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PREFACE 
 
The general conference theme for EFMC 2017 is “Consolidating the Global Scope of Facili-
ty Management” and this is also the theme of the 16th EuroFM Research Symposium, which 
is organized as part of the conference. The objective of the research symposium is to present 
original research that contributes to the understanding of the role of FM in organisations and 
to encourage discussions and the development of new knowledge amongst researchers, FM 
professionals and educationalists on this important topic. 
 
This year the research symposium is partly integrated with the business conference to support 
a strong cross-fertilisation between research and practice. There are 3 sessions dedicated to 
research papers and 2 sessions include a combination of research and business presentations. 
All research presentations are based on research papers, which have been through a rigorous 
review process as used for earlier EuroFM research symposia.  
 
All together 32 abstracts was received and after the review process 19 papers were accepted 
and they are all included is this publication. Out of the 19 papers, 15 are presented at research 
sessions and 4 are presented at combined sessions. 
 
EuroFM has agreed an open access mandate. This ensures that the full text of all published 
research symposium papers (and conference proceedings arising from EuroFM sponsored 
work) should be deposited in an open access institutional repository, or if that is not availa-
ble, on the ResearchGate database after the conference. 
 
The publication of the printed proceedings is sponsored by Centre for Facilities Management 
– Realdania Research (CFM) at the Technical University of Denmark. 
  
We thank all authors and the scientific committee for their dedicated time and efforts. We 
wish the reader an enjoyable learning experience and lots of inspirations for further research 
and the application into education and practice.  
 
May the 16th Research Symposium at EFMC 2017 in Madrid become a successful event that 
will help consolidating the global scope of FM! 
 
 
Susanne Balslev Nielsen Per Anker Jensen  
Chair of the Scientific Committee Head of CFM 
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ABSTRACT 
 
After different models had been developed for the FM in Healthcare context, the goal was to 
find out how the developed service allocation model could be used as a basis for structuring 
service provision of FM in a standardized way to be able to carry out expedient benchmark-
ing for FM across industries with complex and high demanding conditions in the future. By 
doing so, it is expected that ponderous industries like healthcare can learn from more dynam-
ic environments. To start with, the complex and dynamic environment of airports, causing 
specific needs for the provision of FM in partially extreme conditions, was chosen as the re-
search subject. Similarities between specific characteristics of and differences between the 
two industries were investigated and transferred into the principle of the existing model. The 
adaptation and development of the model was conducted with the Design Science Research 
approach [DSR]. To develop the model as an artefact, the generally accepted modelling prin-
ciples were followed. The service allocation model for support services in airports presented 
provides not only a basis for benchmarking between hospitals, airports and other industries 
with high demanding conditions, but also findings about developing conceptual approaches 
for further initiatives to benchmark FM across different industries in the future. 
 

Keywords: FM in special environments, FM in airports, FM in Healthcare, FM models, con-
ceptual model 
 
 
1 INTRODUCTION 
 
For Facility Management in Healthcare [FM in HC], several standardization initiatives were 
started in order to provide systematic, empirical, complexity-reducing bases for optimizing 
the non-medical support services in hospitals and thus to establish FM in HC as a driving 
force in the development of the healthcare sector. Reasons for choosing the healthcare indus-
try as a field of research were first of all its extensiveness and complexity, which call for sys-
tematic approaches in order to reach comprehensive findings, and secondly, the topicality of 
the development of the healthcare industry worldwide. The norm for Taxonomy, Classifica-
tion and Structures in Facility Management (SN EN 15221-4: 2011-12) specifically encour-
ages the development of branch specific definitions of FM. Soon after setting up FM in HC 
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standards for key performance indicators [KPIs] and processes, the need for comparing and 
benchmarking not only amongst national and international hospitals, but also amongst FM in 
other (comparable) industries became evident. 
 
2 RESEARCH OBJECTIVE 
 
The objective was therefore to find the comparable aspects for FM in industries other than 
HC and to develop a conceptual model as a basis to compare and benchmark FM in different 
complex environments in the future, starting with airports. As for the HC context, the goal 
was to show the greatest possible scope – bigger sized enterprises are thus represented in to-
tal, smaller sized enterprises will be able to leave out services not provided. 
 
3 METHODOLOGY 
 
As the goal is to set up a (conceptual) model as a visualization basis for further discussions, 
the methodology of Design Science Research [DSR] according to Hevner et al. (2004), He-
vner and Chatterjee (2014), Peffers et al. (2007) and Vaishnavi and Kuechler (2008) was ap-
plied. Based on the DSR principle illustrated in Figure 1, an iterative approach combining 
explorative elements and expert interviews was chosen. 
 
 

 
Figure 1 The general methodology of design science  

(based on Vaishnavi & Kuechler, 2008 and Dresch et al., 2015) 
 

 
The Identification of the Problem and formulating the Research Question was derived from 
on-going research and development projects and previous publications. The Awareness of the 
Problem was underpinned by a Literature Review on the subjects of FM in Healthcare and 
(FM in) Airports. As a Proposition, modelling was suggested as a Tentative Design. In the 
Development phase, the model as an Artifact was developed using a concurrent exploratory 
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approach combining design and empirical principles according to Huysmans & Verelst 
(2012). To ensure for the choice of the services listed in the model to be systematic, first a list 
was created where the hospital specific services listed in LemoS 3.0 (Gerber, 2016) such as 
sterilization and maintenance of medical technology were excluded, leaving all services that 
are not exclusive to the hospital environment. In a next step, information found in airport-
specific literature was added to this list. Then the services were – where possible – allocated 
to the four domains of LemoS (Gerber, 2016): Infrastructure, Facility Services, Hotel Ser-
vices and Logistics. Since there are many airport-specific services which cannot be allocated 
to one of these pre-defined fields, a fifth field – Airport-Specific Services – was created. In 
addition the areas were divided into Airside and Landside where applicable. The continuation 
of the further development is two-fold. Firstly, the model has to go through an Evaluation by 
more specialists of FM in HC and FM in Airports. Secondly, the inclusion of specialists of 
FM in other complex environments might raise more specific Awareness of more Problems 
and will thus lead to more iterations (illustrated by the upward directed arrows in Figure 1) 
before final Conclusion and Generalization can occur. 
 
The conceptual bases for developing the model was the Service Allocation Model for non-
medical Support Services in Hospitals [LemoS] (Gerber, 2016) as depicted in Figure 2. 
 
 

 

Figure 2 Service Allocation Model [LemoS] (Gerber, 2016) 

 
4 DEFINING COMPLEX INDUSTRY CONDITIONS BASED ON HOSPITALS 
AND AIRPORT CONTEXTS 
 
To start with, the definition of complex conditions for FM based on the environments of hos-
pitals and airports are shown based on literature reviews. Then, a derived general definition 
of complex conditions will be presented. 
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4.1 Complex Conditions in HC 
The provision of the services in a hospital requires hybrid collaboration between the immo-
bile and mobile infrastructure with their inherent highly complex (information)systems (e.g. 
medical device and their integration in the information system) and humans of very different 
disciplines. This causes not only technical, but also human and techno-human interfaces op-
erating within limited availability of resources. (cf. Angerer, et al., 2012; Braun von Reiners-
dorff & Rasche, 2014; Burwitz, et al, 2013; Kriegel, 2012) 
 
The provision of the service(s) is complex and can only partially be planned, as the need 
for a medical treatment can be sudden and the course of healing might vary (Bornewasser, 
2013; Fritsche & Hermann, 2009; Marsolek & Friesdorf, 2009). 
 
In the healthcare context, many different internal and external stakeholders can be identi-
fied. To name a few according to Abel (2009), DIN 13080:1999, Fritsche & Hermann (2009) 
and Kriegel (2012): 
 

 Patients (insured or not) receive medical treatment 
 Different medical and care specialists provide medical treatment 
 Non-medical support entities provide services for staff, patients and external visitors 
 Governmental and private health insurers decide upon financial streams and regula-

tions 
 Politicians and governmental institutions regulate conditions, prices and degree of 

subsidizing 
 Owners of the hospital require shareholder value 

 
The healthcare industry is subject to rapid medical/technological and socio-cultural 
change (Abel, 2009; Busse et al., 2009; Fischlein & Pfänder, 2008; Marsolek & Friesdorf, 
2009). Medical treatment processes themselves are becoming increasingly complex due to 
developments in medicine, pharmacology, care and medical engineering. At the same time, a 
request for more service quality prevails on the patient side. 
 
Hygiene is a very important (quality) aspect in hospitals which has to be treated with high 
sensitivity not only during medical operations, but also when running technical installations 
like ventilation systems or while conducting cleaning (Abel, 2009; sanaCERT suisse, 2011). 
 
The politically motivated supply of the population with healthcare leads to a specific market 
situation which implies many regulations (Abel, 2009; Kriegel, 2012; Rasche et al., 2010). 
 
Digitalisation leads to a high demand for investment in IT within the healthcare industry, 
where IT has not been treated with high priority in the past. The penetration of information 
technology is additionally hampered by many data-protection requirements due to sensitive 
patient records and the lack of IT competence amongst staff who up until recently have been 
highly focused on medical issues instead of business administration aspects (cf Bornewasser, 
2013; Günther & Hartmann, 2007; Hartmann & Günther, 2015). 
 
Requirements for logistics in HC are complex because for procurement, storage, transport 
and disposal & recycling, many different kinds of material, food and pharmaceuticals have to 
be handled, some of which are subject to strict regulations and have to be handled with spe-
cific care and/or accommodated in specially conditioned areas. In addition, transportation has 
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to be provided for different kinds of goods as well as for people – sick or healthy. (cf. 
Bornewasser, 2013; Kriegel, 2012; Walther, 2005). 
 
4.2 Complex conditions in Airports 
Within an airport, many stakeholders are involved, e.g. airlines, handling agents, govern-
ment agencies, concessionaires, retailers, providers of food and beverages, entertainment, 
tourism, business localities or internet access as well as passengers and visitors (Ashford et 
al., 2013; Graham, 2014; Young & Wells, 2011) 
 
According to Graham (2014), airports face a high demand for air transport and are therefore 
undergoing rapid growth. 
 
Security is a very important aspect for airports and aviation in general. Airport security in-
cludes badge regimes, protecting staff restricted areas, checks of passengers, visitors, staff, 
baggage and cargo, terrorism prevention, armed protection, parked aircraft protection, video 
supervision, perimeter fencing and lighting, barriers, road inspections Graham (2014), Kazda 
& Caves (2015), Young & Wells (2011) and are provided by the government (inspection of 
passengers and cabin baggage), by the airport (security for areas behind the security check 
and the airport premises) and airlines (passenger baggage and ground equipment) (Kazda & 
Caves, 2015). 
 
According to Kazda, & Caves (2015), several technical interfaces for navigation aids are 
necessary such as instrument, microwave or transponder landing systems, global navigation 
satellite systems, VHF omnidirectional radio ranges, non-directional radio beacons, UHF 
distance measuring equipment, precision approach, surveillance and surface movement radars 
and advanced surface movement, and guidance and control systems. 
 
For special cargos like live organs, human remains, livestock, dangerous or radioactive 
goods, meat, flowers or plants, special accommodations or hygienic standards have to be 
guaranteed (Kazda, & Caves, 2015). 
 
Kazda & Caves (2015) also emphasize the impact on the environment is important for air-
ports in different respects: noise, air pollution, contamination of water and soil, wildlife con-
trol, waste, construction and possible accidents or incidents. 
 
According to Young & Wells (2011) and Richter (2013), an airport is a transportation fa-
cility with high complexity because people, goods and information have to be delivered in the 
correct state, at the right time at the correct place and different kinds of service receivers with 
different needs like aircrafts, passengers, cargo and surface vehicles have to be served. 
 
In airports, a number of regulations like transportation security regulations, airport tenant 
security programs, airport safety rules or local, regional, national and international regula-
tions and agreements have to be considered (Young & Wells, 2011; Ashford, et al., 2013). 
According to Ashford, et al. (2013), the local interrelationships between the governmental 
institutions or quasi-governmental bodies and the airport influence the operation of an airport 
tremendously. 
 
According to Ashford et al. (2013), the size of the airport indicates the complexity factor of 
an airport. While small airports are easier to handle, medium- or large scale airports become 
very complex. 
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4.3 Definition of Complex Conditions 
From the findings of the above chapters, the following factors for defining complex condi-
tions for industries can be derived: 
 
 Hybrid collaboration between humans, technology and humans with technology and 

complex processes with high interdisciplinary interactions and numerous technical inter-
faces 

 Many different internal and external stakeholders of different disciplines and/or cultures 
 Rapid change of framework conditions or rapid growth 
 Only partially plannable service provision 
 High degree of (data) security requirements 
 Many regulations and/or high degree regarding hygienic standards 
 High need for transportation of people and goods 
 Size of the enterprise 
 These definitions have to be taken in consideration and discussed when thinking about 

conducting benchmarking between industries in the future and when comparing figures. 
 
5 FM IN HC AND FM IN AIRPORTS 
 
As a basis for the development of the model, an attempt to set the scope for FM in HC and 
FM in Airports has been undertaken. 
 
5.1 FM in HC 
For the definition of FM in HC, the holistic approach described in LemoS 3.0 (Gerber, 2016), 
which is bases on the norm EN 15221-4, was used as depicted in Figure 1. It comprises the 
subject areas Procurement, Inventory Management, Transport & Distribution, Disposal & 
Recycling, Maintenance, Space Management, Energy, Safety, Security, Cleaning, Sterilisa-
tion, Catering, Textiles, Accommodation Administration & Operation of Properties and Hotel 
Various. 
 
5.2 FM in Airports 
According to Young and Wells (2011), airports are gradually coming to rely on the private 
sector in order to cut costs and improve quality. This results in most facilities and services 
being provided by organizations other than the airport operator itself (Graham, 2014). Gra-
ham (2014) points out that therefore the identity of each airport operator is different, but still 
they have the overall control and responsibility. As stated by Ashford et al. (2013), an ideal 
one-size fits all solution regarding the administrative structure of airport operations does not 
exist and it becomes clear that a holistic definition of FM in Airports had not been undertak-
en. The conceptual model in Chapter 6 will provide a systematic basis. 
 
6 CONCEPTUAL MODEL FOR FM IN AIRPORTS  
 
The service allocation model for support services is a conceptual model illustrated in Figure 3 
and was developed through the adaption of LemoS 3.0 (Gerber, 2016), applying information 
from airport-specific literature (ACRP, 2015; Ashford et al., 2013; de Nuefville & Odoni, 
2013; Graham, 2014; Kazda & Caves, 2015; Richter, 2013; Young & Wells, 2011) and sub-
ject experts like managers of FM in airports. 
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The model follows the same main structure as LemoS 3.0 (Gerber, 2015) with a division into 
three levels: the Strategic Management Services level, the Business Support/Management 
Support level and the industry specific Support Level, which in this industry is also named 
Aviation/Non-Aviation Support Services. The first and second level both integrate all ser-
vices listed in the first two levels of LemoS 3.0, adding airport-specific services, such as Pub-
lic Safety as a strategic management service or Public & Government affairs for business and 
management support. 
 
 

Figure 3 Service allocation model for support services in Airports 
 

 
 
 
The third level covers five domains. The domains known from LemoS 3.0 are Infrastructure, 
Facility Services, Logistics and Hotel Services. In the airport context, the field Airport-
Specific Services had to be added. Moreover, each subject area contains clustered services 
which were matched with the services in LemoS 3.0 and completed with services named in 
airport-specific literature and by FM in airport experts. With respect to the airport industry’s 
customary division, a distinction between landside and airside services was made (exception: 
Hotel Services). 
 
The Infrastructure domain on the airside consists of Maintenance and Energy, and of Mainte-
nance, Space management and Energy on the landside. 
 
The domain of Facility Services comprises Safety and Security on the airside and on the 
landside Safety, Security and Cleaning. 
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Under Logistics as domain Procurement, Inventory Management, Transport & Distribution, 
Waste management and Environmental Control are listed on the airside, and on the landside 
Procurement, Inventory management, Transport & distribution and Waste management. 
 
Hotel Services as domain consists of Landside Commercial - there is no commercial depart-
ment on the airside. 
 
Airport-Specific Services include Operations, Construction (development), Capacity Man-
agement, Emergency Services, Ramp Handling and Cargo Handling on the airside, and on the 
landside Passenger Operations, Traffic Handling and Cargo Handling. 
 
Tactical Resource Management is placed in the middle to indicate that it is involved in all 
five fields. 
 
7 CONCLUSION, LIMITATIONS AND OUTLOOK  
 
It is becoming clear that hospitals and airports as industries have several analogies: both have 
many different internal and external stakeholders which leads to a multi-layered collaboration 
and a great number of (technical) interfaces. Both environments are subject to numerous regu-
lations and they both rely on specific transportation systems and sophisticated logistics. In 
addition, both environments can partially plan the service e provision but are subject to chang-
es due to emergencies or weather conditions. Several aspects are similar but have different 
characteristics due to varying surroundings; both industries need to focus on security, on hy-
giene aspects and on data-protection, however security is a much more compelling aspect in 
airports while hygiene and data-protection requirements are much more prevalent in hospitals. 
Finally, there are also some differences: while airports are going through a period of rapid 
growth, HC is currently heavily influenced by medical/technological and socio-cultural 
changes. The size of the enterprise seems to have a much greater impact on the complexity of 
airports than on hospitals and environmental impacts have been a strongly present topic within 
the airport context but so far very little in HC. 
 
Focusing on the support services context, similarities are that the domain Logistics with the 
subject areas Procurement, Inventory, Transport & Distribution and Waste Management, the 
domain Infrastructure with the subject areas Maintenance, Space Management and Energy, the 
domain Facility Services with the subject areas Safety, Security and Cleaning and the domain 
Hotel Services are provided in both environments.  
 
Hospital-specific is the subject area Sterilization; airport specific is the clear division of the 
service provision in Airside and Landside and the domain Airport-Specific-Services with the 
subject areas Airside Operations, Airside Construction, Airside Capacity Management, Airside 
Emergency Services, Airside Ramp Handling, Airside Cargo Handling, Landside Passenger 
Operations, Landside Traffic Handling, and Landside Cargo Handling. As safety & security as 
well as environmental aspects have a higher prioritization in airports, this is also represented in 
the model. 
 
However, the clear and generally applicable division between core services and support ser-
vices in HC by Gerber (2016) could not yet be identified in the airport context. As depicted in 
Figure 1, another iteration will have to be conducted before the model can undergo final eval-
uation and generalization for other industries, like for example the production of pharmaceu-
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ticals with their numerous regulations and need for strict hygiene, or event management with 
their high degree of unplanned occurrences. 
 
For the future, at least three superordinate benefits should result from these developments. 
Firstly, the ponderous industries like healthcare should be able to learn from dynamic indus-
tries like airports in order to become more efficient and effective and to develop a better focus 
on the patient as a customer and thus increase the medical and non-medical service quality. 
Secondly, the basis for benchmarking of FM across different industries pointing out similari-
ties and differences between the different contexts will be given. Thirdly, once specific re-
sults can be presented in different industries, it should be possible to refine the context of the 
EN 15221-4 norm by defining more clearly the common FM service provision and the indus-
try specific areas, possibly adding several industry-specific issues. By doing so, FM will ben-
efit as a discipline and as an industry. 
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