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1. Executive Summary  

 

The overall objective of WP21 is to develop a Reference Framework for Innovation based on 

Servitization in a Manufacturing Service Ecosystem. The Framework should provide input, 

guidance and support for manufacturing enterprises and their partners in the ecosystem. To 

achieve this it is necessary to leave the abstract level and define framework element that can 

be practicable applied. 

The basic idea behind the framework is that the first step is a characterisation of the 

application case according to defined dimensions. According to the combination of 

characteristics the framework should give recommendations regarding organization, methods, 

and tools (templates and IT tools) for the application case. 

For the identification of potential framework elements different types of existing Reference 

Frameworks were analysed. The result of this analysis was a list of several potential elements 

like: Meta-models, reference models, basic concepts, definitions, glossaries, roles and 

responsibilities, rules and principles, reference processes, contingency factors etc. To 

structure the evaluation of the potential elements, which was done based on the requirements 

identified in the previous deliverable D21.1, a generic structure for Reference Frameworks 

was applied. 

The results can be summarised as follows: 

The classification will be done according to three dimensions: progress the innovation 

process, degree of novelty in servitization, and heterogeneity of ecosystem involvement. 

Based on this classification there will be recommendations regarding following elements:  

 Meta-models. 

 Capability models. 

 Standards for information exchange. 

 Processes including performance indicators and best practices. 

 Roles and responsibilities. 

 Collaborative business models. 

 Collaboration rules. 

 Deliverables with templates. 

 Reference to already existing methods and tools. 

In addition there will be some elements that do not depend on the classification. These are 

mainly the description of basic concepts and principles as well as a glossary. All these 

elements will focus in innovation related to servitization in a Manufacturing Service 

Ecosystem. 

The nest step in WP 21 is now to fill these elements with further content, verify this approach 

with the MSEE application cases and ensure consistency with the other work-packages. 
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2. Introduction and objectives of this document 

 

This document comprises the deliverables D21.2 “Report about the Elements of the Reference 

framework“ and D21.4 “Reference framework model for a sustainable service innovation 

ecosystem”. 

Deliverable D21.2 is the first of two reports about the Elements of the Reference Framework 

for Innovation Ecosystems. It summarises the first results of Task 2.1.2 “Analysis and 

evaluation of elements for the reference framework”. As described in the DOW for this task it 

has to be analysed which are critical elements that need to be included as components in a 

reference Framework for Innovation Ecosystems. This analysis is based on the common 

understanding regarding Innovation Processes in a Manufacturing Service Ecosystem (MSE) 

and on the requirements that were identified in task T2.1.1 and documented in deliverable 

D2.1.1. 

The second part of this combined deliverable is D21.4 that represents the first outcome of the 

considerations on the general structure of the Reference Framework that belong to Task 2.1.3 

“Reference framework for a sustainable service innovation ecosystems”. Like for the elements 

of the framework there will be a second deliverable (D21.5) on the Reference Framework as 

such. 

These two deliverables were combined due to a high degree of overlapping. To analyse the 

potential elements of the Reference Framework some first considerations regarding the 

structure of this framework are needed. In addition the critical elements have an impact on the 

further design of the framework. The following graphic gives an overview over the tasks and 

the deliverables in WP21 as well as over the relationships. 

 

 

T 2.1.1
Collection and discussion 

of requirements and 
innovation principles

D2.1.1
• Common understanding regarding 

Innovation Processes in MSE
• Requirements upon the Innovation 

Reference Framework.

T 2.1.2
Analysis and evaluation of 
elements for the reference 

framework

T 2.1.3
Reference framework for a 

sustainable service 
innovation ecosystems

D2.1.2/3
• Elements of the 

Innovation Reference 
Framework.

D2.1.4/5
• Innovation Reference 

Framework Model.

 

Figure 1: Overview over WP 21 tasks and deliverable 

 

 

The overall objective of WP21 is to develop a Reference Framework for Innovation based on 

Servitization in a Manufacturing Service Ecosystem. The Framework should provide input, 

guidance and support for manufacturing enterprises and their partners in the ecosystem. In 

this way it can be regarded as an input for a kind of Business Engineering Process for the 

development and coordination of collaborative Innovation Processes in an MSE. It should 

support the transition process from a manufacturing enterprise that is working on its own on 

innovations regarding its physical products towards an enterprise that collaborates with 
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members of the MSE to achieve innovations based on servitization. The following graphic 

illustrates this transition. 

 

Manufacturing Enterprise 
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physical product innovation
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Transition

Organisation 
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Machine and 
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Figure 2: Transition towards servitization is the base concept behind the framework 

 

The transition leads to a different way of working and the Framework gives an idea about the 

relevant issues and the changes related to innovations based on servitization. In particular it 

should help to define a common framework for the collaboration with the other members of 

the ecosystem. 

The basic idea of the MSEE Innovation Reference Framework is to provide guidance and 

case-specific support to the manufacturing enterprise and its potential partners in the MSE. 

Starting point should be the characterisation of the application case according to defined 

dimensions. According to the combination of characteristics the framework should give 

recommendations regarding organization, methods, and tools (templates and IT tools) for the 

application case. 

Based on these overall considerations this document has following objectives that also 

represent the two components D21.2 and D21.4: 

 Provide a first approach and structure for the Reference Framework. 

 Identify relevant elements that should be included in the Framework. 

 

When these objectives are achieved the Framework and its elements can be filled with 

concrete and more detailed content. 
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3. Methodological approach 

 

Due to the two components of this document the methodical approach comprises three  

main steps: 

1. Definition of first draft for the general structure of the framework. This should be 

based on the analysis existing references framework and approaches for generic 

descriptions of reference frameworks. 

2. Identification and evaluation of potential elements for the framework. Input for this 

main step is obtained from the analysis in the previous main-step and the requirements 

defined in deliverable D21.1. 

3. Development of the first draft for the Innovation Reference Framework. This draft 

will describe the updated general structure and denominate the key elements of the 

framework. 

The objective of the second main-step, that means the identification and evaluation of critical 

elements that need to be included in the reference Framework for Innovation Ecosystem, can 

be achieved in different way.  

One is to analyse already defined elements according to their suitability for Manufacturing 

Service Ecosystems (MSE). The “candidates” for this analysis can be obtained from other, 

already defined Reference Frameworks. An advantage of this approach is that a broad variety 

of elements is taken into consideration. But this causes also a drawback regarding efficiency, 

since a part of the considered elements will turn out to be not relevant for the MSE Innovation 

Reference Framework. In addition this will not produce new elements that are specifically 

needed in MSEs. 

Another approach is to analyse the particular requirements of MSEs and derive specific 

elements for the framework. This approach is more focused than the first. However, it could 

happen that established and approved elements are not considered. 

For this deliverable a combination of the two approaches is chosen: 

Step 2a: Collection of potential elements (“candidates”) from existing approaches as 

discussed in analysis of the state of the art (first main-step). The objective is 

to identify established types of elements rather than having detailed 

description of particular single elements.  

Step 2b: Evaluation of the relevance of the identified types of elements from the 

MSE Innovation Reference Framework. This evaluation is based on the 

requirements identified in deliverable D21.1. The relevant elements will be 

selected for the framework and specific adaptations will be specified. 

Step 2c: Check if all defined requirements are covered sufficiently by the selected 

frameworks. 

Step 2d: Derive additional elements for the remaining gaps so that all requirements 

are covered. 

In this way the relevant elements that should be included as components in a Reference 

Framework should be identified in an effective and efficient way. 
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4. Reference Frameworks as a basis of guidance and support 

 

As described above the basic idea of the MSEE Innovation Reference Framework is to 

provide guidance and case-specific support to manufacturing enterprises and their partners 

from the MSE. The development of this framework should be based on different types of 

input. One input are the requirements defined in the deliverable D21.1. 

The other input should be obtained from literature research on Reference Framework and 

Elements of Reference Frameworks. Based on this a first rough structure of the Framework 

will be developed to identify and evaluate potential Elements of the framework. The objective 

of this chapter is to define this first general structure of the types of elements for the 

framework. This supports a structured methodological approach for the further considerations. 

 

4.1. Examples for Elements in existing Reference Frameworks 

A first analysis of the general concepts regarding reference frameworks was already done in 

deliverable D21.1. There are generally two types of reference models: 

1. The main objective of the first type is to provide standards, guidance and support. 

2. The second type is more abstract and provides defined dimensions of a coordinate 

system to classify something, in particular application scenarios. 

Typical customers for both types of frameworks are project managers.  

 

The second type of frameworks with the defined dimensions was already described in more 

detail in D21.1. The key element of this type is a set of axis that represents the dimension (see 

Shenhar and Dvir [2007], Goldbrunner et al. [2005] and Hertog et al. [2009]). 

 

In this place the examples for the first type that is oriented towards standards, guidance and 

support should be described in more detail with a special focus on the elements of the 

frameworks. Following examples for frameworks that belong to this category were given in 

D21.1: 

 ZEND Framework for software development. 

 Zachman Framework™ for Enterprise Architecture. 

 Reference Frameworks on European level to harmonize and standardise activities in 

certain domains 

o Reference Framework for Sustainable Cities. 

o European Quality Assurance Reference Framework (EQAVET) 

o European Qualifications Framework for lifelong learning (EQF) 

o Common European Framework of Reference for Languages: Learning, 

Teaching, Assessment (CEFR) 

 Supply-Chain Operations Reference-model (SCOR) [www.supply-chain.org] 

 Value Reference Model (VRM) [www.value-chain.org] 

 VERA 

 

Many of these frameworks, e.g. Zachman, SCOR, VRM and VERAM, can be characterised 

as model-based frameworks.  

In the following sections these examples should be analysed according to their structure and 

the provided elements. From the Frameworks on European Level only one example, will be 

http://www.supply-chain.org/
http://www.value-chain.org/
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analysed. Since the collaboration in a MSE depends strongly on communication the example 

will be the Common European Framework of Reference for Languages. 

 

4..1.1. ZEND Framework 

Zend Framework is an well established open source, object oriented web application 

development framework for PHP. The Framework provides modules (a “component library”) 

that can be include in practical web application. These modules and groups of modules 

represent the elements of the framework. The elements are not aiming at the description of 

something. Their objective is to facilitate the programming/coding of web applications. 

The figure below gives an overview over the elements of the ZEND framework. 

 

 

Figure 3: Overview over the ZEND Framework [Source: www.brothersoft.de] 

 

The ZEND Framework is a generally different approach than an Innovation Reference 

Framework. However, the element of pre-defined/pre-designed modules could be relevant for 

such a framework. 

 

4..1.2. Zachman Framework™ for Enterprise Architecture 

The Zachman Framework that was introduced 1998 by John Zachman [Zachman 19987] is an 

Enterprise Architecture Framework that is not limited to specific domains and should support 

the development of IT-Systems. It should offer a complete set of descriptive representations 

for the description of an enterprise. 

The following figure gives an overview over the main perspectives of the Architecture 

Framework and the 36-cell-matrix. 
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Figure 4: The Zachman Framework [Source: www.zachman.com/] 

 

The elements of this framework are: 

 Roles (the different perspectives in the first column) and responsibilities (Who). 

 The What that considers the inventory. 

 The Processes (How). 

 The distribution of elements between organisations, locations etc. (Where). 

 The aspect of timing (When), that can also consider life-cycles. 

 The aspect of motivation (Why). 

From the top to the bottom “reification” takes place, this means that things are getting more 

concrete and detailed. This level of detail is related to the different relevant roles. 

All these elements could be relevant for in Innovation Reference Framework. In particular the 

aspect of distribution and life-cycle could be important for MSE. 

 

4..1.3. Common European Framework of Reference for Languages - CEFR 

The objective of the Common European Framework of Reference for Languages - Learning, 

Teaching, Assessment (CEFR) is to provide a common basis for the elaboration of 

languagesyllabuses, curriculum guidelines, examinations, textbooks, etc. across Europe. 

CERF is provides by the Council of Europe. 
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Figure 5: Extract from the Common European Framework of Reference for Languages  

 

The framework comprises following elements: 

 Different qualification levels and sub-levels of users. 

 Different communication activities (e.g. understanding with the sub-activities listening 

and reading). 

 Assessment methodology (e.g. questions for self-assessment). 

 Domains where communication takes place (e.g. personal, public, educational). 

 Application situations, characterized by locations, institutions, persons, objects, 

events, operations, text. 

Since communication is essential for the collaboration in ecosystem these elements are 

potentially relevant for an Innovation Reference Framework for MSE. Although the MSE is 

already a special type of application scenario with specific conditions it has to be checked if 

this has to be considered in more detail in the WP 21 Framework. 

 

4..1.4. Supply Chain Operations Reference-model - SCOR® 

The Supply Chain Operations Reference-model (SCOR) provided by the [Supply-Chain 

Council 2006] is well established and widely applied. It can be regarded as a “quasi standard” 

for modelling supply chains. 
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Figure 6: Overview over the hierarchical model of SCOR [Supply-Chain Council 2006] 

 

SCOR offers following elements: 

 A reference process model. The model covers different level of aggregation from the 

first level that sets the scope (plan, source, make, deliver, return) down to the level of 

activities. The actual process can be designed and modelled by selecting the 

appropriate process elements. SCOR offers a complete set of alternative elements e.g. 

make to order (M1), make to stock (M2) or engineer to order (M3). Each process 

element is described in detail with input, output and the relation to other process 

elements. 

 Performance measurement with corresponding metrics. For each process element 

SCOR suggests appropriate performance indicators called metrics. Additionally these 

indicators are summarised in a list with detailed descriptions and their hierarchic 

relationships. 

 Best practices. The descriptions for the process elements comprise also a portrayal of 

best practices like, e.g. bar-code interface for data collection devices and generation of 

bar-coded receiving documents. 

SCOR offers also a glossary for the process terms that summarise the definitions of the 

different process terms from the process elements. 

The reference model is quite comprehensive for supply chains. However, SCOR is not 

covering the aspects of innovation. In particular, there are no offers for the early phases in an 

innovation process. Nevertheless the structural approach of process reference model, metrics 

and best practices could be adapted in an Innovation Reference Framework for MSE. 

 

4..1.5. Value Reference Model - VRM 

The Value Reference Model (VRM) is a more recent reference model, which follows 

generally a comparable approach as SCOR. The Value Chain Group that provides VRM calls 

it a “unified business process framework and reference framework that promotes a common 

language and taxonomy to facilitate value network communication”. The main difference in 
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comparison to SCOR is that VRM covers also research and development as well as marketing 

aspect. In addition it pays special intention to governance. 

 

 

Figure 7: Overview over the process of the Value Reference Model [Value Chain Group 2007] 

 

Like in SCOR the framework elements are: 

 A reference process model with described process elements. 

 Suggested Metrics for performance measurement. 

 Best Practices. 

In particular the part related to research and development can provide input or can even be 

used for the Innovation Reference Frameworks for MSE. 

 

4..1.6. Virtual Enterprise Reference Architecture and Methodology VERAM 

VERAM [Zwegers et al. 2003] is architectural framework that was a result of the 

GLOBEMEN project and aims at the support of enterprises regarding the set up and operation 

of Virtual Enterprises. 
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Figure 8: VERAM-Virtual Enterprise Reference Architecture and Methodology [Zwegers et al. 2003] 

 

The VERAM framework comprises following elements: 

 General concepts for Virtual Enterprises. This basis layer with its definitions and 

descriptions provides a kind of foundation for the framework. 

 A Reference Architecture. This architecture describes the relationships between the 

network, the Virtual Enterprise and the product. For each of these three entities there 

is a description of its life cycle. 

 Modelling components. The components are offered to analyse, prepare and 

design/redesign the processes, partner roles, contract etc. of the Virtual Enterprise. 

VERAM consider process models, use cases, classes and components, sequence 

diagram and interface and application specifications. The modelling components are: 

o Modelling languages, tools and methodologies (that can be regarded as meta-

models). 

o Reference Model for Virtual Enterprises. This contains characteristic that are 

common to many application cases, so that a particular application case does 

not have to start from scratch. 

 Contingency factors. They describe certain types of situations and environmental 

conditions that have an impact on appropriate configurations, methods and tools for 

the Virtual Enterprise. Zwegers et al. make following differentiation: 

o Situational factors: conditions, which affect the set up of the Virtual-

Enterprise-focused network, i.e. characteristics of the business environment, 

which is outside the control of the network and VE members. 

o Design parameters: selected parameters, which describe different set ups for 

Virtual-Enterprise-focused networks, e.g. pre-qualification for the network, 

network management, etc. Thus design parameters are defined as the solution 

space in which the network can freely be decided. 

 Applications and Infrastructure. These are components that support business processes 

as they were modelled with the modelling components. Following component are 

mentioned in VERAM: 

o Configuration Tools to set up Virtual Enterprises. 
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o Enterprise Applications. 

o Virtual Enterprises Infrastructure Modules that are used to enhance Enterprise 

Applications with functionality that is specific for Virtual Enterprises. 

 Methodologies for the tasks regarding the Virtual Enterprises, in particular guideline. 

 

Since collaboration in a Virtual Enterprise is closely related to the approach of MSE and 

Virtual Manufacturing Enterprises most of the elements of this framework could be applicable 

for an Innovation Reference Framework for MSE. In particular it has to be checked, if the 

consistency factors should be used as an element. 

 

4..1.7. Generic approaches to structure Reference Frameworks 

From the analysis above it becomes obvious that these frameworks have something in 

common but there are also significant differences.  

Elements that were identified are: 

 Basic concepts, definitions and explanations like glossaries. 

 Meta-Models and Reference Models. 

 Roles and responsibilities. 

 Dimensions and criteria for categorisation. 

 Rules and principles. 

 Motivation. 

 Methods, templates, tools, infrastructure. 

 Reference processes. 

 Evaluation criteria, performance indicators / metrics. 

 Best practices 

 Reference architectures. 

 Capabilities. 

 Timing aspects, lifecycle. 

 Application domains. 

 Contingency factors. 

 

For tasks related to this deliverable it would helpful to have a kind of generic structure for 

reference frameworks to organise these elements. 

The need to structure such (potential) elements of Reference Frameworks was also identified 

in the ECOLEAD project (with a focus on modelling). The corresponding suggestion was to 

make a differentiation between two groups of elements: 

 “Logistics” of the Reference Framework, e.g. modelling language/tools. 

 Reference Framework purposes, e.g. terms and entities, behaviour, life cycle, 

relationships. This group has several sub-groups: 

o Structural dimension, addressing the structural elements like actors and roles, 

relationships. 

o Componential dimension, covering resources, ontology, and (represented) data 

and knowledge. 

o Functional dimension, which includes functions, processes, procedures and 

methodologies. 
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o Behavioural dimension, including the various elements of behaviour and what 

constrains or “gives form” to that behaviour (e.g. policies, contracts, 

agreements). 

 

Another author that identified a lack of a generic approach for a standardised structure of 

reference frameworks is Wilkes [2012] who described the situation as follows: 

“Unfortunately, such formality is often absent from the various reference 

architectures, models and frameworks that have been published in many domains; 

these frequently mix elements of architecture, model, process and organization and 

then apply one of the terms seemingly at random.” 

 

Therefore Wilkes suggests a generic structure for Reference Frameworks that can be applied 

and adapted to different domains. This suggestion goes beyond the pure modelling view of 

the ECOLEAD approach. The following graphic shows this generalised Reference 

Framework and its main elements. 

 

 

Figure 9: Wikes´ generic approach to Reference Framworks [Wilkes 2012] 

 

Following descriptions for the different elements were provided by Wilkes: 

 

Element  Content  Relationships  

Reference 

Model  

 Defines the concepts and principles  

 Defines the Life Cycle for the key deliverables or 

assets.  

 Defines a maturity model against which an 

organization can benchmark itself  

 Defines the capabilities an organization should 

possess in order to be successful in the domain. 

Provides the common vocabulary 

that underlies the Reference 

Framework.  
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Reference 

Architecture  

 Defines the architectural views at different levels 

of abstraction.  

 Maps best practice to each of the views. 

Identifies the deliverables for each view, and the 

policies, patterns and standards that apply to each 

view.  

Architectural views can be 

expressed in terms of the meta 

model which defines the key 

concepts, deliverables, and assets. 

E.g. the subject of a policy should 

be a concept in the meta model  

Reference 

Process  

 Defines the decomposition and sequencing of 

activities that take place relative to the domain  

Process model should reflect how 

the life cycle state changes of the 

key deliverables or assets are 

accomplished, and how the 

deliverables or assets will be 

transformed from one architecture 

view to another  

Organization   Defines the roles and responsibilities of the 

participants in the domain, and the skills they 

require  

Organization defines the roles and 

responsibilities which regards to 

the key deliverables and assets, as 

well as the participation in the 

process  

 

4.2. General structure of the WP 21 Innovation Reference Framework 

Based on the first considerations on Reference Frameworks in D21.1 and the analysis above 

some general characteristics can be recognized as a basis for the Innovation Reference 

Framework in WP 21: 

 Reference Frameworks are generic patterns for the design of specific frameworks. 

 They describe elements that are relevant for most of the application cases. 

 These elements are intended to structure something based on defined dimension or to 

provide standards, guidance and support for something. 

 

This means the Reference Framework should provide a basis for a manufacturing enterprise 

and its partners from the MSE to define an agreed framework for the specific application case. 

This means that the Reference Framework will not be applied one to one. Rather there will be 

additions and changes and some architectural suggestions that are placeholders have to be 

filled with case specific content. 

According to the objectives of WP 21 that were described in the introduction the Innovation 

Reference Framework should provide guidance and case-specific support to the 

manufacturing enterprise and its potential partners in the MSE. Therefore the starting point 

should be the characterisation of the application case based on defined dimensions. These 

dimensions, respectively this set of axis are an element that can be found also in other 

frameworks, e.g. in the approaches of Shenhar and Dvir [2007], Goldbrunner et al. [2005] and 

Hertog et al. [2009] and also as contingency factors in the VERAM or in the CEFR. This 

meet also the requirement to support characterisation and classification of application cases 

that was identified in D21.1. 

 

However, the characterisation of an application case regarding innovation based on 

servitization is not sufficient. The objective of WP 21 is to provide guidance and practical 

support. Therefore the combination of characteristics according to the set of axis should lead 

to recommendations regarding organization, methods, and tools (templates and IT tools). 

They can be used to define a common case-specific framework including for collaboration on 

innovation. The content of these recommendations can be regarded as further elements of the 

framework. The elements identified above are potential candidates for these 

recommendations. 
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The approach of Wikes [2012] provides a structure than can be used in the first step to obtain 

potential elements and to structure the consideration on the suitable and appropriate elements. 

 

The graphic below illustrates this first general structure of WP 21 Innovation Reference 

Framework. 
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Figure 10: First approach for the structure of the WP 21 Reference Framework 

 

5. Evaluating framework elements based on identified requirements  

 

To identify, describe and evaluate relevant elements of a Reference Framework for 

Innovation Ecosystems it is important to have an understanding “how the reference 

Framework should work”. Therefore this chapter describes the requirements upon the 

reference framework WP 21 is aiming at. 

In the following chapters it will analyse for each type of elements what particular elements 

are relevant for the innovation reference framework in MSE. The requirements will be used to 

evaluate the relevance. 

 

5.1. Requirements upon the Reference Framework 

To ensure that the development of a Reference Framework achieves the objectives it is import 

to have a clear understanding of the requirements that have to be met. 

In this case the generic requirements that are relevant for most frameworks have to be 

completed by requirements that can be derived from the specific condition of innovation 

processes based on servitization in a Manufacturing Service Ecosystem (MSE). The 

identification of these specific requirements was done in Task T2.1.1 and is documented in 

Deliverable D2.1.1.  

Summarised following generic and specific requirements have to be considered  

Generic requirements upon Reference Frameworks 

 Reference frameworks should help to obtain a better understanding of an application 

case. Amongst other things this is achieved by supporting the characterisation and 

classification of an application case. 

 As a basis for this reference frameworks should describe the elements that are relevant 

for most of the application cases. 

 In addition they should provide guidance and support for the actors in an application 

case, e.g. by defined structures and templates. 

 They should be open enough to cover a range of application cases in the considered 

area. 
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 Despite this openness the frameworks should ensure consistency where needed. 

 

General requirements upon the MSEE Innovation Reference Framework 

 The framework has to pay special attention to openness, collaboration and 

interactions. 

 The framework has to be applicable for a broad range of scenarios in the sense of 

adaptability and scalability. 

 In addition it has to support the dynamic of MSE. 

 The framework should be comprehensive but focussed on the specifics of servitization 

based innovation in MSE. However, it should leave enough open space for the 

manufacturing enterprises and their partners to find their own way of doing things. 

 

Ecosystem related requirements 

The framework should regard the following aspects: 

 Management of innovation-related aspects of the ecosystem, e.g. .handling of 

intellectual property, inter-organisational workflows, and identification of partners. 

 Common and complementary objectives of the members of the ecosystem. 

 Roles of the enterprise and potential partners in the innovation process (customers, 

suppliers, service provider, competitors etc.)  

 Gathering the Voice of the Customer in an ecosystem. 

 

Servitization related requirements 

The framework should regard the following aspects: 

 The different options to combine physical products and related services to achieve 

servitization-based innovation. 

 Since the ecosystem provides generally good conditions for systemic innovations, this 

aspect should be regarded in the framework. 

 

Process related requirements 

 The framework should focus on the processes that are related to the provision of 

conditions for innovation and related to ideation. 

 The Framework should provide performance indicators that can be used to assess the 

general capability for servitization-based innovation in a MSE as well as the actual 

innovation performance in an innovation project. 

 The framework should regard the different ways (phases of innovation process, tasks, 

intensity) to involve a MSE or a VME in the innovation process. 

 

Method and tool related requirements 

Following methods and tools are relevant for the framework: 

 Characterisation and classification of application cases. 

 Reference to existing tools and services that can be used for the innovation processes. 
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 Standards for communication and exchange of data on the MSE level during the 

innovation process. 

 Virtualisation of steps/activities in the in the innovation process. 

 Platform that brings together members of the ecosystem to collaborate on innovation. 

 Searching for content on the MSE level. 

 Enabling voting and collaborative decisions on ideas. 

 Concepts for rewarding under the conditions of a MSE. 

 References to best and good practices to give support and guidance to the 

manufacturing enterprise and its partners from the ecosystem. 
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6. Potential elements related to modelling 

 

In context of collaborative servitization in cross-sectoral and interdisciplinary ecosystems 

appropriate means for knowledge identification, representation, sharing, and elaboration have 

to be discussed and properly addressed by means of an adequate innovation framework. This 

is also a part of the virtualisation that is a essential characteristic of the MSEE approach. In 

contrast to pure information and data that might be explicitly handled also by ICT, the 

concept of knowledge refers to implicit features, which are strongly connected to humans. 

Furthermore, knowledge can be considered to be essential for fostering domain specific skills, 

competences, and sometimes even problem-related wisdom – especially in course of e.g. 

development and production projects [North and Reinhardt 2005]. 

This is where modelling principles come into play. Modelling in general means to purposively 

represent parts of reality. There are different types of models, e.g. plain text, mathematical 

equations, database structures, semantic models like glossaries, or graphical means [Obrst 

2008, Rebstock 2008]. Depending on the use case, specific model types (namely meta-models 

[Sánchez et al. 2009]) have to be taken into account in order to support externalisation, 

communication, and development of knowledge within an ecosystem [Nonaka 2007]. This is 

why, modelling can be considered essential for the success of human networks in general as 

well as specific Manufacturing Service Ecosystems.  

To capture reality, models [Skyttner 2006]: 

1. have to be restricted to a certain domain, defined by its system boarder 

2. have to be detailed towards elements of the respective system to-be modelled 

3. have to stress relations, both 

a. between elements of the system 

b. as well as between the system and its environment 

With regard to the above mentioned Reference Framework, the modelling element can be 

divided into sub-sections, representing different needs, modelling types and flavours. This is 

however depending on the very use cases, which again implies that the Framework itself 

should only focus on recommending appropriate means for modelling as well as exemplary 

guidelines on how to choose and realize concrete modelling environments per Ecosystem. 

This is in line with Wilkes’ structures and Framework dimensions. 

In his structure for Reference Frameworks Wilkes suggested following elements (re-ordered): 

 Reference Models for basic Concepts and principles. 

 Meta models. 

o Life cycle model for the key deliverables or assets.  

o Maturity model against which an organization can benchmark itself  

o Model for capabilities that an organization should possess in order to be 

successful in the domain. 

 Glossary. 

 

Taking on the idea of knowledge modelling in MSE, top level modelling concepts have to be 

further detailed towards practical guidelines and recommendations. Therefore different model 

types (meta-models) have to be listed, described and provided as templates. In addition, there 

is strong evidence that the Framework should indicate methods that allow for adapting meta-

models to the respective needs of a specific Ecosystem.
1
 This is because experiences from 

real-world innovation consortia imply that there is no generic modelling environment to serve 

                                                 
1
 ARIS 9 will allow for flexibly extending pre-defined meta-models according to user 

needs(http://www.softwareag.com). 
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all potential needs. Still, modelling templates covering of pre-defined meta-models and 

exemplary models are considered of great value for any innovation initiative. 

 

6.1. References Models that define concepts and principles 

Reference Models that define concepts and principles can play an essential role to achieve a 

common understanding between partners and to speed up the definition of a case specific 

model. This is especially relevant for collaborative MSE where the partner need intensive 

communication like in innovation processes. In the context of innovation in a MSE there are 

various aspects that could be modelled. In Wilkes’ structure for Frameworks the process 

reference model is regarded as an own element. Therefore it is not necessary to consider it in 

this place. 

However the requirements analysis in D21.1 has shown that the MSE need common 

understanding of the different types of servitization based innovation and of interactions 

regarding the innovation process in an MSE. In addition it would be helpful to describe the 

basic design, organisation and governance principles regarding innovation processes in an 

MSE, e.g. decision making.  

 

 

Element: References Models that define concepts and 

principles 

Is the element relevant for the 

Reference Framework? 

The element is relevant. 

Collaboration in a MSE requires a common 

understanding of things that are relevant for all 

partners. This can be supported by defined concepts 

and principles. In particular the types of servitization 

based innovation as well as interactions, design, 

organisation and governance principles regarding the 

innovation process should be defined. 

Which requirements justify the 

relevance of this element? 
 Reference frameworks should help to obtain a 

better understanding of an application case. 

 The framework should regard the different options 

to combine physical products and related services 

to achieve servitization-based innovation. 

 The framework has to pay special attention to 

openness, collaboration and interactions. 

 Enabling voting and collaborative decisions on 

ideas. 

Are there specific adaptations or 

additions needed? 

No need for adaptations/additions recognise yet. 

Further Comments No further comments 

 

 

6.2. Meta-Modelling aspects 

In the ideation phase of any innovation process, it is essential to be already aware of 

product/service development methods, models, and tools to be applied in future phases. 

Therefore, adequate knowledge structures, modes of discussion and presentation as well as 

IT-related file formats have to be chosen already during the early stages. In short, one has to 
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agree on most appropriate meta-models for creative and collaborative knowledge work in 

innovation initiatives. 

Meta-models are meant for providing a modelling frame and communication convention that 

guides innovation consortia through the process of idea generation, evaluation, and further 

detailing of initial concepts. Meta-models specify which real-world objects the respective 

consortium is talking about, which concepts are the matter of concern, which relations and 

dependencies can be seen between these concepts and last but not least how they can be well-

structured and formalized in order to guarantee effective and efficient communication as well 

as alignment.  

 

For meta-modelling a clear structure is necessary to allow an easy update including the 

interfaces between model types. Naming conventions but also common approaches for the 

realization of certain modelling aspects are essential. Of course, meta-modelling is an ongoing 

process, taking into account continuous changes in requirements and restrictions within 

innovation project. Therefore, meta-models will be evaluated and extended/changed 

according to the feedback of the users on regular bases. Consequently, a well-grounded set of 

meta-models can only be provided at the end of the ideation phase, not already at its 

beginning. 

According to D11.1 we share a threefold perspective on innovative services in ecosystems: 

organizational, IT-driven and machine related services based on physical means. 

Consequently, there is a need for meta-models, covering all three notions of services in 

ecosystems already in ideation phase. These meta-models ensure, that emerging ideas can be 

discusses, further detailed, aligned, compared, and synchronized within the ecosystem. As a 

result, an idea for an organizational invention might stimulate other ideas is related domains, 

where different structures, processes, and conventions – thus meta-models – are needed to 

finally realize the respective idea. 

 

In addition, another meta-modelling dimension has to be considered that ensures holistic 

linkage between the above mentioned three aspects: knowledge modelling. In Figure 11 an 

exemplary knowledge meta-model is depicted. It demonstrates how concepts like actors, 

culture, roles, and qualifications within an ecosystem have to be captured comprehensively, 

without focusing purely on organizational, IT, or physical-related service aspects in MSEE. 

This is to allow for synergies and cross-links between the three service domains. 

 
Figure 11: Structure of the Knowledge Model 

 

How do adequate meta-models look like? As already mentioned, meta-models are the result 

of the ideation phase, and not already fixed at its beginning. However, there are well 
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established meta-models to be applied, further elaborated, and finally adapted to one’s 

specific need in respective innovation consortia. In the ideation phase, plain text, e-mailing, 

and short comments on collaboration platforms are very common. However, already those 

unstructured pieces of knowledge can be associated to well-structured meta-models e.g. based 

on semantic principles. Semantics are well known for their ability to integrate knowledge 

within a certain domain. Consequently, semantic models can be applied to connect evadable 

isolated knowledge assets like ideas, comments, or news. Semantic models are based on very 

generic modelling principles, using concepts, attributes, and relations between concepts. The 

following Figure 12 shows these bricks of semantic models. Exemplary concepts in context of 

the ideation phase are: idea, comment, news, actor, market, need, pros, cons, and so on. 

Individuals of these concepts can then be linked by means of explicit relations like targetsAt, 

needsInputFrom, hasCon, hasPro, …  

Concept_1

Instance_A

Concept_11

Concept_2

Label  
Figure 12: Ontology meta-model (Smart Service template). 

 

Besides, there are other meta-modelling types, based on plain text, template forms, db-

structures, or graphical models. 

 

Of course there are tools for supporting meta-modelling on the market. While plain text meta-

models as well as forms can be provided by means of standard text editors, graphical as well 

as semantic meta-models need to be facilitated by dedicated modelling environments. In 

MSEE the SLMToolBox will cover the need for graphical modelling environments, providing 

a comprehensive set of meta-models related to services, products, processes, actors, and 

decisions and so on (see D11.1). However, these meta-models are more or less fixed. To 

continuously update respective meta-models, meta-model-editors like GME can be applied.  

GME of the Vanderbilt University is a configurable application for creating domain-specific 

modelling environments. The configuration of the application is performed with a meta-

modelling language (MetaGME) similar to Meta Object Facility (MOF)2 that means it is 

based on UML class diagram notation and uses the Object Constraint Language (OCL)3 to 

describe constraints. MetaGME can be used to describe domain-specific modelling languages 

with a set of models. These models are translated to a configuration for the GME application. 

The application is now able to support the domain-specific modelling language by enforcing 

the modelling rules stated in the MetaGME models. 

 

To conclude, a meta-modelling instrument for the collaboration in ideation phases is essential. 

Aspects that can be covered by adequate meta-models are e.g. the support model-driven 

configuration of collaboration platforms or automatic analysis of networks based on arbitrary 

knowledge sources like e-mailing, databases, online community platforms and so on.  

                                                 
2
 See (Object Management Group, 2006) 

3
 See (OMG, 2006) 
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Element: Meta Model 

Is the element relevant for the 

Reference Framework? 

The element is relevant.  

Meta-models are meant for providing a modelling 

frame and communication convention that guides 

innovation consortia through the process of idea 

generation, evaluation, and further detailing of initial 

concepts. Meta-models specify which real-world 

objects the respective consortium is talking about, 

which concepts are the matter of concern, which 

relations and dependencies can be seen between these 

concepts and last but not least how they can be well-

structured and formalized in order to guarantee 

effective and efficient communication as well as 

alignment. 

Which requirements justify the 

relevance of this element? 
 Provide guidance and support for the actors in the 

MSE.  

 Management of innovation-related aspects of the 

ecosystem. 

Are there specific adaptations or 

additions needed? 

Yes. There is strong evidence that the Framework 

should indicate methods that allow for adapting meta-

models to the respective needs of a specific 

Ecosystem.
4
 This is because experiences from real-

world innovation consortia imply that there is no 

generic modelling environment to serve all potential 

needs. Still, modelling templates covering of pre-

defined meta-models and exemplary models are 

considered of great value for any innovation initiative. 

Further Comments SP1 and SP2 are providing exemplary meta-models 

and templates incl. use case instantiations. 

 

 

 

 

 

                                                 
4
 ARIS 9 will allow for flexibly extending pre-defined meta-models according to user needs. 
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6.3. Glossary for the context of MSE 

 

Since the innovation will be based on collaboration in the MSE and in the Virtual 

Manufacturing Enterprise (VME) it is important to achieve a common understanding. 

Therefore a kind of glossary is needed. This glossary can be part of an overall glossary of 

MSEE will be developed in D72.1 and should focus on innovation related terms. To build up 

a glossary is part of semantic modelling activities performed throughout knowledge intensive 

collaborative work in innovation ecosystems. 

Formal semantics and semantic models are widely accepted tools in industry and research. 

There are very different types of semantic representations, starting from a very low 

complexity and ending up with very strict formal semantics. In MSEE we want to focus on a 

middle-weight type of semantic model, namely taxonomies. A glossary is a hierarchical set of 

concepts incl. attributes, related by transitive isA- and/or equality-relations. Different (e. g. 

already existing) glossaries can be cross-linked by means of e. g. equivalentClass-relations. 

The following depiction relates glossaries to other semantic models like UML models and 

formal ontologies. 

 

 

Figure 13: Glossary as semantic model (based on [Obrst 2008]) 

 

Potential methods are: 

 METHONTOLOGY [Fernandes et al. 1997], as middle-out approach to generate 

domain specific ontologies, e.g. by means of a glossary. 

 OnTo-Knowledge [Sure and Studer 2002], a top-down approach to build up semantic 

models 

 

 

7. Potential architectural elements  

 

Architectural elements can be regarded as abstract descriptions of specific systems and can be 

used to develop a particular system [ECOLEAD]. Examples are deliverables, patterns, 

standards and deliverables. 
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There is some overlapping between architectural elements and modelling. In ECOLEAD this 

relation is described as follows:   

“Architecture is focused on “building a system” and must be complete at its level of 

abstraction; therefore not all models are architectures. Although there is a difference between 

engineering and architecture (compare with roles of civil engineer and building architect), to 

some extent the architecture depends on engineering principles and available technology.” 

Wilkes claims in his approach the architectural elements should be mapped with best 

practices where possible. 

 

WP 21 concentrates on the early phases of the innovation process that means on provision of 

conditions for innovation and ideation (see D21.1). The essential deliverables are ideas and 

related suggestions for innovation based on servitization. Based on these considerations the 

general elements suggested by Wilkes should be analysed. 

 

 

Figure 14: Matrix of architectural elements [Wikes 2012] 

 

As shown in the figure above the architectural elements can be assigned to different types of 

content (standards, patterns etc.) and to different views. In this phase of WP 21 we 

concentrate on the first two views which are business and specification. In the following 

section we analyse the different types of content with a differentiation according to the 

different views where needed. 

 

7.1. Standards and patterns 

Collaboration in an MSE requires interaction and exchange of information. In particular 

ideation is usually built upon the contribution of different partners and the exchange of 

thoughts and ideas between these partners. To support an effective and efficient exchange 

between the different partners standards for information exchange could be helpful, in 

particular for ideas and suggestions for servitization projects. This can be assigned to the 

specification view. 

Another aspect that belongs to the specification view considers the “rules” for the 

collaboration. Some patterns for these rules can facilitate common agreements in the MSE.  

On the business view level there is also a need for pattern. Since innovation should produce 

benefits for the involved partners it is necessary to achieve agreements on how to share costs, 

risks and benefits. These agreements are especially important when the collaboration 

produces intellectual property. One example: If the customers should be involved in the 

innovation process it has to be considered what benefit is received by the customers. These 

considerations can be summarised under the term Collaboration Business Models. Business 

Models are generally part of SP 5. The different approaches to Business Model and Industrial 
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Model in this framework/project are presented in D53.1 and D53.2, see especially chapter 

2.2.1 et sqq:  

 A Business Model “… covers the fields of Value Proposition and Revenue Model, as 

well as the Architecture of Value Creation in the sense of an Industrial Model.” 

 An Industrial Model is defined as “a description of the way how and what is produced 

(architecture of value creation), including the needed resources and information 

flows.” 

Following aspects should be considered during the early phase of product development and/or 

innovation: 

 Does the new approach/innovation match the Business Strategy and the realised 

elements of the Business Model?  

 Have the Business Strategy / the Business to be aligned according to a disruptive 

innovation? 

 Is the customer enough integrated in the New Product Development and does it fit e.g. 

the given Blue Ocean strategy and/or Open Innovation elements? 

 Are new key partners (suppliers, technology providers, customers …) needed? 

 Is there a possible constraint in the future value proposition that may cause severe 

risks (e.g. possible cannibalisation of existing products)? 

 Is it possible to give a forecast to the sources of revenue or not? (How likely is it to 

earn money?) 

 Does the time frame of the innovation fit? (E.g.: Does the innovation come too early 

because of missing standards, awareness etc.?) 

 Will the established and so far used distribution channels (like E-Commerce) be fitting 

and what will be the influence on downstream intermediaries? 

 Etc. 

These questions show that aspects of the Business Model and the Business Strategy behind 

could have a strong impact on the success of an innovation. 

Analogous, the aspects of the Industrial Model may have the same crucial influence, and they 

mostly deal with the fitting and establishing of 

 needed resources and know-how for production; 

 new plants (or use establishes ones); 

 design of the ramp up and production process; 

 (new) quality criteria; 

 internal logistics; 

 etc. 

 

 

Element: Standards and patterns 

Is the element relevant for the 

Reference Framework? 

These elements are relevant. 

During the collaboration it is important that the 

partners understand each other and can easily exchange 

information. In addition it is essential to reach 

agreements on how to work together. Standards and 

patterns can support this. Following elements are 

required: 

 Standards for information exchange, in particular 

for ideas and suggestion for servitization projects. 
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 Patterns for collaboration rules. 

 Patterns for Collaboration Business Models. 

Which requirements justify the 

relevance of this element? 
 The framework has to support the dynamic of 

MSE.  

 Management of innovation-related aspects of the 

ecosystem, e.g. .handling of intellectual property, 

inter-organisational workflows, and identification 

of partners. 

 Standards for communication and exchange of data 

on the MSE level during the innovation process. 

 Searching for content on the MSE level. 

 The framework has to pay special attention to 

openness, collaboration and interactions. 

 Enabling voting and collaborative decisions on 

ideas. 

 Concepts for rewarding under the conditions of a 

MSE. 

Are there specific adaptations or 

additions needed? 

No need for adaptations/additions recognise yet. 

Further Comments No further comments 

 

 

7.2. Techniques 

The analysis in D21.1 brought up several methods and tools could be relevant for innovation 

processes in an MSE. The initial approach was to make a reference to these available 

elements. If the further process produces new requirements upon infrastructure, tools and 

methods they can be integrated in this group of elements. 

There is a requirement to have a platform that brings together members of the ecosystem to 

collaborate on innovation. If there is no option to refer to an existing platform this can be 

integrated as an independent element of the framework. 

In this place it should be mentioned that there is also the option to have specific extension to 

existing solutions like it was suggested in the VERAM approach. 

 

Element: Techniques 

Is the element relevant for the 

Reference Framework? 

This element is relevant. 

The collaboration can be supported by certain methods 

and tools. Since there are already several methods and 

tools available the approach is to have references to 

appropriate methods and tools. 

Which requirements justify the 

relevance of this element? 
 Reference to existing tools and services that can be 

used for the innovation processes. 

 Platform that brings together members of the 

ecosystem to collaborate on innovation. 

Are there specific adaptations or 

additions needed? 

This group of elements should be named “references to 

methods and tools”. 
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Further Comments No further comments 

 

 

7.3. Deliverables 

As already described above the main deliverables of the early phases of the innovation 

process are ideas and related suggestions for innovation based on servitization. The 

framework can support the partners of the MSE by providing templates for describing these 

two deliverables. 

 

Element: Deliverables 

Is the element relevant for the 

Reference Framework? 

These elements are relevant. 

There is a small set of deliverables that should be an 

output in the early phases of the innovation process. 

Templates provided in the Framework would facilitate 

the work for the users and would help to ensure 

consistence and completeness. 

Which requirements justify the 

relevance of this element? 
 The framework should provide guidance and 

support for the actors in an application case, e.g. by 

defined structures and templates. 

Are there specific adaptations or 

additions needed? 

No need for adaptations/additions recognise yet. 

Further Comments No further comments 

 

 

7.4. Policies 

The objective of policies is to govern activities. Wilkes provides two examples for policies: 

publishing policy (what is published when) and version and release management policy (what 

are the prerequisites for a new version/release). 

For the MSE it could be important to agree what information is made available for the other 

MSE members at a certain moment in time. However, it would be difficult to have generally 

valid policies for the non-hierarchic, dynamic and flexible collaboration in an ecosystem. 

Therefore it seems to be more practicable to use the patterns for collaboration rules described 

above 

 

Element: Policies 

Is the element relevant for the 

Reference Framework? 

This element is currently not relevant. 

There is a general need for some governance. 

However, defined fixed policies seem to be less 

appropriate than patterns for collaboration rules. 

Which requirements justify the 

relevance of this element? 

No requirement that was not covered by the patterns 

for collaboration rules yet. 

Are there specific adaptations or 

additions needed? 

No need for adaptations/additions. 

Further Comments No further comments 
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7.5. Models 

Modeling related elements were already discussed above. In his overview Wilkes explained 

the term “models” in group of architectural elements as guidance on models that may be used 

to establish architecture and deliverables, e.g. a physical data model or an event model. 

Currently there is no specific need to have such extra modeling elements in addition to the 

elements described above. 

 

Element: Models 

Is the element relevant for the 

Reference Framework? 

This element is currently not relevant. 

The additional models that are meant by this group are 

currently not required to establish other architectural 

elements. The modelling elements were already 

discussed above. 

Which requirements justify the 

relevance of this element? 

No requirement that was not covered by the modelling 

elements discussed above. 

Are there specific adaptations or 

additions needed? 

No need for adaptations/additions. 

Further Comments No further comments 

 

7.6. Need for additional architectural elements 

There was a broad range of elements analysed in the section above that covered several of the 

requirements. There are no requirements that cause a need for additional elements yet. 

Therefore, for this stage of the work in WP 21 there is no need for additions. 

 

 

8. Potential process related elements  

 

The decomposition and the sequencing of activities are crucial for the planning and execution 

of all types of product and service development.  

Typical decomposition approaches for service development distinguish between the following 

activities (see also D14.1): 

• Idea management 

• Requirements analysis 

• Service design 

• Service test 

• Service implementation 

• Market Launch 

• Offering and Delivery on Market 

• Decommissioning 

In addition to these main phases (macro-level), activities can be split up in more detail (micro-

level). The sequencing of activities becomes then important because as many activities as 

possible should be done simultaneously in order to speed up the process. However, 

dependencies and necessary intermediate results require a thorough sequencing of activities in 

terms of project management, Gantt charts and milestones.  

One way of structuring such complex projects is the stage-gate® approach as is depicted in 

the following picture. It divides the process and certain packages (stages) which have to be 
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performed sequentially. However, the tasks and activities within one stage can be in parallel 

or successively, whatever is best suited.  

 

Figure 15: Stage-gate model for NSD, based on Cooper and Edgett [1999] 

 

Therefore, decomposition and sequencing are very important for the success of service 

development processes. 

 

In task T 2.1.1 a common understanding regarding Innovation Processes in a Manufacturing 

Service Ecosystem was developed. 

 

 

Figure 5: Focus on the early phases of the innovation process 

 

Our focus in the following is on the first phase of this process, before the realisation phase. 

This part only shows exemplary, how the realisation phase could be structured in general (for 

both, product and service development). The preliminary phase can be divided into the 

following two steps: 

 

 Generally the process of innovation starts with the provision of conditions. This part is 

essential, because it has to be determined an innovation strategy, the connection to 

MSE has to be established (covering also various clarifications relating to legal, 

ecological or monetary questions that could occur while collaborating with the MSE) 

and a VME has to be established. 

 After the determination of the basic parameters, the ideation process begins. This 

includes several components which partially are an alternative to each other. The 
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recognition of opportunities means e.g. that a dissatisfied customer may not be the 

only one with a particular problem. It would be an opportunity to listen to his 

complaints, so that out of that a new service innovation could be developed which 

benefits more customers and leads to a unique selling proposition for the company. 

Another approach to find new ideas is the generation of ideas. For instance by using a 

bunch of creativity techniques such as brainstorming, new ideas can be generated. The 

ideas that were recognized or generated must then be specified and their potential 

analysed to select one or even more ideas that can be realised afterwards.  

 

The two approaches for creating ideas can be allocated before the provision of conditions for 

innovation. In the example with the dissatisfaction of the customer, the impulse for 

developing a service innovation occurs from an external source, so that there is no intention 

for developing new service innovations yet and therefor no need for providing conditions for 

innovation until then. 

 

8.1. Decomposition 

 

The process of innovation is not just one simple task, it is built up of several parts that lead to 

a promising service innovation (cf. figure 5). Because it is proven that structuring a process 

can be helpful in handling a task, the decomposition of service innovation economies is an 

important element of the reference framework. 

  

Element: Decomposition 

Is the element relevant for the 

Reference Framework? 

Decomposition of service innovation economies 

includes several steps: 

The generation or recognition of ideas is needed, 

since collaboration in a non-hierarchic network for 

innovation requires an abundance of ideas, which have 

to be specified in a further step, so that they could be 

evaluated and selected.  

Furthermore it is essential to provide conditions for 

the following process. This step can also be at the 

beginning of the process. 

Which requirements justify the 

relevance of this element? 

To provide guidance and support for the actors in an 

application case, it is necessary to structure the process 

of Ideation. The provision of conditions is helpful to 

fulfil requirements such as ‘Standards for 

communication and exchange of data’ or the 

establishing of a collaboration platform, which 

supports the collaboration among the different 

participants. 

These requirements lead to the conformance to yet 

another requirement, which is to ensure that there are 

good conditions for systemic innovations (cf. 5.1). 

Are there specific adaptations or 

additions needed? 

Important in the process of innovation is the 

integration of provider, customer and supplier, so that 

their requirements can be fulfilled.  

Since different participants in the innovation process 

have different viewing points on the problem, it is 

essential to collect those manifold ideas, to maximise 
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the benefit for all participants and generate ideas, 

which combine different approaches. 

Therefore it is necessary to provide the conditions of 

their cooperation as well as e.g. legal or ecological 

standards. 

Further Comments Cf. deliverable D14.1 

 

8.2. Sequence 

 

It is not just important to know, which tasks have to be performed, in many cases the order in 

which the tasks are performed have a crucial impact on the results and the related effort. 

Collaborations often consist of various partners, which can come from different countries as 

well as different domains. In the phase of the provisioning of conditions it could be an 

advantage, to process the individual elements in parallel, so that time-consuming elements are 

not causing a delay, while the important tasks – such as idea generation and selection – are 

already completed. 

 

Element: Sequence 

Is the element relevant for the 

Reference Framework? 

A specific sequence is needed for collaborative tasks in 

service ideation in order to achieve promising service 

ideas for further steps of the service innovation 

process. 

The innovation process needs to be structured in a 

specific way – it is for instance not reasonable to 

evaluate an idea, which is not specified enough to 

come to the conclusion that it is not a promising idea. 

On the other hand, there are tasks that can and should 

be dealt with simultaneously, e.g. the evaluation of 

innovative ideas and their selection. 

Which requirements justify the 

relevance of this element? 

The sequential structuring of the ideation process also 

helps to give guidance and support for the actors as 

well as providing good conditions of systemic 

innovation (cf. 5.1). 

Are there specific adaptations or 

additions needed? 

It could be useful to give an indication for the 

proportion of each element. 

Further Comments Cf. deliverable D14.1 

 

8.3. Need for additional process related elements 

Other process reference models like SCOR and VRM offer performance indicator and best 

practices. These elements enhance the value of the reference process elements described 

above. 

 

Element: Performance Indicator / metrics 

Is the element relevant for the 

Reference Framework? 

The element is relevant. 

For many manufacturing enterprises collaboration in 

an MSE is a new thing where they small or no 
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experiences. In addition the will be in many cases new 

partners with whom the manufacturing enterprise has 

not worked with before. Therefore it is necessary to 

monitor and control the activities. 

Which requirements justify the 

relevance of this element? 
 The Framework should provide performance 

indicators that can be used to assess the general 

capability for servitization-based innovation in a 

MSE as well as the actual innovation performance 

in an innovation project. 

Are there specific adaptations or 

additions needed? 

A special challenge is the cross-organisational 

collaboration processes with a low degree of 

formalisation. Therefore existing indicators have to be 

checked according to their applicability. 

Further Comments No further comments. 

 

Element: Best practices 

Is the element relevant for the 

Reference Framework? 

The element is relevant. 

According to the limited experience and the dynamics 

of ecosystems it could be helpful to have access to 

existing solutions that have proven that they work and 

that they are valuable. 

Which requirements justify the 

relevance of this element? 
 References to best and good practices to give 

support and guidance to the manufacturing 

enterprise and its partners from the ecosystem. 

Are there specific adaptations or 

additions needed? 

Up to now a need for adaptation was not recognized. 

Further Comments Cf. deliverable D14.1 

 

 

9. Potential organisational elements  

 

The organisation of the innovation process in a Manufacturing Service Ecosystem (MSE) is a 

major task since it needs to reflect the nature of the activity, in particular regarding service 

development. Idea management needs to stimulate creativity. Since everyone can have good 

ideas, this process should as non-hierarchic as possible, the roles and responsibilities arise e.g. 

from the creativity method and should activate individual skills.  

Taking up the idea and develop it further is a typical task for project management. Normally, 

cross functional teams representing the needed diversity work together. Roles need to be 

assigned clearly according to the hierarchy and the skills. The project manager is responsible 

for achieving all results needed for completing the stage.  

When the development project is approved and enters implementation, the project is handed 

over to the responsibilities of the according departments. Here, the responsibilities, skills and 

roles are described in the company structure, e.g. in an organisation chart. 
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9.1. Definition of roles, responsibilities and required skills 

Service ideation and innovation are closely linked to a state of open-mindedness. Different 

influences coming from the surroundings of companies may be integrated in this phase and 

therefore should be respected in ideation and innovation frameworks (see process steps 

proposed in chapter Error! Reference source not found.).  

The idea providing influences often come from changing customer needs, emerging 

technologies, changes of the company environment, and other causes. They all may serve as 

triggers or stimuli (cf. chapter 4.3.1 in D14.1 about the phase “service ideation“ in the 

proposed MSEE service life cycle). A big variety of information and opportunities need to be 

gathered and filtered. This can be illustrated with a “funnel of perception”, as depicted in the 

following Figure 16:  

 

 
Figure 16 Funnel of Perception for Service Ideas 

 

On the upper side of the funnel, all influences and effects from outside of companies are 

received and get into it. Inside the funnel (in the companies) they are getting processed and 

distilled. On the bottom side of the funnel promising service ideas are “spit out” then (cf. 

D14.1, chapter 4.3.1). It becomes evident, that there are a lot of roles inside and outside of 

companies that may come into play with regard to ideation and innovation processes. The 

following Figure 17 depicts conceivable role owners for the role of “idea contributor” 

(derived from figure 15 in D14.1, chapter 4.3.4): 

 

 

Figure 17 Internal and external Pool of Role Owners 

 

As depicted in the figure above the role of the “idea contributor” is important for the phase of 

ideation. The “idea contributor” can be regarded as the employee or organizational unit that 
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brings into play an attractive idea for a new service. Though, the service contributor not 

necessarily needs to be an employee of the company being regarded.  

 

Idea contributors may also be customers, asking for service offerings that solve certain 

problems. Moreover, as indicated in Figure 17, the role of the idea contributor can also be 

obtained by MSEE business partners, suppliers or research partners coming from the MSE 

(cf. D14.1, chapter 4.3.4).   

The following table explains why defined roles and responsibilities are crucial for the 

framework to be developed: 

 

Element: Roles & Responsibilities 

Is the element relevant for the 

Reference Framework? 

Both elements are relevant. 

Innovation processes are complex. To implement and 

manage them in practice successfully, it is important to 

have transparency with regard to all relevant aspects. 

As collaboration is crucial for MSE, questions like 

“who is responsible for what?” and “who is 

collaborating with whom?” need to be answered. 

Defined roles and responsibility address these 

questions. 

Role models are needed, because collaborative tasks in 

a non-hierarchic network for innovation have to be 

clearly defined. Roles may be obtained by company-

internal staff or external human resources. 

Responsibilities can be allocated with regard to 

defined roles. 

Which requirements justify the 

relevance of this element? 

The definition of Roles and responsibilities ensures the 

consistency in the project, because tasks are clearly 

assigned to specific roles and responsibilities (cf. 5.1). 

Are there specific adaptations or 

additions needed? 

The main focus should be on how to integrate external 

and internal roles, as collaboration is important for 

innovation of MSE. 

Further Comments Cf. deliverable D14.1 

 

 

9.2. Need for additional organisational elements 

Roles and Responsibilities are the essential elements for the organisation of innovation 

processes in an MSE. Therefore there is currently no need for additional elements. 

 

 

10. Reference framework model for service innovation ecosystem 

 

The first general structure of the Innovation Reference Framework that was developed in 

chapter 4.2 can now be revised and updated according to the analysis of potential elements in 

the previous chapters. 

The first component of the suggested structure is the classification of the application scenario. 

This classification should be done according to the aspects that are essential for collaboration 

in an MSE and that have strong impact on how the collaboration is done. 
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One dimension that has strong impact on the recommendation of methods and tools is 

represented by the progress the innovation process. For example patterns for collaboration 

rules may change with the different phases of the process as well as the format or the level of 

detail of provided templates. 

Another dimension that is very specific for the considerations in WP 21 and the context of 

MSE is the degree of novelty in servitization. The requirements upon the collaboration in the 

MSE and corresponding methods depend on the way how an existing or new physical product 

is combined with existing or new services. For instance the coordination between partners 

will be different if product and services already exist or if a new product and related new 

services should be developed in an integrated way. 

The third dimension refers to the involvement of the ecosystem. This dimension is again very 

specific for the context of innovation in MSE. It is the heterogeneity of ecosystem 

involvement. For the collaboration it makes a difference if the manufacturing enterprise 

involves only a few suppliers or if it involves also a big number of customers and even 

competitors. So the intensity is determined by the number and the variety of involved 

partners. 

There are also other aspects that have an impact on the innovation process, e.g. contingency 

factors like market characteristics. However, they are less specific for servitization based 

innovation in MSE and would lead to a much higher complexity of classification. Therefore 

the classification should concentrate on the three dimensions determined above. 

This leads to the following framework for classification: 

 

Heterogeneity of 
ecosystem involvement

Degree of novelty in 
servitization

Progress of
innovation process

Idea 
generation

Idea 
assessment 

and selection

Recognition  
of 

opportunities

Development of a new services for 
existing product

Combine existing services with an 
existing product without adaptation

Combine existing services with an 
existing product after adaptation

Integrated development of new 
product and related services

established suppliers, 
research & consulting

+ existing and potential 
new customers 

+ enterprises from other 
branches

+ competitors

Provision of 
conditions

 

Figure 18: Dimensions for the classification of application scenarios 

 

The four stages of the progress regarding the innovation process are derived from the general 

process model that was discussed in D21.1 and in chapter 8 of this document. It starts with the 

provision of conditions for innovation since this can have already relationships to the MSE. 

The final step that is considered in this classification is the selection of an idea and the 

corresponding suggestion for a development project. There the realisation phase is out of 

scope for this classification. 

The degree of novelty considers how much of the extended product that is the result of 

servitization does not exist yet but has to be developed or requires adaptation. On the lowest 

level product and services do already and can be combined without adaptation, e.g. the 

manufacturer of a product offers logistic services that were not available for this particular 

product before but were already applied to other physical products. So the only new thing is 

the combination of a particular product with a particular service. At the other end of the scale 

both components, the product and services, are new developments. One implication is for 
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instance that the uncertainty regarding the extended product and its specifications as well as 

regarding its market potential increases with the degree of novelty. This could also have an 

impact on the involvement of the ecosystem that is represented on the third axis. 

The dimension “heterogeneity of ecosystem involvement” makes the framework complete. 

On the lowest there are partners like suppliers and research and consulting, that are usually 

already involved for other products. On the levels above this group of partners is extended by 

additional types of partners from the MSE. On the highest level all types of potential partner 

with different background and different objective are somehow involved in the collaboration. 

This leads for example to special challenges regarding coordination, collaboration rules, 

handling of intellectual property rights etc. 

 

In addition to this element of classification there will be further elements in the Reference 

Framework. The can be structured in two groups: 

 Basic elements those are independent from the classification. 

 Elements where the recommendations depend on the result of the classification. 

 

Following basic elements should be included in the framework to achieve a common 

understanding of things that are relevant for all partners. 

 A reference models that describes for the different types of servitization based 

innovation. 

This is related to the dimension of servitization in the classification framework but 

will be more detailed. 

 Description of general organisation and governance principles regarding innovation in 

an MSE. 

 Meta-models to describe things in the context of an MSE. 

 Glossary for the specific terms of innovation in MSE (this will be integrated in the 

overall glossary of MSEE).  

 Standards for information exchange, in particular for ideas and suggestion for 

servitization projects. 

 

The recommendations that are derived from the results of the classification will be built upon 

the following elements: 

 Models for capabilities that are required from the partners in the innovation process. 

The capabilities will concentrate on collaboration in innovation processes. 

 Specific Meta-models that are only applicable for certain combination of the different 

dimensions. 

 Patterns for collaboration rules. 

 Patterns for Collaboration Business Models. 

 References to methods and tools. 

There are already several methods and tools that can support innovation processes in 

an MSE. Based on the classification appropriate methods and tools will be 

recommended. 

 Deliverables. 

Typical deliverables will be suggested according to the classification. The objective is 

to provide also templates for those deliverables. 

 Reference Process Model. 

A reference process model should provide guidance for the manufacturing enterprise 

and its partners from the MSE. It is compatible but more detailed than the 



Project ID 284860 MSEE – Manufacturing SErvices Ecosystem  

 Date: 16/11/2012 Deliverable D21.2 – D21.4 merged documents 

 

MSEE Consortium Dissemination: Public 39/40 

 

corresponding dimension of the classification framework. The structure of the process 

model could be oriented towards the structures of SCOR and VRM: 

o Identifier of the process element. 

o Detailed description. 

o Input, incl. reference to previous process elements that deliver this input. 

o Output, incl. reference to subsequent process elements that receive this output 

as input. 

o Performance Indicators. 

o Best practices. 

This structure can be completed by MSE-specific element: Description of the required 

interaction with members of the MSE. 

 Roles and Responsibilities. 

Roles and Responsibilities also depend on the classification. Therefore they will be 

part of the recommendations. 

 

So the first version of the Innovation Reference Framework can be summarised as depicted in 

the following graphic: 

 

 

Figure 19: First version of the Innovation Reference Framework 

 

 

 

11. Next steps 

 

Starting point for the next steps is the first version of the framework as it was described in the 

previous chapter. This version contains already some content but there are still several 

placeholders that have to be filled. 

The next step is to verify this version by getting feed-back from the MSEE application cases. 

In addition there has to be a consistency check with the other work-packages. 

In parallel the placeholder elements will be filled. 

The challenge is then to analyse each cell of the classification matrix regarding potential 

recommendations. 

The results will then again be checked with the MSEE application cases  

 



Project ID 284860 MSEE – Manufacturing SErvices Ecosystem  

 Date: 16/11/2012 Deliverable D21.2 – D21.4 merged documents 

 

MSEE Consortium Dissemination: Public 40/40 

 

12. References 

 

 

Cooper, R.; Edgett, S. (1999): Product development for the service sector, Perseus, 1999, 

page 78). 

Fernandez, M.; Gomez-Perez, A.; Juristo, N. (1997): Methontology: from ontological art 

towards ontological engineering. In: Proceedings of the AAAI97 Spring Symposium 

Series on Ontological Engineering, 33–40. 

Nonaka, I. (2007): The Knowledge-creating Company.” Harvard Business Review 85 (7-8). 

North, Klaus; Reinhardt, Kai (2005): Kompetenzmanagement in Der Praxis. Gabler Verlag. 

Obrst, L. (2008): The Ontology Spectrum and Semantic Models. Center for Innovative 

Computing & Informatics. 

Rebstock, Michael (2008): Ontologies-based Business Integration. Berlin: Springer. 

Sánchez, Diana M.; Cavero, José María; Marcos, Esperanza (2009). “The Concepts of  

Skyttner, Lars (2006): General Systems Theory: Problems, Perspectives, Practice. 2nd ed. 

World Scientific Pub Co Inc. Model in Information Systems Engineering: a Proposal for 

an Ontology of Models.” The Knowledge Engineering Review 24 (01) (March): 5. 

doi:10.1017/S0269888909000150. 

Sure, Y.; Studer, R. (2002): On-to  Knowledge Methodology: Project Deliverable D18. 

http://www.aifb.uni-karlsruhe.de/WBS/ysu/publications/ (Accessed: 12. February 

2008). 

Zachman, J. A. (1987): A framework for information systems architecture. In: IBM Systems 

Journal, Vol. 26, No. 3, 1987, S. 277-293. 

Zwegers, A.; Tolle, M.; Vesterager, J. (2003): VERAM – Virtual enterprise reference 

architecture and methodology. In Proceedings of GLOBEMEN – Global Engineering 

and Manufacturing in Enterprise Networks, VTT Symposium. 

 

 

http://www.research.ibm.com/journal/sj/263/ibmsj2603E.pdf

