer orders at city factories
which order components at pre-factory.
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• Step 3:

– Manufacturing in lot size 1, enabled by Industry 4.0 to allow fine granular
manufacturing control.

• Final State:

– Self-organization by products which are cyber-physical systems (CPS) that
control their own flow through the overall manufacturing network as well as
the manufacturing parameters.

3.2.4.5 Sales

An essential advantage of a manufacturing location for customized goods which is
situated in an urban surrounding is its proximity to potential clients with the
respective possibilities for customer integration. To leverage these possibilities,
measures besides typical integration aspects like internet-enabled open innovation
should be taken. These measures can range from face-to-face open innovation
approaches to exploit customer ideas for designs and product solutions to the
incorporation of customers in the actual manufacturing processes. Therefore, steps
for the advancement towards leveraging the potentials of urban manufacturing can
be the following:

• Initial State:

– Typical approaches for customer integration like internet-based open
innovation.

• Step 1:

– Face-to-face open innovation by incorporating customers in idea develop-
ment and problem-solving.

• Step 2:

– Integration of customers in indirect processes like product development, i.e.
face-to-face co-creation.

• Step 3:

– Advancing the transparency of the factory by providing customers access to
the production of their personal products, potentially including manufac-
turing and quality data.

• Final State:

– Opening the factory by integration of customers also in direct processes, e.g.
by incorporating them in the final assembly of their personal products.
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Reason for doing costumer involvement in early phases of product creation
earlier than in later phases is that in these phases, a one-way information flow from
customer to company can be established. In contrast, by incorporating externals like
customers in later phases of the product creation, also insight in these value adding
processes is provided—which is an approach that may be seen as critical by the
company at first.

3.2.4.6 Employees

To leverage the potential to increase the flexibility of working hours and of pro-
duction capacity based on the possibly short distances between housings and
workplace, which may be accompanied with short transfer times, new working-time
models can be applied. This may range to a very high short-term flexibility based on
self-organization approaches like KapaFlexcy [39] which may result in new levels
of work-life-integration, too. So, potential steps for the transition are:

• Initial State:

– Rigid working-time model.

• Step 1:

– Flex-time model, especially for indirect employees.

• Step 2:

– (multi-)annual working time accounts.

• Step 3:

– Participative working time planning.

• Final State:

– Self-organization of working times.

Besides this flexibility-oriented perspective, depending on the company-case, an
increase of the degree of employee participation may be reasonable but is not
mandatory for urban manufacturing but desirable.

3.2.4.7 Citizens

Seeing a factory as integral part of a city, which in the best case acts as a “friendly
neighbor”, the relation between the factory and its neighbors, i.e. the citizens of the
city, can be seen as crucial. Therefore, a perspective to present the relation between
the factory and the citizens is suggested. Presentations for this feature may range
from no active relation management up to an open factory, which is not only
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participative planned but which offers its infrastructure partly or as a whole to the
public. Whereby the opening of the infrastructure as a whole may be difficult and
even unachievable, the opening of parts could concern parking areas, canteens or
day-care centers, so low critical areas, to externals. This results in the following
steps for the perspective of the citizens of the development path:

Initial State:

• No specific relation-oriented measures towards citizens.

Step 1:

• Provision of information about the factory, its state or future, to citizens.

Step 2:

• Information exchange and citizen involvement by events like workshops.

Step 3:

• Participative planning of the factory and its further development by incorpo-
rating citizens.

Final State:

• Open factory which allows the usage of infrastructure, partly or fully, to
externals, especially citizens.

3.2.4.8 Cooperation

The proximity to suppliers supports a close cooperation between the companies.
This relates not only to suppliers of goods like material and components, but also of
services. The mode of operation for this perspective may range from the classical
supplier-client approach up to an integrated planning and operation of the supply
chain including strategies, capacities and inventories in the sense of an Extended
Enterprise as presented by Dold et al. [40] among others. Therefore, potential steps
along the development path are the following:

Initial State:

• Classical supplier-client relations.

Step 1:

• dedicated identification of local suppliers nearby the factory and begin of
respective relations for sourcing.

Step 2:

• sharing of forecast and inventory level, supported by linked IT-systems.
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Step 3:

• Collaborative planning of the overall supply chain, thereby ensuring a global
optimum in performance instead of local optimizations.

Final State:

• integrated management of the supply chain.

3.2.5 Application of the Development Path

The presented development path has the objective to support the transition of a
manufacturing enterprise by guiding it towards the vision of an urban manufac-
turing through the identification of possible next steps for advancement. Thereby,
the company may decide the actual target state, which is not necessarily the
long-term oriented characterization of the perspectives of the final states, but
company-specific.

The application of the development starts with an as-is analysis resulting in a
classification of the company in the states of the development path. Each of the
states identified shows the option of a next step for advancement of the company
towards its goal by examining the difference between the current state and the next
step or state in the development path.

Table 3.4 shows the example of a company which produces design-oriented,
complex series products with a high amount of customization. Thereby, starting
points for the advancement are marked in green, intended target states in red. The
promising next steps for the advancement of the company along the perspectives of
the development path are identified as follows.

Concerning the factory and overall manufacturing approach, the current state at
the company is the manufacturing at one central, classical factory. The company
intends to open city factories to get better access to the output markets but would
continue to manufacture final products at the core factory in future, too, if this is
reasonable—as shown by the intended target state. In accordance to the develop-
ment path, the next step can be to create a first city factory to complement the
existing factory and to gain first experiences in manufacturing in urban surround-
ings, while already addressing one dedicated market.

The products of the company are already composed out of first modules,
whereby the intention is to introduce cross-product platforms in addition. At the
same time, these gaps also represent the next step to be done for advancement with
regard to the product.

For the perspective manufacturing, the as-is analysis resulted in a classification
in the lean production-state. As objective the company identified to apply
approaches and technologies of Industry 4.0 to support the manufacturing in lot size
1 with innovative information technology. Therefore, the next step can be to realize
decentral manufacturing, triggered by customer orders, thereby controlling the
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manufacturing in the system resulting from the establishment of a complementary
city factory besides the original core factory.

Concerning sales, the company currently uses typical approaches and want to
reach a state with high customer involvement including a transparent factory which

Table 3.4 Example of the application of the development path (red—current state, green—target
state, yellow—same current and target state)

Perspective Initial state Step 1 Step 2 Step 3 Final state 

Factory Classical 
factory 

First city-
factory, core 
factory un-
changed 

Further city 
factories, 
core factory 
focus on 
per-
products 

Transform 
core factory 
into pre-
factory 

Pre-
factory/ies 
and city 
factories 

Product Classical 
product 

First mod-
ules 

Cross-
product 
platform/s 

Modulariza-
tion of full 
product 
range 

Products, 
modules 
and plat-
forms op-
timized 

Manufac-
turing 

Classical 
manufactur-
ing, push 
principles 

Lean pro-
duction 

Decentral-
ized manu-
facturing 
triggered by 
orders 

Manufactur-
ing in lot 
size 1 , ena-
bled by In-
dustry 4.0 

Self-
organiza-
tion by 
products 

Sales Typical ap-
proaches 

Face-to-face 
open inno-
vation 

Face-to-
face co-
creation 

Transparent 
factory 

Open fac-
tory 

Employees Rigid work-
ing time 
model 

Flex-time 
model 

(Multi-
)annual 
working 
time ac-
counts 

Participative 
working 
time plan-
ning 

 self-
organiza-
tion of 
working 
times 

Citizens No specific 
measures 

One-way 
communica-
tion 

Information 
exchange 

Participative 
planning 

Open fac-
tory 

Cooperation Classical 
supplier-
client rela-
tions 

Local sup-
pliers 

Sharing of 
forecast and 
inventory 
level 

Collabora-
tive plan-
ning 

Integrated 
manage-
ment of 
the supply 
chain 
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enables customers to visit the factory and regard the manufacturing of its product,
including the availability of manufacturing- and quality-related data. For this, the
development path suggests as a next step, to start with customer involvement in
local open innovation processes to address issues like design and the solution of
customers’ problems.

As shown in Table 3.4, the company currently applies a flex-time model for the
working time of the employees where possible and wants to remain at this level.
Therefore, no steps for advancement are needed for the perspective employees.
Besides, it may be questioned if even if the working time model remains
unchanged, if the degree of employee participation is advanced.

In the as-is state, the company has a one-way communication behavior towards
the citizens, e.g. by press releases, information meetings or open days. For the
perspective citizen, an information exchange was determined. So, the establishment
of events for information exchange is a potential next step for advancement.

For the cooperation perspective, the as-is state of the company is based on
classical supplier-client relations. The aim of the company is to source locally at
suppliers but not to advance the supply chain by integration or joint activities.
Therefore, a potential next step is to identify nearby to suppliers and to start the
respective sourcing.

The application of the development path should not be once, but in the long-term
on a regular base. Thereby, the actual achievements may be compared with the
defined objectives and the objectives may be verified and adopted where needed.

3.2.6 Summary and Outlook

Companies face ever higher challenges based on trends like product individual-
ization and talent shortage. A promising strategy to cope with the challenges is the
implementation of an overall manufacturing approach, which is based on a
decentralization of manufacturing into pre-factories and city factories. In this
context, pre-factories are intended to manufacture customer-neutral components at
economies-of-scale, and city factories are responsible for steps of product creation
which are customer-specific—so an approach based on a partitioning by means of
the customer decoupling point of order fulfilment. To support the transition of
classical manufacturing companies into this decentralised “urban manufacturing”
approach, a generic development path is suggested in this contribution.

The development path for the transition towards the urban manufacturing
approach is divided into thematic perspectives and development steps. The per-
spectives of the development path are based on drivers of urban manufacturing. In
the contribution, the following perspectives are suggested:

• factory, which also represents the overall manufacturing distribution approach,
• product,
• manufacturing and its organization,
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• sales,
• employees,
• citizens, as well as
• Cooperation.

Besides these perspectives, other factors are important for the realization of an
urban manufacturing approach, too. Among others, this refers to logistics,
low-emission equipment and machinery as well as to the information technology.
These factors have to be realized in a manner, which fits to the requirements of the
company in its respective state and which supports the city-compatibility of the site.

As next steps, the development path will be advanced based on discussions and
expert talks with the scientific community before first tests in company applications
will be done. The tests will serve for the further development and detailing of the
path.

3.3 Additive Manufacturing—A Technology Supporting
Sustainable Urban Manufacturing

3.3.1 Introduction

As mentioned in the preceding statement, decoupling of highly individualized
production steps will be a possible strategy. Therefore a transition to more flexible
production processes will be needed. The ever faster developing technology of
additive manufacturing (AM) is becoming a serious alternative for manufacturing
small series of end customer products. Regarding a survey from KPMG [41] a
majority of companies see impacts on four main fields - suppliers, production,
logistics and customer relation. The results of the survey are summarized in
Fig. 3.31.

The surveyed companies see the biggest impact in the forthright area of usage—
the production area. Furthermore, the impact on Sales and Customer relation
management is estimated quite high. The possibility for impacts in the field of
Logistics and Suppliers is seen indifferent by the companies. Opposing to that,
research describes AM as a “powerful complement to traditional manufacturing and
the end-to-end supply chain” [42]. Even more drastically formulated by Gravier “It
should be a warning sign for companies that if they don’t innovate their supply
chains, they may become irrelevant” [43]. These findings directly tie in with the
hypothesis of distributed production networks, whereby additive manufacturing can
be a main enabler to realize such networks.

In the following paragraph, additive manufacturing, the reasons for using it and
the different levels of application will be described in more detail. For all appli-
cations of these technologies, Additive manufacturing is defined as the official
industry standard term after ASTM F2792. It describes the process of joining
materials layer upon layer to produce physical objects from 3D model data. In

224 M. Hertwig et al.



contrast to subtractive manufacturing methodologies, where the “inverted” 3D
model has to be removed from a blank of material. Widely used synonyms for AM
are 3D-printing, additive fabrication, additive processes, additive technologies,
additive layer manufacturing, layer manufacturing, and freeform fabrication [44].

The reasons for AM are manifold, it enables companies to flexibly react on
volatile markets, produce spare parts on demand and realize individual customer
requests directly. Therefore three main potentials of Implementing AM are:

• Realization of complex geometries, that were not possible with traditional
methods

• Integration of functionalities through producing movable parts in one process
without assembly

• Complete adoption of customer needs

A first differentiation of the field additive technology can be made by using a
level approach. This differentiation is required, to have a definition of the wording
‘rapid manufacturing’ and is provided in Fig. 3.32. The field of additive technology
can be examined either from a technological point of view or from an application
point of view.

Fig. 3.31 Impacts on
different areas [41]
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The technology level comprises technological aspects, like parameter setting,
material specification etc. This will not be discussed in detail.

The application level determines the type of usage of AM. The required per-
formance differs significantly according to the intended use. Lowest level of inte-
gration of AM is rapid prototyping. The target is fast manufacturing of prototypes
for functional testing or concept models for decision support. The capacity uti-
lization is not major priority in this case. Rapid Prototyping is already widely spread
in the industry. Rapid manufacturing is used to produce parts for customers. Quality
and cost efficiency requirements are high because the technology is measured
against conventional manufacturing technologies. Rapid tooling is in-between those
application fields. It is used to manufacture tools for conventional manufacturing
procedures, e.g. moulding. For example, tools for plastics moulding have lower
durability at lower costs. Changes and optimization of the tool can be performed
fast and cost effective.

3.3.2 Impacts on a Traditional Product Lifecycle Through
AM

The lifecycle of a product is heavily influenced by using AM technologies. The
impact of potential changes is presented on a general value added chain (see
Fig. 3.33). The value chain is divided in two threads, the product realization (grey)
and the order processing (white). The scenario is based on the assumption all
processes will be changed to additive manufacturing given a small lot size
production.

In product realization, one factor is the impact on used material. The material is a
key factor for additive manufacturing because the conditions of material required
differ much from conventional manufacturing [44]. Depending on the used

Fig. 3.32 Levels of AM
application [41]
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technology, the material needs to be distributed in a different form and shape,
ranging from solid blocks to powder or liquids. However, the number of different
materials for AM is limited as of today, it will increase based on further application
areas [45].

The required material specification does have an impact on the availability and
distribution time of it [46]. Furthermore, the number of materials will have an
impact on storage facilities. The different consistence of the raw material will
change the way of storage as well as the storage strategy [47].

Fig. 3.33 Impacts on a traditional product lifecycle
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Internal logistics will change drastically in this scenario. Depending on the
number of production machines, the material provision can be done automatically
(many) or manually (some). Additionally, additive machine manufacturers are
developing tools and approaches to automate part handling as well as material
removal under respect of treatment regulations [48].

A change in technology has always a huge impact to the production processes,
its KPIs, the factory layout and required tools. Efforts will be moving towards
post-processing. Most of the parts need post-processing to fulfil the requirements.
Additionally, the material processing will be more important for additive tech-
nologies to make sure a high percentage of material can be reused after processing.
New feedback-systems are needed to achieve same process quality and stability as
with conventional technologies [49]. Regarding cost calculation, economies of
scale get less relevant with small lot sizes; therefore, competitiveness of AM will
rise. This also means, that a general cost reduction can only be realized with better
process efficiency through technology improvement [50, 51]. In addition, factories
will change in layout and size. AM allows distributed production, which results in
more but smaller facilities, mainly closer to the customer [51]. Changed require-
ments in tooling and machinery are followed by a change of required competencies.
Currently, employees on shop floor level need to know about setting-up and
adjustments, in future they need to be aware of post-processing and digital data
handling.

Moreover, new possibilities in design will affect the assembly effort. By inte-
grating functions and reduction of parts to be assembled, the effort in assembly is
decreasing in general [52].

The part distribution will increase in frequency because the order-to-delivery
time is decreasing. The distribution effort is minimized further, if the visionary
business case “the customer produces its parts on his own” is becoming reality [53].
Physical part distribution is replaced by the distribution of 3D data sets to the
customer. This will lead to a stronger inclusion of the customer in the product
configuration process by adaption of relevant parts [45].

Regarding the order processing, additive technology is changing sales approa-
ches extensively. The upcoming possibilities in design and customization require a
basic knowledge of the sales personal. This expertise allows the right determination
of price and delivery time. The service potential during consultancy in product
design can widen the sales opportunities.

This has an influence on the philosophy to develop and shape products. The
technology allows integration of functionality and high degree of design freedom.
For that, the product data needs to be adaptable which requires consideration during
the development and design phase to reduce efforts for the future [54]. This is even
more important for complex products where assembly steps are eliminated [45]. On
the other side, also restrictions and boundary conditions given by AM have to
followed [55]. For optimal usage of the new degree of freedom, simulation within
design procedures becomes more important. This is fundamental to secure the
functionality of new complex structures.
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Operations management is also changing. The planning of workflows is differ-
ent. However, the creation of work plans is still required, but with different focus.
The production planning will be more flexible. Due to smaller lot sizes, the adaption
of changes needs to be done faster but with consistent quality [56].

Quality insurance is a field with high relevance for using AM technologies.
Based on the process chain a higher effort is required to secure stable quality and a
prediction of life expectancy for the parts [57]. Additionally, new processes for
failure parts needs to be defined—e.g. repair or re-production. For hybrid pro-
duction, the effort will be even higher [52].

Looking at the after sales area there was research done on the effect that additive
manufacturing would have on the supply chain of spare parts that could possibly be
manufactured using AM. Main result of this work is that only 7–23% of the parts
have an economical benefit but the lead-time was lowered significantly [58].
Furthermore, the spare parts supply chain of the F-18 Super Hornet has been
investigated in another work, resulting in: e.g. lower overall operation costs, lower
down time, higher potential for customer satisfaction, lower capacity utilization and
higher flexibility [59].

3.3.3 Flexible Spare Parts Production with AM by Deutsche
Bahn AG

The application case from Deutsche Bahn AG (DB) is presented in this paragraph,
it addresses the production of non-security-relevant spare parts. In the first phase of
the project, the DB team has decided to work together with experienced additive
manufacturing service providers. Therefore, a standardized process for admission of
suppliers has to be put in place, when the demand for parts is rising. This is
currently in research and development. Independently a process for qualification of
spare parts is developed. A first version of this procedure is shown in Fig. 3.34.

The example of DB shows that a use-case of using AM in the sector of
after-sales/maintenance has very high potential. The first impression of this use-case
is that the realization is not very complex. However, along with the progress and the
first realized prototypes the challenges of using AM became clear, even for this
level of implementation. The demand for standardized processes and required
knowledge is easily underestimated. Regarding a complete changeover towards AM
technologies, the amount of influences and required changes increase dramatically.
The adoption of production with its challenges concerning material, quality, process
stability etc. is only a small step towards completeness. For successful overall
implementation of AM, a well-defined framework is needed to tackle the extensive
impacts on development, operational planning, organization and logistics.
Furthermore, it becomes clear, that AM competencies for employees are needed
across multiple divisions in the company.
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Furthermore the example shows the potential of AM for a sustainable, flexible
and very fast way of producing spare parts for the public transport sector. Especially
in this field idle times of trains have to be kept as short as possible to keep the
transport operational.
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Glossary

Area As an area, areas are described within the concept study, which are char-
acterized by decentralized control. The reasons for this are the absence of an
operating company or distributed ownership (each company owns the property
with real estate). Each stakeholder in the system therefore has little or no
dependency on others

Module Modules are composed of several components. The complexity and the
range of functions are still very limited. The integration of external competencies
in the manufacturing process is low. Individualization is still limited, since
assemblies are also components of systems

Component/part A component is a product produced by processing from a raw
material/ raw material. The complexity and the range of functions are limited.
These products are usually required in larger quantities because they function as
components of assemblies or systems

Bottom-Up Bottom-up approaches are given by the executive level. The impulse
comes due to needs, needs or experiences that can be interesting from the
perspective of the appropriate level for all. Usually, different impulses are
agglomerated across the planes in the bottom-up approach in order to achieve a
central image

Brownfield In the field of urban and land development, partial living areas are free
from the current use through the life cycle. In the field of Brownfield devel-
opment, the aim is to reuse these freed areas and properties. Since there are
inventory areas, the prevailing framework conditions must also be taken into
account or even be adapted. However, the flexibility is usually very small

Congruence English agreement or congruence—in the context of consistency, it is
intended to serve as a representation of reality. It is intended to help shape
certain contexts more structurally and also serve as a model through abstraction.
It is especially used in management to describe complex processes and rela-
tionships in a simplified manner
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Greenfield If new areas are indicated in urban and land development that is, also
redefined in terms of their use one speaks of green-field development. The
advantages of the Greenfield development are the high flexibility in design and
usability

Industries The term is used in the study for companies and organizations that have
a clear reference to production. Furthermore, the facilities are also companies of
industrial production

Input The input can be any input variable or parameter. For the execution of
processes, these are initial values that are necessary

Organizations In the case of organizations, the allocation is not clearly possible or
there are suitable companies and facilities which are less suitable for industrial
production

Output The output can be any result or part of the result. It is the result of a
process

Park Within the framework of the concept study, a construct with centralized
control and partly also ownership conditions is described with Park. This means
that there is an owner or operator who manages the units in the settlement,
provides guidelines and, if necessary, offers additional services and services. The
operator may be either a private-law organization or a local authority

Rural Rural are rural areas, which are relatively remote from main and secondary
centers. These areas are characterized by little flexible infrastructure connection.
The size of people settlements is limited, which can correlate with the challenges
faced by specialists and appropriate competencies in the immediate environment

Suburban Suburban are areas around of centers. Usually the cconnection and
infrastructure are well developed and the access to suitable specialists and
competences is moderate to good. The proximity to larger population settlements
is moderate, so the conflict probability is lower than in the urban but higher than
in the rural areas

System A system is a complex product that combines many different competences
and disciplines. These products are customized on the basis of customer
requirements and often lead to the integration of external and internal compe-
tencies throughout the entire production process. Also the support processes are
characterized by the high complexity

System dynamic The system dynamics is a relatively young science, which in the
1950er years for the first time by J.W. Forrester [Forrester 1971] was used. The
focus is on the viewing element, which is, however, viewed as a system with
many dependencies and interactions with other system components. System
dynamics is currently a recognized process for modeling complex contexts and
simulations
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Throughput The sum of the transformation processes can be seen as a throughput
in the context of the study. An output is generated from input by transformation.
In the study, the throughput is considered a white box. The transparency is
preserved, but no more detailed consideration of the transformation processes
takes place. However, the White Box offers the possibility to look more in detail
and thus to analyze individual aspects

Top-Down Usually as a way of providing information from the lead to the leading
organs. Visions and objectives are often formulated in this way and are then
implemented further into the implementation via downstream levels. In the
concept study, this is understood as a path from the holistic idea to the concrete
implementation

Urban The term urban is referred to in the study on main and secondary centers
and specifies areas that belong to the urban area or are directly connected. These
areas are characterized by their proximity to large human settlements and resi-
dential areas. The available infrastructure and connection is excellent
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