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Abstract. Building Information Models (BIM) play a central role in the 
construction phase of buildings. At St. Olav University Hospital in Norway, the 
focus has been on generating value from BIM during the entire lifecycle of the 
many buildings that comprise the hospital and supporting the core business 
processes of the hospital during the operations phase. St. Olav University 
Hospital has been at the forefront of developing Enterprise BIM, where the 

information from BIM are utilized together with other data and information, 
such as availability, positioning and movements of equipment and use of the 
different physical spaces. In this paper, we focus on the use of EBIM and how 
they could support Collaborative Networks of different stakeholders and their 
interactions with one another, with the building facilities and the relevant 
equipment for supporting daily operations.  

Keywords: Building Lifecycle, Enterprise BIM, Health care Services, 
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1 Introduction 

Hospitals are complex buildings that serve a variety of stakeholders and support a 
variety of direct and indirect complex relationships among them [1]. The ability of a 

hospital or any health care institution to provide the best care with the least resources 

have been one of the drivers. Similarly, the agility to rapidly reorganise resources and 

adapt to arising needs is of utmost importance to ensure the wellbeing of patients and 

health care personnel. Building Information Models (BIM) have received a lot of 

attention as a technology that could support efficient design and construction of 

hospitals; e.g. [1, 2]. More recently, BIM have been considered beyond the early life 

cycles of building, to support hospitals during their operations phases. Some of these 

areas of application include Facility Management (FM) [3], asset management and 

refurbishing of older buildings [4].  
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At St. Olav University Hospital in Trondheim, Norway (St. Olav hereafter), the 

concept of Enterprise BIM (EBIM) has been explored [5]. EBIM brings together 

information from BIM models and other enterprise information systems, to provide 

relevant information and data that could support the daily operations of the hospital 

and support effective collaboration among stakeholders. In this paper, we describe 

how St. Olav takes BIM beyond the design and construction phases and FM to 

support the operations phase of the lifecycle of the hospital buildings. St. Olav has 
developed an EBIM and utilises information from EBIM along with other relevant 

data and information to support enterprise processes. Information in BIM models 

contribute to the development of 3D visualisations of the physical context and layout 

of buildings. This can be leveraged to create value to a number of stakeholders in 

hospitals including the management and patients. The aim of this paper is to explore 

the benefits of EBIM to support a diverse set of stakeholders in hospitals. The main 

research focus is to investigate possible ways that EBIM could be used to support 

daily operations in the hospital. By using the Case Study research method [6], we 

describe some of the approaches taken by St. Olav to utilise information available in 

their BIM models to create more value for their enterprise processes. To achieve this, 

St. Olav has developed several prototype applications to explore the possibilities and 

demonstrate the value of EBIM.  
In this paper, we describe briefly three prototype applications that have been 

developed and tested follows: Section 2 provides a brief overview of related work on 

BIM and EBIM; Section 3 describes the case of St. Olav and how EBIM is used to 

develop three prototype applications and Section 4 summarises the paper and outlines 

future plans. 

2 BIM, EBIM and Collaborative Networks 

BIM modeling was introduced in the early 2000s in pilot projects to support the 

building design in the architecture and engineering sectors. As a result, the main 

research trends focused on enhancing and development of pre-planning and design, 

visualization, collision detection, quantification, cost and data management [4]. 

Construction projects involve complex sets of linkages between stakeholders with 

different professional backgrounds [7]. Therefore it was necessary to change the 

emphasis from a fragmented approach to a concerted and collaborative effort to 

support the owner's goals [8]. More recently, the use of BIM has evolved to support 
the entire lifecycle of buildings or sets of buildings such as a hospital complex, and to 

support a variety of business and organizational processes such as facility 

management and asset management. The use of BIM has numerous benefits for a 

variety of stakeholders in hospitals [9]. Some of the advantages of BIM are the fact 

that they can represent the different mechanical systems in the buildings such as the 

ventilation system (HVAC); they enable the building to be considered as a system in 

itself [9], and they can contain data related to equipment. The possibility to represent 

the different systems and equipment within a physical and spatial context provides 

huge advantages in decision making during the entire lifecycle of a building.  
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BIM have been considered as a significant contribution for Facility Management 

(FM), where the BIM models were handed over from the entrepreneurs and other 

relevant actors in the construction phase to the owners and/or operators of the 

building; in the case of hospitals, the hospital facility managers. BIM models provide 

value to FM as they already contain relevant information and thus will reduce the cost 

and time required to collect and build FM systems [10]. This resulted in the continued 

use of information in BIM to support cleaning processes [11], proactive maintenance 

practices and tracking of equipment [12, 13], among others [14]. BIM are also 

recommended as a tool for supporting the refurbishment of existing buildings and the 

use of BIM in refurbishment are discussed in detail in [15]. 
More recently, building owners and operators have focused on leveraging value 

from the BIM models, or the virtual real estate they represent, by using the 

information available to support core organizational processes, reduce operating costs 

and management decision making. In fact, the operational phase of a building has 

been identified as the main contributor to the building lifecycle cost [10]. The concept 

EBIM is defined as “a virtual holistic representation of buildings adapted for 

optimized business management, knowledge sharing and collaboration” [5]. The use 

of EBIM can facilitate the integration of BIM and other relevant information, through 

the use of standardised IFC (ISO 16739) models and other information models, in a 

model server. This opens up for the use of EBIM in making decisions, supported by 

data and visual components, that are relevant for the operations of the enterprise. The 
main difference between BIM and EBIM is that EBIM considers the whole enterprise 

(e.g. the hospital) rather than just the building and puts the core business processes 

into focus (owner, director, personnel, patient, authorities, manager and builder). For 

example, such operations could be optimal asset management, efficient collaboration 

or indeed making critical decisions involving the use of assets and facilities during an 

unforeseen emergency situation [16]. 

A lot of the work has focused on BIM-based construction networks to support 

collaboration and to support collaboration during the design and construction phases; 

e.g. [17, 18]. Similar to the design and constructive phases, the benefits of 

information and experience sharing and collaboration among the different 

stakeholders are significant during the other phases of the lifecycle. In particular, 
supporting Collaborative Networks [19] outside the context of a project is 

challenging. Collaborative networks in the health care operations have been addressed 

by researchers; e.g. Noran analysed the  collaborative networks in various tasks 

performed in hospital operations, where the focus was on the collaboration among 

different stakeholders [20]. Collaborative Networks in healthcare and interactions 

across different heath care institutions in processes such as request for investigations 

and information and physical material (e.g. blood samples) flow were analysed in 

[21]. Challenges identified include locating physical material that should flow along 

with their information counterparts, within the IT systems. 

Some of the operational activities in an enterprise often comprise of tasks that arise 

where communication and coordination among individuals or teams from different 

specialised areas are important; e.g. in a hospital, medical personnel may need to 
know the availability of specific medical equipment in a specific area of the hospital 

or about the availability of a medication. Such activities require collaboration among 
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some of the medical staff with FM or people interacting with procurement and 

logistics. They are strictly teams, but the need for communication (perhaps indirect) is 

essential. There have been a few attempts at addressing such challenges; e.g. by 

integrating a workflow engine and a multi-model BIM collaboration platform [22]. 

3   Example Case – St. Olav University Hospital 

St. Olav, located in Trondheim, Norway, is made up of many buildings. Both old and 

new buildings have been incorporated in this complex, that have to be kept in proper 

or good condition in the course of the decades of lifetime. The hospital needs to 

identify a homogenized and standardized open platform with a view to develop and 

maintain their amenities. Today, all the buildings that constitute St. Olav, 
approximately 350000m2 of building area, have been modelled according to the 

openBIM standards [23]. By considering BIM as a digital interaction paradigm for all 

types of properties through all lifecycle phases, where everyone can initially share and 

gain insight through different digital interfaces, the focus has shifted from the project-

centric to see BIM in a business perspective. St. Olav and Central Norway’s Health 

Authority set up a collaborative project called Lifecycle BIM in 2012, to build up a 

lifecycle BIM based on a FM platform. The result was to implement an EBIM 

philosophy, where information from BIM are considered in hospital operations. 

The main research focus is to investigate possible ways that EBIM could be used to 

support daily operations in St. Olav. The Case Study research method [6] is used to 

identify and describe different approaches that could be used to create value from 
EBIM to support enterprise processes. The primary information sources are three ICT 

prototypes that have been developed by MSc students [24-26], and informal 

discussions with the staff in St Olav’s Property Department. The prototypes were 

developed based on documentation available from the Property Department and semi-

formal interviews with the staff, which helped identify the requirements. The 

evaluations were focused on the proof of concepts. 

3.1 EBIM at St. Olav University Hospital 

At St. Olav’s, EBIM is defined as a discrete information database aimed to support 

the many enterprise aspects and enable the integration of the core business and the 

various processes of the hospital [27]. Traditionally, when the building construction 

phase is completed, the BIM models are made available to the FM activities. The 

EBIM concept at St Olav considers the BIM models to be available as a part of the 
EBIM, which brings together other ICT applications and data that support enterprise 

operations and strategic decision making, such as facility management, patient related 

activities, logistics, ERP systems and procurement. This is illustrated in  Fig. 1, where 

EBIM relates the BIM models to the other operational activities.   

The main objective of EBIM is to strive for a comprehensive and rational digital 

management of the building stock that reflects as best as possible the real building 

structures and functions. In order to meet this objective, a BIM server has been 

acquired for St. Olav, which is used as the main tool for validating, storing and 
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communicating all building technical information. The system has features that 

support operation and maintenance, rental agreements, retrieval and tracking of 

mobile equipment and people, as well as web-based real estate portal and wireless 

communications in the field. One of the main technical challenges in adopting BIM-

based models and achieving EBIM is interoperability among different IT systems [28, 

29]. At St. Olav, an application for visualizing and management of EBIM, called 

Model Server Manager (MSM) has been developed. The application is object-oriented 

and based on open standards such as IFC and EXPRESS data specification language, 

defined in ISO 10303-11 [30]. All of St. Olav’s building models are stored in a 

database on a BIM server and the MSM can retrieve and update these models. The 
application allows a display of multiple models in the same view. 

 

Fig. 1. EBIM and Enterprise Processes 

Information from the EBIM models have been used to develop data driven models 

and simulations [1]. Furthermore, several prototype implementations to explore the 
value of EBIM for enterprise processes have been developed. They are also aimed at 

supporting interaction among the stakeholders and between the building and objects 

within it, and users of the hospital facilities and services. In the following subsections, 

we describe briefly some of the ways in which St. Olav uses EBIM and other 

information in the model server to support enterprise operations and decision making. 

The technical details for the prototypes are beyond the scope of this paper. 

3.2 3D Visualisation of Buildings and Objects 

A web-based prototype, using the WebGL API and BIM models has been developed 

as the foundation for a 3D scene, to explore the possibilities that 3D WebGL 

applications can offer in a virtual hospital context. It includes objects to interact with, 

which could likely feature in the virtual hospital arena, and in various enterprise 
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processes such as logistics, optimization, training or simulations [26]. Information 

from EBIM models were used to create a 3D visualisation of one of the hospital 

buildings from 1930. The types of models used were architectural models (ARK) 

which included elements such as walls, windows, doors, ceiling, roof, beams, 

benches; and electrical models (RIE), which included lamps, emergency door 

openers, sockets, card readers, elbow switches, emergency exit signs and more. An 

additional layer of information was added to include objects placed in the building.  
The main aim of the implementation was for users; e.g. facility managers or 

patients, to walk around in the virtual building and interact with the building and 

various objects within the building. St. Olav owns a large collection of art. Thus, the 

prototype chose presentation of the artwork and paintings in the virtual hospital 

building, where the user could identify their locations and interact with the paintings 

to learn about them and update information about them as relevant; see Fig. 2. Users 

could also select a room in the building and access presentations and videos that have 

been presented in the room. Such a functionality is aimed at enhancing implicit 

collaboration, communication and knowledge sharing among different stakeholders of 

the hospital. 

 

Fig. 2. Interaction with a painting, in a 3D visualisation of a BIM model [26] 

The benefits of such a functionality include the possibilities to use information from 

EBIM for creating a sense of the physical space in a virtual environment. A game to 

support navigation was created using the 3D visualisation. The main advantage of 

using BIM information as the basis for modelling the physical environment in the 

game was the level of detail of the building that was available; a digital twin of the 

hospital buildings. A usability test was conducted with 17 users from the hospital. A 

short questionnaire indicated positive responses and over 85% of the respondents saw 
a value in these types of applications for familiarizing themselves in real buildings, 

while 69 % thought that web-based 3D applications have a potential in educational 

scenarios. The value of such applications can be for facility managers, health care 

personnel as well as patients and visitors. 
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3.3 Asset Management 

Asset management involves the balancing of costs, opportunities and risks against the 

desired performance of assets, to support decision making, planning and execution of 
activities and tasks of assets as desired by building owners and operators [13]. 

Hospitals have a need to locate medical equipment as equipment, such as robots and 

Automated Guided Vehicles (AGV), hospital beds and wheelchairs tend to move 

relatively frequently. Smaller medical apparatus (e.g. insulin pumps, nebulisers) and 

other equipment are often borrowed from one section within the hospital to another 

and in some cases they are never returned. The possibility to efficiently locate such 

equipment would save time and thus effort and costs to the hospital staff including the 

health care personnel.  

 

Fig. 3. EBIM and Indoor Positioning System for assets management 

A prototype has been developed, using the information in the BIM models and the 

MSM together with Indoor Poitioning data. The requirements for the prototype 

application were identified through informal interviews with hospital staff and by 

creating scenarios of how various types of personnel would use such a systems; e.g. a 

maintenance staff, a porter and a project manager for remodelling. Smart asset tags on 
hospital equipment and wireless technologies were used to trace the movements of 

equipment and they were located using the CISCO location server. The position and 

time related data was then saved in an xml file, and visualized in the spatial context 

with the virtual hospital environment [25]. The movements of an electrical scooter 

through the hospital buildings within a 3 month period is visualised in Fig. 3.  

One very importat aspect of being able to track the location of an equipment and 

trace their movements is also safety and security; e.g. w.r.t. to the possibility of 

contamination and the reduction of the risk of infections. The movement and usage of 

equipment can also be used to manage the “fleet of equipment“, e.g. the no. of 

wheelchairs or AGVs, to an optimal amount, thereby reducing the costs and the 

effective management and maintenance of the assets. 
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3.4 Dynamic Cleaning 

One of the beneficiaries of BIM are facility managers and examples of benefits 

include efficient cleaning of equipment and physical spaces. At St. Oav’s, EBIM 

models have been used by the propery owners to calculate the area for cleaning so 
that this information could be used to negotiate the price with the cleaning company 

[11]. Traditionally, cleaning is a routine process that is conducted at regular intervals, 

or at hospitals, related to specific activities in specific rooms such as operation 

theatres. At St. Olav’s, an explorative study has been conducted to use information 

from EBIM and the Model Server to create dynamic cleaning plans based on the use 

of equipment and spaces. Information such as mobile phone traffic within a specific 

physical space, (respecting privacy compliance), could be made available on the 

model server. A prototype, a mobile solution available on an iPad using 3D 

visualizations, has been developed to explore possibilities for dynamic cleaning 

routines rather than fixed routines [24].  

The requirement for the application were developed by interviewing employees 

from the cleaning company, who provides the service in several Norwegian hospitals. 
In addition, staff in the property department were included in the discussions. The 

prototype was evaluated by employees from the hospital’s cleaning department, 

working with coordination and administrative tasks. The overall response was very 

positive and they could appreciate the benefits of such an application. Such an 

application could make cleaning routines more effective while reducing the overall 

cost of cleaning. 

5 Summary and Future Work 

In this paper, we have described the concept of EBIM and how St. Olav could create 

value to its stakeholders through utilising information from EBIM models along with 

other relevant data and information to support enterprise processes. The main 

contribution of this work is a demonstration of how BIM data could be 

operationalised during the operations phase of a hospital. Three prototype applications 

have been developed to support the operations phase of the lifecycle of the hospital 

buildings, using information from BIM models. In the first prototype, a 3D virtual 
hospital arena has been developed, where users could view and interact with objects 

such as artworks and paintings within the building as well as navigate through a 

virtual hospital. In the second prototype, indoor positioning data was collected for 

equipment within the hospital, and their movements were visualised using 

information in the BIM models. In the third prototype, EBIM information was used 

with other data to support dynamic cleaning routines, based on the actual use of 

rooms. The prototypes were based on the use of the IFC standard and a model server 

to overcome interoperability challenges.  

The prototypes demonstrated the benefits for hospital operations in efficient and 

optimum assets management, updating of information related to equipment and 

buildings, reduced effort in locating and ensuring the safety of equipment reduction in 
costs in routine processes such as cleaning. In addition, the possibility to interact with 
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objects in a virtual 3D hospital environment supported efficient update of information 

in the models as well the value of the models for supporting people to find their way 

around the buildings efficiently.  

The prototype applications that were described in this paper focussed mainly on the 

technological solutions and little emphasis was given to supporting Collaborative 

Networks. Our next step will be to consider these within the contexts of workflow and 

collaborative tasks and how they can benefit collaborative tasks within the healthcare 

operations. Work also continues in the design and development of new applications 

that could be built upon the rich data that is available from the EBIM and to explore 

the value for specific organisational processes and stakeholders.  
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