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Abstract  

Building information modelling (BIM) has greatly accelerated the digitalisation of the architec-
ture, engineering, construction, and operation (AECO) industry across all life cycle phases. Con-
cerning the financial impact of each life cycle phase, the operational phase accounts for the 
majority of the life cycle cost of a building. Therefore, academic research on BIM implementation 
in the operational phase has been steadily increasing over the past few years. Relevant studies 
indicate that BIM implementation offers considerable potential for corporate real estate manage-
ment (CREM), as real estate operations and maintenance constitute one of the biggest expenses 
for organisations in many industry sectors. However, the extent of relevant studies on BIM im-
plementation in CREM remains limited and progresses only gradually.  
 The early consideration of information requirements for CREM demands extensive knowledge 
about the BIM method and an active involvement of all stakeholders in the early project phases. 
This applies all the more in the context of technically challenging buildings relying on the con-
tinuous provision of facility services. Some of the main challenges to BIM implementation in 
CREM are the lack of defined BIM uses for CREM, the complex definition process of asset infor-
mation requirements (AIR), and the autonomous implementation of guidelines and templates.  
 The presented research investigated four research trajectories to address these and other re-
search gaps. Firstly, the definition of BIM uses supporting the provision of facility services in 
CREM. Secondly, the identification of BIM uses with a high implementation priority across all 
industry sectors. Thirdly, the development of AIR templates for BIM uses for CREM with a high 
implementation priority and the identification of the most accurate approach to AIR template 
definition. Fourthly, the practical implementation of the project results through their formalisa-
tion in an AIR template implementation framework for owners and operators in CREM.  
 A total of 35 BIM uses for CREM were identified and defined on the basis of international doc-
uments. It became apparent that the number and content of the mentioned BIM uses varied con-
siderably between the analysed sources. A survey among CREM experts from Austria, Germany 
and Switzerland was conducted to identify BIM uses with a high implementation priority across 
all industry sectors. Maintenance-related BIM uses generally had a high implementation priority 
across all industry sectors 
 The triangulation- and the process-based approach to the generalisation of AIR templates 
were identified based on relevant research and applied to four BIM uses. The accuracy of the 
developed AIR templates was compared in semi-structured interviews with CREM experts from 
three companies. In the process, the underlying approaches were evaluated regarding their suit-
ability for the development of generalisable templates for BIM uses for CREM. To accommodate 
relevant research findings on the industry sector-dependence of information requirements, the 
application and comparison of the identified approaches was conducted in the context of the 
chemical industry.  
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 In the assessments, process-based approaches provided more accurate and, therefore, more 
generalisable AIR templates for CREM in the chemical industry. Furthermore, it became apparent 
that hygiene-, safety- and maintenance-related information is of particular relevance for this in-
dustry sector. 
 Five recommendations for the implementation of AIR templates were derived from the results 
of the semi-structured interviews. They were translated into an AIR template implementation 
framework for owners and operators in CREM and formalised in three main stages: The custom-
ization, the selection, and the mapping of information requirements. The framework is designed 
as a 12-step flow chart with three lanes representing the three relevant stakeholders in AIR defi-
nition and implementation.  
 The presented research extends the current state of research in this field and establishes the 
foundation for further research directions by providing a total of four contributions. Firstly, a list 
of BIM uses supporting the provision of facility services in CREM was defined. Secondly, BIM uses 
with a high implementation priority across all industry sectors were identified. Thirdly, an accu-
rate approach to AIR template definition was identified and the first iteration of AIR templates 
for four BIM uses for CREM in the chemical industry was developed. Fourthly, an AIR template 
implementation framework for owners and operators of CREM in the chemical industry and other 
industry sectors was formalised. Further research directions include studies based on the pre-
sented list of BIM uses, the definition of standardised BIM uses and AIR for CREM, and the inves-
tigation of further building use classes and industry sectors in this context.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Zusammenfassung 

Building Information Modelling (BIM) hat den Digitalisierungsprozess in der gesamten Immobi-
lienwirtschaft über alle Lebenszyklusphasen hinweg beschleunigt. Hinsichtlich der finanziellen 
Auswirkungen einzelner Lebenszyklusphasen macht die Betriebsphase den größten Teil der Le-
benszykluskosten eines Gebäudes aus. Vor diesem Hintergrund nahm der Umfang akademischer 
Forschung zur BIM-Implementierung in der Betriebsphase in den letzten Jahren stetig zu. Ein-
schlägige Arbeiten deuten darauf hin, dass die BIM-Implementierung beträchtliches Potential 
für das Corporate Real Estate Management (CREM) bietet, da die Nutzungskosten von Liegen-
schaften für Unternehmen in vielen Wirtschaftszweigen eine der größten Ausgaben darstellen. 
Der Umfang einschlägiger Arbeiten zur BIM-Implementierung im CREM ist allerdings nach wie 
vor begrenzt und nimmt nur allmählich zu. 
 Die frühzeitige Berücksichtigung der Informationsanforderungen des CREM erfordert umfas-
sende Kenntnisse über die BIM-Methode sowie eine aktive Einbindung aller Stakeholder in den 
frühen Projektphasen. Dies gilt umso mehr im Kontext technisch anspruchsvoller Gebäude, wel-
che auf die kontinuierliche Bereitstellung von Dienstleistungen, den sogenannten Facility Ser-
vices, angewiesen sind. Einige der größten Herausforderungen für die BIM-Implementierung im 
CREM sind der Mangel an definierten BIM-Anwendungsfällen für das CREM, der komplexe Defi-
nitionsprozess von Liegenschaftsinformationsanforderungen (englisch: asset information requi-
rements, kurz AIR) sowie die autonome Implementierung von Leitfäden und Vorlagen. 
 Die vorliegende Arbeit untersucht vier Forschungsrichtungen um diese und weitere For-
schungslücken zu schließen. Erstens die Definition von BIM-Anwendungsfällen, welche die Be-
reitstellung von Facility Services im CREM unterstützen. Zweitens die Identifikation von BIM-
Anwendungsfällen mit einer hohen Implementierungspriorität in sämtlichen Wirtschaftszwei-
gen. Drittens die Entwicklung von AIR-Vorlagen für BIM-Anwendungsfälle mit einer hohen Im-
plementierungspriorität und die Identifikation des präzisesten Ansatzes für die Definition von 
AIR-Vorlagen. Viertens die praktische Implementierung der Projektergebnisse durch deren For-
malisierung in einem Konzept zur Implementierung von AIR-Vorlagen für Eigentümer und Be-
treiber im CREM. 
 Insgesamt 35 BIM-Anwendungsfälle für das CREM wurden auf Grundlage internationaler Do-
kumente identifiziert und definiert. Hierbei fiel auf, dass Zahl und Inhalt der genannten BIM-
Anwendungsfälle teils stark zwischen den analysierten Quellen variierten. Eine Onlineumfrage 
unter CREM-Expert_innen aus Deutschland, Österreich und der Schweiz wurde zur Identifika-
tion von BIM-Anwendungsfällen mit einer hohen Implementierungspriorität in allen Wirt-
schaftszweigen durchgeführt. Wartungsbezogene BIM-Anwendungsfälle wiesen dabei über alle 
Wirtschaftszweige hinweg eine hohe Umsetzungspriorität auf. 
 Der triangulations- und der prozessbasierte Ansatz zur Generalisierung von AIR-Vorlagen 
wurden auf der Grundlage einschlägiger Forschung identifiziert und auf vier BIM-
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Anwendungsfälle appliziert. Die Genauigkeit der entwickelten AIR-Vorlagen wurde in semi-
strukturierten Interviews mit CREM-Expert_innen aus drei Unternehmen verglichen. Hierbei 
wurden die zugrunde liegenden Ansätze hinsichtlich ihrer Eignung für die Entwicklung genera-
lisierbarer Vorlagen für BIM-Anwendungsfälle im CREM bewertet. Unter Berücksichtigung ein-
schlägiger Forschungsergebnisse zum Einfluss des Wirtschaftszweigs eines Unternehmens auf 
seine Informationsanforderungen wurde die Anwendung und der Vergleich der identifizierten 
Ansätze im Kontext der chemischen Industrie durchgeführt. 
 In diesen Untersuchungen lieferten prozessbasierte Ansätze präzisere und damit generalisier-
barere AIR-Vorlagen für das CREM in der chemischen Industrie. Darüber hinaus zeigte sich, dass 
hygiene-, sicherheits- und wartungsbezogene Informationen für diesen Wirtschaftszweig von be-
sonderer Bedeutung sind. 
 Fünf Empfehlungen für die Implementierung von AIR-Vorlagen wurden aus den Ergebnissen 
der semistrukturierten Interviews abgeleitet. Diese wurden anschließend in eine Struktur zur Im-
plementierung von AIR-Vorlagen für Eigentümer und Betreiber im CREM übersetzt und in drei 
Hauptstufen formalisiert: Die individuelle Anpassung, die Auswahl und das Mapping von Infor-
mationsanforderungen. Die Struktur ist definiert als ein 12-stufiges Flussdiagramm mit drei Bah-
nen für die drei relevanten Stakeholder bei der AIR-Definition und -Implementierung. 
 Die vorliegende Arbeit erweitert den Stand der Forschung auf diesem Gebiet und schafft die 
Grundlagen für weitere Forschungsrichtungen durch insgesamt vier Beiträge. Erstens wurde 
eine Liste von BIM-Anwendungsfällen definiert, welche die Bereitstellung von Facility Services 
im CREM unterstützen. Zweitens wurden BIM-Anwendungsfälle mit einer hohen Implementie-
rungspriorität in allen Wirtschaftszweigen identifiziert. Drittens wurde ein präziser Ansatz für 
die Definition von AIR-Vorlagen identifiziert sowie die erste Iteration von AIR-Vorlagen für vier 
BIM-Anwendungsfälle für das CREM in der chemischen Industrie entwickelt. Viertens wurde ein 
Konzept zur Implementierung von AIR-Vorlagen für Eigentümer und Betreiber im CREM in der 
chemischen Industrie und weiteren Wirtschaftszweigen formalisiert. Weitere Forschungsrich-
tungen eröffnen sich durch Studien auf der Grundlage der entwickelten Liste von BIM-
Anwendungsfällen, die Definition von standardisierten BIM-Anwendungsfällen und AIR für das 
CREM sowie die Untersuchung weiterer Gebäudenutzungen und Wirtschaftszweige in diesem 
Zusammenhang. 
 
 
 
 
 
 
 
 



 

 
 

1 Introduction 

 Point of Departure 

Digitalisation in the architecture, engineering, construction, and operation (AECO) industry 
finds itself at a disadvantage in comparison to most other industry sectors. In recent years, how-
ever, the advent of technologies like the internet of things (IoT), 3D scanning, and building in-
formation modelling (BIM) have greatly accelerated this process, especially in the fields of 
building design, construction, operation, and maintenance (European Construction Sector Ob-
servatory, 2021). Accordingly, actors like the EU BIM Task Group have identified BIM implemen-
tation as “the construction sector’s moment of digitalisation” for all building life cycle phases 
(EU BIM Task Group, 2018, p. 8).  
 In this context, the potential for direct or indirect financial savings is a frequently-mentioned 
expected benefit of BIM implementation. Concerning the impact of each life cycle phase on the 
accumulated life cycle cost of a building, it is widely acknowledged that the cost of the opera-
tional phase greatly exceeds that of all other life cycle phases combined. Based on ISO 15686-5, 
this cost is composed of operational and maintenance costs, constituting two of the four elements 
of the life cycle cost (LCC) of a building (International Organisation for Standardisation, 2017a).  
 Estimations of the financial impact of the operational phase on the overall life cycle cost vary 
between 60 % (Lewis et al., 2010) and 85 % of the total life cycle cost (Scarponcini, 1996). Given 
this financial impact, potential cost savings through BIM implementation in the operational 
phase are expected to be considerable. As a result, academic research on BIM implementation in 
the operational phase has steadily been growing over the past few years (Edirisinghe et al., 2017).  

 Problem Statement 

A study by Gerbert et al. (2016) estimated the cost-saving potential of BIM implementation for 
different building use classes. The results show that the cost-saving potential in the operational 
phase of industrial projects such as power stations and chemical plants or discrete manufactur-
ing plants is estimated at between 8 % and 13 %. Given that corporate real estate management 
(CREM) often represents one of the largest expenses for organisations in many industry sectors, 
it can be assumed that CREM departments can considerably contribute to the success of an or-
ganisation by achieving cost savings through BIM implementation (Nase and Arkesteijn, 2018; 
Pfnür, 2014).  
 The BIM-based provision of facility services appears to be a suitable starting point for BIM 
implementation in this context. This is because BIM-based data management is expected to offer 
substantial efficiency gains for the provision of facility services (Wilkinson and Jupp, 2016). How-
ever, relevant research on BIM implementation in CREM remains limited and is only progressing 
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slowly, “despite [the] disproportionate physical dominance [of corporate real estate] within most 
societies” (Abideen et al., 2022, p. 32). One of the most frequently identified obstacles in this con-
text lies in the definition of information requirements for BIM uses. Munir et al. (2019) concluded 
that many owners and operators struggle with BIM implementation in the operational phase be-
cause of limited experience or knowledge in this field. Additionally, Cavka et al. (2017) found 
that some owners and operators show a general lack of awareness regarding the need for an early 
and comprehensive definition of information requirements before the planning and construction 
phases while the few existing guides for owners and operators are of limited use.  
 Alshorafa and Ergen (2020) state that “there is no guidance to determine what information 
should be included in a BIM model for different BIM uses” and that “[the] available standards 
require highly accumulated experience and understanding of the entire BIM use”. As a result, 
inaccuracies in the definition of information requirements and information capture frequently 
occur. This impedes BIM implementation in the context of CREM, as owners and operators often 
rely on generic recommendations for the definition of information requirements.  
 Dixit et al. (2019) suggested that further research be conducted to define templates or guides 
for BIM use implementation to address these obstacles. Edirisinghe et al. (2017) similarly con-
cluded that further research on the definition and implementation of specific BIM uses in the 
operational phase is needed. However, relevant research also indicates that the industry sector 
of an organisation influences its information requirements for processes in the operational phase 
(Cavka et al., 2017; Munir et al., 2020). Therefore, any approach to the development of templates 
or guides for BIM use implementation has to accommodate the individual characteristics of the 
investigated industry sectors.  

 Research Objectives 

The presented research aims to address the above-mentioned research gaps by providing BIM 
use-specific templates for asset information requirements (AIR) and a respective implementation 
framework promoting their implementation in CREM. It aims to enable owners and operators in 
CREM to independently identify and implement BIM uses, contributing to the process execution 
and provision of facility services within their respective organisations. In this context, four tra-
jectories were defined for this research.  
 The first is the identification of potential BIM uses supporting the provision of facility services 
in CREM and the definition of these identified BIM uses to accommodate the specific context of 
CREM. Second is the identification of BIM uses with a high implementation priority across all 
industry sectors for the further development of AIR templates and the assessment of their imple-
mentation priority. Third is the definition of the AIR template for the BIM uses for CREM with a 
high implementation priority and the identification of the most accurate approach to AIR tem-
plate definition. The fourth is the support of the practical implementation of the project results 
by providing an AIR template implementation framework for owners and operators in CREM.  
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 Four research questions (RQ) have been formulated based on these research trajectories: 
RQ 1: Which facility services can be supported through BIM uses in the context of CREM? 
RQ 2: Which BIM uses for CREM have the highest implementation priority? 
RQ 3: Which is the most accurate approach for the development of AIR templates for CREM?  
RQ 4: How can the implementation of AIR templates be formalised for owners and operators in 
CREM? 
 



 

 
 

2 Background 

As the presented research concerns the investigation of BIM implementation in the context of 
CREM, it overlaps with a multitude of different research fields. This chapter provides an overview 
of the research fields constituting the background for the presented research.  

 Corporate Real Estate Management 

CREM originated in the 1930s when the first real estate departments were established within cor-
porations. These departments focused on the alignment of real estate to corporate needs and 
objectives. Their main purpose was to address the needs and wishes of shareholders and differ-
ent stakeholders on strategic, tactical and operational levels.  
 By the 1980s, the term “corporate real estate management” had been coined and established 
as an academic discipline (van der Voordt, 2017). Today, CREM describes the management of the 
built assets owned by an organisation.  
 Regarding the precise delimitation of the term “corporate real estate” (CRE), Heywood and 
Kenley (2013) propose two possible definitions: all real estate owned by an organisation, whether 
core-business-related or not, or exclusively the real estate related directly to the core business of 
an organisation, provided that the core business is not real estate. The authors of this paper fa-
vour the latter definition as CREM represents the demand side of the real estate economy and 
takes a use perspective rather than an investment-ownership perspective. Glatte (2021) likewise 
defines CREM as core business-related.  
 The predominant building use classes in CREM are office, storage, production, and retail 
buildings (Krumm, 2001). Depending on the industry sector of an organisation, real estate and 
CREM can account for up to 20 % of the running costs, making it the second largest expense in 
many industry sectors (Pfnür, 2014). The majority of these expenses, however, do not result from 
capital expenditure (CAPEX) during the planning and construction phases but from operational 
expenditure (OPEX) during the operational phase, as illustrated in Figure 1. 
 

 

Figure 1: The financial impact of the operational phase within the building life cycle based on Lewis et al. (2010) 
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 The OPEX of a building accounts for up to 85 % of the life cycle cost of a building, mainly 
resulting from operational and maintenance processes based on ISO 15686-5 (International Or-
ganisation for Standardisation, 2017a; Lewis et al., 2010). Therefore, the planning and construc-
tion phases are not the only factors to be considered when assessing the life cycle costs of CRE. 
Instead, cost-effectiveness and its optimisation in the operational phase as well as the identifi-
cation of inefficiencies have gradually become one of the main goals of modern CREM. In so do-
ing, CREM has gradually shifted from being considered a mere workplace provision to being 
viewed as a department contributing immensely to the performance of other departments and 
areas of a business such as human resources, finances, internal culture development, productiv-
ity, and marketing. Therefore, some argue that CREM has a strategic capability, contributing di-
rectly to the success of an organisation and ranging from the operational to the strategic level 
(Glatte, 2021; Omar and Heywood, 2014; van der Voordt, 2017). In this context, the alignment of 
CREM objectives to the strategic goals of an organisation can be achieved through improvements 
in productivity, property management, the handling of facilities, and reduced operating costs 
(Omar and Heywood, 2014). As illustrated in Figure 22, CREM includes the FM disciplines of asset 
management, property management, and building management. Thus, it can initiate and 
achieve improvements across all these management levels. 
 

 

Figure 2: Disciplines of CREM and infrastructural facility services based on Glatte (2021) 

 Even though Glatte (2021) considers most aspects of FM to be part of CREM, the exact relation-
ship between CREM and FM still gives rise to discussions. The relationship, similarities, and dis-
similarities between CREM and FM were investigated by van der Voordt (2017). According to van 
der Voordt, it can be concluded that CREM and FM often have different histories, key objectives, 
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concepts, theories and data tools. In summary, the author states that FM focuses on non-core 
business services and their management while CREM focuses on the integration of management 
disciplines and cost control. Furthermore, van der Voordt states that CREM regards real estate as 
an asset used for its purposes, whereas FM is service-oriented, mainly considering the fulfilment 
of demands related to space, infrastructure, people and organisations. Even so, a clear conver-
gence can be observed between CREM and FM and an ever-increasing integration and alignment 
between the two, raising the question of future terminology.  
 As the exact relationship between CREM and FM remains a field of research providing ample 
material for discussion, this dissertation is confined to using the term CREM to describe all as-
pects of FM except facility services, as described by Glatte (2021). 

 Building Information Modelling 

The term “building information model” first appeared in 1992 in a publication by van Nederveen 
and Tolman (1992). It described an approach to develop a model containing building information 
based on the individual views of different stakeholders in a construction project. The concept of 
BIM, however, dates back to the 1970s. Eastman et al. (1974) developed the so-called building 
description system (BDS), incorporating a system for entering complex shapes as well as the ca-
pability to edit and compose data, produce perspectives or orthographic drawings, and sort and 
format databases via attributes.  
 Further development of the principles defined in the BDS led to the creation of the Graphical 
Language for Interactive Design (GLIDE). It is considered one of the precursors to modern BIM 
software. Eastman and Henrion (1977) defined GLIDE as a “general language with object model-
ling capabilities in a database environment […] intended to form a convenient basis for construct-
ing a new generation of more powerful CAD applications” (Eastman and Henrion, 1977, p. 25).  
 Following this development, further precursors to modern BIM software evolved simultane-
ously in different countries. In the UK, the software RUCAPS from 1977 and its successor SONATA 
from 1986 are two of the most prominent forerunners of modern BIM (Port, 1989; See, 2007). At 
the same time, the software Radar-Ch was developed by a German-Hungarian collaboration and 
released in 1982 (Pavan et al., 2020). In France, the software Architrion was developed in the 
1980s and released in 1989 (Pavan et al., 2020). In 2002, the term “building information model-
ling”, as it is used today, was introduced in a whitepaper by Autodesk (2002).  
 ISO 19650-1 defines BIM as the “use of a shared digital representation of a built asset to facil-
itate design, construction and operation processes to form a reliable basis for decisions” (Inter-
national Organisation for Standardisation, 2018a, p. 5). Messner et al. (2019) specify that “BIM is 
a shared knowledge resource for information about a facility forming a reliable basis for deci-
sions during its life cycle; defined as existing from earliest conception to demolition. A basic 
premise of BIM is the collaboration by different stakeholders at different phases of the life cycle 
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of a facility to insert, extract, update or modify information in the BIM to support and reflect the 
roles of that stakeholder” (Messner et al., 2019, p. 11).  
 Both definitions include three core principles of BIM: the emphasis on stakeholder collabora-
tion and involvement, the goal to encompass the whole life cycle of a building, and the use of a 
shared digital representation, as illustrated in Figure 3 (Wu et al., 2020).  
 

 

Figure 3: Application scope of BIM by Wu et al. (2020), licence: CC BY 3.0 

 By incorporating and implementing these core principles, BIM aims to overcome “silo men-
talities”, the late or inadequate involvement of owners or operators, as well as insufficient com-
munication between stakeholders (Munir et al., 2019; Pärn et al., 2017; Sobhkhiz et al., 2021). 
However, the implementation of BIM and its core principles continues to pose a challenge to the 
AECO industry as they require loss-free data storage and exchange between different disciplines 
and life cycle phases. This challenge was addressed through the development of a common data 
environment (CDE) constituting an indispensable tool for the incorporation of the three core 
principles of BIM, as illustrated in Figure 4.  
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Figure 4: Common data environment (CDE) concept based on ISO 19650-1 

A CDE serves as an “agreed source of information for any given project or building, for collecting, 
managing and disseminating each information container through a managed process” (Interna-
tional Organisation for Standardisation, 2018a, p. 5). To facilitate, optimise, and secure this data 
exchange, the BIM stored in a CDE is used as a single source of truth (SSOT).  
 In contrast to separated digital representations for different disciplines, a CDE aims to estab-
lish efficient and transparent information flows of reliable and up-to-date data between all stake-
holders. However, the above-mentioned variety of BIM software poses an obstacle to the concept 
of a CDE, as the data exchange between different software tools remains chronically prone to 
error (Dixit et al., 2019). To address this challenge, the International Alliance for Interoperability 
(IAI) was founded in 1994 and renamed “buildingSMART” in the early 2000s. It aims to develop 
a platform-neutral, open data schema specification to facilitate data model exchange within the 
AECO industry. As a result, the industry foundation classes (IFC) were defined to promote in-
teroperability and loss-free data exchange between different software for object-oriented build-
ing models (Bazjanac and Crawley, 1997). To further enhance interoperability and compatibility, 
IFC defines multiple formats for different application scenarios, as shown in Table 1. Today, the 
STEP Physical File format is the most commonly used IFC format. 

Table 1: Current IFC formats based on buildingSMART Technical Services (2023) 

Format Extension Size 
STEP Physical File (SPF) .ifc 100 % 
Extensible Markup Language (XML) .ifcXML 113 % 
ZIP .ifcZIP 17 % 
Terse RDF Triple Language (Turtle) .ttl based on ifcOWL 1372 % 
Resource Description Framework (RDF/XML) .rdf based on ifcOWL 816 % 
JavaScript Object Notation (JSON) .json 148 % 
Hierarchical Data Format (HDF) .hdf n/a 
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 Asset Information Requirements for Facility Services 

As illustrated in Figure 2, facility services stand apart in the field of facility management. ISO 
41011 defines facility services as a “support provision to the primary activities of an organisation, 
delivered by an internal or external provider” (International Organisation for Standardisation, 
2017b, p. 1).  
 On a European level, EN 15221-4 describes and classifies facility services, including the activ-
ities, facilities, and processes necessary for their provision (Comité Européen de Normalisation, 
2011). It further specifies that the main task of any facility management department is to effec-
tively support the main activities of an organisation and to add value to the client organisation. 
This can be achieved through the coordinated provision of individual facility services.  
 Individual facility services are considered individual processes, composed of various stand-
ardised facility services or facility products. The standardised facility services or facility products 
are categorised into several hierarchically structured and classified processes. To define an indi-
vidual facility service, “standardized [facility services or facility products] defined [EN 15221-4] 
can be combined to ‘individual’ facility services provided to the customers” (Comité Européen 
de Normalisation, 2011, p. 80).  
 In Germany, the GEFMA 100-2 guideline provides a widely-used catalogue of FM main pro-
cesses and corresponding FM processes for all life cycle phases. For the operational phase, 
GEFMA 100-2 defines a total of nine FM main processes and their corresponding FM processes 
(German Facility Management Association e.V., 2004). Despite the divergent terminology, these 
FM main processes and corresponding FM processes are, in most parts, equivalent to the stand-
ardized facility services or facility products defined in EN 15221-4.  
 The research presented in this paper uses the term “facility service” to describe the “stand-
ardised facility services or facility products” based on EN 15221-4 and the “FM processes” based 
on GEFMA 100-2. Facility services constitute the basis for most processes in facility management 
and, as a consequence, in CREM. Therefore, the alignment of facility services to the main activity 
of an organisation is an essential goal of CREM. To fully harness the potential of BIM in CREM, 
the information needed for the provision of a facility service has to be translated into BIM-based 
deliverables to be subsequently defined as information requirements.  
 When initiating a project, owners and operators can order their information requirements and 
integrate them into the project-specific AIR. Based on ISO 19650-1, “[the] AIR set out managerial, 
commercial and technical aspects of producing asset information”. Furthermore, “[the] technical 
aspects of the AIR specify those detailed pieces of information needed to answer the asset-related 
[organisational information requirements] (OIR)” (International Organisation for Standardisa-
tion, 2018a, p. 10). The OIR constitute the fundamental information requirements defined by the 
appointing party or client “to meet the needs of its organisational functions and its asset man-
agement system” (International Organisation for Standardisation, 2020, p. 14). Both the AIR and 
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the OIR are integrated into the exchange information requirements (EIR), “[setting] out manage-
rial, commercial and technical aspects of producing project information” (International Organi-
sation for Standardisation, 2018a, p. 10).  
 After defining the OIR, AIR, PIR, and EIR, a BIM execution plan (BEP) can be developed. This 
document defines how information management and exchanges should be conducted. After its 
confirmation, the responsibility matrix, task information delivery plan(s) (TIDP), master infor-
mation delivery plan (MIDP), and appointment documents are specified, as defined in ISO 19560-
2 (International Organisation for Standardisation, 2018b). Figure 5 illustrates this information 
requirement progression from the OIR to the BEP and, eventually, into the AIM.  
 

 

Figure 5: BIM execution model based on Bauen digital Schweiz/ buildingSMART Switzerland (2020) 

 Based on the BEP, TIDP, and MIDP, the architects, engineers, and contractors are then obliged 
to add the information requirements for their respective discipline to the project information 
model (PIM). In the further course of the project, they are responsible for updating their respec-
tive information requirements during the planning and construction phases until the handover 
of the asset information model (AIM). However, the above-mentioned lack of templates or guides 
hampers the definition of AIR for facility services in CREM. To address this research gap, several 
studies have investigated the definition and development of AIR templates in this context.  
 Mayo and Issa (2016) identified an absence of guiding documents for owners and operators. 
The authors suggested that the definition of information requirement templates for owners and 
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operators be investigated in further research. Ashworth et al. (2017) state that research on infor-
mation requirements for the operational phase was scarce. The authors concluded that owners 
and operators are often confronted with extensive information requirements when tackling BIM-
based projects. Therefore, the authors suggested that further research on templates or guides 
regarding predefined information requirements be conducted.  
 Cavka et al. (2017) based their study on the observation that BIM implementation in the oper-
ational phase is hampered by a lack of knowledge regarding BIM-based information require-
ments for the provision of facility services. To address this research gap, the authors aimed to 
establish a systematic approach to the definition of information requirements. The authors con-
cluded that the industry sector of an organisation strongly influences its information require-
ments for the operational phase, impeding the generalisation of the defined information 
requirements across all industry sectors.  
 Munir et al. (2019) state that owners and operators can be overwhelmed by the amount of 
potentially significant information requirements for the operational phase. This renders the iden-
tification of truly necessary information requirements a time-consuming and laborious task. To 
address this obstacle, the authors aimed to define sets of mandatory key information require-
ments for the operational phase. The authors also found that the information requirements of an 
organisation are influenced by its industry sector, hampering the global generalisability of the 
defined information requirement templates. In conclusion, the development of structured yet 
customisable guides for BIM implementation in the operational phase was suggested.  
 Dixit et al. (2019) based their study on the observation that research on BIM implementation 
in the operational phase was still highly limited. The authors aimed to identify the key challenges 
of BIM implementation in the operational phase to derive further research directions and poten-
tial solutions. In conclusion, the authors suggested that further research be conducted to develop 
documents defining BIM uses for the operational phase.  
 Alshorafa and Ergen (2020) identified an absence of guiding documents on BIM implementa-
tion for owners and operators. In conclusion, the authors suggested further research on precisely 
defined BIM uses, their process descriptions, and information requirements to support stake-
holders with limited BIM experience. 

 BIM uses  

The early consideration of all life cycle phases is indispensable for the successful implementa-
tion of the BIM method. Given the complexity of today’s construction projects, the simultaneous 
consideration of the construction, handover, operational, renovation, and demolition phases re-
quires considerable expertise and far-sightedness. In response to this complexity and the result-
ing information requirements, the concept of BIM uses was developed to facilitate the structuring 
of information requirements. The buildingSMART Alliance defines a BIM use as “a method or 
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strategy of applying [BIM] during a facility’s life cycle to achieve one or more specific objectives” 
(buildingSMART Alliance, 2013, p. 5).  
 Based on this concept, a BIM use typically consists of three parts, as illustrated in Figure 6. 
These are the BIM use definition, the process description, and the information requirements. The 
initial BIM use definition elaborates not only on its description but also on its benefits, goals, 
basics and delimitations from other BIM uses. The achievement of these benefits and goals 
through BIM uses is a core concept of BIM implementation. As BIM aims to encompass the entire 
building life cycle, a considerable quantity of BIM uses for different processes in different life 
cycle phases has been identified by national and international organisations.  
 

 

Figure 6: The concept of BIM uses based on Bauen digital Schweiz/ buildingSMART Switzerland (2019) 

 This abundance of interdependent BIM uses, often serving as input and output for each other 
across life cycle phases and stakeholders, requires the early identification and definition of all 
relevant BIM uses and their interdependencies, as illustrated in Figure 7. As mentioned above, 
all relevant BIM uses need to be identified during the project initiation “beginning with the end 
in mind” to include their information requirements in the EIR (Messner et al., 2019, p. 28). As 
Figure 7 illustrates, BIM uses for the operational phase often rely on the output from BIM uses 
from the planning and construction phases. 
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Figure 7: BIM uses and their interdependencies throughout the life cycle phases of a building based on Joseph (2011) 
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 As research on BIM implementation in the operational phase progresses, the identification 
and definition of BIM uses in this context are investigated. However, studies focusing specifically 
on CREM and its unique requirements are rare and the identified information requirements are 
rarely linked to specific BIM uses. Despite the limited research on BIM uses for CREM, two studies 
investigating his field of research could be identified.  
 Lazar and McArthur (2016) developed a data visualisation application of BIM to connect de-
centralised systems in CREM. The authors investigated three BIM uses in their case study: space 
management, complaints visualisation, and equipment maintenance. The results showed that 
the key benefit of BIM lies within its function as a central hub for information exchange between 
different platforms. In conclusion, the authors suggested that further research should further 
investigate the application of BIM as a visualisation tool and as an information exchange hub.  
 Carbonari et al. (2018) investigated which tasks in FM and CREM are prone to inefficiencies to 
identify BIM application areas in this context. The authors mapped the perceived inefficiency of 
tasks against the number of IFC entities necessary for their execution. The results showed that 
the tasks benefiting most from BIM implementation are asset records, the analysis of mainte-
nance data, satisfaction surveys, the evaluation of business performance, and post-occupancy 
evaluation. In addition to these research results, several characteristics are to be considered 
when identifying and defining BIM uses in the context of CREM. CREM portfolios are often large 
and diverse, comprising a variety of sometimes highly complex buildings (Carbonari et al., 2018). 
 This makes CREM an intriguing field of BIM implementation as it offers a considerable number 
of starting points for the implementation of BIM uses. However, information management itself 
can be a considerable cost factor in CREM, as the operation of technically complex and diverse 
buildings often involves large amounts of heterogeneous data (Wilkinson and Jupp, 2016). Thus, 
selecting multiple BIM uses and ordering the respective information bears the risk of adding 
workload but no appropriate value if conducted without prior evaluation of the realistic benefit. 
In light of these characteristics, the selection of BIM uses should be conducted carefully and in 
direct correspondence with the objectives and information management processes of an organi-
sation. Furthermore, any AIR templates in this context should aim to be as concise as possible to 
avoid unnecessary information management workload.  
 Finally, related research also indicates that the industry sector of an organisation influences 
its information requirements, as mentioned above (Cavka et al., 2017; Munir et al., 2020). Thus, 
it is plausible to assume that AIR templates for BIM uses for CREM may only be generalisable to 
a certain extent.



 

 
 

3 Methodology 

As relevant research on BIM implementation in CREM remains limited, the amount of available 
quantitative and qualitative data is likewise restricted. Therefore, an exploratory approach was 
adopted for this paper. This chapter provides an overview of the research methods adopted dur-
ing the research.  

 Literature review 

 Systematic Literature Review 

Literature reviews are an integral part of academic research as they lay the groundwork for “mak-
ing scholarly knowledge accessible, identifying gaps in this knowledge, determining research 
questions for empirical research and informing evidence-based interventions, policies, practices 
and treatments” (Dekkers et al., 2022, p. xiii). In the context of empirical studies, literature re-
views mainly serve two purposes. Firstly, the identification of scholarly knowledge and the ex-
planation of how the investigation is going to build on it. Secondly, the development and 
justification of the adopted study design and data collection methods. Therefore, literature re-
views need to provide five results:  

- The identification of research gaps and the assessment of their relation to the topic of the 
research 

- The consolidation of the identified scholarly knowledge 
- The conceptualisation of the identified constructs, perspectives, and variables 
- The overview of how the identified scholarly knowledge is related to the applied methods 
- The development of potential limitations and expedient countermeasures for the re-

search.  
 

An initial obstacle to conducting SLR, however, is the fact that it is often unknown which sources 
should be identified and how they can be procured. Even if a precise idea of the required sources 
exists, they are likely to be highly diverse, e.g. scientific papers, essays, newspaper articles, re-
views, or book chapters, and distributed over various sources, e.g. bibliographic databases of 
journals or publishers or library catalogues. Additionally, sources are often indexed differently, 
e.g. by keywords, short summaries, or highlights (Dekkers et al., 2022; Franke et al., 2014). To 
address these obstacles, a ten-step process is applied in this paper and refined during repeated 
application to identify, collect, analyse, and synthesize sources, as illustrated in Figure 8.  
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Figure 8: Process for an SLR for qualitative synthesis based on Dekkers et al. (2022) 

 Snowball System 

Alongside the SLR, the “snowball system” was applied. The snowball system is an unsystematic 
form of literature search often applied as a supplement to systematic research methods. When 
analysing relevant sources, the sources cited within them are also evaluated. If further sources 
are identified that are yet unknown but potentially relevant, they are obtained and the cited 
sources within them are evaluated in turn. Inclusion and exclusion criteria are applied based on 
the adopted systematic literature review process or research protocol. This process offers two 
major benefits. Firstly, it allows the identification of sources that were not covered by systematic 
research methods. Secondly, repeated application without the identification of unknown litera-
ture indicates that the vast majority of relevant sources have been identified and considered (Car-
doso Ermel et al., 2021; Dekkers et al., 2022). 

 Online Questionnaire Survey 

Online questionnaire surveys (OQS) are a widespread internet-based tool for data collection 
based on the application of online surveying tools and questionnaires. The questionnaires are 
usually made accessible on the server of a university, research institute or other provider. Poten-
tial participants receive links directing them to the surveying tools where they are asked to fill 
out the questionnaires. The choice of whether OQS are an appropriate tool for data collection 
must be made carefully. Thus, the advantages and disadvantages of alternative survey methods 
should be weighed against those of OQS.  
 At first glance, OQS have several advantages over telephone surveys, face-to-face interviews, 
and written-postal surveys. Firstly, they are time-independent and space-independent, allowing 
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all potential respondents to be simultaneously contacted regardless of long distances. This coun-
teracts undesirable methodological effects that may occur due to different survey times and lo-
cations. Secondly, OQS easily allow the integration of new, graphically sophisticated 
instruments. Interactive questionnaire elements such as sliders or drag-and-drop as well as mul-
timedia content such as pictures, audio elements or videos can be integrated without much ef-
fort. These tools can motivate participants and help to clarify questions (Homburg et al., 2022; 
Sarstedt and Mooi, 2019). However, OQS also have certain disadvantages. The most obvious dis-
advantage is the fact that the actual qualification and eligibility of a participant for a survey are 
difficult and sometimes impossible to gauge. Additionally, OQS face obstacles when it comes to 
motivating the accessible population to participate. Internet users, especially experts in high po-
sitions, are often harassed by mass mailings or other inquiries, some of them with a commercial 
interest (Homburg et al., 2022; Stockemer, 2019; Wagner-Schelewsky and Hering, 2019). 
Measures to address these disadvantages include the distribution of OQS through specialist plat-
forms, the inclusion of questions on the participants professional background and experience, 
and so-called “snowball sampling” relying on the further distribution of the OQS by verified ex-
perts.  

 Cronbach’s Alpha 

Cronbach's alpha (also Cronbach's α, rho-equivalent reliability, or coefficient alpha) is a measure 
of the internal consistency of a group of questions within a questionnaire. When calculating 
Cronbach's alpha, a group of questions is called a scale and each question in that group is called 
an item. Cronbach's alpha is a measure of the internal consistency of a scale, i.e. the extent to 
which the items in a scale are related to each other. This allows an estimate of how high the 
reliability, i.e. the measurement accuracy of that scale, is. The standardized Cronbach's alpha is 
calculated using the formula: 

𝛼𝛼 =  
𝑘𝑘𝑐𝑐̅

�̅�𝑣 + (𝑘𝑘 − 1) ∗ 𝑐𝑐̅
  

 Where 𝑘𝑘 represents the number of items, �̅�𝑣 the average variance, and 𝑐𝑐̅ the average inter-item 
covariance. It expresses the internal consistency of a scale by taking values between 0 (low in-
ternal consistency) and 1 (very high internal consistency). The higher the internal consistency of 
a questionnaire is, the closer Cronbach's alpha is to the value 1. As mentioned above, the internal 
consistency allows the reliability of a scale to be estimated indicating how accurately a test can 
measure a variable. Therefore, a high Cronbach’s alpha indicates that the observed scale 
measures the included variables with high accuracy (Sarstedt and Mooi, 2019; Taber, 2018). 
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 Eta Coefficient 

The eta coefficient or 𝜂𝜂 (the small Greek eta) is a measure that can be used to describe the rela-
tionship between a nominal and a metric variable. Karl Pearson, who first published this meas-
ure in 1905, initially called it the correlation ratio. Later, it became known as the correlation index 
or 𝜂𝜂-coefficient (Pearson, 1905). It makes it possible “to measure the strength of a nonlinear or 
curvilinear association; in other words, it is a test for correlation between a categorical and a 
scale variable. Because categorical data by its nature cannot exist in a truly linear relationship 
with scale data, we cannot use the typical measure of linear association, Pearson’s Correlation 
Coefficient. However, the eta Coefficient can test for correlation in curvilinear or nonlinear rela-
tionships” (Scott Jones, 2019, p. 2). This means that the eta coefficient can be calculated as a 
measure of the relationship between two variables, of which the dependent (Y) variable has the 
measurement level of an interval or ratio scale, while the independent (X) variable can have any 
measurement level, i.e. also that of a nominal scale. 
 Examples of what the eta coefficient can be calculated for are employment status (X) and 
monthly income from work (Y), religious denomination (X) and frequency of certain religious 
activities (Y). It is always possible to reduce a ratio or interval scale to an ordinal or nominal scale 
to calculate a coefficient expressing the relationship between the variables. The eta coefficient is 
calculated using the formula: 

𝜂𝜂 =  
1

𝑛𝑛 − 1 × ∑ × 𝑛𝑛𝑗𝑗𝑘𝑘
𝑗𝑗 (𝑦𝑦�𝑗𝑗− 𝑦𝑦�)2

𝑠𝑠𝑦𝑦2
  

 𝑛𝑛 represents the number of items, 𝑦𝑦� represents the mean value of the variable, and 𝑠𝑠𝑦𝑦 signifies 
the variance of 𝑦𝑦�. It expresses the strength of the relationship between the two variables by tak-
ing values between 0 (no association) and 1 (strong association). The interpretation of the eta 
coefficients can be conducted based on Pearson’s correlation coefficient, as shown in Table 2. 

Table 2: Pearson’s correlation coefficient for the interpretation of the eta coefficient 

Pearson’s Correlation Coefficient Interpretation 
0.00 No association between the two variables 
0.01 – 0.19 No or negligible association between the variables 
0.20 – 0.39 Weak association between the variables 
0.40 – 0.69 Medium association between the variables 
0.70 – 1.00 Strong association between the variables 
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 Semi-structured Interviews 

The semi-structured interview (SSI) is an interview method among the qualitative, open forms of 
data collection. It is a form of questioning which, along with content analysis and observation, 
is one of the three basic methods of empirical social and communication research. It can be de-
fined as a form of data collection using the interview guides as an instrument to collect verbal 
data (Loosen, 2015). It is partially structured through an interview guide determining the ques-
tions and their order for the interview.  
 In contrast to strictly structured interviews, the SSI allows some freedom and does not script 
the entire interaction between the interviewer and the interviewee. Thus, the SSI aims to find a 
balance between the desired openness of interview situations and the necessary structure to as-
sure the comparability of the findings. This can be accomplished by developing an interview 
guide outlining the questions and their sequence but allowing the interviewer to dig deeper or 
the interviewee to elaborate further on certain questions.  
 Consequently, the SSI offers several advantages including a high information gain, a certain 
degree of flexibility, a clear structure, and comparably easy application even for less experienced 
interviewers. However, the SSI also has certain disadvantages. The preparation and execution of 
an SSI can be time-consuming and the comparison of the results also requires considerable work 
and diligence, making data collection and evaluation more difficult than highly structured or 
quantitative methods (Sarstedt and Mooi, 2019; Yin, 2016). Measures to address these disad-
vantages include the limitation of open questions and the early development of detailed evalua-
tion and analysis techniques.  

 Information Requirement Generalisation 

Regarding the definition of generalisable AIR templates, various approaches can be discerned. 
The Deutsches Institut für Normung e.V. (2021) published a “BIM Standardisation Roadmap” rec-
ommending that standards be developed to define the scope and content of different BIM uses 
in different life cycle phases. However, precise information requirements or implementation pro-
cedures are excluded from this recommendation. In contrast, buildingSMART International 
(2023) has adopted a more detailed approach. Its “Use Case Management” platform defines op-
erational processes as well as information requirements for different BIM uses in different life 
cycle phases based on the IDM (Information Delivery Manual) methodology.  
 The BIMe initiative (2023) proposes a third approach: the so-called “Model Use Templates”. 
Despite still being under development, its stated aim is to define extended definitions, software 
tools, and activity flow diagrams for different BIM uses in different life cycle phases. On the one 
hand, the above-mentioned concepts illustrate a certain diversity of approaches for the defini-
tion of AIR templates for BIM uses. On the other hand, they are indicative of a fundamental dis-
agreement on how and to which extent AIR templates for BIM uses should be defined and 
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structured. Nonetheless, the development of AIR templates for BIM uses requires the generalisa-
tion of information requirements based on an accurate approach. Based on the above-mentioned 
concepts and related research, two approaches to the generalisation of information requirements 
have been identified. Both approaches are discussed in the following sections. 

 Method 1: Triangulation 

The triangulation of information requirements is the first approach to the generalisation of infor-
mation requirements. The triangulation method is defined by the consideration of a research ob-
ject from three or more perspectives. Relevant research often applies this approach when 
multiple sources for the definition of information requirements are available. Based on Flick 
(2018), this approach requires the inclusion of multiple investigators, theories, methods, data 
sources, or perspectives to increase the reliability of the research results. Therefore, data source 
triangulation was selected as the first approach to the generalisation of information require-
ments.  

 Method 2: Process Diagrams 

Process diagrams are another frequently adopted approach for the definition of information re-
quirements in relevant literature. Due to its definition of distinct process steps, it is particularly 
suitable for clearly defined and delimited activities. Regarding the generalisation of information 
requirements for BIM uses, process diagrams are also recommended by buildingSMART Interna-
tional (2023) as they align with the process, interaction, and transaction maps defined in ISO 
29481-1 (International Organisation for Standardisation, 2016). Therefore, the definition of pro-
cess diagrams was selected as the second approach to the generalisation of information require-
ments.  

 Fleiss’ Kappa 

Fleiss' kappa (κ) is a statistical measure of the inter-rater reliability of assessments by three or 
more raters. To apply Fleiss' kappa, the measured variable must be a nominal variable. This 
means that its values represent categories that cannot be ranked naturally or measured using an 
interval or ratio scale. A typical example of this statistical measure is whether three psychologists 
or doctors agree on their diagnoses regarding the same patients. The inter-rater reliability based 
on Fleiss’ kappa was calculated using the following formulas: 
 

1. 𝜅𝜅 =  𝑃𝑃
�−𝑃𝑃𝑒𝑒���
1−𝑃𝑃𝑒𝑒���

 

2. 𝑝𝑝𝑗𝑗 = 1
𝑁𝑁𝑁𝑁
∑ 𝑛𝑛𝑖𝑖𝑗𝑗𝑁𝑁
𝑗𝑗=1 , 1 = ∑ 𝑝𝑝𝑗𝑗𝑘𝑘

𝑗𝑗=1  



   Fleiss’ Kappa 21  

 
 

3. 𝑃𝑃𝑖𝑖 = 1
𝑁𝑁(𝑁𝑁−1)

 

4. 𝑃𝑃� = 1
𝑁𝑁
∑ 𝑃𝑃𝑖𝑖𝑁𝑁
𝑖𝑖=1  

5. 𝑃𝑃𝑒𝑒� = 1
𝑁𝑁
∑ 𝑝𝑝𝑗𝑗2𝑁𝑁
𝑗𝑗=1  

 
 𝑃𝑃� represents the mean of the 𝑃𝑃𝑖𝑖′𝑠𝑠 and 𝑃𝑃𝑒𝑒� ; 𝑃𝑃𝑖𝑖 signifies the extent to which raters agree on the ith 
subject; 𝑃𝑃𝑒𝑒�  represents the hypothetical probability of chance agreement; 𝑝𝑝𝑗𝑗  signifies the propor-
tion of all assignments which were to the jth category; 𝑁𝑁 represents the total number of subjects; 
𝑛𝑛 signifies the number of ratings per subject; 𝑘𝑘 represents the number of categories into which 
assignments are made; 𝑖𝑖 signifies the subjects; 𝑗𝑗 represents the categories of the scale; 𝑛𝑛𝑖𝑖𝑗𝑗 signi-
fies the number of raters who assigned the ith subject to the jth category.  
 Fleiss’ kappa expresses the strength of agreement between the raters by taking values be-
tween 0 (poor agreement) and 1 (almost perfect agreement). The specific interpretation of Fleiss’ 
kappa can be conducted based on Landis and Koch (1977), as shown in Table 3. 

Table 3: Interpretation of Fleiss’ kappa based on Landis and Koch (1977) 

Value of Fleiss’ kappa Strength of agreement 
< 0 Poor 
0.00 – 0.20 Fair 
0.21 – 0.40 Slight 
0.41 – 0.60 Moderate 
0.61 – 0.80 Substantial 
0.81 – 1.00 Almost Perfect 

 
 



 

 
 

4 Results 

The presented research concerns the investigation of four research trajectories to enable owners 
and operators in CREM to independently identify and implement BIM uses contributing to the 
process execution and provision of facility services within their respective organisations. Article 
1 and 2 in the appendix elaborate on how the following research trajectories were investigated:  

- The first research trajectory aimed to identify and define BIM uses for CREM based on 
national and international guides as well as relevant research. The goals were to provide 
a comprehensive, scientifically sound list of existing and potential BIM uses supporting 
the provision of facility services in CREM and a starting point for the second trajectory. 
Firstly, relevant national and international guides were identified. Secondly, the identi-
fied sources were analysed and compared to GEFMA 100-2 to identify BIM uses support-
ing the provision of facility services. Thirdly, relevant research on BIM uses in the specific 
context of CREM was identified to formulate CREM-specific definitions of the identified 
BIM uses. This research trajectory was investigated in Article 1 in the appendix. 

- The second research trajectory aimed to assess the implementation priority of the identi-
fied and defined BIM uses for CREM. The goal was to provide an expert-based prioritisa-
tion for the AIR template definition. Firstly, the potential benefit of each BIM use for 
CREM was assessed by CREM experts. Secondly, the association between the overall ben-
efit assessment of each BIM use and the respondents’ respective industry sectors was cal-
culated. Thirdly, the implementation priority of the BIM uses for CREM was assessed. This 
research trajectory was investigated in Article 1 in the appendix. 

- The third research trajectory aimed to define AIR templates for the BIM uses for CREM 
with a high implementation priority as well as to identify the most accurate approach for 
AIR template definition. The goals were to identify an accurate approach for AIR template 
definition, provide the first iteration of AIR templates for the selected BIM uses for CREM, 
and provide a starting point for the fourth trajectory. Firstly, approaches to AIR template 
definition were identified and applied to four BIM uses for CREM. Secondly, the inter-
rater reliability of the AIR templates was assessed to identify the more accurate of the two 
approaches. Thirdly, reasons for the elimination of information requirements from the 
AIR templates were collected. This research trajectory was investigated in Article 2 in the 
appendix. 

- The fourth research trajectory aimed to develop an AIR template implementation frame-
work for owners and operators in CREM. The goal was to support the independent imple-
mentation of the developed AIR templates in the planning, construction and operational 
phases in CREM. Firstly, recommendations for the implementation of AIR templates in 
CREM were derived from the previously collected reasons for the elimination of infor-
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mation requirements. Secondly, the recommendations were translated into an AIR tem-
plate implementation framework for owners and operators in CREM. This research trajec-
tory was investigated in Article 2 in the appendix. 

 This chapter provides an overview of the results obtained from the research trajectories de-
scribed above based on Article 1 and 2 in the appendix. 

 Identification of BIM uses for CREM 

The first research trajectory aimed to identify and define BIM uses which support the provision 
of facility services in CREM based on national and international guides as well as relevant re-
search. The goals were to provide a comprehensive, scientifically sound list of existing and po-
tential BIM uses which support the provision of facility services in CREM and a starting point for 
the second trajectory.  
 Article 1 in the appendix elaborates on the study design and the adopted methodology for this 
research trajectory. The list of FM processes provided by the GEFMA 100-2 was used as a baseline 
for the identification and compilation of these BIM uses (German Facility Management Associa-
tion e.V., 2004). GEFMA 100-2 defines nine FM main processes and their corresponding FM pro-
cesses for the operational phase. Out of these nine FM main processes, eight were included in 
the scope of the presented research. FM main process number nine was considered to be a con-
struction-related process as it covers refurbishment projects during the operational phase.  
During the first systematic literature review, relevant national and international guides on BIM 
implementation from countries with high BIM maturity levels were identified. As a result, a total 
of 14 guides were identified. A comparative analysis of the FM processes defined in GEFMA 100-
2 and the national and international guides resulted in the identification of 34 BIM uses for the 
operational phase. Subsequent validation of the list resulted in the addition of one further BIM 
use: “Cleaning Management: Outdoor Facilities Cleaning”.  
 During a second systematic literature review in combination with a snowball system, relevant 
research on BIM uses in the specific context of CREM was identified. As a result, a total of 8 sci-
entific publications were identified. A comparative analysis of the identified BIM uses for the 
operational phase and the identified relevant research was then conducted to formulate CREM-
specific definitions of all 35 BIM uses. Table 4 shows the identified BIM uses for CREM, their def-
initions, and the frequency references in the analysed sources. 
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Table 4: FM main process (FM m. p.), the number and title of the identified BIM uses for CREM, their definition, and 
the frequency of references in the analysed sources (Freq.)  

FM 
m.p. 

No. BIM use Definition Freq. 

1 C
om

m
is

si
on

in
g 

11 Handover and  
Commissioning 

Entering data into a PIM during design and construction 
based on the implemented BIM uses; Entering data into an 
existing AIM based on the implemented BIM uses; Entering 
data into an AIM based on the implemented BIM uses 

10 

12 As-Built  
Modelling  
and  
Documentation 

Model-based identification of defects during legal and tech-
nical checking; Model-based tracking and elimination of de-
fects; Entering warranty periods into an AIM; Model-based 
creation of handover documents 

15 

2 
M

an
ag

e 
Op

er
at

io
ns

 

21 Visualisation Model-based visualisations through animations and render-
ings; Navigation through the AIM through augmented and vir-
tual reality 

11 

22 Safety and  
Contingency 
Management 

Model-based planning and coordination of evacuations and 
evacuation drills; Model-based verification of compliance 
with relevant regulations; Model-based development of 
emergency and rescue concepts; Derivation of plans and vis-
ualisations for the safety management 

13 

23 Wayfinding and  
Tracking 

Model-based localisation of assets and facilities; Model-
based data exchange between geographic information sys-
tems and the AIM 

8 

24 Derivation of  
2D Plans and  
3D Details 

Maintenance and updating of the operational documenta-
tion; Derivation of floor plans, sections and views; Derivation 
of area and volume reports; Derivation of functional diagrams 

16 

25 FM Management  
And Maintenance  
Documentation 

Integration of the FM documentation from the AIM into CAFM 
systems and higher-level models; Model-based maintenance 
and updating of FM documentation; Derivation of the CAFM 
documentation 

19 

26 Ticket  
Management 

Model-based receiving of malfunction, damage and hazard 
reports; Digital recording and creation of orders; Model-
based tracking of the elimination, resubmission or escalation 
of defects; Model-based reporting, measurement, and analy-
sis 

5 

27 FM Quality  
Management  

Model-based assessment of tenant and customer satisfac-
tion; Localisation of complaints in the AIM; Model-based 
analysis and improvement 

1 
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28 FM Sustainability  
and  
Environmental  
Protection 

Model-based creation of environmental performance evalua-
tions according to sustainability criteria; Model-based crea-
tion of documents and data for sustainability certifications  

11 
3 

Pr
ov

id
e 

W
or

kp
la

ce
s 

31 Space and Room  
Management  

Derivation of room data sheets; Derivation, maintenance and 
updating of occupancy and vacancy rates in the AIM; Model-
based space analysis and controlling; Model-based space de-
mand planning, assessment, and verification; Model-based 
occupancy and vacancy planning and simulation of variants 

17 

32 Relocation  
Management 

Model-based planning and coordination of relocations; 
Model-based documentation of relocation requirements; Der-
ivation of visualisations and animations for decision-making  

3 

33 Equipment and  
Furnishing 

Model-based requirements assessment and procurement of 
furniture and workplace equipment; Model-based require-
ments assessment and procurement of IT equipment and IT 
terminals; Model-based management of furniture, workplace 
equipment, IT equipment, and IT terminals 

4 

4 
Op

er
at

io
ns

 

41 BIM 2 Field Information transfer from the AIM to digital layout tools; 
Model-based on-site consistency and quality checks; Model-
based localisation of assets and facilities; Model-based ap-
plication of technologies like laser scanning, 360-degree 
photos, and drone aerial surveys 

5 

42 Structural Health  
Monitoring 

Model-based identification and tracking of structural defor-
mations like cracks or settlements; Derivation of reports and 
analyses of structural deformations 

8 

43 Facility  
Identification  
System 

Model-based identification of technical building services and 
installations; Maintenance and updating of the facility iden-
tification system in the AIM; Maintenance and updating of the 
spatial allocation in the AIM; Maintenance and updating of 
component- and asset-specific attributes in the AIM  

5 

44 Facilities and  
Equipment:  
Periodic  
Inspections 

Model-based planning and coordination of expert examina-
tions; Model-based planning and coordination of expert ex-
amination cycles; Maintenance and updating of the 
documentation of expert examinations in the AIM 

11 

45 Facilities and  
Equipment:  
Inspection and  
Maintenance 

Model-based planning and coordination of inspection and 
maintenance; Model-based planning and coordination of in-
spection and maintenance cycles; Maintenance and updating 
of the documentation of inspection and maintenance in the 
AIM 

19 
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46 Facilities and  
Equipment:  
Repair and  
Renewal 

Model-based planning and coordination of repair and re-
newal; Model-based planning and coordination of repair and 
renewal cycles; Maintenance and updating of the documen-
tation of repair and renewal in the AIM 

19 
5 

Su
pp

ly
 a

nd
 D

is
po

sa
l 

51 Real-time  
Acquisition  
and Display of  
Sensor Data 

Model-based collection and evaluation of real-time data for 
condition assessment; Model-based analysis of target-per-
formance comparison 

6 

52 Energy  
Management 

Model-based energy efficiency assessments; Model-based 
simulations and evaluations for operational optimisations; 
Model-based monitoring of energy consumption and other 
building performance indicators 

17 

53 Waste  
Management 

Model-based planning and coordination of waste manage-
ment; Model-based creation of waste management simula-
tions; Derivation of waste management concepts 

3 

6 
Cl

ea
ni

ng
 a

nd
 M

ai
nt

ai
ni

ng
 

61 Cleaning  
Management:  
Maintenance  
Cleaning 

Model-based planning and coordination of maintenance 
cleaning; Derivation of relevant quantities; Derivation of sur-
face materials; Derivation of cleaning cycles 

7 

62 Cleaning  
Management:  
Glass and  
Facade Cleaning 

Model-based planning and coordination of glass and facade 
cleaning, interior and exterior; Derivation of relevant quanti-
ties; Derivation of surface materials; Derivation of cleaning 
cycles  

7 

63 Cleaning  
Management:  
Outdoor Facilities  
Cleaning 

Model-based planning and coordination of outdoor facilities 
cleaning; Model-based planning and coordination of summer 
and winter services; Derivation of relevant quantities; Deriva-
tion of surface materials; Derivation of cleaning cycles 

- 

7 
As

se
t M

an
ag

em
en

t 

71 Security  
Management  

Model-based identification and evaluation of security perim-
eters; Derivation of plans and visualisations for the security 
management 

6 

72 Locking  
Management  

Model-based identification of keys and access cards for spe-
cific security perimeters; Model-based coordination and 
management of keys and access cards 

6 

73 Rent  
Management 

Model-based rent management; Model-based management 
of rent contracts; Model-based service charge settlement 

5 

74 Derivation of  
Inventory,  
Component, and  
Equipment Lists 

Model-based management of equipment and inventory lists; 
Derivation of technical building services and installation 
lists; Derivation of window, door and component lists; Deri-
vation of machine and tool lists 

13 
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75 FM Accounting 
and  
FM Controlling 

Derivation of key performance indicators for strategic prop-
erty management; Model-based financial impact assess-
ments of planned projects; Model-based decision-making 
based on financial impact assessments; Model-based devel-
opment of life cycle cost prognoses 

14 

76 Contract and  
Insurance  
Management 

Model-based planning and coordination of services; Model-
based contract management; Model-based reporting of 
claims to insurance companies and tracking of claim settle-
ments 

7 

77 Defect  
Management 

Model-based tracking of warranty periods; Model-based re-
cording and localisation of defects; Model-based communi-
cation of defects; Model-based coordination and 
documentation of defect rectification 

7 

8 
Pr

ov
id

e 
Su

pp
or

t 

81 Room Booking 
Systems 

Model-based services for room booking; Model-based ser-
vices for workstation booking 

5 

82 Event Planning Model-based development of event concepts; Model-based 
simulation and analysis of event-specific evacuation scenar-
ios; Derivation of visualisations and animations for events 

1 

83 Procurement Model-based requirements assessment and procurement; 
Model-based management of resources 

8 

 

Regarding RQ 1, the investigation shows that a total of 35 FM processes defined in GEFMA 100-2 
can be supported through BIM uses for CREM. Regarding the frequency of references to each BIM 
use in the analysed sources, it becomes apparent that most documents consider the BIM uses 
“Facilities and Equipment: Inspection and Maintenance” and “Facilities and Equipment: Repair 
and Renewal” suitable areas for BIM implementation in the operational phase. In contrast, the 
BIM uses “Event Planning” and “FM Quality Management” appear to be of little relevance. Fur-
thermore, none of the identified BIM uses was mentioned in all of the analysed sources.  
 As mentioned above, the BIM use “Cleaning Management: Outdoor Facilities Cleaning” cur-
rently seems to be of no relevance as it was mentioned in none of the analysed sources. It should 
be noted that not all of the above-mentioned BIM uses have already been implemented in con-
struction projects. However, the fact that they appear in national and international guides as well 
as relevant research indicates that the implementation of the identified BIM uses is at least the-
oretically discussed and that they are expected to yield benefits for owners and operators in the 
operational phase in general and in CREM in particular. 
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 High-priority BIM uses for CREM 

The second research trajectory aimed to assess the implementation priority of the identified and 
defined BIM uses for CREM. The goal was to provide an expert-based prioritisation for the AIR 
template definition.  
 Article 1 in the appendix elaborates on the study design and the adopted methodology for this 
research trajectory. To collect the necessary data for this research trajectory, an online question-
naire was conducted among 37 CREM experts from Austria, Germany, and Switzerland. The re-
spondents were initially asked to state their position within their organisation as well as their 
professional background, i.e. their industry sector, based on the NACE Rev. 2 classification by 
the European Commission (2008). Subsequently, they were asked to assess the expected benefit 
of each of the identified BIM uses for CREM from 1 (very low benefit) to 5 (very high benefit). The 
internal consistency of the survey results was assessed based on Cronbach’s alpha. Data descrip-
tion and analysis were then conducted in four steps.  
 Firstly, the arithmetic mean of all benefit assessments was calculated for each BIM use to de-
termine its overall benefit assessment. Secondly, the association between the overall benefit as-
sessment of each BIM use and the respondents’ industry sectors was determined based on the 
eta coefficient. Thirdly, the eta coefficient was interpreted based on Pearson’s correlation coeffi-
cient. Fourthly, the overall benefit assessment of each BIM use was displayed as a function of its 
eta coefficient.  
 Figure 9 displays the benefit assessment of each BIM use on the y-axis and the association of 
this assessment to the respondents’ industry sectors on the x-axis. As shown in Table 2, an eta 
coefficient of ≥ 0.7 denotes a strong association, values between 0.4 and 0.69 denote a medium 
association, and values between 0.2 and 0.39 denote a weak association between the variables. 
Therefore, BIM uses scoring a low eta coefficient show a weak association between their overall 
benefit assessment and the respondents’ industry sectors. This means that a low eta coefficient 
indicates that the BIM use’s benefit assessment can be expected to remain valid across most in-
dustry sectors. This is the case for the BIM uses “Facility Identification System”, “Defect Manage-
ment”, “Event Planning”, and “Perform Procurement”. In contrast, BIM uses scoring a high eta 
coefficient show a strong association between their overall benefit assessment and the respond-
ents’ industry sectors. This means that the BIM use’s benefit assessment can be expected to be of 
limited validity for other industry sectors. This is the case for the BIM uses “Handover and Com-
missioning”, “Visualisation”, “FM Documentation: Management and Maintenance”, and “Space 
and Room Management”. 
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Figure 9: Overall benefit assessment of each BIM use as a function of its eta coefficient 

 Subsequently, the weighted product score of the respective overall benefit assessment and 
the eta correlation coefficient of each BIM use was calculated. This allowed the identification of 
BIM uses with a high overall benefit assessment and a low association of its benefit assessment 
to the respondents’ industry sectors. Such BIM uses were identified as having a high implemen-
tation priority as their implementation would benefit multiple industry sectors. Figure 10 shows 
the implementation priority of the investigated BIM uses for CREM based on their weighted prod-
uct score. 
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Figure 10: Implementation priority of the investigated BIM uses for CREM 

Regarding RQ 2, the results show that the BIM use with the highest implementation priority is 
“Facilities and Equipment: Repair and Renewal” and that the BIM use with the lowest implemen-
tation priority is “Visualisation”. Based on these results, four further implications were derived 
to outline the course of action for the subsequent research trajectories. The following implica-
tions were derived: 

- Existing projects and documents should be integrated into the development of AIR tem-
plates for BIM uses in CREM 

- AIR templates should define concise, yet comprehensive information requirements as a 
basis for organisation-specific customisation 

- Technical requirements and interfaces as well as data formats should be considered 
when defining AIR templates 

- Processes and personnel activities should be considered when defining the implementa-
tion of AIR templates in CREM 

 AIR templates for CREM 

The third research trajectory aimed to define AIR templates for the BIM uses for CREM with a high 
implementation priority, identify the most accurate approach to AIR template definition and pro-
vide a starting point for the fourth trajectory.  

Article 2 in the appendix elaborates on the study design and the adopted methodology for this 
research trajectory. Different approaches to AIR template definition were initially identified 
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based on a systematic literature review. Two approaches to AIR template definition were identi-
fied: the triangulation-based approach and the process-based approach. As both approaches had 
frequently been applied in relevant research, the identification of the more accurate approach to 
AIR template definition in the context of CREM was the aim of this paper.  
 Each approach was applied to define two AIR templates, resulting in a total of four AIR tem-
plates for four BIM uses for CREM with a high implementation priority. As relevant research has 
identified the industry sector-dependence of information requirements, the chemical industry 
was selected as context for this research trajectory.  
 Triangulation-based AIR templates were defined for the BIM uses “Space and Room Manage-
ment” and “Facility Identification System for Technical Building Services” based on the room 
data sheet (RDS) and the facility identification system (FIDS) conventions from three chemical 
industry organisations.  
 Process-based AIR templates were defined for the BIM uses “Expert Examination, Inspection, 
and Maintenance of Conveyor Systems” and “Maintenance Cleaning Management” based on rel-
evant research identified during a systematic literature review on these BIM uses.  
Subsequently, two semi-structured interviews were conducted to approve or reject the defined 
information requirements in the AIR templates. These interviews were conducted with 11 CREM 
experts from the three chemical industry organisations. The first interview investigated the 
space-related BIM uses “Space and Room Management”, and “Maintenance Cleaning Manage-
ment”. The second interview investigated the MEP-related BIM uses “Facility Identification Sys-
tem for Technical Building Services” and “Expert Examination, Inspection, and Maintenance of 
Conveyor Systems”.  
 Based on the results of the first interview, the degrees of accordance of the AIR templates for 
space-related BIM uses were assessed, as illustrated in Figure 11. 
 

 

Figure 11: Degrees of accordance of the AIR templates for (a) “Space and Room Management” and (b) “Maintenance 
Cleaning Management” 
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 The AIR template for “Space and Room Management” defines a total of 64 information re-
quirements, scoring the following degree of accordance: the largest share at 41% of the infor-
mation requirements (=26) are considered necessary by all three organisations (3/3 Org.), 31% 
(=20) by two organisations (2/3 Org.), 19% (=12) by one organisation (1/3 Org.), and the smallest 
share at 9% (=6) by no organisation (0/3 Org.). The information requirements considered neces-
sary by all three organisations include the location, size, coverings, occupancy, fire protection, 
safeguarding, special occupancy permissions, and construction requirements.  
 The AIR template for “Maintenance Cleaning Management” defines a total of 51 information 
requirements, scoring the following degree of accordance: the largest share at 74% of the infor-
mation requirements (=38) are considered necessary by all three organisations (3/3 Org.), 10% 
(=5) by two organisations (2/3 Org.), the smallest share at 6% (=3) by one organisation (1/3 Org.), 
and 10% (=5) by no organisation (0/3 Org.). The information requirements considered necessary 
by all three organisations include the location, size, coverings, occupancy, safeguarding, lift 
availability, cleaning room availability, specific cleaning methods, and cleaning frequencies.  
 Based on the results of the second interview, the degrees of accordance of the AIR templates 
for MEP-related BIM uses were assessed, as illustrated in Figure 12.  
 

 

Figure 12: Degrees of accordance of the AIR templates for (a) “Facility Identification System for Technical Building 
Services” and (b) “Expert Examination, Inspection, and Maintenance of Conveyor Systems” 

 The AIR template for “Facility Identification System for Technical Building Services” defines 
a total of 31 information requirements, scoring the following degree of accordance: the largest 
share at 48% of these information requirements (=15) are considered necessary by all three or-
ganisations (3/3 Org.), 32% (=10) by two organisations (2/3 Org.), 13% (=4) by one organisation 
(1/3 Org.), and the smallest share at 7% (=2) by no organisation (0/3 Org.). The information re-
quirements considered necessary by all three organisations include the location, system ID, sys-
tem status, cost group, element-specific product data, warranty, and responsibility.  
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 The AIR template for “Expert Examination, Inspection, and Maintenance of Conveyor Sys-
tems” defines a total of 35 information requirements, scoring the following degree of accordance: 
the largest share at 63% of the information requirements (=22) are considered necessary by all 
three organisations (3/3 Org.), 8 % (=3) by two organisations (2/3 Org.), the smallest share at 6% 
(=2) by one organisation (1/3 Org.), and 23 % (=8) by no organisation (0/3 Org.). The information 
requirements considered necessary by all three organisations include the location, element-spe-
cific product data, warranty, responsibility, construction, loading capacity, fire protection, and 
scheduled frequencies.  
 The accuracy of all four AIR templates was subsequently assessed based on their respective 
inter-rater reliability. Therefore, the Fleiss’ kappa was calculated for all four AIR templates based 
on the experts’ approval or rejection of the defined information requirements. The identification 
of the most accurate approach to AIR template definition was conducted by comparing the Fleiss’ 
kappa of the triangulation-based AIR templates with that of the process-based AIR templates, as 
illustrated in Figure 13 (a). The Fleiss’ kappa of both approaches was subsequently interpreted 
based on Landis and Koch (1977), as illustrated in Figure 13 (b).  
 

 

Figure 13: (a) The Fleiss’ kappa of the triangulation-based and the process-based AIR templates and (b) the interpre-
tation of the Fleiss’ kappa based on Landis and Koch (1977) 

 The interpretation of both measures shows that process-based AIR templates attain “substan-
tial” agreement whereas triangulation-based AIR templates only attain “slight” agreement.  
 Regarding RQ 3, the results show that the process-based AIR templates score a considerably 
higher strength of agreement than the triangulation-based AIR templates among the interviewed 
CREM experts. This finding suggests that the process-based approach is the more accurate ap-
proach for the AIR template definition as CREM experts from different organisations substan-
tially agree on the defined information requirements.  
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 The fourth research trajectory aimed to develop and formalise an AIR template implementa-
tion framework for owners and operators in CREM. Therefore, reasons for the rejection of infor-
mation requirements defined in the AIR templates were collected. These reasons were then 
converted into recommendations for the implementation of AIR templates in CREM.  
 To collect reasons for the rejection of information requirements, each CREM expert was asked 
to provide a reason for the rejection of each information requirement defined in an AIR template. 
When an information requirement was eliminated by all three organisations, three answers were 
collected. Figure 14 shows the results of this survey. 
 

 

Figure 14: References to the reasons for the elimination of information requirements in proportion, based on the AIR 
templates for the BIM uses “Space and Room Management” (SRM); “Maintenance Cleaning Management” (MCM); “Fa-
cility Identification System for Technical Building Services” (FIDS); “Expert Examination, Inspection, and Mainte-
nance of Conveyor Systems” (EEIM); and total references (Total) 

Based on the collected reasons, the following recommendations for the implementation of AIR 
templates in CREM have been derived: 

- The software for the delivery, storage or management of each information requirement 
should be identified in advance 

- Static data should be prioritised when defining AIR templates 
- AIR templates require customisation before implementation  
- The specific asset type or sub-type of the asset in question should be defined in advance 
- Stakeholders from all relevant CREM departments should be involved in the customisa-

tion and implementation process 
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 AIR Template Implementation Framework 

The fourth research trajectory aimed to develop an AIR template implementation framework for 
owners and operators in CREM. The goal was to support the independent implementation of the 
developed AIR templates in the planning, construction and operational phases in CREM. Article 
2 in the appendix elaborates on the study design and the adopted methodology for this research 
trajectory. Initially, the previously-derived recommendations for the implementation of AIR tem-
plates for CREM were translated into a three-stage structure:  

- Customisation: Provision of a BIM use-specific AIR template containing a pre-defined 
process diagram and pre-defined information requirements. The information require-
ments should contain all possibly relevant information regarding the location, physical 
properties, and occupancy characteristics on the one hand, and hygiene-, safety-, and 
maintenance-related characteristics on the other. The process diagram serves as input to 
identify the relevant assets and to apply further customisations, addressing Recommen-
dations 3 and 4. 

- Selection: Extraction of all customised information requirements from the customised 
process diagram, involvement of all relevant stakeholders, and identification of BIM-
based information requirements. This step might also entail a differentiation between 
static and dynamic data. This step provides all BIM-based information requirements for 
further processing, addressing Recommendations 1, 2 and 5. 

- Mapping: Definition of the respective BIM authoring software data type, element cate-
gory, instance or parameter type, responsibility, and time of delivery of each BIM-based 
information requirement. This step allows the final creation of BIM use- and asset (sub-) 
type-specific AIR. 

 Subsequently, this three-stage structure was translated into an AIR template implementation 
framework for owners and operators in CREM. Regarding RQ 4, the results shows that a total of 
12 steps are necessary to implement AIR templates in CREM and to address each of the five rec-
ommendations for their implementation.  
 Figure 15 shows the developed framework, defining and describing each step and document 
necessary to convert an AIR template into customised AIR in the specific context of an organisa-
tion. The 12-step framework is designed as a vertical flow chart with three lanes, representing the 
three relevant stakeholders in AIR definition and customisation. These are the internal CREM 
department (left lane), the internal or external BIM manager (middle lane), and the external de-
signers and contractors responsible for the creation and delivery of the BIM use-specific infor-
mation requirements (right lane). By adopting an owner-operator-centric approach, the 
framework provides a cornerstone for BIM implementation in CREM. Furthermore, it illustrates 
which aspects need to be taken into consideration to successfully adopt, customise, and imple-
ment AIR templates in CREM. 
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Figure 15: AIR template implementation framework for owners and operators in CREM based on process diagrams



 

 
 

5 Discussion and Limitations 

The presented research investigated four research trajectories. Firstly, BIM uses for CREM were 
identified and defined. Secondly, their implementation priorities were assessed. Thirdly, the AIR 
template for the BIM uses for CREM with a high implementation priority were defined, and the 
most accurate approach to AIR template definition was identified. Fourthly, an AIR template im-
plementation framework was developed for owners and operators in CREM. This section contex-
tualises and discusses the presented results.  
 The first research trajectory included the identification and definition of BIM uses supporting 
the provision of facility services in CREM based on national and international guides as well as 
relevant literature, as shown in Table 4. It showed that nearly all FM processes defined in the 
GEFMA 100-2 (German Facility Management Association e.V., 2004) can be supported through a 
specific BIM use. These results concur with Becerik-Gerber et al. (2012), who concluded that the 
operational phase can considerably benefit from BIM implementation and that a multitude of 
processes can be supported through BIM. However, Becerik-Gerber et al. identified and investi-
gated a comparatively limited number of BIM uses. The research in this paper further extends the 
state of research in this context by increasing the number of identified and defined BIM uses.  
 In the specific context of CREM, the presented results confirm the findings of Wilkinson and 
Jupp (2016), suggesting that BIM can support a wide range of processes in CREM because of its 
capabilities as a data delivery and management tool. Regarding the frequency of references to 
each BIM use, Table 4 shows that none of the identified BIM uses for CREM were mentioned in 
any of the analysed sources. This indicates some disagreement among academic research as well 
as national and international organisations regarding the processes that can or should be sup-
ported through BIM. This observation concurs with the findings of McArthur and Sun (2015), who 
concluded that only a fraction of the BIM uses identified in national or university guides are also 
mentioned in current BEP templates. One potential explanation for this observation might be 
that different countries have different priorities regarding the implementation of BIM uses for the 
operational phase. However, another explanation seems more convincing.  
 A total of 14 national and international guides and eight scientific publications from different 
countries were analysed. When considering the contexts of the analysed documents, it becomes 
apparent that they all address different building use classes and stakeholder groups. Against this 
backdrop, it seems plausible that the analysed documents had different target audiences dealing 
with different processes in the operational phase. This, in turn, led to different priorities regard-
ing BIM uses supporting the provision of facility services. These differences might explain why 
some documents prioritised certain BIM uses because they were considered highly beneficial for 
the operation of the building use classes owned or operated by the target audience.  
 Regarding the generalisability of the defined BIM uses, some factors may limit the extent to 
which they apply to all industry sectors and countries. As the presented research focused on 
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CREM, the potential benefit of the identified BIM uses for CREM across all industry sectors re-
mains to be investigated.  
 Based on the results of Cavka et al. (2017) and Munir et al. (2020), the industry sector of an 
organisation directly impacts its information requirements for processes in the operational 
phase. As BIM uses define and structure the information requirements for an underlying process, 
it can be assumed that the industry sector-dependence of information requirements extends to 
the BIM uses based on them. Further research might address these limitations by verifying 
whether the entirety of the identified BIM uses for CREM is indeed suited for implementation in 
all industry sectors. This might be achieved by conducting industry-specific studies assessing 
the benefit and implementation priority of the identified BIM uses for CREM. In addition, further 
research might also verify the applicability of the presented list of BIM uses for CREM in other 
countries or regions.  
 As the presented list is based on the German GEFMA 100-2, the contained FM processes as 
well as the derived BIM uses for CREM may differ fundamentally in other countries. This limita-
tion might be addressed by investigating the applicability of the presented list of BIM uses for 
CREM in other countries. Alternatively, further research could also develop country-specific BIM 
uses for CREM based on national standards or guides to subsequently assess their benefit and 
their implementation priority. Ultimately, such research could help to define a list of internation-
ally or Europe-wide acknowledged and standardised BIM uses for CREM in a yet-to-be-published 
catalogue.  
 The presented research made a first step in this direction by compiling a comprehensive list 
of BIM uses for CREM based on national and international documents and relevant research. 
Platforms like the “Use Case Management” by buildingSMART International (2023) promote the 
idea of a common understanding of BIM uses by publishing BIM use definitions, descriptions 
and delimitations. However, the published BIM uses are often only available in one language. In 
this context, the European integration and the ever-deepening single market might present an 
advantageous opportunity to incorporate national and European standards and guides as well 
as best-practice examples from the member states into a common understanding and catalogu-
ing of BIM uses. This might contribute considerably to the digitalisation of the European AECO 
industry. 
 The second research trajectory assessed the implementation priority of the identified BIM uses 
for CREM. It showed that the overall benefit assessments of certain BIM uses varied considerably 
between respondents from different industries. Given the findings of Cavka et al. (2017) and Mu-
nir et al. (2020), this result was expectable, given the fact that CREM experts from several industry 
sectors participated in the underlying survey. Regarding the three BIM uses with the highest im-
plementation priority  — “Facilities and Equipment: Repair and Renewal”, “Defect Manage-
ment”, and “Facility Identification System” — it can be observed that they are all maintenance-
related. In the context of CREM, this confirms the findings of Wilkinson and Jupp (2016), con-
cluding that the BIM-based delivery and handover of relevant information offers great potential 
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for the enhanced execution of maintenance tasks. Furthermore, these results confirm the find-
ings of Carbonari et al. (2018) who found that maintenance-related BIM uses had a high imple-
mentation priority based on their impact and the information requirements.  
 Nevertheless, a striking difference can be observed between the item “Asset records” defined 
by Carbonari et al. (2018) and the corresponding BIM use “FM Documentation: Management and 
Maintenance” defined in the presented research. The former is classified as a “high impact, high 
information” item resulting in a high implementation priority. The latter also received a high 
overall benefit assessment. However, this assessment was strongly industry sector-dependent. 
This indicates that the benefit assessments varied considerably between respondents and that 
the high overall benefit assessment is not generalisable.  
 Other BIM uses, like “Handover and Commissioning” and “Space and Room Management” 
scored a high overall benefit assessment but only for certain industry sectors. Based on these 
observations, further investigations might conduct industry sector-specific surveys to assess 
which of the identified BIM uses have the highest implementation priority in each industry sector 
based on the NACE Rev. 2 classification by the European Commission (2008).  
 The generalisability of the presented implementation priorities is also limited by two further 
factors. Firstly, the presented survey for data collection was conducted in German-speaking 
countries, i.e. Austria, Germany, and Switzerland. This limits the validity of the presented results 
to these countries. In a European context, it can be assumed that the results are likely to remain 
generalisable. Nevertheless, the results might turn out to be much less generalisable in a more 
international context. Organisations and CREM departments in countries with other climatic, 
economic, or infrastructural conditions are likely to have utterly different implementation prior-
ities than the participating organisations in the presented survey. Therefore, further research 
might verify the implementation priority of the identified BIM uses for CREM in different coun-
tries or regions.  
 Secondly, the sample size of the presented survey might limit the meaningfulness of the as-
sociations between industry sectors and the overall benefit assessments of the BIM uses for 
CREM. The number of potential participants was by default severely constrained because of two 
eligibility criteria for partitioning in the survey, which were being a CREM expert and having 
prior BIM expertise. This limitation could not be overcome at the time of the presented research 
because of the limited BIM implementation in CREM. As many organisations have not yet started 
BIM implementation, their perspective was excluded from the presented results. This limitation 
may be addressed in future studies by conducting further surveys including more participants 
from more organisations. 
 The third research trajectory addressed the need to identify an accurate approach to AIR tem-
plate definition for BIM uses. Thus, the presented research identified, applied, and compared 
approaches to the AIR template definition for BIM uses for CREM in the chemical industry. Fur-
thermore, it provided the first iteration of AIR templates for four BIM uses for CREM with a high 
implementation priority. The BIM uses selected by the expert panel and their anticipated ad-
vantages concur with the findings of Tong et al. (2019), Chin et al. (2020), and Braun et al. (2022), 
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highlighting the importance of the trouble-free operation of technical building services and the 
effective provision of facility services.  
 Regarding the selected information requirements, it can be observed that hygiene-, safety-, 
and maintenance-related information was considered particularly relevant. As the interviewed 
experts all came from the chemical industry, these observations concur with the findings of Tong 
et al. (2019) and Sheward (2021). Other selected information requirements, such as location, size, 
coverings or occupancy, are likely to apply to other industry sectors as well. Given the above-
mentioned industry sector-dependence of BIM uses and information requirements, further re-
search might aim to define generalisable "base AIR” applying to most, if not all, industry sectors. 
Such “base AIR” might then be completed with industry sector-specific "AIR extensions" accom-
modating the unique requirements and characteristics of each industry sector. A similar strategy 
might be applied to diversify the developed AIR template implementation framework. Limited 
modifications and additions might facilitate its implementation in different industry sectors.  
 Nonetheless, widespread BIM implementation might best be promoted not by adopting an 
approach based on individual industry sectors but by clustering and grouping industry sectors 
based on their shared characteristics and core business. Such an approach might aim to combine 
industry-specific AIR templates accommodating the distinctive features of various industrial sec-
tors with generalised, basic AIR. 
 Based on the approved and rejected information requirements, the two identified approaches 
to AIR template definition were compared. The results show that the process-based approach is 
more suited to AIR template definition as it produces more accurate and, therefore, more gener-
alisable AIR templates for CREM than the triangulation-based approach. However, none of the 
developed AIR templates achieved absolute accuracy among the interviewed expert panel, indi-
cating that AIR templates always maintain a certain degree of inaccuracy and that customisa-
tions are necessary. However, this result was unexpected in the context of the triangulation-
based AIR templates as the organisations that evaluated the AIR templates also provided the 
documents from which they were triangulated. This indicates that RDS and FIDS conventions 
may be overly project- or organisation-specific compared to simplified process diagrams. Still, 
this explanation is only partially supported by the reasons for the rejection of information re-
quirements, as illustrated in Figure 14. This explanation remains tenable for the BIM use "Facility 
Identification System for Technical Building Services" as roughly 60 % of the defined infor-
mation requirements were rejected because they were categorically unnecessary for the respec-
tive facility service. This result partially concurs with the findings of Tong et al. (2019) and Munir 
et al. (2020) who state that AIR templates will always maintain some degree of inaccuracy. In the 
case of the BIM use "Space and Room Management", however, the asset type or sub-type in ques-
tion was almost as relevant for its accuracy as the categorical necessity of the information re-
quirements.  
 This indicates that further research on BIM use-specific AIR for various asset types and sub-
types might be required. Further research might focus on the specific AIR of asset (sub-)types 
that are relevant for a BIM use. Such research could define generalisable "base AIR” for an asset 
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type, e.g. conveyor systems. Such base AIR could then serve as the foundation for asset sub-type-
specific, adaptable AIR, such as passenger lifts or goods lifts. As suggested by Pasini et al. (2017), 
including such AIR in existing object libraries might further improve the applicability of AIR tem-
plates.  
 Several limitations are to be acknowledged regarding the defined AIR templates. Firstly, the 
fact that all RDS and FIDS conventions came from laboratory construction projects might impact 
the applicability of the defined AIR templates to other building use classes, in CREM as well as 
in the chemical industry. Further research might include a wider range of building use classes to 
verify the presented results or adjust the defined AIR templates.  
 Secondly, only four BIM uses for CREM were examined during the presented research. It is 
unknown whether the process-based approach also yields satisfactory results when applied to 
different BIM uses for CREM. Therefore, the accuracy of the process-based approach might be 
constrained when applied to different BIM uses for CREM. Further research applying the process-
based approach to different BIM uses for CREM might address this limitation.  
 Thirdly, the process diagrams developed during the presented research are based on an input-
oriented service-level approach. Different organisations may choose alternative strategies such 
as output-oriented service level strategies. The inclination of the participating organisations for 
an input-oriented service model led to this limitation. Further research might investigate whether 
different service level approaches affect the AIR for the provision of the underlying facility ser-
vices. 
 The fourth research trajectory concerned the development of an AIR template implementation 
framework for owners and operators in CREM. Therefore, five recommendations for the imple-
mentation of AIR templates have been derived from the reasons for the rejection of information 
requirements.  
 Recommendation 1 states that the identification of necessary information requirements needs 
to be conducted in consideration of the ERP, CAFM, and CMMS software used by an organisation. 
In this context, Sacks et al. (2020) state that BIM offers great potential to close the gap between 
the planning and construction phases and the operational phase if applied correctly and in con-
sideration of the involved software. However, such BIM-to-CREM information delivery requires 
the integration of BIM into existing ERP, CAFM, and CMMS structures, either as an additional 
platform or as data storage, as stated by Hewavitharana and Perera (2020) and (Lazar and McAr-
thur, 2016).  
 Recommendation 2 states that static data should be prioritised when developing and imple-
menting AIR templates, confirming the findings of Santos (2009). In this context, the findings of 
Chin et al. (2020) also indicate that static data might be the most efficient way to harness the 
potential of BIM for the provision of facility services in the context of CREM. According to Chen 
and Tserng (2017), Matarneh et al. (2019b), and Nojedehi et al. (2022), further research in this 
direction might not only define BIM-based information requirements but also address data ex-
change and interface challenges.  
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 Recommendation 3 states that AIR templates require customisation before implementation. 
This result supports the findings of Munir et al. (2020), who concluded that "it may not be possi-
ble to develop a rigid list of requirements that apply to all asset owners" (Munir et al., 2020, 
p. 112). Therefore, a "one size fits all" approach is unlikely to be successful, and as-accurate-as-
possible AIR templates may be the most efficient method to support owners and operators in 
CREM during BIM implementation. Still, further research may improve the accuracy of the pre-
sented results by including more organisations and industry sectors, as mentioned above.  
 Recommendation 4 concerns the definition of the asset type or sub-type, as mentioned above.  
Recommendation 5 states that stakeholders from all relevant CREM departments should be in-
volved in the implementation process. This result concurs with the findings of Sheward (2021), 
indicating that inadequate and late stakeholder participation frequently results in poor decision-
making. Furthermore, this recommendation addresses the findings of Blackburn et al. (2015) and 
Little et al. (2023), who identified the risks of late or inadequate stakeholder involvement. Further 
research might investigate processes or strategies to achieve effective stakeholder involvement, 
potentially based on lean principles or integrated project delivery methods.  
 The developed AIR template implementation framework for owners and operators in CREM 
extends the current state of research by focusing on the operational phase in this context. It adds 
to the results of Matarneh et al. (2019a) and the “information exchange framework” proposed by 
those authors by adding preceding steps for the definition of information requirement. However, 
the above-mentioned limitations regarding the generalisability of the defined BIM uses and AIR 
templates also limit the generalisability of the presented framework. Although the demographic 
validity and ecological validity of the research results were ensured, the results cannot be con-
sidered applicable to the entire chemical industry or even CREM in general. As mentioned above, 
this is due to the severely limited number of potential participants available to support this field 
of research. Accordingly, this limitation might also be addressed by including more organisa-
tions and stakeholders. 
 



 

 
 

6 Conclusion and Outlook 

The number of initiatives, programmes, and organisations promoting BIM implementation in the 
operational phase demonstrates its potential to support the digitalisation of the building sector 
as a whole. Still, BIM implementation in CREM has only been investigated to a limited extent, 
even though buildings accumulate the majority of their life cycle cost during the life cycle phase. 
One reason for this is the lack of templates or guides supporting owners and operators in CREM 
in the definition of information requirements.  
 The early consideration of information requirements for the provision of facility services in 
CREM requires extensive knowledge about BIM and an active involvement in the early project 
phases. This research gap holds even more true in the context of complex buildings relying on 
the frequent provision of extensive facility services. Owners and operators in CREM often strug-
gle with the independent definition of information requirements for the provision of facility ser-
vices as they lack the necessary knowledge, experience or resources. This often produces a lack 
of awareness regarding the possibilities of the BIM-based provision of facility services and the 
necessary process of information order. This problem is further exasperated by the fact that own-
ers and operators in CREM often rely on guides and templates to initialise and execute tasks and 
processes.  
 There are currently no established catalogues of BIM uses for CREM, AIR templates or imple-
mentation frameworks regarding BIM-based facility services in CREM. Thus, related research 
suggests the identification of facility services that can be supported by BIM as well as the defini-
tion of respective BIM uses, as these are the first two challenges hampering BIM implementation 
in CREM. Furthermore, the definition of AIR templates and an implementation framework is sug-
gested to support organisations in their endeavour to implement selected BIM uses inde-
pendently. 
 Various approaches to AIR template definition already exist and their expedience has not 
been thoroughly investigated yet. Also, relevant research states that generalisations of infor-
mation requirements across all industry sectors may only be partially accurate as the industry 
sector of an organisation affects its information requirements. This poses two further challenges 
to BIM implementation in CREM. The first is a need to identify the most accurate approach to the 
AIR template definition. Secondly, difficulties exist in defining generalisable information re-
quirements and implementation steps across all industry sectors despite the industry sector-de-
pendence of information requirements.  
 The presented research addressed these research gaps by identifying and defining BIM uses 
for CREM, assessing their implementation priority, defining AIR templates for CREM and identi-
fying the most accurate approach to AIR template definition, and formalising their implementa-
tion in an AIR template implementation framework for owners and operators in CREM.  
Therefore, four research questions were defined and answered: 
RQ 1: Which facility services can be supported through BIM uses in the context of CREM? 



44  Conclusion and Outlook 

 
 

RQ 2: Which BIM uses for CREM have the highest implementation priority? 
RQ 3: Which is the most accurate approach to the development of AIR templates for CREM?  
RQ 4: How can the implementation of AIR templates be formalised for owners and operators in 
CREM? 
 RQ 1 and RQ 2 were investigated in Article 1 in the appendix and RQ 2 and RQ 3 were investi-
gated in Article 2 in the appendix. The comparative analysis between 14 national and interna-
tional guides on BIM implementation and the GEFMA 100-2 was initially conducted to identify 
BIM uses for the operational phase. The identified BIM uses were subsequently defined in the 
specific context of CREM. The results show that nearly all facility services defined in GEFMA 100-
2 can be supported through BIM uses. A total of 35 BIM uses for CREM could be defined based on 
this comparative analysis. These findings affirm related research indicating that the operational 
phase offers numerous application areas for BIM-based facility provision.  
 Regarding the references to the identified BIM uses, certain discrepancies between the ana-
lysed sources could be observed. A plausible explanation for this is that the variety of the ana-
lysed documents regarding target audiences, countries, and building use classes inevitably finds 
expression in the reference to different BIM uses. A subsequent survey among CREM experts from 
Austria, Germany, and Switzerland identified BIM uses with a high implementation priority 
based on their overall benefit assessment and the industry sector-dependence of that assess-
ment. It showed that maintenance-related BIM uses generally score higher implementation pri-
orities across all industry sectors. Accordingly, BIM uses scoring a high implementation priority 
across all industry sectors are mainly maintenance-related. These are “Facilities and Equipment: 
Repair and Renewal”, “Defect Management”, and “Facility Identification System”. In contrast, 
the expected benefit from the implementation of certain BIM uses varied considerably between 
respondents from different industries. This confirms related research indicating that the individ-
ual information requirements and, by consequence, prioritised BIM uses are linked to the indus-
try sector of an organisation. In contrast, BIM uses like “Handover and Commissioning” and 
“Space and Room Management” scored high overall benefit assessments but only within certain 
industry sectors. 
 Approaches to the generalisation of AIR templates were subsequently identified, applied, and 
compared to develop documents supporting the implementation of BIM uses for CREM. This 
showed that the most relevant research on the AIR template definition applied either a triangu-
lation-based or a process-based approach.  
 To accommodate the findings regarding the industry sector-dependence of information re-
quirements, the subsequent application and comparison of both approaches was conducted in 
the context of the chemical industry. An expert panel from the chemical industry selected the 
following BIM uses for AIR template development and comparison: “Space and Room Manage-
ment”; “Maintenance Cleaning Management”; “Facility Identification System for Technical 
Building Services”; and “Expert Examination, Inspection, and Maintenance of Conveyor Sys-
tems”. This selection of BIM uses confirmed the previously assessed implementation priority of 
maintenance-related BIM uses. Furthermore, it concurred with relevant research identifying the 
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importance of the trouble-free operation of technical building services and facility service deliv-
ery in the chemical industry. This shows that process-based AIR templates yield more accurate 
and, therefore, more generalisable AIR templates for CREM in the chemical industry. Further-
more, hygiene-, safety-, and maintenance-related information is of particular, potentially dis-
tinctive, relevance for this industry sector. Several other selected information requirements, 
however, are likely to be applicable and generalisable to other industry sectors as well.  
 Five recommendations were derived from the reasons for the rejection of information require-
ments to formalise the implementation of AIR templates. Recommendation 1 suggests the initial 
examination of information management processes to accommodate the prevalence of current 
ERP, CAFM, and CMMS software architectures in modern CREM. Recommendation 2 suggests the 
prioritisation of static data in AIR templates. Recommendation 3 suggests that the individual 
customisation of as-accurate-as-possible AIR templates may be the most effective and suitable 
approach for their implementation. Recommendation 4 suggests the definition of sector-specific 
catalogues of information requirements for certain asset types serving as the root for information 
requirement extensions for asset sub-types. Recommendation 5 suggests early and comprehen-
sive involvement of all CREM stakeholders in the AIR definition, customisation, and implemen-
tation process. These recommendations were translated into an AIR template implementation 
framework for owners and operators in CREM. It formalises the derived recommendations in 
three main stages: customization, selection, and mapping of information requirements. It is de-
signed in a 12-step flow chart with three lanes representing the three relevant stakeholders in AIR 
definition and implementation.  
 The presented research establishes the foundation for further research and expands the cur-
rent scientific knowledge in this field by providing a total of four contributions. Firstly, it pro-
vides a list of BIM uses supporting the provision of facility services in CREM. Secondly, BIM uses 
with a high implementation priority across all industry sectors have been identified. Thirdly, an 
accurate approach to the AIR template definition has been identified and the first iteration of AIR 
templates has been provided for four BIM uses for CREM in the chemical industry. Fourthly, it 
provides an AIR template implementation framework for owners and operators CREM in the 
chemical industry and other industry sectors. Several limitations impair the generalisability of 
the presented results. Based on relevant research and these limitations, the following further 
research directions are suggested: 

- Industry sector-specific studies on the benefit of BIM uses for different industry sectors 
to verify the applicability and assess the implementation priority of the identified BIM 
uses in further industry sectors 

- Country- or region-specific studies based on the presented list of BIM uses to verify the 
applicability and implementation priority of the identified BIM uses in further countries 
or regions and potentially promote the identification of country-specific BIM uses 

- The definition of a list of internationally or Europe-wide acknowledged and standardised 
BIM uses for CREM in a yet-to-be-published standard promoting a common understand-
ing and cataloguing of BIM uses 
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- The definition of common "base AIR” for all industry sectors or industry sector clusters 
constituting a root for additional, characteristic, and industry-specific "AIR extensions". 
A similar approach might be adopted for the developed AIR template implementation 
framework 

- The development of “base AIR” for relevant asset types for certain BIM uses constituting 
a root for additional, asset sub-type-specific information requirements 

- The inclusion of a wider range of building use classes in future studies to verify or adjust 
the presented results 

- The investigation of whether different service level approaches affect the information re-
quirements needed for the provision of the underlying facility services 

- The involvement of more organisations and stakeholders in future studies to allow the 
generalisation of the presented results and to enhance their demographic and ecological 
validity 

 As BIM implementation in the AECO industry progresses, CREM will need to find ways to 
achieve BIM implementation while accommodating its unique characteristics and challenges. 
Still, it is unclear whether excessively detailed or precise BIM use categorisations and definitions, 
AIR templates or implementation frameworks would be appropriate for the diverse environment 
of modern CREM. The current study encourages owners and operators in CREM to select BIM uses 
based on a pre-defined catalogue and to develop or apply AIR templates as a starting point for 
individual customization. The definition of process-based AIR templates offers a tool required to 
take on pilot projects, promoting BIM implementation in CREM in the chemical industry and 
other sectors.  
 
 
 
 



 

 
 

Article 1 

 



48  Article 1 

 
 

 
 



   Article 1 49  

 
 

 
 



50  Article 1 

 
 

 
 



   Article 1 51  

 
 

 
 



52  Article 1 

 
 

 
 



   Article 1 53  

 
 

 
 



54  Article 1 

 
 

 
 



   Article 1 55  

 
 

 
 



56  Article 1 

 
 

 
 



   Article 1 57  

 
 

 
 



58  Article 1 

 
 

  



   Article 1 59  

 
 

 
  



60  Article 1 

 
 

 
  



   Article 1 61  

 
 

 
  



62  Article 1 

 
 

 
  



   Article 1 63  

 
 

 
  



64  Article 1 

 
 

 
  



   Article 1 65  

 
 

 
  



66  Article 1 

 
 

 
  



   Article 1 67  

 
 

 
  



68  Article 1 

 
 

  



   Article 1 69  

 
 



 

 
 

Article 2 

 
 
  



   Article 2 71  

 
 

 
  



72  Article 2 

 
 

 
  



   Article 2 73  

 
 

 
  



74  Article 2 

 
 

 
 
  



   Article 2 75  

 
 

 
  



76  Article 2 

 
 

 
  



   Article 2 77  

 
 

 
  



78  Article 2 

 
 

 
  



   Article 2 79  

 
 

 
  



80  Article 2 

 
 

 
  



   Article 2 81  

 
 

 
  



82  Article 2 

 
 

 
  



   Article 2 83  

 
 

 
 
 
 



84  Article 2 

 
 

 
 
 
 



   Article 2 85  

 
 

 
 
 
 



86  Article 2 

 
 

 
 
 
 



   Article 2 87  

 
 

 
 
 



 

 
 

References 

Abideen, D. K., Yunusa-Kaltungo, A., Manu, P. and Cheung, C. (2022) ‘A Systematic Review of 
the Extent to Which BIM Is Integrated into Operation and Maintenance’, Sustainability, vol. 14, 
no. 14, p. 8692. 

Alshorafa, R. and Ergen, E. (2020) ‘Identification of information requirements for implementing 
Building Information Modeling based on model uses’, Journal of Information Technology in 
Construction, vol. 25, pp. 561–574. 

Ashworth, S., Druhmann, C. K. and Tucker, M. (2017) ‘Employer's Information Requirements 
(EIR): A BIM case study to meet client and facility manager needs’, Research papers for EuroF-
M's 16th research symposium EFMC 2017. Madrid, Spain, 25.04.2017 - 28.04.2017. Lyngby, 
Denmark, Polyteknisk Forlag. 

Autodesk (ed) (2002) Autodesk White Paper: Building Information Modeling [Online], San Ra-
fael, CA, USA. Available at https://journals.sagepub.com/doi/pdf/10.1177/
003754976400200514?download=true (Accessed 19 June 2023). 

Bauen digital Schweiz/ buildingSMART Switzerland (ed) (2019) Bauen digital Schweiz/ Buil-
dingSMART Switzerland: Kadertag Gebäudetechnik 2019 [Online]. Available at https://
www.proklima.ch/CFDOCS/cms/admin/download.cfm?FileID=1237&GroupID=265&
WatermarkMenuEntriesObjectID=436 (Accessed 3 May 2021). 

Bauen digital Schweiz/ buildingSMART Switzerland (ed) (2020) Datenfeldkatalog BIM2FM: Teil 
der Liegenschafts-Informationsanforderungen (LIA) [Online], Zurich, Switzerland. Available at 
https://bauen-digital.ch/assets/Downloads/de/Leitfaden-BIM2FM-Datenfeldkatalog.pdf (Ac-
cessed 9 April 2021). 

Bazjanac, V. and Crawley, D. B. (1997) The Implementation of Industry Foundation Classes in 
Simulation Tools for the Building Industry [Online], Lawrence Berkeley National Laboratory. 
Available at https://escholarship.org/uc/item/76c6z6g4 (Accessed 22 June 2032). 

Becerik-Gerber, B., Jazizadeh, F., Li, N. and Calis, G. (2012) ‘Application Areas and Data Re-
quirements for BIM-Enabled Facilities Management’, Journal of Construction Engineering and 
Management, vol. 138, no. 3, pp. 431–442. 

BIMe initiative (ed) (2023) Model Use Templates [Online]. Available at https://bimexcel-
lence.org/projects/integrated-information-project/model-use-templates/ (Accessed 7 February 
2023). 

Blackburn, R., Lurz, K., Priese, B., Göb, R. and Darkow, I.-L. (2015) ‘A predictive analytics ap-
proach for demand forecasting in the process industry’, International Transactions in Opera-
tional Research, vol. 22, no. 3, pp. 407–428. 



   References 89  

 
 

Braun, B., Dessauer, M., Henderson, K., Peng, Y. and Seasholtz, M. B. (2022) ‘Methodology to 
screen vendors for predictive maintenance in the chemical industry’, Journal of Advanced Man-
ufacturing and Processing, vol. 4, no. 1. 

buildingSMART Alliance (ed) (2013) National BIM Standard - United States® Version 3 - 5.7 BIM 
Planning Guide for Facility Owners, Version 2.0 – June 2013 [Online]. Available at https://
www.nationalbimstandard.org/nbims-us (Accessed 30 April 2021). 

buildingSMART International (ed) (2023) Use Case Management [Online]. Available at https://
ucm.buildingsmart.org/ (Accessed 7 February 2023). 

buildingSMART Technical (2023) IFC Formats - buildingSMART Technical [Online]. Available at 
https://technical.buildingsmart.org/standards/ifc/ifc-formats/ (Accessed 27 June 2023). 

Carbonari, G., Stravoravdis, S. and Gausden, C. (2018) ‘Improving FM task efficiency through 
BIM: a proposal for BIM implementation’, Journal of Corporate Real Estate, vol. 20, no. 1, pp. 4–
15. 

Cardoso Ermel, A. P., Lacerda, D. P., Morandi, M. I. W. M. and Gauss, L. (2021) Literature Re-
views: Modern Methods for Investigating Scientific and Technological Knowledge, Cham, 
Springer. 

Cavka, H. B., Staub-French, S. and Poirier, E. A. (2017) ‘Developing owner information require-
ments for BIM-enabled project delivery and asset management’, Automation in Construction, 
vol. 83, pp. 169–183. 

Chen, Y.-R. and Tserng, H. P. (2017) ‘An Integrated Methodology for Construction BIM & ERP by 
using UML Tool’, Proceedings of the 34th International Symposium on Automation and Robotics 
in Construction (ISARC). Taipei, Taiwan, 28.06.2017 - 01.07.2017, Tribun EU, s.r.o., Brno. 

Chin, H. H., Varbanova, P. S., Klemes, J. J., Benjamin, M. F. D. and Tan, R. R. (2020) ‘Asset 
maintenance optimisation approaches in the chemical and process industries - A review’, 
Chemical engineering research & design: transactions of the Institution of Chemical Engineers, 
vol. 164, pp. 162–194. 

Comité Européen de Normalisation (2011) 15221-4:2011: Facility Management - Part 4: Taxon-
omy, Classification and Structures in Facility Management, Brussels, Belgium. 

Dekkers, R., Carey, L. D. and Langhorne, P. (2022) Making Literature Reviews Work: A Multidis-
ciplinary Guide to Systematic Approaches, Cham, Springer. 

Deutsches Institut für Normung e.V. (DIN) (ed) (2021) Deutsche Normungsroadmap BIM: Ver-
sion 1 [Online], Berlin, Germany. Available at https://www.din.de/de/din-und-seine-partner/
presse/mitteilungen/breite-anwendung-von-bim-foerdern-847244 (Accessed 16 December 
2021). 

Dixit, M. K., Venkatraj, V., Ostadalimakhmalbaf, M., Pariafsai, F. and Lavy, S. (2019) ‘Integra-
tion of facility management and building information modeling (BIM): A review of key issues 
and challenges’, Facilities, vol. 37, 7/8, pp. 455–483. 



90  References 

 
 

Eastman, C., Fisher, D., Lafue, G., Lividini, J., Stoker, D. and Yessios, C. (1974) ‘An Outline of the 
Building Description System’ [Online]. Available at http://files.eric.ed.gov/fulltext/
ED113833.pdf. 

Eastman, C. and Henrion, M. (1977) ‘GLIDE a language for design information systems’, Pro-
ceedings of the 4th annual conference on Computer graphics and interactive techniques - 
SIGGRAPH '77. San Jose, California, 20.07.1977 - 22.07.1977. New York, New York, USA, ACM 
Press, pp. 24–33. 

Edirisinghe, R., London, K. A., Kalutara, P. and Aranda-Mena, G. (2017) ‘Building information 
modelling for facility management: are we there yet?’, Engineering, Construction and Architec-
tural Management, vol. 24, no. 6, pp. 1119–1154. 

EU BIM Task Group (ed) (2018) Handbook for the introduction of Building Information Modelling 
by the European Public Sector: Strategic action for construction sector performance: driving 
value, innovation and growth [Online]. Available at http://www.eubim.eu/handbook-selection/ 
(Accessed 2 August 2021). 

European Commission (2008) NACE Rev. 2: Statistical classification of economic activities in the 
European Community [Online], Luxembourg, Luxembourg, Office for Official Publications of the 
European Communities. Available at ec.europa.eu/eurostat/docu-
ments/3859598/5902521/KS-RA-07-015-EN.PDF. 

European Construction Sector Observatory (ECSO) (ed) (2021) Digitalisation in the construction 
sector: Analytical Report [Online]. Available at https://ec.europa.eu/docsroom/documents/
45547 (Accessed 2 August 2021). 

Flick, U. (2018) The SAGE Handbook of Qualitative Data Collection [Online], 1 Oliver's Yard, 55 
City Road London EC1Y 1SP. Available at https://sk.sagepub.com/reference/the-sage-hand-
book-of-qualitative-data-collection/i3530.xml?term=Triangulation (Accessed 24 January 2023). 

Franke, F., Kempe, H., Klein, A., Rumpf, L. and Schüller-Zwierlein, A. (2014) Schlüsselkompeten-
zen: Literatur recherchieren in Bibliotheken und Internet, Stuttgart, Germany, J.B. Metzler. 

Gerbert, P., Castagnino, S., Rothballer, h., Re, A. and Filitz, R. (2016) The Transformative Power 
of Building Information Modeling: Digital in Engineering and Construction [Online]. Available at 
https://www.bcg.com/de-de/publications/2016/engineered-products-infrastructure-digital-
transformative-power-building-information-modeling (Accessed 2 August 2021). 

German Facility Management Association e.V. (2004) 100-2:2004-07: Facility management, Ber-
lin, Germany: German Facility Management Association. 

Glatte, T. (2021) Corporate Real Estate Management, Wiesbaden, Germany, Springer Fachme-
dien Wiesbaden. 

Hewavitharana, F. S. T. and Perera, A. A. D. A. J. (2020) ‘Sustainability via ERP and BIM Integra-
tion’, Icsbe 2018: Proceedings of the 9th International Conference on Sustainable Built Environ-
ment. Singapore, Springer Singapore Pte. Limited, pp. 202–210. 



   References 91  

 
 

Heywood, C. and Kenley, R. (2013) ‘Five axioms for corporate real estate management: A polem-
ical review of the literature’, Proceedings from the PRRES Conference - 2013. Melbourne, Aus-
tralia, 13.01.2013 - 16.01.2013. 

Homburg, C., Klarmann, M. and Vomberg, A. (eds) (2022) Handbook of market research, Cham, 
Switzerland, Springer. 

International Organisation for Standardisation (2016) 29481-1:2016: Building information mod-
els - Information delivery manual, Geneva, Switzerland: International Organisation for Stand-
ardisation (ISO). 

International Organisation for Standardisation (2017a) 15686-5:2017: Buildings and con-
structed assets - Service life planning, Geneva, Switzerland: International Organisation for 
Standardisation (ISO). 

International Organisation for Standardisation (2017b) 41011:2017: Facility management, Ge-
neva, Switzerland: International Organisation for Standardisation (ISO). 

International Organisation for Standardisation (2018a) 19650-1:2018: Organization and digiti-
zation of information about buildings and civil engineering works, including building infor-
mation modelling (BIM) — Information management using building information modelling — 
Part 1: Concepts and principles, Geneva, Switzerland: International Organisation for Standardi-
sation (ISO). 

International Organisation for Standardisation (2018b) 19650-2:2018: Organization and digiti-
zation of information about buildings and civil engineering works, including building infor-
mation modelling (BIM) — Information management using building information modelling — 
Part 2: Delivery phase of the assets, Geneva, Switzerland: International Organisation for Stand-
ardisation (ISO). 

International Organisation for Standardisation (2020) 19650-3:2020: Organization and digitiza-
tion of information about buildings and civil engineering works, including building information 
modelling (BIM) — Information management using building information modelling — Part 3: 
Operational phase of the assets, Geneva, Switzerland: International Organisation for Standard-
isation (ISO). 

Joseph, J. (2011) BIM Titles and Job Descriptions: How Do They Fit in Your Organizational Struc-
ture? [Online]. Available at https://onlinebimeducation.com/2017/05/18/bim-roles-and-re-
sponsibilities/ (Accessed 14 June 2021). 

Krumm, P. J. (2001) ‘History of real estate management from a corporate perspective’, Facilities, 
vol. 19, 7/8, pp. 276–286. 

Landis, J. R. and Koch, G. G. (1977) ‘The Measurement of Observer Agreement for Categorical 
Data’, Biometrics, vol. 33, pp. 159–174. 

Lazar, S. and McArthur, J. J. (2016) ‘BIM for Corporate Real Estate Data Visualization from Dis-
parate Systems’, in Leon-Garcia, A., Lenort, R., Holman, D., Staš, D., Krutilova, V., Wicher, P., 



92  References 

 
 

Cagáňová, D., Špirková, D., Golej, J. and Nguyen, K. (eds) Smart City 360°, Cham, Switzerland, 
Springer International Publishing, pp. 504–516. 

Lewis, A., Riley, D. and Elmualim, A. (2010) ‘Defining High Performance Buildings for Opera-
tions and Maintenance’, International Journal of Facility Management, vol. 1, no. 2. 

Little, A. D., Samoylova, M., Wilmet, S., Witthaut, D. and Kolk, M. (2023) Digital technologies 
for sustainability in the European chemical industry [Online], European Chemical Industry 
Council. Available at https://cefic.org/library-item/digital-technologies-for-sustainability-in-
the-european-chemical-industry (Accessed 28 July 2023). 

Loosen, W. (2015) ‘Das Leitfadeninterview – eine unterschatzte Methode’, in Averbeck-Lietz, S. 
and Meyen, M. (eds) Handbuch nicht standardisierte Methoden in der Kommunikationswissen-
schaft [Online], Wiesbaden, Springer Fachmedien Wiesbaden, pp. 139–155. Available at 
http://nbn-resolving.org/urn:nbn:de:bsz:31-epflicht-1587749. 

Matarneh, S. T., Danso-Amoako, M., Al-Bizri, S., Gaterell, M. and Matarneh, R. (2019a) ‘BIM-
based facilities information: streamlining the information exchange process’, Journal of Engi-
neering, Design and Technology, vol. 17, no. 6, pp. 1304–1322. 

Matarneh, S. T., Danso-Amoako, M., Al-Bizri, S., Gaterell, M. and Matarneh, R. (2019b) ‘Building 
information modeling for facilities management: A literature review and future research direc-
tions’, Journal of Building Engineering, vol. 24 [Online]. DOI: 10.1016/j.jobe.2019.100755 (Ac-
cessed 23 February 2021). 

Mayo, G. and Issa, R. R. A. (2016) ‘Nongeometric Building Information Needs Assessment for 
Facilities Management’, Journal of Management in Engineering, vol. 32, no. 3, p. 4015054. 

McArthur, J. J. and Sun, X. (2015) ‘Best practices for BIM Execution Plan development for a Pub-
lic–Private Partnership Design-Build-Finance-Operate-Maintain project’, Building Information 
Modelling (BIM) in Design, Construction and Operations, WIT PressSouthampton, UK, pp. 119–
130. 

Messner, J., Anumba, C., Dubler, C., Goodman, S., Kasprzak, C., Kreider, R., Leicht, R., Saluja, 
C. and Zikic, N. (2019) BIM Project Execution Planning Guide - Version 2.2 [Online], University 
Park, PA, USA, The Pennsylvania State University. Available at https://bim.psu.edu/ (Accessed 
3 February 2021). 

Munir, M., Kiviniemi, A., Jones, S. and Finnegan, S. (2020) ‘BIM-based operational information 
requirements for asset owners’, Architectural Engineering and Design Management, vol. 16, 
no. 2, pp. 100–114. 

Munir, M., Kiviniemi, A. and Jones, S. W. (2019) ‘Business value of integrated BIM-based asset 
management’, Engineering, Construction and Architectural Management, vol. 26, no. 6, 
pp. 1171–1191. 

Nase, I. and Arkesteijn, M. (2018) ‘Corporate real estate strategies and organizational culture’, 
Journal of Corporate Real Estate, vol. 20, no. 3, pp. 154–176. 



   References 93  

 
 

Nojedehi, P., O’Brien, W. and Gunay, H. B. (2022) ‘A methodology to integrate maintenance 
management systems and BIM to improve building management’, Science and Technology for 
the Built Environment, pp. 1–18. 

Omar, A. J. and Heywood, C. A. (2014) ‘Defining a corporate real estate management's (CREM) 
brand’, Journal of Corporate Real Estate, vol. 16, no. 1, pp. 60–76. 

Pärn, E. A., Edwards, D. J. and Sing, M. (2017) ‘The building information modelling trajectory in 
facilities management: A review’, Automation in Construction, vol. 75, pp. 45–55. 

Pasini, D., Caffi, V., Daniotti, B., Lupica Spagnolo, S. and Pavan, A. (2017) ‘The INNOVance BIM 
library approach’, Innovative Infrastructure Solutions, vol. 2, no. 1. 

Pavan, A., Lupica Spagnolo, S., Caffi, V., Mirarchi, C. and Daniotti, B. (2020) ‘National BIM Digi-
tal Platform for Construction (INNOVance Project)’, in Daniotti, B., Gianinetto, M. and Della 
Torre, S. (eds) Digital Transformation of the Design, Construction and Management Processes 
of the Built Environment, Cham, Springer International Publishing, pp. 3–15. 

Pearson, K. (1905) XIV. On the General Theory of Skew Correlation and Non-linear Regression: 
Mathematical contributions to the theory of evolution, Cambridge, UK, University of Cambridge. 

Pfnür, A. (2014) Volkswirtschaftliche Bedeutung von Corporate Real Estate in Deutschland [On-
line], Darmstadt, Germany. Available at https://www.aurelis-real-estate.de/fileadmin/user_
upload/Bilder/News/Studien/Studie_CREM.pdf (Accessed 15 February 2021). 

Port, S. (1989) The management of CAD for construction, New York, Van Nostrand Reinhold. 

Sacks, R., Girolami, M. and Brilakis, I. (2020) ‘Building Information Modelling, Artificial Intelli-
gence and Construction Tech’, Developments in the Built Environment, vol. 4, p. 100011. 

Santos, E. T. (2009) ‘BIM and ERP: Finding Similarities on Two Distinct Concepts’, 5th Confer-
ence Information And Knowledge Management In Building: Deconstructing Babel. Rio de 
Janeiro, Brazil, 17.06.2009 - 19.06.2009. 

Sarstedt, M. and Mooi, E. (2019) A Concise Guide to Market Research, Berlin, Heidelberg, 
Springer Berlin Heidelberg. 

Scarponcini, P. (1996) ‘Editorial: Time for an Integrated Approach to Facility Management’, 
Journal of Computing in Civil Engineering, vol. 10, no. 1. 

Scott Jones, J. (2019) Learn to Use the Eta Coefficient Test in R With Data From the NIOSH Quality 
of Worklife Survey (2014) [Online], 1 Oliver's Yard, 55 City Road, London EC1Y 1SP United King-
dom. Available at https://methods.sagepub.com/dataset/eta-coefficient-niosh-qwl-2014?
fromsearch=true (Accessed 20 December 2021). 

See, R. (2007) ‘Building Information Models and Model Views’, Journal of Building Information 
Modeling (JBIM), Fall, pp. 20–25. 

Sheward, H. (2021) ‘BIM Based Analysis of Spatial Properties in Building Layouts’, American 
Journal of Civil Engineering and Architecture, Vol. 9, No. 4, pp. 142–155 [Online]. Available at 
http://pubs.sciepub.com/ajcea/9/4/3 (Accessed 17 April 2023). 



94  References 

 
 

Sobhkhiz, S., Zhou, Y.-C., Lin, J.-R. and El-Diraby, T. E. (2021) ‘Framing and Evaluating the Best 
Practices of IFC-Based Automated Rule Checking: A Case Study’, Buildings, vol. 11, no. 10, 
p. 456. 

Stockemer, D. (2019) Quantitative Methods for the Social Sciences, Cham, Switzerland, 
Springer International Publishing. 

Taber, K. S. (2018) ‘The Use of Cronbach’s Alpha When Developing and Reporting Research In-
struments in Science Education’, Research in Science Education, vol. 48, no. 6, pp. 1273–1296. 

Tong, L., Pu, Z. and Ma, J. (2019) ‘Maintenance Supplier Evaluation and Selection for Safe and 
Sustainable Production in the Chemical Industry: A Case Study’, Sustainability, vol. 11, no. 6, 
p. 1533. 

van der Voordt, T. (2017) ‘Facilities management and corporate real estate management: 
FM/CREM or FREM?’, Journal of Facilities Management, vol. 15, no. 3, pp. 244–261. 

van Nederveen, G. A. and Tolman, F. P. (1992) ‘Modelling multiple views on buildings’, Automa-
tion in Construction, vol. 1, no. 3, pp. 215–224. 

Wagner-Schelewsky, P. and Hering, L. (2019) ‘Online-Befragung’, in Baur, N. and Blasius, J. 
(eds) Handbuch Methoden der empirischen Sozialforschung, Wiesbaden, Springer Fachmedien 
Wiesbaden, pp. 787–800. 

Wilkinson, S. J. and Jupp, J. R. (2016) ‘Exploring the value of BIM for corporate real estate’, Jour-
nal of Corporate Real Estate, vol. 18, no. 4, pp. 254–269. 

Wu, B., Liang, H., Shi, Y. and Zhu, J. (2020) ‘Research on the Construction of Construction Engi-
neering Cost construction Information System Based on BIM Technology’, Journal of Physics: 
Conference Series, vol. 1650, no. 3, p. 32064. 

Yin, R. K. (2016) Qualitative research from start to finish, New York, London, The Guilford Press. 


	Table of Contents
	List of Figures
	List of Tables
	List of Abbreviations
	Abstract
	Zusammenfassung
	1 Introduction
	1.1 Point of Departure
	1.2 Problem Statement
	1.3 Research Objectives

	2 Background
	2.1 Corporate Real Estate Management
	2.2 Building Information Modelling
	2.3 Asset Information Requirements for Facility Services
	2.4 BIM uses

	3 Methodology
	3.1 Literature review
	3.1.1 Systematic Literature Review
	3.1.2 Snowball System
	3.2 Online Questionnaire Survey
	3.3 Cronbach’s Alpha
	3.4 Eta Coefficient
	3.5 Semi-structured Interviews
	3.6 Information Requirement Generalisation
	3.6.1 Method 1: Triangulation
	3.6.2 Method 2: Process Diagrams
	3.7 Fleiss’ Kappa

	4 Results
	4.1 Identification of BIM uses for CREM
	4.2 High-priority BIM uses for CREM
	4.3 AIR templates for CREM
	4.4 AIR Template Implementation Framework

	5 Discussion and Limitations
	6 Conclusion and Outlook
	Article 1
	Article 2
	References

