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ABSTRACT 

This paper will provide input on the relevance and 

boundaries of innovation cooperation in the Smart Grid 

and its influence on the energy transition. The theory of 

boundary objects will be used as a main approach for 

decoding the way of cooperation between Smart Grid 

actors. The objective is to offer a better understanding of 

the transferring and integrating of external knowledge 

from heterogeneous actors in order to develop new 

innovation in the energy sector.  

INTRODUCTION 

Today, the electricity market is facing numerous 

challenges, such as the integration of decentralized, 

renewable energy, demand side management, the optimal 

provision of assets, energy saving or the decrease of the 

overall carbon footprint, which cannot be solved to the 

needed extent with the existing energy system structure 

[1]. This poses completely new challenges for the 

currently still reliable and stable energy system and leads 

to the need of a strategic realignment of actors [2].  

The vision of the Smart Grid is an integration of 

information and communication technology in the form of 

new services that coordinate and control relevant elements 

of the energy system. This means that new technical 

components cannot be separated from the transition of 

actor structures in the system, their relations and their 

hierarchies in which they cooperate with each other [2]. 

When taking a deeper look at the meaning of a “new actor 

structure” in the energy system, many studies describe this 

as an emergence of new actors, new arrangements of 

behavior patterns, new forms of interaction, a different 

distribution of work between them as well as new types of 

regulations or markets. The implementation of the Smart 

Grid concerns all actors, elements and processes that 

change the energy system into a socio-technical system 

[3]. It can be seen as a regime which implies a fundamental 

reorganization of all social constellations and technical 

connections.  

This new constellation of actors requires a strong 

cooperation in order to organize an efficient use of new 

technologies and renewable energies and finally for jointly 

achieving cross-national energy targets. Today, different 

actors of the energy system are connected through rules, 

contracts and markets [4]. Although they have mutual 

interfaces, they still have various economic, financial and 

political interests and a different social, cultural and 

knowledge background. Moreover, heterogeneous actors 

in the domain are demanded to work together on a 

regional, but also international level.  

Although there is a strong heterogeneity between the 

actors in the Smart Grid as a result of different 

organizational functionalities and cross-national 

differences, it is increasingly important to cooperate with 

each other to jointly develop niche innovation for the 

energy transition.  

In particular, due to the establishment of a branched 

network in a knowledge intensive environment, it has 

become very difficult for individual organizations to 

innovate isolated [5]. Thus, successful innovation mainly 

bases on the development and integration of external 

knowledge in the innovation process [6]. Organizations are 

required to find a good balance between the creation of 

internal knowledge and the integration of external 

knowledge in order to develop future business models [7]. 

This paper examines how innovation cooperation and 

especially heterogeneous knowledge integration in the 

energy system takes place, which knowledge boundaries 

Smart Grid actors have to overcome and what influence 

innovation cooperations have on the needed transition. 

KNOWLEDGE INTEGRATION  

The theory of knowledge integration is used to describe 

collaborations between heterogeneous actors. It can be 

assumed that the integration of heterogeneous knowledge 

is one of the most challenging parts when it comes to 

cooperation, but also one of the most important in the light 

of the success of cooperation.  

According to Berggren et al., knowledge integration is a 

multilevel process, which is influenced by complexity and 

uncertainty. The authors define knowledge integration as 

“a process of collaborative and purposeful combination of 

complementary knowledge, underpinned by specific and 

focused personal, team, and organizational capabilities, a 

process that usually involves significant elements of knew 

knowledge generation” [8].  

It can be stated that the development of new technologies 

needs the integration of different kind of technological 

knowledge, e. g. component, manufacturing or application 

knowledge. However, the integration of knowledge not 

only describes the process of merging different bases of 

knowledge but also the creation of new knowledge that is 

required for a successful integration [8].  

In contrast to the concept of “knowledge transfer”, which 
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is an unidirectional information flow from sender to 

receiver, and the “knowledge sharing”, which is the 

development of a trans-specialist understanding through 

the generation of overlapping knowledge fields [9], 

“knowledge integration” is the combination of all various 

types of knowledge, which are necessary for creating the 

essential complementary knowledge and further for the 

development of new innovations [8].  

Boundary Objects as an approach for knowledge 

integration 

The concept of “boundary objects” was first introduced by 

S. L. Star and J. Griesemer. A boundary object describes 

how diverse actors can be involved in a joint project, 

although they have different and in many cases conflicting 

interests. “Boundary objects” is an analytical term and is 

used for scientific objects that are located and established 

in different social worlds, where they meet different 

information needs [10].  

Boundary objects are able to adapt to the local 

requirements as well as to the constraints of several parties. 

A common identity in different places can be created that 

makes the boundary object robust. Moreover, boundary 

objects can be on the one hand weak structured in a 

common usage and on the other hand strong structured in 

an individual usage. Lastly, boundary objects can be 

abstract or concrete [10] and have the component of 

interpretive flexibility. Thus, boundary objects have 

different value and meaning for different groups, which 

derive from different sources of data. Boundary Objects 

are therefore an agreement, which enables different actors 

to operate together even if there is no consensus between 

them [11].    

Problems in cooperation projects often arise when 

different viewpoints of actors meet to jointly develop 

innovations. Due to the fact that new innovative 

technologies, objects and methods have contrary meanings 

in various perspectives, actors are demanded with the task 

to bridge these divergent viewpoints. The bridging of 

different perspectives calls for a strong effort from all 

involved actors in order to cooperate with each other. 

Therefore, the main task of all actors is to translate and 

simplify their point of view as well as to negotiate, 

measure and discuss their views if the cooperation should 

succeed. Thus, communication is, in contrast to the 

creation of new findings, a decisive aspect for the creation 

of scientific knowledge [12]. 

To put oneself into the perspective of another context when 

developing innovation, each ally in the cooperation must 

reduce its local uncertainty for a specific time without 

risking the stability of the cooperation. Star and Griesemer 

describe that a passage point has to be reached, which must 

be defended against other opinions to achieve an 

agreement. In the Actor-Network-Theory developed by 

Collon, the obligatory passage point (OPP) was described 

as a narrow end of a funnel, which takes the actors under 

pressure to agree on a specific issue [13]. The coordination 

of translation sets an elastic joint on the scope of business 

efforts, which can coexist in various social views, no 

matter of the nature of the processes that create them. 

Thus, entrepreneurs from all kind of fields have the infinite 

possibility to turn their own work into a mandatory passage 

point for all stakeholders of the network [12]. 

Knowledge boundaries 

The theory of boundary objects showed the problem of 

translating different perspectives from diverse social 

worlds in jointly developed innovation cooperation and the 

relevance of shared insights into other social worlds. 

Carlile connected the theory of boundary objects with his 

syntactic, semantic and pragmatic approach to describe 

knowledge boundaries [14].  

When describing the syntactic knowledge boundary, 

Carlile refers to Shannon and Weaver who describe the 

syntax as a precise communication between receiver and 

sender beyond a boundary in order to solve many 

conflicting information processing problems. Carlile states 

that new and different syntax is necessary for an effective 

communication, in particular when different knowledge is 

needed for developing a boundary object [14].  

The semantic approach assumes that even when a mutual 

syntax exists, interpretations could often vary and, thus, 

the sense of meaning could be misunderstood. The 

difficulty could not be seen in the processing of 

information, but in particular, in the learning about the 

sources that create semantic differences, which develop at 

a boundary. Similarly, Nonaka and Takeuchi took a look 

at the difficulties of “conveyed meaning” and underlined 

individual, context-specific aspects for the development 

and transferring of knowledge [15].  

The third barrier of knowledge boundary is the pragmatic 

approach. The philosophies of Peirce and James describe 

this barrier as the comprehension of consequences, which 

occur between divergent and dependent objects [16,17]. 

The pragmatic approach assumes that knowledge aims to 

establish a specific effect. This leads to the assumption that 

people dedicate oneself to invest in their knowledge for 

achieving hard-won outcome [18].  

Although many knowledge boundaries can be recognized, 

Star assumes that the conflicting context of partners in a 

common innovation project can be solved. She suggests 

that a “lowest common denominator” should be found 

between the actors that could fulfill the minimum 

requirements of each social world [12]. Moreover, she 

recommends the use of “versatile, plastic, reconfigurable 

objects”. These objects can be transformed by each partner 

Figure 1 Building boundary objects by many allies [12] 
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for its own aims. Another solution for removing conflicts 

between different actors is the storing of a compound of 

objects, which allies could use for taking physical objects 

and using them for local purposes. Thus, it is possible for 

each social world to simplify the object in accordance with 

the social world’s demands. Information that are not 

relevant can be ignored or erased. If there are no limited 

types of exchanges of standardized varieties, the author 

assumes that work in the social worlds can take place at 

the same time. Lastly, she suggests that the work in 

different worlds can be subdivided into stages in order to 

remain relative autonomous stages [12]. 

COOPERATION IN SMART GRID PROJECTS  

The current investigation of innovation cooperation and 

especially the associated knowledge integration in Smart 

Grid projects is carried out within the framework of the 

project TDX-ASSIST.  

The project is funded by the EU Horizon 2020 program 

and includes partners from England, Germany, Slovenia, 

Portugal, France and Belgium. The aim of the project is to 

create new Information and Communication Technology 

(ICT) tools and techniques in order to facilitate scalable 

and secure information systems. To meet this requirement, 

a solution, in form of platform, should be designed for a 

better interaction and communication between distribution 

system operators (DSO) and transmission system 

operators (TSO) as well as other market participants. 

The idea of the platform developed through the need of a 

strong cooperation in an ICT characterized Smart Grid. A 

platform should integrate all kind of heterogeneous actors 

in the Smart Grid for the exchange of information and data 

in order to enable an efficient use of new technologies and 

decentralized, renewable resources. However, cooperation 

is not only necessary for a later integration of all actors on 

the platform, but also for the creation of this innovation. A 

strong coordination between the actors that are involved in 

the development process is therefore necessary.  

The process of such innovation development is 

characterized by the integration of heterogeneous and 

external knowledge. As the two main actors DSOs and 

TSOs show high heterogeneity due to their different 

functions in the energy systems, like diverse voltage level 

responsibilities, as well as different geographical 

locations, the project is particularly suitable for the 

analysis of collaborative work in heterogeneous Smart 

Grid projects. 

A purposeful combination of complementary knowledge 

can be recognized in the project, because members in 

TDX-ASSIST have different nationalities, are subject to 

different regulation and politics, work under various 

economic conditions and financial concerns as well as vary 

in terms of cultures, languages and knowledge 

background. Thus, project partners come from smaller 

companies, but also from large groups or associations of 

companies, which means that each partner brings in 

different knowledge from different sources. Moreover, 

each partner in TDX-ASSIST perceives its own value in 

the project, has a different specific goal and sees the 

project from a different social world. Politics in the 

respective country also have an influence on the 

cooperation, as each country has different solutions for 

transforming the energy system in their country. They 

could therefore influence the particular context of the 

actors, which could lead to difficulties in a joint 

cooperation.  

A data exchange platform as a boundary object  

For developing a communication platform, diverse project 

partners of TDX-ASSIST contribute their complementary 

knowledge. The development and the subsequent use of 

the platform are therefore located in different domains, 

where it should meet different needs of information. The 

data exchange platform could therefore be considered as a 

boundary object.  

In order to reach coherence (boundary objects), different 

allies in the project have to negotiate until the OPPs can be 

reached. The different allies in TDX-ASSIST are the 

cross-functional project partners from several countries. 

As each partner has a different idea of the platform, the 

negotiation process leads to questions like which data 

should be processed, who should have access to the data 

or who will be responsible for the management of the 

platform. Thus, the problem of developing a common 

platform is influenced through different visions resulting 

from overlapping social worlds. Translation processes are 

therefore necessary to create a common understanding. 

Moreover, due to an interpretive flexibility of boundary 

objects, the platform could have many usages for different 

actor groups. While consumer can use it for observing their 

consumption, TSOs can use it for monitoring failures in 

the distribution grid. The platform developed in TDX-

ASSIST could adapt to various viewpoints of actors, but 

still remain robust enough to preserve their identity. 

Knowledge boundaries in Smart Grid projects 

The integration of heterogeneous knowledge in the project 

TDX-ASSIST, but also in many other Smart Grid projects, 

is challenging and demands a lot of willingness to 

cooperate and exchange information. Especially in the 

project TDX-ASSIST, the innovation of a data exchange 

platform is technically complex and comprises the 

handling of sensitive data.  
A semantic knowledge barrier in Smart Grid projects could 

be seen in the language. Although the common used 

language for research and development is English, actors 

have different mother tongues. Thus, meaning of language 

as well as the symbolic use of the words could be different 

due to the use of alternative terminology, e.g. applied 

research or scientist practitioner [19]. Moreover, some 

project partners could be more familiar with English than 

others.  Communication problems are thus often the result 

of semantic barriers. To avoid these challenges “allness” 

talking, the level of abstraction, the tendency to evaluate 

and judge, snap judgements or the misuse of language 
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should be taken into consideration. According to Harvey 

et al. potential strategies for addressing boundary issues 

were developed. These include the creation of a faculty-

wide knowledge translation task forces with 

representatives from all social worlds, the establishment of 

forums as well as the definition of a common wording [19]. 

In TDX-ASSIST, for example, a harmonized role model 

from ENTSO-E is used to establish common definitions 

for actor roles, their functions and responsibilities to 

reduce communication problems. 

Syntactic knowledge barriers could also arise in Smart 

Grid projects. Even if the semantics between the actors is 

clear, the knowledge to be transferred can 

be nevertheless misunderstood. 

Discussions in the project work can 

therefore be interpreted differently. In this 

context, explicit and implicit knowledge are 

important to understand. In such situation, 

the project partners are demanded to build a 

joint vision and strategy as well as to 

develop possibilities of embedding 

knowledge translation [19]. Learning and 

cross-functional working groups are used in 

TDX-ASSIST to create shared meanings so 

that no syntactic difficulties could occur. 

Pragmatic knowledge barriers can often be 

found in Smart Grid Projects, especially 

when knowledge translation is imposed by 

other, but also due to geographical barriers 

for networking and meetings. In TDX-

ASSIST, meetings take place two times a 

year. This means that face-to-face contacts 

are rather rare. Even if it is not often 

possible to communicate face-to-face, a 

regular exchange via Skype or other 

technical media takes place in order to avoid 

a culture of silo working.  

It becomes clear that boundaries must first 

be overcome so that innovations can be 

jointly developed. Many authors assume 

that the creation of innovation is especially 

decisive for the energy transition. This 

could lead to the conclusion that the more 

efficient innovation will be created, the 

faster the transition can be established. In 

the following section, the influence of 

innovation cooperation on the energy 

transition will be taken into account.  

INFLUENCE OF COOPERATION 

ON THE ENERGY TRANSITION 

The Smart Grid will be often only associated with new 

technologies like smart meters, renewable energy or EV’s. 

In a broader and more precise perspective, it is also a 

socio-technical system [20], which comprises many 

independent, heterogeneous elements and reciprocal 

relationships [4] and indicates a high level of “organized 

complexity”.  

The multi-level perspective established by Geels is an 

approach to explain the sociotechnical system change. He 

created three levels for the socio-technical system, which 

are “niche-innovations”, “socio-technical regime” and the 

“socio-technical landscape”. Geel’s idea of the socio-

technical system is that the system cannot be controlled or 

planned by an external party, but transforms itself into a 

dynamic and simultaneous stable system. This needs self-

organization, co-evolution processes and the forces of 

innovations, technologies and other factors [21]. 

The idea of the energy transition can be depicted in the 

multi-level perspective. Niche innovations such as a data 

platform from the TDX-ASSIST are the starting point for 

the transition. These niche innovations developed through 

innovation cooperation of different allies by translating 

their vision to achieve passage points and lastly coherence. 

The integration of heterogeneous and external knowledge 

Figure 2 Multi-level perspective including the approach of Boundary Objects in an 

innovation cooperation (Extended figure of F. W. Geels [21]) 
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is particularly important for this translation of viewpoints.  

From today’s perspective, the platform and other niche 

products are more or less pilots, which will be used from 

the organizations to test alternative solutions. If the tests 

show good progress, these pilots increase in quality and 

quantity. A dominant configuration can be established 

when promising technologies will be consolidated. At this 

point, media, politicians etc. become significant who 

destabilize the current energy system and open it up to 

changes. Dominant configuration are then able to replace 

the current socio-technical regime [20].  

However, innovation cooperation is not deeper described 

in the approach of Geels, although it is a crucial aspect in 

developing niche innovations. Figure 2 is an approach to 

combine the boundary object concept with the multi-level 

perspective to describe in more detail how niche 

innovation emerge.  

CONCLUSION AND FUTURE WORK 

Cooperation in Smart Grid projects get increasingly 

important for the development of innovations and, further, 

for the promotion of the energy transition. Although 

innovation cooperation is of high importance, the creation 

of joint innovations is often linked with practical 

challenges. The greatest problem is the translation of 

different perspectives from diverse context in jointly 

developed innovation cooperation, as well as the three 

semantic, syntactic and pragmatic barriers of knowledge 

integration. Smart Grid actors are therefore called upon not 

to ignore these boundaries in future innovation 

cooperation in the Smart Grid and to share insights into 

other stakeholders. Boundary objects as an approach for 

knowledge integration turned out to be an appropriate 

concept to document and meet these challenges and to 

facilitate cooperation to a large extent. Finally, the 

importance of innovation cooperation for the energy 

system change becomes a topic to be addressed in multi-

partner projects. 
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