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Abstract 

A multitude of different perspectives and scientific disciplines have to be regarded considering research in sus-
tainable development. Each discipline usually has its own understanding of sustainability and uses different 
vocabulary. Nonetheless, they have to work together to make a progress. To get a complete picture within the 
field of production, for example to evaluate the sustainability of a product or a process, different disciplines 
such as environmental engineering, mechanical engineering, mathematics or social sciences must be com-
bined.  
In the Collaborative Research Center 1026 – Sustainable Manufacturing an ontology is developed in order to 
link the different disciplines considering sustainable value creation networks. The ontology assists in exchang-
ing information and data and thus fosters collaboration. The paper presents and discusses an extract of identi-
fied requirements and the approach on developing the ontology for collaborative research. 
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1 INTRODUCTION 

With a growing public awareness for the finiteness of earth’s 

resources and its consequences for global development 
sustainability has become a major research subject in recent 
years. Numerous research projects had been initiated world-
wide addressing particular aspects of sustainability or respec-
tively sustainable development.  
In Germany, for example, the German national science foun-
dation (DFG) among others has funded Collaborative Re-
search Centers (CRC) bringing researcher from different 
scientific fields together to develop innovative production 
technologies (e.g. CRC 442 - Environmentally friendly tri-
bosystems, RHTW Aachen, 1997-2009), product design 
methods (e.g. CRC 392 - Design for environment methods, 
tools and instruments, Technische Universität Darmstadt, 
1996-2004) or organizational structures (e.g. CRC 467 - 
Transformable corporate structures of multivariant serial 
production, Universität Stuttgart, 1997-2005) in order to real-
ize a more sustainable development. 
With regarding to the reports of the so-called Brundtland-
Comission (1987) and the Enquete Commission for ‘Protec-

tion of human and environment’ of the German Parliament 

(1995) sustainable development can be generally described 
as development ‘that meets the needs of the present without 
compromising the ability of future generations to meet their 
own needs’. Eventually, ‘the economic, ecologic and social 

dimensions of human being’ have to be considered equally for 
the development of products, services and processes. [1] [2]  
As the definition above implies, sustainable development 
closely entangles various perspectives and scientific disci-
plines. Hence, interdisciplinary collaboration is inevitable. On 
the other hand, collaboration between different scientific 
disciplines or institutions with their own respective culture and 
vocabulary can lead to communication and coordination 

problems and hinder the success of research projects [3]. A 
lack of common understanding may lead to misunderstand-
ings or to the loss of potential synergies when research re-
sults are not linked sufficiently and/or relevant connections 
between partial results remain undiscovered. [4] [5]  
To prevent such problems a common communication basis is 
needed to enable researcher (e.g. about concepts used in a 
project) and IT-systems (e.g. across different platforms) to 
communicate with each other. [6]  
In context of the CRC 1026 – Sustainable Manufacturing 
(CRC 1026) an ontology is developed in order to create a 
common basis. This paper presents and discusses the first 
results of the ontology building process of the CRC 1026. 
  
2 ROLE OF ONTOLOGY WITHIN THE CRC 1026  

2.1 Set-up and objective of the CRC 1026 

The CRC 1026 is an interdisciplinary research project funded 
by the DFG. It started in 2012 and consists of nineteen sub-
projects involving the four disciplinary science clusters of 
manufacturing, environmental engineering, economics and 
mathematics. The motto is ‘From saturated markets, bridging 

the gap to hungry markets’. In fact, more than 60 researchers 
will collaboratively explore ways to face the economic, envi-
ronmental and social challenges of future development by 
exploiting potentials of sustainable manufacturing and em-
bedding them into global value creation. The subprojects, 
each addressing one specific aspect of sustainable manufac-
turing, are organized in three major project areas. [7] 
Subject of Project Area A – Strategy Development is the 
identification and development of pathways for sustainable 
technology, their assessment, valuation and mathematical 
modeling. [7]  
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In Project Area B – Production Technology Solutions manu-
facturing processes and equipment, virtual systems for prod-
uct development and organization of sustainable value crea-
tion in product and material cycles on different levels of ag-
gregation will be realized exemplarily. [7] 
Project Area C – Principles, Methods and Tools for Qualifica-
tion links these perspectives by developing tools and methods 
enabling humans for learning and teaching help for self-help. 
[7] 
2.2 Necessity of support for efficient collaboration with-

in the CRC 1026 

To fulfill the overall objective of the CRC 1026 research activi-
ties have to be coordinated and research results have to be 
combined. A number of potential cooperation fields had been 
mentioned in the proposal (Figure 1), which may be comple-
mented by additional internal or external cooperation during 
the course of the entire research.  
Without a holistic communication basis researchers might 
have to find a basis for each cooperation on a bilateral level 

and results may remain dispersed among different subpro-
jects. Given the complex structure of the CRC 1026 such 
procedure would lead to inacceptable coordination efforts and 
hinder integration of cooperation results into the overall con-
text. Thus, the creation of a shared understanding in an early 

stage of the project is crucial. A shared understanding can be 
represented by an ontology [6]. 
2.3 Potentials of ontologies 

The term ‘Ontology’ is used to refer to the shared understand-
ing of some domain of interest. An ontology necessarily em-
bodies some kind of world view of a domain. Hence it can 
serve as a unifying framework to solve problems regarding  
 communication between persons and/or organizations 

(e.g. provide a normative model), 
 inter-operability (e.g. enable re-use and sharing of data / 

information / models between IT-systems) and 
 system engineering (e.g. facilitate definition of require-

ment) 
In context of the CRC 1026 an ontology can foster interdisci-
plinary collaboration in two perspectives. To reduce concep-
tual and terminological confusion the ontology can be used to 
create networks of relationships between all subprojects and 
their respective domains. The second perspective considers 
the constantly growing amount of data and results during the 

course of the CRC. In this perspective ontology can facilitate 
(automated) data exchange and data integration across 
heterogeneous IT-systems and institutions by serving as 
inter-lingua. [4] 
  

Figure 1: Potential cooperation within the CRC 1026 (graphic from [7, p. 21]) 
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3 RESEARCH APPROACH 

Before starting to develop the ontology, a suitable methodol-
ogy was needed. Despite of a considerable body of experi-
ence in building ontologies, there is only few literature con-
cerned with general methodologies for building ontologies. 
Instead various guidelines, hints and anecdotal experiences 
are reported. [8] 
Approaches proposed in such reports vary in different aspects 
like the starting point of ontology building (e.g. from scratch or 
reuse of existing ontologies), the order of development steps 
(e.g. sequential or iterative) or how detailed concepts are 
defined. [9] [10] 
However, there is still no consistent methodology for ontology 
building, as this process is rather ‘seen as a craft than an 
engineering activity’ [4]. Depending on the purpose of an 
ontology, the given prerequisites and involved parties, ontolo-
gies usually will be developed following individual sets of 
principals, design criteria and phases. [9] 
At the beginning of the CRC 1026 general requirements for 
the ontology were rather ideas resulting from common sense 
than clearly defined sets of expectations. The authors of this 
paper, as members of the development team, stated the 
following constraints to guide the methodology selection: 
 The ontology has to be built from scratch. 
 It should support and foster collaboration within the 

domain of joint sustainability projects. 
 The ontology has to be developed in cooperation with 

other subprojects. Thus, partial models have to be inte-
grated later on. 

Due to the lack of clearly defined requirements a generic four-
phased-methodology developed by USCHOLD and KING was 
followed [8].  
In the first phase the purpose of the ontology and the fields of 
application have to be identified.  
The second phase contains three sub-activities to actually 
build an ontology. These activities are: 
 Capture: Identify relevant concepts and their relation-

ships.  
 Coding: Transform the identified concepts into a formal 

language. 
 Integration: Integrate existing ontologies. 
These steps can have multiple iterations allowing incremental 
concept finding and coordination loops.  
In the third phase the ontology will be evaluated and the 
fourth phase comprises the documentation of all activities. [8] 
The USCHOLD and KING methodology provides a clear but 
generic guideline to create an ontology from scratch while its 
phases and development activities leaves room for customi-
zation according to individual needs. As the initial require-
ments for the CRC’s ontology were not clearly defined this 
methodology provided a solid basis to start from. 
  
4 PRELIMINARY RESULTS 

4.1 Ontology Working Group 

According to the model of USCHOLD and KING the purpose 
of the ontology has to be defined first. Therefore an Ontology 
Working Group (OWG) was established within the CRC 1026. 
It includes a core team that is responsible for coordinating 

and promoting ontology development and a group of ‘consult-

ants’ that can be joined by every member of the CRC 1026 
and external partners. The core team consists of the ontology 
development team and researchers who are involved with 
ontology development within their respective subprojects. The 
OWG further serves as a decision-making authority regarding 
questions concerning ontology development. However, the 
main objectives of the OWG are to lay the foundations of the 
ontology development process and to continuously coordinate 
development activities within the CRC 1026.   
4.2 Results from the OWG 

Definition of the general purpose of the CRC’s ontology 

Through group discussion a number of expectations towards 
the ontology were identified. It should facilitate collaboration 
by supporting: 
 information exchange and/or aggregation, 
 categorization of data / information / concepts, 
 illustrating interdependencies between projects and/or 

concepts and  
 exploration of different perspectives of concepts. 
From those expectations two major use cases have been 
derived defining the overall purpose of the ontology. 
1. Ontology as glossary: In that case the ontology’s func-

tion is to serve as a glossary which allows researchers to 
refer to at any time. The terms in the glossary should be 
cross-linked to represent the interdependencies between 
the subprojects. Such a glossary should foster commu-
nication between researchers from different disciplines 
and institutions by providing a shared language base. 
Additionally, it can be used to establish a knowledge 
base for public audience in future. This use case re-
quires concepts to be described in detail and in natural 
language. 

2. Ontology as inter-lingua / translator: This use case 
considers that research results, which are created during 
the course of the CRC 1026, will be dispersed among 
different institutions and IT-systems. In order to realize 
IT supported combination of results, information aggre-
gation and semantic search translators are needed to 
mediate between different IT-systems. That way, the on-
tology serves as a semantic foundation. As the ontology 
has to be machine interpretable the concepts have to 
defined in a formal language.  

Consequently, the ontology of the CRC 1026 has to contain 
two parts. One part has to be readable by humans and the 
other part by machines respectively IT-systems. 
Process to identify relevant concepts  

For identifying relevant concepts there are three approaches 
described by USCHOLD and GRÜNNINGER [4]. The bottom-
up-approach begins with very specific concepts that have to 
be condensed to more abstract concepts. This approach 
leads to a high level of detail and thus to higher and probably 
wasted development efforts as some concepts may not be 
relevant for the ontology. [4]  
In contract, the top-down-approach starts with abstract con-
cepts which have to be converted into detailed ones. With this 
approach it is easier to plan how detailed the concepts have 
to be elaborated, but it also may result in imposing arbitrary 
abstract concepts. [4] 
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A balanced course is the middle-out-approach as only the 
most important abstract concepts are captured initially and 
detailed specification of those are only done as necessary. [4]  
In case of the CRC 1026 the OWG decided to follow the 
middle-out-approach. A challenge of the middle-out-approach 
is to define which concepts are ‘the most important’ ones 

regarding a specific purpose. To reduce the risk of omitting 
important concepts this activity had to go through several 
iterations.  
In the first iteration concepts regarding sustainable manufac-
turing had been collected by the OWG in a brainstorming 
session. These concepts were then discussed and integrated 
into a common mind map (Figure 2). Similar concepts were 
merged and irrelevant concepts eliminated.   
 
In a second iteration each member of the OWG was given 
two weeks of time to revise the initial mind map on his or her 
own, for example by adding or eliminating concepts and/or 
relations. This step should prevent important concepts from 
getting lost because of time limitations during OWG meetings. 
In a third iteration the OWG met again to integrate the edited 
mind maps into an extended mind map cooperatively.  

In a fourth iteration the extended mind map was shared with 
the entire CRC 1026 in order to be reviewed and eventually 
complemented.  
Based on the resulting mind map of the fourth iteration (Fig-
ure 3) a general discussion thread was started to extract the 
most important concepts. As a final result the following con-
cepts were selected to represent the most important abstract 
concepts of the CRC 1026:  
 Process 
 Product Lifecycle 
 Product 
 Equipment and Facilities 
 Human 
 Information 
 Instruments and Methods 
 IT- Systems and Environment  
 Organization  
 Sustainability-Management 
These concepts represent the basis for the conceptualization 
of the ontology. 
 

Figure 2: Excerpt of the initial mind map of main concepts of the CRC 1026 
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5 NEXT STEPS 

5.1 Personal interviews  

Despite of the requirements developed in the OWG the next 
step will be to conduct personal interviews with at least one 
member from every subproject regarding their expectations 
towards the ontology. One goal of these interviews is to ex-
plore particular requirements of the subprojects that were not 
identified by the OWG. Another goal is to evaluate the con-
cepts acquired by the OWG and eventually to extend them. 
Concurrently, the OWG will continue its work. The interviews 
can be considered as supplementary activities to the OWG.  
5.2 Building the conceptual base 

To create a conceptual base for the ontology the identified 
concepts and their relationships have to be defined. For that 
purpose a wiki will be established. This approach seems to be 
suitable as text definitions (e.g. wiki pages) as well as rela-
tionships (e.g. by linking pages) can be represented. Addi-
tionally, it can be used as a kind of glossary mentioned in 
section 4.2.  
5.3 Selection of representation language and modeling 

tool 

In order to prepare for first codings a representation language 
and a modeling tool have to be chosen. In terms of ontology, 
coding means to transfer the identified concepts and relation-
ships into a formal language. [8] A first review of existing tools 
suggests Protégé, an open source tool developed by the 
Stanford University, as a widely used modeling tool that uses 
OWL (Ontology Web Language) as representation language. 

For final decision making further tools and languages have to 
be investigated. 
 
6 SUMMARY 

Research on sustainability requires interdisciplinary collabora-
tion. To achieve the goal of developing innovative solutions 
for sustainable value creation researchers of the CRC 1026 
have to understand the complexity of interdependencies 
between subprojects. Currently, there is a general consensus 
that ontology can support collaboration, for example by reduc-
ing conceptual and terminological confusion. Still, particular 
strategies of how each subproject can benefit from a shared 
ontology have to be developed.  
Although there is a considerable body of experience regard-
ing ontology development, consistent methodologies on how 
to build ontologies are still missing, especially regarding 
sustainability research projects. Hence, generic methodolo-
gies like the methodology of USCHOLD and KING, can be 
used as guidelines. Depending on the purpose, the setting 
and other prerequisites of a project, phases and/or activities 
of the respective methodologies have to be customized.  
Depending on the setting of a project (number of participant, 
scientific background) the identification of relevant concepts 
may need several iterations. Especially, the identification of 
the main concepts is crucial as those later represent the basis 
of the ontology. The top-down-approach as well as the bot-
tom-up-approach may cause wasted efforts as they may 
result in too many detailed or abstract concepts which are 

Figure 3: Excerpt of the extended mind map after iteration four  
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irrelevant for ontology building. The middle-out-approach is a 
more balanced course.  
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