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Abstract. In Germany, the importance of renewable energy resources increased 
significantly within the last years. In contrast to conventional power plants, 
there are highly interactive and complex value-added networks around such an 
energy resource. Today, the members of these networks mainly have to cope 
with information gaps or other issues regarding documentation quality. These 
challenges become critical in the context of knowledge intensive business-to-
business processes. To encourage better business collaboration, a holistic 
knowledge-centered approach is needed.  The digital Plant Lifecycle Record 
(PLR) addresses the given challenges in the context of wind turbines. Based on 
this approach, the members of the value-added networks cooperatively manage 
a plant-related knowledge base. By means of a use case, the general concepts of 
the Plant Lifecycle Record are introduced. Furthermore, empirically collected 
expectations of the most important stakeholders are discussed. 
 
Keywords: renewable energy, business collaboration, documentation, 
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1 Introduction 

In Germany, the number of wind power plants (WPP) increased significantly within 
the last decade [1]. In contrast to conventional power plants, WPPs are widely 
distributed. Remote monitoring and remote services of WPPs enable an unattended 
operation. Thus, no permanent on-site staff is required. If needed, the plant owner can 
commission local service providers, which are often specialized on knowledge 
intensive business tasks. For example, maintenance services depend on up-to-date and 
complete information about the structure of the WPP and a complete maintenance 
history. Another example are surveyor services, which require a complete and 
comprehensive list of certificates and the latest technical documentation. All these 
service providers interact within a dynamic market whereas WPPs are incorporated in 
a highly flexible value-added network.  
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Today, most challenges in business collaboration and service commission result 
from missing information as well as from the lack of standardized business processes, 
services, and information technology. The digital Plant Lifecycle Record (PLR) 
addresses these challenges by providing a shared knowledge base that satisfies the 
specific information needs of every stakeholder. Based on this approach, the members 
of the valued-added network can cooperatively share and manage plant-related 
knowledge. This results in lower process costs and improved collaboration within the 
network. 

This paper addresses the following research questions. 1) Which requirements, 
potentials, and stakeholder types are important for a knowledge-based approach in the 
wind energy domain? 2) What are the most relevant structural elements of the PLR? 
Therefore, this paper has the following structure. Firstly, the used methodology is 
introduced. Secondly, the theoretical framework of the Business Collaboration 
Pyramid by Ewig [2] is discussed, including a short discourse about the dependencies 
between organizational structure, knowledge and information technology. Thirdly, in 
section 4, empirical based requirements and innovation potentials are presented and 
the overall structure of the digital PLR is introduced. Finally, a use case and an 
outlook on further research will be given. 

2 Methods and Methodological Remarks  

The methodology of this work is oriented towards the design science
1
 with the aim 

“to create things that serve human purposes” [3]. The resulting artefacts need to be 
designed and evaluated [4]. Therefore, methods and knowledge of natural and social 
sciences are applied. 

Following a middle-out strategy, the presented findings result from two sources. 
The first source is the relevant literature, which provides a theoretical description of 
the problem and the context (top-down). The second source is an explorative semi-
structured expert survey (bottom-up) which aims to identify different stakeholder 
viewpoints (called ideal-types) and their particular requirements on the PLR. The 
extracted ideal-types help to understand the specific information needs of the 
stakeholders as well as the practical potential of the PLR approach.  

3 Related Work 

Collaboration in value-added networks is a young phenomenon with growing interest. 
Due to organizational specialization and outsourcing activities in the industry, 
collaboration issues emerged. This work mainly refers to the business collaboration 
framework developed by Ewig [2] that is introduced below. Additionally, other 
related works in the field of organizational theory and knowledge management are 
presented.  

                                                           
1 In contrast to natural sciences and social sciences, which try to understand the reality. 
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3.1 Business Collaboration Pyramid 

Ewig [2] introduced a framework to describe the transformation process of business 
and value-chains towards business collaboration. The current state of this 
transformation can be described with the help of the Collaborative Business Pyramid. 
This pyramid consists of five dimensions (strategy, organizational operations, 
organizational structure, information structure, and information technology) with 
three maturity levels each. In this work, only three dimensions and their mutual 
relations are investigated (see Fig. 1).  
 

 

Fig. 1 Business Transformation Pyramid following Ewig [2] 

Within the complete lifecycle of a WPP, numerous stakeholders cooperate, especially 
in the operation phase. Hence, the organizational structure can be classified as a 
network. Although, most of the business tasks and services are knowledge intensive, 
the quality of the available information is often insufficient and the data exchange is 
only semi structured. Thus, the type of information structure is on the level of data. 
One reason for this situation is the low maturity of information technology. Individual 
proprietary software products are prevalent, due to low company ages or sizes. No 
common information system integration approach is established.  

To reach more efficient business collaboration in the wind energy domain, the 
maturity of the information structure and information technology should be increased. 
The PLR approach explicitly addresses these two dimensions. 

For a better understanding of the connection between technology and knowledge, a 
short excurse to organizational theory is introduced below.  
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3.2 Network Organization, Knowledge and Technology2 

Scott describes a direct dependence of technical and structural complexity: “The 
structural response to technical diversity is organizational differentiation.” [9]. A high 
degree of organizational differentiation also means a high degree of network 
complexity, which results in a substantial amount of required information in 
specialized business network activities [10, 11]. Hence, information technology and 
information distribution mechanisms become increasingly important with a growing 
complexity of the network. These information distribution mechanisms are the basis 
for knowledge creation and transfer via information interlinking [12, 13]. An efficient 
knowledge transfer as well as skill transfer across single organizational units become 
important issues to reduce overall operating costs [12, 14]. This leads to the 
perspective on knowledge as a factor of production [15]. Accordingly, organizations 
integrate individual knowledge into goods and services [16] and “[t]he primary task 
of management is [to] establishing the coordination necessary for this knowledge 
integration” [16]. This perspective on organizations and networks is called 
knowledge-based or –centered3. Knowledge integration into services, products, or 
business activities is characterised by the availability of information as well as 
personal skills and internalised knowledge. Therefore, it is important to distribute 
most specific information to the stakeholders using network-oriented information 
technology, because “the more formal the information system, the fewer the resources 
consumed in transmission” [10]. The PLR provides such an approach for the 
distribution and management of plant-related information and supports efficient 
knowledge transfer between relevant stakeholders. 

4 The Plant Lifecycle Record Approach 

Stakeholders can have different objectives in a value-added network. As a result of a 
qualitative survey, four ideal-types can be distinguished which refer to their specific 
needs as well as their expectations on a knowledge-based approach. The structure of 
the PLR considers these expectations and is introduced shortly in the following. 
Finally, the application of the PLR is shown by a use case. 

4.1 Stakeholder Expectations and Requirements 

To explore requirements and potentials of a knowledge-centered approach in the wind 
energy domain, experts have been questioned with the help of an explorative semi-
structured survey. The qualitative analysis (cross-case and case immanent analysis) of 

                                                           
2 The presented theoretical background is very similar to virtual organization approaches (e.g. 

[5–8], which will not discussed here. 
3 This definition of knowledge-centered approaches is similar to [17] and other researcher in 

the domain of Knowledge Management, which define it “as any approach which can be 
applied in KM and facilitates the knowledge activities in KM.” [17] 
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the interviews results in four preliminary types of stakeholder viewpoints (called 
ideal-types4): 
1. Stakeholders with an information-oriented point of view are mainly interested in 

structural properties of information. Unification, completeness, comprehensibility 
and centralisation of information have been mentioned as most important functions 
for a knowledge-based approach. This leads in the innovation potentials of 
improved information flows and higher efficiency in general. It can be assumed, 
that this ideal-type only has insufficient access to required information and seeks 
for improvements in information organization. Maybe this is the reason why this 
ideal-type is –in context of a knowledge-centered approach– not interested in 
dimensions like legal evidence, processes, or business. 

2. Stakeholders with a documentation-oriented point of view focus on 
documentations, particularly on information exchange, historisation, and 
completeness. A documented history enables transparency and leads to the 
identified innovation potentials of an improved information flow and higher 
traceability. The special importance of the documentations suggests that this ideal-
type mainly works with (technical) documents and does not depend on specific 
contents that might not be available in general. 

3. Stakeholders with a process-oriented point of view concentrate on business 
processes, activities, and activity data. They refer to information distribution and 
(legal) evidence instead of information exchange. Furthermore, these stakeholders 
are interested in activity-tracing. They act as a networking hub of process-based 
information. From their point of view, the innovation potentials of a knowledge-
based approach are the better availability and reusability of process information as 
well as the improved (legal) safety. 

4. Stakeholders with a systemic point of view follow a holistic and systematic 
understanding of business processes and their structure. Especially, the 
comparability and effectiveness of information logistics are important concepts for 
these stakeholders. Probably, they are not actively involved in business process 
operations, but rather perform managerial functions.  

4.2 Concepts of the PLR 

According to Ewig [2], common information concepts as well as better information 
system integration are needed to reach a high level of business collaboration maturity. 
The technical specification DIN SPEC 91303 [19] introduces a generic structure of a 
Plant Lifecycle Record for sustainable energy resources based on international 
technical standards. A PLR is defined as a collection of information sets, which 
consist of an amount of documents, data or both of them. These information sets refer 
to the following concepts: (1) the plant structure, (2) the product structure, (3) one or 
more views, (4) the lifecycle phase, and (5) the responsible stakeholders. 

                                                           
4 An ideal-type is a stakeholder with empirically extracted and exaggerated properties. The 

ideal-types are disjoint in their interpretations. 
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The most important concept of the PLR is the plant structure definition. All 
information must refer to that structure. In the wind energy domain, the so called 
Reference Designation System for Power Plants (RDS-PP®) is relevant [18]. It 
defines a standardized language to describe the e.g. functional components of the 
WPP system. Furthermore, it defines a syntax to designate relations between 
information and the plant structure. The actual product structure of the WPP is 
managed separately. This enables an overview of every installed product that realized 
a specific function for the complete lifecycle of the WPP. 

A special characteristic of the PLR is the view concept. Based on a classification of 
the stakeholder information needs, five basic views have been defined. They refer to 
scopes of responsibilities like commercial, technical, or legal aspects. Every 
information can be annotated using a set of view meta-data. Accordingly, the 
stakeholders can access and filter the PLR based on their responsibility with respect to 
their activity based information needs. 

The DIN SPEC 91303 only defines the top level concepts of the PLR. No detailed 
meta-data is defined. To qualify these concepts, existing and standardized meta-data 
definitions and information models are applied. This ensures a high degree of 
interoperability, comprehensibility, and acceptance. The designation and semantics of 
services for the operation of sustainable energy resources can be found in 
DIN SPEC 91310 [20]. For WPPs, the ZEUS approach by FGW renewable energies 
[21] defines the semantics of the plant state. Based on this classification, the actual 
health and possible resulting tasks can be described in a generally understandable 
notation. Furthermore, existing complex information models have been taken into 
account, like the Common Information Model by the IEC [22], or the ISO 15926 and 
IEC 61400-25 standards [23].  

The digital PLR concretises and implements the given concepts of the 
DIN SPEC 91303. It provides a scalable and highly integrated knowledge base that 
can be accessed by every member of the value-added network. The digital PLR is an 
integrated information system that can be used by every stakeholder to manage plant-
related information. A common information model ensures consistent data and 
information linking. 

4.3 Use Case  

The owner is responsible for the secure operation of a WPP. In the operation lifecycle 
phase, a so-called operator often undertakes the operation tasks in the name of the 
owner. In this case, the owner’s point of view is systemic, whereas the operator is a 
process-oriented stakeholder. Based on the PLR, the owner can supervise the operator 
and compare the information of different WPPs. The operator can use the digital PLR 
to coordinate the information distribution as well as to analyse the quality and 
completeness of the available information. 

In the context of maintenance and repair, the operator has to coordinate the 
pending processes of the service providers in charge. The PLR represents a common 
knowledge base for every partner involved. The service providers take an 
information-oriented perspective on the PLR. They can directly access the required 
information and file new documents. The information sets can be exchanged directly 
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between the partners. No information conversion or restructuring is needed. The 
operator only has to check the quality of the new information and can add new links 
to other relevant information in the PLR. This shared management leads to better 
information quality, higher actuality of the information and reduced workloads for all 
involved stakeholders. 

The digital PLR approach provides the basis for a structured information exchange 
between the stakeholders. The improved availability of information reduces the 
efforts for service preparation and completion. The digital PLR ensures an improved 
system integration and supports the automation of data exchanges. In total, the 
business collaboration is strengthen by an improved information technology support. 

5 Conclusion 

Value-added networks for WPPs are complex and highly dynamic. Today, business 
collaboration between the stakeholders is amendable because of inefficient or broken 
information flows, which are results of immature information technologies and an 
insufficient inter-company knowledge management. The digital Plant Lifecycle 
Record approach addresses these challenges by providing a shared knowledge base 
whose concepts are premised on international technical standards and information 
models.  

To identify the main innovation potentials and the requirements of the PLR, 
experts have been questioned. The resulting four preliminary ideal-types are 
introduced. These types can help to create a theoretical framework to describe the 
stakeholder-network and interactions for WPPs and beyond. Furthermore, the main 
concepts of the PLR are derived from the requirements of the ideal-types.  

A demonstration implementation of the digital PLR is under development and will 
be evaluated in different practical use cases. In contrast to DIN SPEC 91303, this 
prototype will consider requirements like security or system availability in more detail 
and will provide some decision support methodology. 
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