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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

Manufacturing companies in high wage countries strive towards shortened development and innovation cycles at decreased costs in order to 
strengthen their competitive position and to support resource sustainability. Therefore, companies promote innovations through various 
constellations such as accelerators. Such constellations of cooperation differ in terms of time and costs and are therefore often reserved for large 
companies with respective monetary resources. One opportunity for smaller companies for sustainable product development is the organization 
of development projects within innovation ecosystems allowing innovations within networks. In order to sustainably innovate in such ecosystems, 
their efficient as well as effective design becomes inevitable. Thus, this paper introduces a framework to set up such ecosystems for a radical 
increase in innovation productivity to support industrial sustainability. To derive this framework, the idea of biological ecosystems is adapted in 
terms of a biological transformation. Afterwards, six activity fields are introduced, supporting the design of innovation ecosystems. 
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1. Introduction 

Global trends in the industrial environment cause challenges 
to which manufacturers and suppliers must react quickly and 
flexibly. Furthermore, the sustainable use of development 
resources becomes more and more important in order to secure 
the competitive advantage especially for small and mid-sized 
companies. In terms of industrial sustainability, companies 
already focus the reduction of resource intensity, rethink 
business models and add additional value while implementing 
new concepts and materials [1]. Although, industrial 
sustainability approaches consider resource or carbon 
efficiency in manufacturing, the development and innovation 
phase of products presents a viable supporting lever as well. As 
the development phase determines 70% of the lifecycle costs 
of a product and therefore has a great impact regarding 
profitability [2], it seems reasonable to integrate development 
into sustainability approaches. During the development phase, 
the integration of specific competencies (e.g. regarding 

materials) can support sustainability due to consideration of 
novel concepts and techniques unknown within the own 
organization. One possibility to allow such an integration of 
specific competencies that might not be available within the 
own organization, is the situation-related bundling of 
appropriate skills and competencies in a temporary and 
spatially restricted cooperation. As a result, companies 
increasingly innovate in collaboration with various 
stakeholders in different types of innovation ecosystems [3]. In 
this context, the adaptability of the cooperation is becoming 
progressively important as a success factor for manufacturing 
companies acting in an environment of increasing market 
dynamics. 

These ecosystems can potentially leverage customer 
satisfaction and increase the chances of realizing successful 
products and services in a shorter amount of time [4]. Such 
ecosystems are also able to integrate new concepts to support 
industrial sustainability during the development and innovation 
phase. In conclusion, innovation ecosystems support industrial 
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sustainability regarding resource efficiency in terms of reduced 
development cost, but they also support resource effectivity as 
products that directly integrate newest concepts and techniques 
allow further consideration of sustainability aspects.  

A cooperation in networks as described before needs to be 
supported by designing respective innovation ecosystems. 
Therefore, the paper at hand focuses on the derivation of a 
framework to set up such ecosystems for a radical increase in 
innovation productivity for industrial sustainability. 

2. Definition of relevant terminology 

After the brief introduction, this section focuses on the 
definition of the relevant terminology for innovation 
ecosystems. In a first step, innovation productivity is defined, 
which is a measure for optimization when developing in 
networks. Therefore, the increase in productivity due to an 
optimal design of the innovation ecosystem also considers the 
sustainability in terms of optimized use of resources. 
Afterwards the term ecosystem is described from nature as well 
as economic point of view, as its components are the basis for 
the framework of this research paper. 

2.1. Innovation productivity 

Productivity can be described as the relation of process 
output and process input. This understanding can be transferred 
onto the innovation process as well. In this case, the input 
includes resources such as raw materials, capital and labor used 
for the development of a product or a service, while the 
respective product or service represents the output [5]. 
According to the understanding of innovation being an 
invention with market success, the accounted output in the 
context of innovation productivity considers not only the sole 
development of a product, but also the market success. There 
are different possibilities to increase innovation productivity. 
Customer integration, Development collaborations and 
employee development are examples, which help to leverage 
innovation output. The decrease in necessary input is addressed 
by factors such as ad-hoc communities, informal networks and 
IT-systems [6,7]. 

2.2. Ecosystems 

In nature, an ecosystem describes the relationship between 
biotope, meaning the physical environment, and biocoenosis in 
terms of all organisms as well as their interrelations. Within the 
ecosystem, three different types of organism exist. The primary 
producers transform energy into organic biomass. Examples 
are trees or algae. Secondary producers such as wolves or dears 
consume and produce biomass. Decomposers supply minerals 
and in addition process dead biomass. Lower fungi belong to 
this group. Surrounding factors within the biotope such as light 
or temperature are called abiotic factors. The existence and 
interaction of the different factors and organisms within an 
ecosystem need to be balanced in order to guarantee its 
viability. In this context, it is important, that the participants 
within the ecosystem are complementary. The general concept 
of a biological ecosystem is also present within economic 

science. In this context, the so-called business ecosystem 
describes a network of organizations and individuals, who 
coordinate their roles as well as capabilities and align their 
investments in order to create value and/or increase efficiency 
[8]. Thus, business ecosystems aim at the connection and 
coordination of participants, the derivation of products or 
services and the optimization of efficiency or effectivity and 
thus productivity. 

The previous section aimed at the definition of relevant 
terminology in order to connect the design of innovation 
ecosystems to the aspect of sustainability. In the following, a 
literature review will focus on existing work regarding 
innovation ecosystems. Afterwards, the research framework 
for the design of innovation ecosystems is derived before the 
relevant success factors are introduced and detailed. 

3. Literature review 

In the following, existing literature for the design and 
management of innovation ecosystems will be evaluated.  

SYDOW focuses on the functions for managing networks. In 
this context, the author determines four main determinants: 
Selection in terms of including or excluding network-
participants. Allocation describes the distribution of tasks and 
resources, whereas regulation determines the communication 
within the network. The function of evaluation analyses the 
distribution of cost and value within the network [9].  

The approach of the virtual factory by SCHUH ET AL. 
describes the interaction of different companies in a network to 
optimize the output of their production. To manage such a 
network, different roles are described, which are orchestrated. 
Though comparable to the idea presented in this paper, this 
approach only focuses on manufacturing companies and the 
coordination of their production capacities [10].  

HARITZ describes innovation networks and analyses how 
such networks can be managed. The author considers different 
features of such a network. The features describe different 
dimensions such as structure, interaction and conduct within 
networks. Thus, networks are described in a process oriented 
way [11].  

WILDEMANN identifies development networks as strategic 
success factors for companies. In this context, the obligation 
towards a fair cooperation in combination with a benchmarking 
system represent the basis [12]. 

The stability of research and development networks is focus 
to the work of ALTFELD. In the approach, the network is 
modeled by aid of a graph. The knots of the graph determine 
the companies whereas the edges describe company 
interrelations. Simulations with the graph allow the derivation 
of stabilizing factors. Three core factors were derived in this 
context: Project specific factors (e.g. type of R&D, 
heterogeneity of partner etc.), Partner specific factors (e.g. 
motivation etc.) and network specific factors (e.g. structure and 
modularization of the network). Based on the factors, design 
alternatives for networks are described [13]. 
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The described approaches focus on network organizations 
and development or innovation in networks. Though some of 
the aspects can be transferred, none of them describes specific 
success factors for the increase of output or reduction of input 
to increase innovation productivity. Based on the literature 
review, the following section focuses on the derivation of the 
research framework.  

4. Derivation of the research framework 

It is the aim of this paper to present a framework, which 
describes success factors for developing within innovation 
ecosystems in order to increase productivity. Before detailing 
the success factors, the framework is derived as a basis for the 
design of innovation ecosystems. Generally, there are two 
optimization directions when addressing productivity. On the 
one hand, it is possible to increase the output of the innovation 
process. On the other hand, the reduction of input also 
optimizes productivity [6]. Therefore, decreasing innovation 
input and increasing output represent the first dimension of the 
research framework addressing the following research 
questions: 

• How can the output of the innovation process in an 
ecosystem be increased? 

• How can the input of the innovation process in an 
ecosystem be reduced? 

In order to describe the second dimension of the research 
framework for increasing innovation productivity, the 
individual elements of an ecosystem are transferred to the St. 
Gallen Management Concept. This concept describes the 
determinants structures, activities and behavior, which allow 
the design of an organization [14]. These are comparable to the 
partial systems of an ecosystem as described before. Structures 
are comparable to the abiotic factors. Due to the transformation 
process, primary and secondary producers show similarities to 
activities. Behavior represents a valuable basis within 
organizations. As decomposers supply valuable minerals as a 
basis for ecosystems, they are assigned to the level of behavior 
of the management concept. In conclusion, this paper will 
analyze structures, activities and behavior within the 
ecosystem, as well as within the companies participating in the 
ecosystem. In this context, the following three questions are 
addressed: 

• Which structures must the ecosystem provide in order to 
increase a company’s innovation productivity and 
enhance sustainability? 

• Which activities are required within the ecosystem in 
order to increase a company’s innovation productivity? 

• Which behavior must the ecosystem promote in order to 
increase a company’s innovation productivity? 

The two derived dimensions define the two axes forming the 
research framework that describes relevant characteristics of an 
ecosystem supporting the radical increase in innovation 
productivity for sustainability. The framework with the key 
success factors is shown in Figure 1. 

 
 
 
 

In the following, the six success factors are described in 
detail in order to allow the design of innovation ecosystems to 
increase innovation productivity and therefore support 
sustainability. 

5. Designing innovation ecosystems for sustainable 
engineering 

The following section is structured according to the 
framework derived previously. Thus, for each level of the 
framework first the lever for increase in output is described 
before detailing the success factor for input reduction.  

5.1. Structures 

In terms of structures, the two success factors 
complementary network and collaboration support by aid of an 
innovation platform will be introduced. 

A complementary network describes a merger of several 
institutions with different specializations, which contribute 
their respective core competencies to a network organization. 
In order to support innovation output, both industrial and 
university-related partners should be integrated. Due to the 
integration of application and research knowledge, newest 
technologies from a research point of view are regarded and put 
in the context of industrial application. This combination of 
different sources enables radical innovations while at the same 
time enhancing resource sustainability. Furthermore, a high 
concentration of expert knowledge from different fields makes 
it possible to consult a higher number of sources, which can 
lead to an increase in innovative development (= output) as 
well. For a sustainable development in the network, the 
participants have to share their competencies [15]. Besides that, 
participation in different but related activities ensures an 
exchange of knowledge [16]. Cooperation and mutual teaching 
are the basis in the complementary network and push an 
increase in innovation output. 

In order to increase productivity within an innovation 
ecosystem, it is necessary to adapt the structure not only in 
terms of optimized output but also in terms of input 
respectively. 

To reduce the input the interoperability of different 
participants needs to be simplified. A central platform for 
invoices and settlements supports this simplification. In this 
context, the different resources and competencies (= input) can 
be accessed based on consumption. The prices are designed 
based on partner competencies and help to achieve a 

Figure 1: Research framework 
 



 M. Riesener  et al. / Procedia CIRP 80 (2019) 27–32 29
2 Author name / Procedia CIRP 00 (2019) 000–000 

sustainability regarding resource efficiency in terms of reduced 
development cost, but they also support resource effectivity as 
products that directly integrate newest concepts and techniques 
allow further consideration of sustainability aspects.  

A cooperation in networks as described before needs to be 
supported by designing respective innovation ecosystems. 
Therefore, the paper at hand focuses on the derivation of a 
framework to set up such ecosystems for a radical increase in 
innovation productivity for industrial sustainability. 

2. Definition of relevant terminology 

After the brief introduction, this section focuses on the 
definition of the relevant terminology for innovation 
ecosystems. In a first step, innovation productivity is defined, 
which is a measure for optimization when developing in 
networks. Therefore, the increase in productivity due to an 
optimal design of the innovation ecosystem also considers the 
sustainability in terms of optimized use of resources. 
Afterwards the term ecosystem is described from nature as well 
as economic point of view, as its components are the basis for 
the framework of this research paper. 

2.1. Innovation productivity 

Productivity can be described as the relation of process 
output and process input. This understanding can be transferred 
onto the innovation process as well. In this case, the input 
includes resources such as raw materials, capital and labor used 
for the development of a product or a service, while the 
respective product or service represents the output [5]. 
According to the understanding of innovation being an 
invention with market success, the accounted output in the 
context of innovation productivity considers not only the sole 
development of a product, but also the market success. There 
are different possibilities to increase innovation productivity. 
Customer integration, Development collaborations and 
employee development are examples, which help to leverage 
innovation output. The decrease in necessary input is addressed 
by factors such as ad-hoc communities, informal networks and 
IT-systems [6,7]. 

2.2. Ecosystems 

In nature, an ecosystem describes the relationship between 
biotope, meaning the physical environment, and biocoenosis in 
terms of all organisms as well as their interrelations. Within the 
ecosystem, three different types of organism exist. The primary 
producers transform energy into organic biomass. Examples 
are trees or algae. Secondary producers such as wolves or dears 
consume and produce biomass. Decomposers supply minerals 
and in addition process dead biomass. Lower fungi belong to 
this group. Surrounding factors within the biotope such as light 
or temperature are called abiotic factors. The existence and 
interaction of the different factors and organisms within an 
ecosystem need to be balanced in order to guarantee its 
viability. In this context, it is important, that the participants 
within the ecosystem are complementary. The general concept 
of a biological ecosystem is also present within economic 

science. In this context, the so-called business ecosystem 
describes a network of organizations and individuals, who 
coordinate their roles as well as capabilities and align their 
investments in order to create value and/or increase efficiency 
[8]. Thus, business ecosystems aim at the connection and 
coordination of participants, the derivation of products or 
services and the optimization of efficiency or effectivity and 
thus productivity. 

The previous section aimed at the definition of relevant 
terminology in order to connect the design of innovation 
ecosystems to the aspect of sustainability. In the following, a 
literature review will focus on existing work regarding 
innovation ecosystems. Afterwards, the research framework 
for the design of innovation ecosystems is derived before the 
relevant success factors are introduced and detailed. 

3. Literature review 

In the following, existing literature for the design and 
management of innovation ecosystems will be evaluated.  

SYDOW focuses on the functions for managing networks. In 
this context, the author determines four main determinants: 
Selection in terms of including or excluding network-
participants. Allocation describes the distribution of tasks and 
resources, whereas regulation determines the communication 
within the network. The function of evaluation analyses the 
distribution of cost and value within the network [9].  

The approach of the virtual factory by SCHUH ET AL. 
describes the interaction of different companies in a network to 
optimize the output of their production. To manage such a 
network, different roles are described, which are orchestrated. 
Though comparable to the idea presented in this paper, this 
approach only focuses on manufacturing companies and the 
coordination of their production capacities [10].  

HARITZ describes innovation networks and analyses how 
such networks can be managed. The author considers different 
features of such a network. The features describe different 
dimensions such as structure, interaction and conduct within 
networks. Thus, networks are described in a process oriented 
way [11].  

WILDEMANN identifies development networks as strategic 
success factors for companies. In this context, the obligation 
towards a fair cooperation in combination with a benchmarking 
system represent the basis [12]. 

The stability of research and development networks is focus 
to the work of ALTFELD. In the approach, the network is 
modeled by aid of a graph. The knots of the graph determine 
the companies whereas the edges describe company 
interrelations. Simulations with the graph allow the derivation 
of stabilizing factors. Three core factors were derived in this 
context: Project specific factors (e.g. type of R&D, 
heterogeneity of partner etc.), Partner specific factors (e.g. 
motivation etc.) and network specific factors (e.g. structure and 
modularization of the network). Based on the factors, design 
alternatives for networks are described [13]. 

 Author name / Procedia CIRP 00 (2019) 000–000  3 

The described approaches focus on network organizations 
and development or innovation in networks. Though some of 
the aspects can be transferred, none of them describes specific 
success factors for the increase of output or reduction of input 
to increase innovation productivity. Based on the literature 
review, the following section focuses on the derivation of the 
research framework.  

4. Derivation of the research framework 

It is the aim of this paper to present a framework, which 
describes success factors for developing within innovation 
ecosystems in order to increase productivity. Before detailing 
the success factors, the framework is derived as a basis for the 
design of innovation ecosystems. Generally, there are two 
optimization directions when addressing productivity. On the 
one hand, it is possible to increase the output of the innovation 
process. On the other hand, the reduction of input also 
optimizes productivity [6]. Therefore, decreasing innovation 
input and increasing output represent the first dimension of the 
research framework addressing the following research 
questions: 

• How can the output of the innovation process in an 
ecosystem be increased? 

• How can the input of the innovation process in an 
ecosystem be reduced? 

In order to describe the second dimension of the research 
framework for increasing innovation productivity, the 
individual elements of an ecosystem are transferred to the St. 
Gallen Management Concept. This concept describes the 
determinants structures, activities and behavior, which allow 
the design of an organization [14]. These are comparable to the 
partial systems of an ecosystem as described before. Structures 
are comparable to the abiotic factors. Due to the transformation 
process, primary and secondary producers show similarities to 
activities. Behavior represents a valuable basis within 
organizations. As decomposers supply valuable minerals as a 
basis for ecosystems, they are assigned to the level of behavior 
of the management concept. In conclusion, this paper will 
analyze structures, activities and behavior within the 
ecosystem, as well as within the companies participating in the 
ecosystem. In this context, the following three questions are 
addressed: 

• Which structures must the ecosystem provide in order to 
increase a company’s innovation productivity and 
enhance sustainability? 

• Which activities are required within the ecosystem in 
order to increase a company’s innovation productivity? 

• Which behavior must the ecosystem promote in order to 
increase a company’s innovation productivity? 

The two derived dimensions define the two axes forming the 
research framework that describes relevant characteristics of an 
ecosystem supporting the radical increase in innovation 
productivity for sustainability. The framework with the key 
success factors is shown in Figure 1. 

 
 
 
 

In the following, the six success factors are described in 
detail in order to allow the design of innovation ecosystems to 
increase innovation productivity and therefore support 
sustainability. 

5. Designing innovation ecosystems for sustainable 
engineering 

The following section is structured according to the 
framework derived previously. Thus, for each level of the 
framework first the lever for increase in output is described 
before detailing the success factor for input reduction.  

5.1. Structures 

In terms of structures, the two success factors 
complementary network and collaboration support by aid of an 
innovation platform will be introduced. 

A complementary network describes a merger of several 
institutions with different specializations, which contribute 
their respective core competencies to a network organization. 
In order to support innovation output, both industrial and 
university-related partners should be integrated. Due to the 
integration of application and research knowledge, newest 
technologies from a research point of view are regarded and put 
in the context of industrial application. This combination of 
different sources enables radical innovations while at the same 
time enhancing resource sustainability. Furthermore, a high 
concentration of expert knowledge from different fields makes 
it possible to consult a higher number of sources, which can 
lead to an increase in innovative development (= output) as 
well. For a sustainable development in the network, the 
participants have to share their competencies [15]. Besides that, 
participation in different but related activities ensures an 
exchange of knowledge [16]. Cooperation and mutual teaching 
are the basis in the complementary network and push an 
increase in innovation output. 

In order to increase productivity within an innovation 
ecosystem, it is necessary to adapt the structure not only in 
terms of optimized output but also in terms of input 
respectively. 

To reduce the input the interoperability of different 
participants needs to be simplified. A central platform for 
invoices and settlements supports this simplification. In this 
context, the different resources and competencies (= input) can 
be accessed based on consumption. The prices are designed 
based on partner competencies and help to achieve a 
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transparency that is comprehensible to all ecosystem partners. 
Two further aspects reduce necessary resources due to the 
implementation of such an innovation platform. The companies 
using and accessing the platform have only one contract with 
the platform provider, which in return processes all the 
invoices. The platform is comparable to Apple’s iTunes, which 
gives every user access to different artists (= competencies) and 
processes all settlements between the partners making it 
efficient. 

In summary, a platform simplifies cooperation in a 
complementary network. The consumption-based access to 
competencies and resources, the creation of transparency and 
the associated platform-based billing of services between the 
partners gives the innovation process significantly more 
structure and contributes to the reduction of input. 

5.2. Activities 

After the description of the structure-level, the following 
section focuses on the activities within an innovation 
ecosystem. The activities describe the way the different 
partners within the innovation ecosystem collaborate. 

A central success factor for the increase in terms of 
innovation output is the adaption of activities. Especially 
within innovation ecosystems with diverse partners, an agile 
approach supports communication and customer integration. 
Agile processes focus customer value and allow dealing with 
changing requirements. An agile process regards the principle 
of short sprints for the development of so-called product 
increments [17]. During a sprint, development teams strive for 
the creation of the increments, which support the answering of 
a development question in terms of key requirements for the 
customer. In this context, rapid deployment of prototypes leads 
to early feedback from the customer. As a customer cannot 
always formulate the respective requirements upfront, this 
approach enables the formulation of requirements based on a 
physical prototype. Therefore, this approach allows the further 
development process to be oriented more closely according to 
customer requirements [18]. Furthermore, the network partners 
can integrate changing customer requirements flexibly in the 
development process due to their permanent exchange. In 
addition, the frequent application in combination with direct 
customer feedback increases both the motivation and 
productivity of the development team compared to 
conventional development processes [19]. 

In order to decrease innovation input, different activities 
within the network as well as the available competencies, 
dynamic capabilities become necessary [20]. Dynamic 
capabilities describe one’s ability to integrate, develop and 
configure internal and external competencies. The core 
elements of dynamic capabilities are sensing, seizing and 
transforming. In this context, sensing describes the ability to 
indicate possibilities and chances for example in terms of 
innovation opportunities. Transforming becomes necessary to 
configure the different resources and competencies according 
to a project goal. Furthermore, seizing focuses on the fact that 
configured resources also need to be activated in a network in 
order to start a project and really generate innovative and 
sustainable products. In order to decrease innovation input 

radically, an innovation ecosystem needs to supply dynamic 
capabilities for the different network partners. This can be done 
by a so-called orchestrator. The orchestrator can also be 
assigned within the viable system model of BEER, which also 
depicts an innovation network (see Figure 2). 

The orchestrator connects the management level of the 
viable system model (in terms of the vision for the innovation) 
with the operative network partners. In order to provide 
dynamic capabilities, the orchestrator configures resources 
(transforming), has knowledge regarding innovation projects 
(sensing) and has an overview of as well as access to ecosystem 
competencies (seizing). Therefore, the orchestrator ensures the 
viability of the ecosystem. 

On the activity level, the two levers agile product 
development and dynamic capabilities provided by an 
orchestrator increase innovation productivity. In this context, 
the orchestration of competencies allows the derivation of ad-
hoc communities with defined development tasks. As the 
orchestrator configures competencies time-to-market and 
therefore input are decreased.  

5.3. Behavior 

On the level of behavior, cultural aspects are addresses. On 
the one hand, handling of mistakes is a key for output increase. 
On the other hand, the willingness of network participants 
decreases input.  

To increase innovation output a change in behavior is 
inevitable. In this context, dealing with mistakes is essential for 
the employees’ performance. Therefore, the right handling of 
mistakes is necessary to build trust and prevent the fear of 
failing. This need for change becomes necessary, as people 
who are allowed to make mistakes are more likely to face new 
problems and develop in a more radical way in order to derive 
greater innovation output [21]. This goes in hand with the 
remark, that failed experiments hold great discoveries [22]. In 
addition to the handling of mistakes, trust between network 
partners is crucial for openness. The partners need to share their 
ideas and insights within the network in order to stimulate 
innovation output. Thus, protection of intellectual property 

Figure 2: Innovation ecosystems in the context of the viable system model 
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needs to be regarded. One possibility to do so is an IP-platform. 
Within a project network partners share all of the relevant ideas 
on the platform. The idea is annotated with a time stamp and 
the respective inventor. Other partners can develop the 
respective idea further. Due to the fact, that all ideas and their 
evolvement are documented IP can be split up respectively 
afterwards. As the splitting is based on the platform 
documentation sharing of ideas becomes even more important, 
boosting innovation output [21]. 

Decreasing the input of an innovation process within a 
network requires open-mindedness in the network in order to 
generate and discuss new ideas. Therefore, network partners 
need not only to be passive participants, but rather actively 
discuss ideas with other partners. Promoting active 
participation in terms of general openness and permanent 
exchange reduces the barrier in identifying new ideas and start 
new collaborations. Such new cooperation can also be 
supported through frequently meetings and continuous 
exchange within the innovation community [23]. For this 
mutual will to develop new ideas together becomes essential, 
so that time expenditure for partner acquisition can be 
minimized. 

Detailing the behavior-level within the framework 
completes the description of success factors for innovation 
ecosystems. Within the previous section, trust and openness 
were described as drivers for increased innovation output while 
willingness to collaborate supports reduction of set-up time and 
cost of a collaborative development project. 

6. Symmetries within the detailed success factors 

In the area of research on several occasions, researchers 
considered aesthetics as a quality criterion to evaluate their 
findings. In this context, Sir Michael Atiyah, who held on to 
his research in spite of criticism as he thought, that the derived 
findings were too beautiful to be wrong, said aesthetic 
dimensions could give valuable indications for research. 
Within the presented framework, aesthetic symmetries occur as 
well. The two vertical axes (increasing output and reducing 
input) show on the output side success factors focusing on 
interdisciplinary cooperation in terms of complementary 
networks, collaborative agile product development and 
platforms for idea exchange. On the input side, the factors 
primarily support the simplicity of collaboration within a 
network. The innovation platform allows a transparent 
processing of settlements and the orchestrator allows an easy 
configuration as well as coordination of partners. In addition, 
the simple definition of ad-hoc collaboration is addressed. 
Analyzing the horizontal levels, further symmetries occur. On 
the first level, platforms of collaboration support an increase in 
innovation productivity. On the next level, the factors agile 
process and orchestration regard the integration of partners. 
Finally, failure management and open mindedness define 
culture within an innovation ecosystem. The last symmetry can 
be found on the diagonal axis. The resulting part on the lower 
left side strongly drives agility within the ecosystem. 
Nevertheless, the factor of ad-hoc collaboration is considered 
to be an agility driver as well. The upper right part of the 
framework enhances ecosystem stability. Again, the 

continuous exchange within the innovation community allows 
an ongoing derivation of projects and secures the stability as 
well as viability of the ecosystem (see Figure 3). 

The aesthetic symmetries within the framework can be 
considered as a first hint, that the presented success factors 
describe an innovation ecosystem for sustainable development 
in a holistic way.  

7. Conclusion and future research 

The paper at hand introduced fields of actions for the 
definition of innovation ecosystems for industrial 
sustainability. After a brief introduction, relevant terminology 
was defined. The next section regarded the derivation of the 
research framework as a basis for the detailing of success 
factors for the definition of innovation ecosystems. The 
framework considers on the one hand the key drivers for 
innovation productivity and on the other hand the levels of the 
St. Gallen Management approach, which helps to describe 
organizations in a holistic way. Following six success factors 
were introduced and appointed to the fields of the framework. 
At the level of structures, the ecosystem should promote the 
development in a complementary network of industry and 
university participants. In addition, collaboration through an 
innovation platform should be supported. In terms of activities, 
an agile development is an important approach to foster 
innovation, as it supports the iterative alignment to changing 
customer requirements. Furthermore, the ecosystem must 
orchestrate the competencies in the network and provide 
dynamic capabilities. Dynamic capabilities enable a quick and 
simple adaptation to new situations and circumstances. At the 
level of behavior, appropriately dealing with mistakes 
promotes trust and courage to increase innovation output. This 
openness within the network should be promoted by protecting 
intellectual property. Through a continuous exchange and 
regular meetings within the ecosystem, new cooperation and 
ideas are created with reduced effort. The identification of 
aesthetic symmetries within the success factors as a possible 
quality criterion for research results finalized the work.  

A collaborative ecosystem supports the quick and cost-
effective development of innovations. However, in practice, 
manufacturing companies primarily participate in cooperation 
during individual phases in the innovation process, due to a 
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transparency that is comprehensible to all ecosystem partners. 
Two further aspects reduce necessary resources due to the 
implementation of such an innovation platform. The companies 
using and accessing the platform have only one contract with 
the platform provider, which in return processes all the 
invoices. The platform is comparable to Apple’s iTunes, which 
gives every user access to different artists (= competencies) and 
processes all settlements between the partners making it 
efficient. 

In summary, a platform simplifies cooperation in a 
complementary network. The consumption-based access to 
competencies and resources, the creation of transparency and 
the associated platform-based billing of services between the 
partners gives the innovation process significantly more 
structure and contributes to the reduction of input. 

5.2. Activities 

After the description of the structure-level, the following 
section focuses on the activities within an innovation 
ecosystem. The activities describe the way the different 
partners within the innovation ecosystem collaborate. 

A central success factor for the increase in terms of 
innovation output is the adaption of activities. Especially 
within innovation ecosystems with diverse partners, an agile 
approach supports communication and customer integration. 
Agile processes focus customer value and allow dealing with 
changing requirements. An agile process regards the principle 
of short sprints for the development of so-called product 
increments [17]. During a sprint, development teams strive for 
the creation of the increments, which support the answering of 
a development question in terms of key requirements for the 
customer. In this context, rapid deployment of prototypes leads 
to early feedback from the customer. As a customer cannot 
always formulate the respective requirements upfront, this 
approach enables the formulation of requirements based on a 
physical prototype. Therefore, this approach allows the further 
development process to be oriented more closely according to 
customer requirements [18]. Furthermore, the network partners 
can integrate changing customer requirements flexibly in the 
development process due to their permanent exchange. In 
addition, the frequent application in combination with direct 
customer feedback increases both the motivation and 
productivity of the development team compared to 
conventional development processes [19]. 

In order to decrease innovation input, different activities 
within the network as well as the available competencies, 
dynamic capabilities become necessary [20]. Dynamic 
capabilities describe one’s ability to integrate, develop and 
configure internal and external competencies. The core 
elements of dynamic capabilities are sensing, seizing and 
transforming. In this context, sensing describes the ability to 
indicate possibilities and chances for example in terms of 
innovation opportunities. Transforming becomes necessary to 
configure the different resources and competencies according 
to a project goal. Furthermore, seizing focuses on the fact that 
configured resources also need to be activated in a network in 
order to start a project and really generate innovative and 
sustainable products. In order to decrease innovation input 

radically, an innovation ecosystem needs to supply dynamic 
capabilities for the different network partners. This can be done 
by a so-called orchestrator. The orchestrator can also be 
assigned within the viable system model of BEER, which also 
depicts an innovation network (see Figure 2). 

The orchestrator connects the management level of the 
viable system model (in terms of the vision for the innovation) 
with the operative network partners. In order to provide 
dynamic capabilities, the orchestrator configures resources 
(transforming), has knowledge regarding innovation projects 
(sensing) and has an overview of as well as access to ecosystem 
competencies (seizing). Therefore, the orchestrator ensures the 
viability of the ecosystem. 

On the activity level, the two levers agile product 
development and dynamic capabilities provided by an 
orchestrator increase innovation productivity. In this context, 
the orchestration of competencies allows the derivation of ad-
hoc communities with defined development tasks. As the 
orchestrator configures competencies time-to-market and 
therefore input are decreased.  

5.3. Behavior 

On the level of behavior, cultural aspects are addresses. On 
the one hand, handling of mistakes is a key for output increase. 
On the other hand, the willingness of network participants 
decreases input.  

To increase innovation output a change in behavior is 
inevitable. In this context, dealing with mistakes is essential for 
the employees’ performance. Therefore, the right handling of 
mistakes is necessary to build trust and prevent the fear of 
failing. This need for change becomes necessary, as people 
who are allowed to make mistakes are more likely to face new 
problems and develop in a more radical way in order to derive 
greater innovation output [21]. This goes in hand with the 
remark, that failed experiments hold great discoveries [22]. In 
addition to the handling of mistakes, trust between network 
partners is crucial for openness. The partners need to share their 
ideas and insights within the network in order to stimulate 
innovation output. Thus, protection of intellectual property 
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needs to be regarded. One possibility to do so is an IP-platform. 
Within a project network partners share all of the relevant ideas 
on the platform. The idea is annotated with a time stamp and 
the respective inventor. Other partners can develop the 
respective idea further. Due to the fact, that all ideas and their 
evolvement are documented IP can be split up respectively 
afterwards. As the splitting is based on the platform 
documentation sharing of ideas becomes even more important, 
boosting innovation output [21]. 

Decreasing the input of an innovation process within a 
network requires open-mindedness in the network in order to 
generate and discuss new ideas. Therefore, network partners 
need not only to be passive participants, but rather actively 
discuss ideas with other partners. Promoting active 
participation in terms of general openness and permanent 
exchange reduces the barrier in identifying new ideas and start 
new collaborations. Such new cooperation can also be 
supported through frequently meetings and continuous 
exchange within the innovation community [23]. For this 
mutual will to develop new ideas together becomes essential, 
so that time expenditure for partner acquisition can be 
minimized. 

Detailing the behavior-level within the framework 
completes the description of success factors for innovation 
ecosystems. Within the previous section, trust and openness 
were described as drivers for increased innovation output while 
willingness to collaborate supports reduction of set-up time and 
cost of a collaborative development project. 

6. Symmetries within the detailed success factors 

In the area of research on several occasions, researchers 
considered aesthetics as a quality criterion to evaluate their 
findings. In this context, Sir Michael Atiyah, who held on to 
his research in spite of criticism as he thought, that the derived 
findings were too beautiful to be wrong, said aesthetic 
dimensions could give valuable indications for research. 
Within the presented framework, aesthetic symmetries occur as 
well. The two vertical axes (increasing output and reducing 
input) show on the output side success factors focusing on 
interdisciplinary cooperation in terms of complementary 
networks, collaborative agile product development and 
platforms for idea exchange. On the input side, the factors 
primarily support the simplicity of collaboration within a 
network. The innovation platform allows a transparent 
processing of settlements and the orchestrator allows an easy 
configuration as well as coordination of partners. In addition, 
the simple definition of ad-hoc collaboration is addressed. 
Analyzing the horizontal levels, further symmetries occur. On 
the first level, platforms of collaboration support an increase in 
innovation productivity. On the next level, the factors agile 
process and orchestration regard the integration of partners. 
Finally, failure management and open mindedness define 
culture within an innovation ecosystem. The last symmetry can 
be found on the diagonal axis. The resulting part on the lower 
left side strongly drives agility within the ecosystem. 
Nevertheless, the factor of ad-hoc collaboration is considered 
to be an agility driver as well. The upper right part of the 
framework enhances ecosystem stability. Again, the 

continuous exchange within the innovation community allows 
an ongoing derivation of projects and secures the stability as 
well as viability of the ecosystem (see Figure 3). 

The aesthetic symmetries within the framework can be 
considered as a first hint, that the presented success factors 
describe an innovation ecosystem for sustainable development 
in a holistic way.  

7. Conclusion and future research 

The paper at hand introduced fields of actions for the 
definition of innovation ecosystems for industrial 
sustainability. After a brief introduction, relevant terminology 
was defined. The next section regarded the derivation of the 
research framework as a basis for the detailing of success 
factors for the definition of innovation ecosystems. The 
framework considers on the one hand the key drivers for 
innovation productivity and on the other hand the levels of the 
St. Gallen Management approach, which helps to describe 
organizations in a holistic way. Following six success factors 
were introduced and appointed to the fields of the framework. 
At the level of structures, the ecosystem should promote the 
development in a complementary network of industry and 
university participants. In addition, collaboration through an 
innovation platform should be supported. In terms of activities, 
an agile development is an important approach to foster 
innovation, as it supports the iterative alignment to changing 
customer requirements. Furthermore, the ecosystem must 
orchestrate the competencies in the network and provide 
dynamic capabilities. Dynamic capabilities enable a quick and 
simple adaptation to new situations and circumstances. At the 
level of behavior, appropriately dealing with mistakes 
promotes trust and courage to increase innovation output. This 
openness within the network should be promoted by protecting 
intellectual property. Through a continuous exchange and 
regular meetings within the ecosystem, new cooperation and 
ideas are created with reduced effort. The identification of 
aesthetic symmetries within the success factors as a possible 
quality criterion for research results finalized the work.  

A collaborative ecosystem supports the quick and cost-
effective development of innovations. However, in practice, 
manufacturing companies primarily participate in cooperation 
during individual phases in the innovation process, due to a 
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lack of a holistic ecosystem approach. This deficit is examined 
in current research activities in the department of Innovation 
Management of the Laboratory for Machine Tools and 
Production Engineering WZL, which has been dealing in detail 
with the topic of innovation networks for several years. Future 
research will focus on the detailing of the different success 
factors that were introduced in this paper. Furthermore, the 
derivation of an overarching case study to validate the 
configuration of such innovation ecosystems will be regarded.  
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