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The global climate agenda has challenged the construction sector and led to a 
significant use of technology in buildings. At the same time, new technologies 
like Internet of Things, Big Data and Artificial Intelligence are beginning to fit 
into the buildings' technical systems. Knowledge is available about the tech-
nical side of the "intelligent building", however, there is insufficient practical 
experience and knowledge about the competencies that are required in order to 
interact with the intelligent building. The purpose of this analysis is to elucidate 
competence requirements in connection with the dissemination of building au-
tomation in large buildings. 

The study is based on qualitative interviews of six industry organizations 
and four organizations that in different ways relate to the operation of large 
buildings. They are strategically chosen whereas they represent four different 
models of building operation. In the study, building automation is related to the 
construction sector’s need for finding optimal solutions and methods that ensure 
knowledge transfer across building operations and construction projects. 

The results indicate that 1) building operation can be configured in many 
ways, 2) the different building operation models work towards optimization of 
operation using building automation 3) the different building operation models 
use different strategies for transferring knowledge from operation to building 
project. 

The recommendation is that a forward-looking competence strategy can 
benefit from building on a system understanding of building automation, rather 
than a sole focus on technical specialization. The analysis also points to the 
need to explore building automation as a socio-technical system, thereby sup-
plementing the technical research of the past. 
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1 Introduction 

Like other sectors, the operation of large buildings is under pressure to change be-
cause of the increasing use of new technologies in buildings. The development is 
important in Denmark like in other countries, as evidenced by new government re-
search initiatives. In 2016, the Ministry of Higher Education and Science published 
the report "An OECD Horizon Scan of Megatrends and Technology Trends in the 
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Context of Future Research Policy”. The report points to trends and technologies that 
shape future research needs. Out of ten highlighted areas, there are three areas that are 
relevant in the context of building automation: Internet of Things, Big Data and Arti-
ficial Intelligence. Common for the technologies are that they are all new major focus 
areas within the construction sector and that the expectation is that they are all part of 
the future solution due to building performance concerning climate change, energy 
reduction, increased productivity (economic), increased health etc. However, at the 
same time, there are already examples of use of the technologies within the operation 
of major buildings. 

In Denmark, the construction project and the operating organization are typically 
separated. After a period of unfulfilled expectations in connection with deliveries of 
new buildings and subsequent operations there has been a focus on the interaction 
between the building operation and new technologies. Consequently transferring of 
operating organization’s experiences to construction projects has become a key issue 
to ensure solutions that also work in operation. Traditionally the construction project 
and the operation organization are two different worlds that differ concerning pur-
pose, tasks, organization structures and actors. The construction project aims at de-
signing, executing and delivering a building to the client, usually at a specific price 
and at a specified date. The organization is a temporary project organization. When 
the project stops, the organization is dissolved. The operation of a building, also often 
called facility management (FM), is about operating and maintaining the building in 
order to meet the requirement of the users and owners. Unlike the construction pro-
ject, the FM organization is often a stable organization. However, in turn the way the 
organization is configured can vary depending on the degree of outsourcing of func-
tions to sub-suppliers from few to partly all functions. In general, attention has been 
paid to FM as a central knowledge base of expertise that can help to meet the chal-
lenges during operation, but today it is also pointed out that new solutions must be 
found in a closer interaction between the construction project and the operating organ-
ization during the design process, where solutions should be based on practical expe-
riences from the operation of buildings (Jensen, 2009; Bougrain et al. 2014). Hence 
the need for a close link between the construction project and the operating organiza-
tion has increased. The use of technology in FM has also increased the need to control 
the interaction between the different technologies. Previously it was common to in-
volve the client and the user and their requirements in the construction project, but the 
FM organization was often absent, a kind of "invisible user" (Forman, 2016). For that 
reason large operating organizations has begun to include the FM organization in 
construction projects and to formulate and systematize operational requirements when 
ordering new buildings or refurbishments. However, experience shows that it is not 
necessarily easy and that in practice change needs time. P.A. Jensen (2009) points out 
that the transfer of knowledge between construction projects and operating organiza-
tions introduces new types of challenges, whereas Forman (2016) points to the need 
for development of new information infrastructures between operating organizations 
and construction projects based on learning processes. Other strategies are strategic 
partnerships with suppliers, outsourcing of parts of the entire FM task and the use of 
commissioning in construction projects. 
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2 Methods 

Building automation is embedded in a technical and social context, why the analysis 
is based on Science and Technology Studies (STS). An STS approach implies that 
technological change is studied as processes where technologies and actors interact 
mutually, creating a socio-technical network. The importance of technology develop-
ment for the operating supplier system has therefore been investigated, as a basis for 
understanding the future competence requirements related to building automation. 

The survey was based on a single case of embedded analysis units, according to 
Yin (2014). This approach made it possible to produce context-related and practical 
knowledge about the importance of the field in question. The case method was chosen 
as it provides access to real-life situations with a richness of details, which made it 
possible to study a process in action. Since it is an area, primarily studied from a 
technical perspective, it was central to gain access to real situations in order to identi-
fy the mutual formation of building automation and social contexts in connection with 
the operation of buildings. 

Different data sources were used in the case study. Initially, a feasibility study was 
carried out for the purpose of uncovering technological trends, strategies and interests 
at the policy level. Key persons from industry and employee organizations were inter-
viewed about their experience with and expectations of building automation. The 
chosen organizations all participated actively in a committee on continuing vocational 
training (VEU), including in the field of building automation.  

The organizations /key persons interviewed were: 

1. EL-forbundet: Secretariat for Education Benny Yssing and Peter Andersen 
2. Tekniq: Assistant Director Tina Voldby and Consultant Kelvin Strømsholt 
3. Dansk Industri: Industry Director Elly Kjems Hove 
4. Dansk Byggeri: Chief Consultant Jakob Krohn-Rasmussen 
5. Arbejdsgiverne: Industry Director Jan Hvidholm and Dev. Manager Finn Kyed 
6. Dansk Metal: Professional Secretary Erling Jensen and Consultant Trine Jette 

Rasmussen. 

Following the feasibility study, a company-level survey was conducted in order to 
collect practical and local experience of building automation. The business survey 
was based on four strategically selected organizations, representing different locations 
in the operating-delivery system based on a desire for maximum variation in ways of 
organizing building operation. At the same time, they were chosen because they are 
exploiting new technological capabilities, thereby ensuring a high level of information 
about the relationships between new technologies and building operating. This may 
give a bias towards a more mainstream development, but in this situation, this risk 
was considered to be offset by the fact that all organizations were well established and 
reputable, for which reason they were perceived as first movers. Table 1 briefly pre-
sents the chosen organizations and key persons that were interviewed: 
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Table 1. Companies and keypersons 

Companies Interviewees 
SIF: Certified electricians, which deliver 
technical services and operating services 
within building automation 

Lars Mejlby, Development Manager 

Siemens: Component and system products 
supplier within building automation, and 
provider of operating service 

Lars Nielsen, Resp. for ESCO activities.  
Flemming Larsen, CTS specialist.  
Kurt Othendahl Nielsen, Senior business de-
velopment manager. 

DTU, Campus Service: Operating organiza-
tion where all operating functions are primar-
ily in house. 

Tom Plesner, Head of Building Management 
System (CAS BMS). 

Aalborg Universitet København, Campus 
Service København: Operating organization 
where all operating functions are primarily 
outsourced. 

Nikolaj Mølgaard, Operating manager, Co-
penhagen. 

 
The case was validated in different ways. Firstly, descriptions of the company prac-
tice were prepared based on interviews and documents and subsequently approved by 
the interviewees. Secondly, the entire analysis was discussed by the VEU committee 
in Denmark.  

The structure of the analysis was as follow. The feasibility study made it possible 
to develop a network-based model of building automation as well as a concept for the 
connection between the operating-delivery system, the construction project and build-
ing automation. Both models were drawn up as sketches and used to mediate the qual-
itative interviews at company level. The two models will be elaborated in the next 
section. Then the results from the company analysis follow. Finally the conclusion 
suggests the central accommodations.    

3 Concept 1: Building automation - a network representation 

Figure 1 illustrates the change in perspectives from building automation represented 
as a hierarchical system (left) to a building automation represented as a network sys-
tem (right).  
 

 
Fig. 1. Building automation represented as a hierarchical system and a network-based system 
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Typically, the understanding of building automation is based on a representation as a 
pyramid, where the respective technical function-divided systems are located at the 
bottom and the management of the overall technology is located at the top, i.e. a hier-
archical system. However, technological development means that this representation 
of building automation no longer reflects the technology development that is currently 
transforming automation into a network technology. The need for a new representa-
tion based on a network's understanding reflects on the one hand the ongoing technol-
ogy development that moves towards network-based solutions and, on the other hand, 
the development of knowledge and skills that move towards distributed knowledge 
systems where knowledge and skills to develop, manage and use the technologies are 
located at many different actors. 

Especially, three technologies have impact on building automation: 1) Internet of 
Things (IoT), is in a FM context referred to as 'Embedded Technology' and consists of 
sensors that collect data relevant to the FM system. Data is transferred to a manage-
ment system for further processing. The use of sensors is growing by the increasing 
number of embedded measurements. In the report of the Ministry of Higher Education 
and Science (2016), IoT is further linked to energy systems and smart cities. The re-
search area will lead to the development of new sensor types, but also address the 
problems associated with the use of sensors. 2) Big Data is large amounts of data. The 
increased digitalization and coupling of sensors to the net increases the ability to uti-
lize large amounts of data for optimization of operations in relation to, for example 
energy optimization, but also for improving decision-making in connection with de-
sign, construction and product development. New types of analyzes based on FM data 
can be used to formulate operational requirements for construction projects and new 
products in FM. Analyzes of Big data are already used in management systems in 
supply companies. The research area will undoubtedly lead to the development of 
more opportunities for working with Big Data analytically, but will also be facing the 
problems that analyzing Big Data entails such as: Who has a legitimate right to own 
data and how to ensure privacy and personal protection? 3) Artificial Intelligence 
deals with systems that process the large amount of data resulting from ½ IoT and Big 
Data. In an FM organization, this is referred to as decision support systems. Artificial 
intelligence is already used in several technical systems, such as wastewater plants 
and production systems. In FM systems, data can be organized, analyzed and reported 
using various algorithms for both system optimization and planning, and in both cases 
it supports decision-making. The research area will undoubtedly lead to the develop-
ment of new forms of decision-making systems, and with increasing intelligence, but 
will also address problems like: Who should have the right to decide what; the Build-
ing, users, operations, management or manufacturers? 

In the network representation, BMS is perceived as the sum of the four subsystems 
(the physical system, the collecting system, the management system and the active 
system) and their mutual impact and exchange effect. In the network representation, 
the systemic aspect of building automation is weighted and IoT, Big Data and Artifi-
cial intelligence are integrated in the representation. Contrary to the hierarchical struc-
ture, the respective technical functionalized systems are bound together in a network 
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where also the physical building with its technical installations is included. The four 
subsystems can be described as follows: 

1. The physical system is the physical building and its installations. It can be per-
ceived as a system that is the cause of information delivery and the target of action. 

2. The collecting system is all that collects data about the physical system. This may 
be sensors or meters that are embedded in the physical system, but also other kinds 
of information like collected user information. 

3. The management system is where the collected information is processed  and trans-
formed into action, knowledge or perhaps inactivity. It is a decisive system capable 
of interpreting and analyzing the information received and which can initiate the 
relevant actions in continuation. The system contains servers, networks, interfaces 
and algorithms in order to transform the collected information into action. 

4. The active system is the executive system that translates the management system's 
requirements and instructions to actual actions. This can be the person sent to the 
blasted water pipe or the signal that automatically changes the system's tempera-
ture. 

However, the network-based representation of building automation can also be seen 
as a representation of the intelligent building and thereby  illustrate how the intelligent 
building itself contributes to the development and demands new competence needs.  

4 Concept 2: Relations between FM, construction project and 
building automation 

Figure 2 shows the link between the construction project and the operating system. 
The figure is inspired by the FM circle and illustrates the interaction / dependencies 
between the operational function's ability to influence building projects by setting 
operational requirements and the operational function's ability to make buildings 
function properly by taking over buildings already optimized.  
 

                        
Fig. 2. Competence needs in the FM delivery system in connection with building automation. 
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Operational requirements and knowledge transfer between the construction project 
and the FM system have long been in focus, but with the technological trends it may 
appear that new ways of generating operational requirements for the construction 
project are not only based on practical experience, but also on computer-generated 
requirements, hence building automation can be related to two challenges in construc-
tion. The first challenge is the need to find solutions that ensure optimal operating 
conditions, see figure 2, the arrow to the right, at the bottom. The second challenge is 
the need to find solutions where building automation supports knowledge transfer 
from operation to construction project to ensure higher quality in deliveries, see figure 
2, the arrow to the left at the bottom. 

5 Company analysis and discussion 

All interviewees supported the models (figure 1 and figure 2) as they were presented 
to the models during the interview. This indicates that both the technology and the 
networks that relate to the technology are changing. In the following sections, the 
results of the company survey will be presented focusing on various aspects of this 
transformation. 
 
5.1 The construction sector’s two challenges and building automation 

Building automation in FM can contribute to two key challenges in construction; 
Optimization of the operation itself and improvement of the construction industry by 
returning the operational knowledge for upcoming construction projects. The case 
companies have different options and roles in the operating delivery system, which 
gives them different possibilities for realizing business strategies in relation to FM. 
The cases shared a lot of common experience on handling the first challenge, while 
handling the second challenge has been the cause of different types of strategies. 

Relative to the first challenge, the different delivery systems related to operation 
systematically worked towards continuous optimization of operation using building 
automation through ongoing troubleshooting and optimization. Relative to the second 
challenge, several strategies became visible. 

DTU CAMPUS Service "FM organization with Competences in House" worked as 
a learning organization in the field of 'Intelligent Building' closely integrated with 
DTU's additional organization. The strategy was targeted involvement of the FM 
organization in construction projects, so that knowledge and experience could be 
systematically involved. For that reason, the FM organization worked to improve this 
process through the development of requirements specifications, procedures, guide-
lines, etc. as a solution to the other challenge. 

Siemens Building Technologies "Component, System Products, and Operations 
supplier” and SIF "Provider of FM Service" both worked toward improving opportu-
nities to enter a dialogue with both customers and construction projects in order to 
ensure better solutions already in the construction projects. Both companies work 
with the development of more specialized solutions for different market segments 
such as development of welfare technology for the healthcare sector. Thus FM expe-
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rience can be embedded in new products from suppliers, FM consulting services to 
customers and designers as well as new solution concepts. 

AAU Campus Service Copenhagen "FM organization with a high degree of out-
sourcing" worked with improving contractual relationships, improving partner rela-
tionships and improved documentation procedures. Despite outsourcing of tasks, it 
was stated that the organization needed to systematize FM experience and get access 
to operational data as a basis for requirements formulations in connection with con-
struction projects. The organization emphasizes their need to make the FM organiza-
tion both personally and company-independent in order to secure operations. It may 
seem that suppliers and service engineering should not only turn their attention to 
increased consulting activity in the construction project, regarding challenge 2, but 
also increase the interaction of the delivery system in order to qualify the operating 
delivery system's overall knowledge transfer between FM and construction project. 

 
5.2 1.1 Building automation as infrastructure for different actors 

Building automation is growing as a new infrastructure with many users. As previous-
ly mentioned, building automation is expected to help solving the challenges of the 
constructions sectors not only in relation to energy and indoor climate, but also in the 
management of climate changes, sustainability, etc. This development will further 
link new subjects and new thematic areas to building automation and thereby expand 
the heterogeneous network of actors that relate in various ways to building automa-
tion. At the same time, there is an increasing tendency for building automation not 
only to be linked to the management of traditional building installations, but also to 
integrate with the special functions of the buildings, such as when the certified elec-
tricians works with welfare technology in the field of care and the DTU Campus Ser-
vice works with the management and documentation of research conditions at the 
university. This may affect the ways in which existing professional standards develop, 
caused by issues such as - "what is healthcare" and "what is research"? This illustrates 
how new user groups in relation to building automation emerge, and indicates how 
building automation knowledge is being distributed to new types of actors. Thus au-
tomation can create new conditions for the development of practice in different sec-
tors, and without proper reflection, new norms and values can be introduced through 
the backdoor. In connection with research and development programs, there is a par-
ticular focus on security regarding the use of the technologies concerning hacking of 
building systems, personal safety and rights. Since these are matters that have to be 
taken into account through choice of solutions, products, organization and service 
structures etc. these are issues that employees working with building automation 
should be able to handle reflexively and critically. It is not sufficient that building 
automation is technically well-functioning; the solutions should also reflect considera-
tions on non-intended applications of systems and personal rights. 

Both the certified electricians and the suppliers described how the increased spe-
cialization of solutions for different market segments is likely to be embedded in new 
product services, targeted the use of buildings. This indicates that depending on build-
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ing function, problems and solutions related to hacking, personal safety and values 
will require different types of systems and standards, and not least competencies. 

In order to counter the new working relationships that arise with the development 
of building automation, it must be argued that the need of competence cannot be iso-
lated to a well-defined area, but necessarily reflects local competence in the heteroge-
neous network. One way is to balance the relationship between a necessary under-
standing of technology and a local competence need, can be to distinguish between 
'something common' as that common to all actors, and 'something local' linked to the 
individual actor's responsibility, e.g. energy, indoor climate, climate measures, sus-
tainability, care or research. 

 
5.3 Significance of competencies 

What is knowledge related to building automation? Everyone can agree that there is 
some technical knowledge, but apparently there are also a lot of other knowledge and 
competencies central to the successful expansion of building automation. In the four 
studied organizations the need for upgrading FM operators, advisors, builders and 
users was all mentioned; all of whom were perceived as having knowledge for the 
"right solution" but at the same time lacking in knowledge about building automation 
so as to be able to ask for the correct solution, use it correctly, design it correctly, etc. 
Today, a lot of training of these actors is provided by the suppliers and certified elec-
tricians in connection with consulting services and delivery. The key to this observa-
tion is to understand and analyze building automation in a diverse context. Pursuing 
the argument mentioned above, ‘something common’ can be regarded as being the 
common amount between the three types of organizations in the FM delivery system 
and "something local" as being the distinctive in the specific organization. Figure 2 
illustrates the common competence requirements represented by the red subset. For 
all three types of organizations, the goal is to optimize the FM operations through the 
use of building automation. To find the common needs of competence, an analysis has 
been conducted across organizations. The analysis identified four overall skills of 
competence actively demanded by all. The four skills outlined in paragraphs 1-4 are 
connected and cannot be separated. 

1. Understanding building automation: An abstract understanding at the system level 
for use in diagnosing operational problems and analyzing large amounts of data. In 
this context, it was emphasized that it’s all about understanding the individual sub-
ject in the system, and keep the professionalism of craftsmanship. 

2. Document building automation: Documentation of issues and solutions as a basis 
for testing, troubleshooting and learning, to ensure person-independent systems. 

3. Communicate building automation: Simplification of complex conditions so they 
can be conveyed to the end users without technical prerequisite. In this context, 
emphasis was placed on understanding and decoding user’s needs, interface that 
makes sense for the user, and dissemination of technical complexity, enabling the 
user to engage in complex decision-making processes. 

4. Managing development in values, standards and security using building automa-
tion: Development and implementation of building automation can create new pro-
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fessional standards such as research standards, care standards, etc. that can change 
values and work processes. In this regard it is important to visible the choices tak-
en. Digitalization and automation opens for new opportunities for the operation of 
buildings, but also for new types of crime in the form of hacking and the collection 
and dissemination of personal data. In this context, emphasis is placed on the fact 
that new criminal patterns grow along with new solutions and that it is therefore 
essential to be at the forefront to disarm crime patterns. 

Where the four common competence skills describe the system required for all FM 
employees related to building automation, the local subject-specific competencies 
skills must reflect the need for specific issues. Then the four common competence 
requirements can be combined with different problem-oriented competence. Within 
the various problem areas such as energy, indoor climate, sustainability, climate 
measures, etc. these skills will varied as they are embedded in different product and 
production systems and subject to various economic and political priorities. 

6 Conclusion 

Based on this study, it is suggested that an understanding of the relationships between 
building automation, building operation and competencies should be based on an 
understanding of building automation as a network-based technology embedded in a 
heterogeneous and distributed actor network. This offers the opportunity to identify 
all the different user practices and work processes that relate to building automation in 
the various companies and organizations. In addition, it will provide users with a bet-
ter basis for integrating with the new infrastructure, which is in natural continuation 
with the idea of the agile organization in response to the challenges and competencies 
of the intelligent building. This is supported by the fact that much knowledge in con-
nection with building automation is already distributed through networks, which be-
came visible in the survey. Product-specific knowledge is spread through supplier 
courses, users being upgraded through consultancy and courses provided by suppliers 
and certified electricians, and not least relevant experiences and knowledge spreading 
in the delivery system through employees who change jobs between companies and 
organizations in the operating delivery system. 
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