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1 ABSTRACT

This paper presents Enterprise BIM (EBIM), whichthe utilization of Building Information Modeling
(BIM) in a holistic organizational aspect structahgring the entire life cycle of a building. EBIMta as a
virtual comprehensive representation of the bugdirand infrastructure that is aimed to optimize and
improve business management, knowledge sharingaldigteraction and connection in the differenapés

of the building life cycle. This study shows how IEBcould support an organization’s core business
operationally and strategically. In fact, EBIM ign@d to support the building’s entire life cycledain this
approach facility management (FM) is considered agcessity. This paper demonstrates that FM isnot
dedicated or a separate system and it uses exhetlyame data as those required for business mpexat
Hence, we have surveyed the role of EBIM at Stv®ldospital as a case study for further considematbt.
Olavs Hospital uses EBIM to realize the goals dtdveand cheaper construction projects and reakesst
operations management with the aim of more efficiese of resources. The case study highlights ¢heild
and benefits of this approach both with respectprtocesses, tools and techniques. Furthermore, we
demonstrate how EBIM may support interoperabilitgnsparent communication and collaboration among
the core business, facility management, the prajeznization and the different stakeholders thhoug the
building life cycle.

Keywords: Facility management, IFC, Model servertdiprise BIM, BIM

2 INTRODUCTION

Digitization, if used wisely, provides a new andiol way to view business structures and proceSdes
engineering and construction industry is one ofldingest sectors of a country's economy, and statesis a
major economic challenge for any business. Thesefiie present study through describing EBIM ast p
of the business strategy for digitization, focus®s how to achieve optimum information sharing,
collaboration, utilization and management of buitdrelated data across disciplines and systems.

The building configuration and layout constitutedyoa small part of the total body of useful infation
about a building. A really comprehensive and albeawing building information model should cover and
involve not only geometry and properties, but bl information about a building created duringlifis
cycle and its relation to other systems and pr@sesEhe building information should be accessiblmany
different types of users — building owners, buikjesperators, administrators, facility managerstfgao
managers and even emergency responders — vianisgaces that are available and approachablecto ea
other (Smith and Tardif 2009). Principally, BIM a@nto digitally represent the physical and functlona
features required to improve and document buildiegigns. Today, BIM applications support walk-ttglou
visualizations, collision detection, energy perfarmoe estimation, heating-ventilating, air-condiingn
systems, lighting design and the assessment dysafid generally issues related to security (Vanzdert
2014). A single building model creation is not otig proper and expected result of BIM; instead tdnget

is gathering and collecting comprehensive, acckssikeliable and readily exchangeable building
information for everyone who requires it during thélding lifetime. The value of distinct piecesddta —
and with it, the commitment of different partiesctlmmpiling and preserving it — varies considerathlying
the building lifetime. Collecting and maintainingilding information and history in a single stordge the
whole lifetime of a building is useful and fruitftd individual users only insofar as it supporte thany
individual business processes during the lifesfauilding information modelling can potentially aéfe
every aspect of business enterprises. Therefagantplementation of BIM is recognized as an integeat

of any business process, and not just as an igoddifert that only relates to a few specific taskgrojects
(Smith and Tardif 2009).
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As will be discussed, while BIM is a method basedd@itizing different parts of a building, EBIM ¢ases
on all information management throughout the ettiréding lifecycle. This paper presents a studlyzirg
EBIM with St. Olavs Hospital as a case study. THIME concept obeys and follows the strategy of the
openBIM standard during the building lifecycle artdis aimed to optimize and improve business
management, knowledge sharing and digital intevactHence, the main objective of this study is to
demonstrate how the EBIM can supports decision ingatturing different phases of the building lifespan

The Central Norway Regional Health Authority (HMMN)a state regional health enterprise that owns and
operates hospitals. It consist of three hospitaistotal 700.000m2, where St. Olavs Hospital with
approximately 350.000m2, is the biggest one. In22(&t. Olavs Hospital, together with HMN initiated
project entitled Life Cycle BIM based on facilityamagement. As a result, an EBIM philosophy was t&dap
where all buildings are an integral part in theirenportfolio of buildings, as well as the aspetttisture
defined in the hospital business structure. Usirahs& solution enables the integration of corermss and
the various processes of the hospital. Today EBIlsIn extensive information database at St. Olawpiti

and Central Norway Regional Health Authority thapgorts important aspects of the user, such aditifaci
Management (FM), Virtual Design Construction (VD@hd Property Management (Van der Zwart,
Elkhuizen, and Evjen 2016). In this process, Sav®IHospital has pioneered using database technadog
describe virtual building models according to theemBIM standard. The database is made up of many
buildings which both old and new buildings haverbagorporated in it. It implies that, the databakeuld

be kept updated during the decades of buildingidiie and independent of proprietary data systerhs. T
present study describes the transition from BIME®IM and indicates how EBIM is used as a digital
platform to support building projects, facility n@gement and core business of the enterprises.

3 FROMBIM TO EBIM

3.1 BIM and the Building Lifecycle

BIM acts as a transition of methods and technolfogm a single traditional consecutive form to a mod
multiple parallel form of data integration. BIM fke procedure of data sharing and distribution il
capability to use the data via abundant applicatitor managing several multidimensional tasks and
activities in architecture, engineering, constrttimaintenance and different types of operatibralahg

the building lifespan. In fact, utilizing BIM techlogy is essential for all sized enterprises whioh active

in the building construction industry and alsostimnevitable and imperative for the companies wie a
seeking to enhance their levels of competitivea@sseven their existence in the future cycle ofinidestry.

To mitigate lacking productivity and efficiency the building industry, BIM plays an efficient rote
provide and offer the required information and gedata to be employed for model simulation ifiedént
phases in the building industry (Kouch, lllikainerend Peradlaa 2018). In fact, BIM stands at the aidr
digital transformation throughout the built envineent and it provides a vital opportunity and pivotde to
develop and improve performance considerably irowative ways of delivery and operation. It creades
collaborative method of working that facilitateglgasupply chain involvement, underpinned by thgitai
technologies which opens up more effective waysde$igning, creating and maintaining assets and
resources. It also provides a digital represematicthe physical and functional characteristicafasset to
support reliable decisions and information managgrdaring its lifetime. For this purpose, at itse&oBIM
employs three-dimensional model and collective tlataccess and share information efficiently thioug

the supply chain and increase the productivity effidiency of activities and reduces the risk afoes and
maximizes the team capability and potency to inteyaeader: Cardiff University 2018).

Indeed, BIM makes virtual prototyping as a thregehsional models and semantic representation of the
building for better understanding and comprehensiotine project and its components, by all the sised

it can be used for the whole lifecycle of the bmitdfrom the primary design and sketch to the aoation,
operation and maintenance phases (Lebegue etld).20

3.2 BIM as a Facility Management Tool

Facility management (FM) is an organizational fiorctthat supports maintenance of buildings andrthei
services during operation. As such, FM is a mudétad, complex task that is often challenged byeble of
updated building information. The implementation BiM can improve facility management tasks by
providing related and appropriate data during thiédimgs operational period. BIM offers a platforfior
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data exchange between stakeholders in the arahiécengineering and construction fields (Mohaanta
Das 2016). However, as a result of rebuilding aadig replacements of building elements on a dagey
basis, FM is continuously faced with the challemjeupdating the building information and its qugalit
Hence, it implies that the FM function may not pdev reliable data to building owners for lifecycle
management and continuous planning. Therefore,easesging technology, BIM is prepared for offerimg
new level of serviceability and operability to mgaauildings and the physical assets in them. (éiaton
2013). This advantage is a direct result of beiplg &0 perform multiple analyses and generate #reous
documents required by the BIM and information wile more available through increasing the
interoperability and collaboration process.
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Fig. 1: Description of a classical “BIM-project”. €tproject information model (PIM) developed durthg design and construction
phase of a project. The asset information modeMijAIFC files, according to the specifications, dedivered to the Facility
Management System.

BIM offers facility managers and building ownerstogtors a powerful means to retrieve informatiamifra
visually accurate, virtual model of a physical figi BIM also strengthens interactive information
improvement and development and has the abilitycapability of supporting the full building lifespdrom
planning through operation and maintenance. HoweB# will not necessarily replace the wide rande o
information technologies in use by facilities amgamizations but it can support, leverage, and reedghese
technologies (Association 2013).

The common process for transferring BIM informata®veloped in a building project to FM is illustrdtin
Fig. 1. The BIM model of a building project is ated during the construction phase by applying a
Computer Aided Design program (CAD) with productad&om various product catalogues. The building
owner has to specify the BIM requirements to enshaéthe BIM model meets the specifications of Five
system and its applications. During the assignnteetpuilding project exports the BIM model as IHEs

as part of the BIM delivery specification to the Fdfganization. From this point forward, the FM
organization is responsible for importing and inmpémting the IFC files and product documentation itg

FM system. This corresponds to the outline of ditial project delivery and the way of operatiwas
applied before establishment of BIM. This way ofgamizing collaboration and handover has many
difficulties that naturally prohibits the buildingwvner, FM and the core business from participaiinthe
development of the building project as a custoriiée project is developed as a virtual building tisat
disconnected from the enterprise virtual environinaamd aspect structures such as economy, logi§tMs,
and IT organizational processes. Therefore, afiadbver, the customer is faced with conditions thaaises
significant problems related to insufficient andarrect data for the operational phase. In additibae as-
built BIM lacks information related to the systeéaols and aspect structures applied during thedimgjl
project. These are different from those in usehgydnterprise. In addition, there are very fewafiy) FM
systems on the market that import BIM files forngsin FM. As a matter of fact, most of current FM
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systems only replace traditional 2D/3D DWG fileshw8D IFC files. This situation requires other sns,
which Enterprise BIM is an option.

3.3 Enterprise BIM (EBIM)

EBIM is based on the understanding that the wasldhree-dimensional, holistic, process-oriented and
object-oriented. This means that both the real ted digital built environments with all objects and
interrelated objects and processes are connected tomplex interlinked network, realized as an
Authoritative Data Source (ADS) in a model servddS is defined as the repository or system thataioa
the cohesive set of data and features that arsidamed as the primary source for this informathowl it
provides reliable, proper, and secure informatmrsupport a business process. BIM's major tramsiid
EBIM involves processes and activities as integragarts of the building's digital life cycle infoation
along with the BIM model. The task of creating distix three-dimensional digital representatiofie&ing
the real built environment is daunting and it can Ime entirely realistic. EBIM simplifies and cliées the
inherent complexity by creating an enterprise djmeeispect structure that is related to other @mnise
aspect structures and all end-users, as showmi@aiAs illustrated, this implies that EBIM comsithree-
dimensional geometrical data and other buildingnmiation, which in turn are interrelated to othspects
structures, such as economy and facility management
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Fig. 2: Enterprise BIM as an authoritative data sewrspect structure. a: EBIM is represented ascuergspect structure in the
organization. b:The illustration shows how a buitiproject uses the same data infrastructure aantieeprise itself.

By treating EBIM as a business aspect structurdddding information, and as a platform for opewnjpct
integration with the organization, it is expectex lead to cost efficiency, customer satisfactiom an
prevention of data loss. EBIM is essential whemilding or when major renovation of the physicailthing
requires round-trip of the digital building data. tost cases the builder, owner, managers or emgdoy
have little or no access to the BIM building prejeespite the fact that the access potential sforoers,
users and operational organization to the virtuéing in all phases of the project will have ajarampact
on quality, knowledge transfer and user interacftéelse Midt-Norge 2017).

By considering EBIM as a digital interaction pagadifor all types of documents and properties thhoaig
building phases, where all users and stakeholdansirgtially share and obtain insight through diéfiet
digital interfaces, the focus is shifted from thejpct-centric BIM to view EBIM from an enterprise
perspective. One of the most important concept&€BM is emphasizing the integration, information
sharing and openness across business structutggelants vendor lock-in. Vendor lock-in occursenta
company becomes constrained and restricted due telies on a services provided by a vendor ddbui
Fig. 2b shows an overall view of the concept ahtitates the relationship between the real bugldEBIM
and the building processes. In this concept, itmadhat all information is shared and EBIM refletis real
building complex as far as possible, regardlesphafse (Helse Midt-Norge 2017). Collaborative desig
must support the sharing of data as knowledge raten just the transfer of data as information in
documents associated to business processes. TieefeRIM facilitates a new way of digital interamti and

IS an important step towards creating a future vsithart buildings where the enterprise uses realtime
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simulation during the construction projects andlaily operation. As a case study, St. Olavs Haspias
established an organization and a technology ptatfbat supports this approach.

4 ENTERPRISE BIM AT ST. OLAVS HOSPITAL

St Olavs Hospital is an integrated university htapivhich means that Faculty of Medicine and Hedat
located all over the hospital. The hospital prosgiteading clinical care for Mid-Norway and is orgasd in

a center model, which divides the hospital layowb iseven distinct units around an open square (ésn
zwart, Elkhuizen, and Evjen 2016). As already staft. Olavs Hospital encompasses of many buildings
both old and new, which should be maintained duthmjr several decades of life cycle. Accordingly,
homogeneous standardized open digital platfornmdéseloping, improving and maintaining their fagas
and amenities efficiently (dgard Aksnes 2016).

The project life-cycle BIM, established in 2012naid for creating a real life-cycle BIM based oraailfty
management platform of existing buildings (Kristirstad 2017). The EBIM philosophy establishedhdur
the project, builds on a model server, where eddhrew, and future building are integral unitstime
overall portfolio of buildings (Van der Zwart and/jen, n.d.). The platform incorporates all old amelv
buildings, with existing documentation, lease mamagnt and work orders from the previous FM systam,
a openBIM database platform (Kristian Jgrstad 201Ifis requires that the health care institutiorstrhave
full ownership and control of all building-relatéaformation throughout the building life cycle, froearly
phase to demolition. The most important aspectnopleying EBIM is the concept that EBIM virtually
represents the real buildings, at a sufficientliatded level and quality, and the relationshipgwtite various
stakeholders (Monsen 2017). It also defines whiakeholders can benefit from the information caredi
in the model. St. Olavs Hospital applied the folilogvdefinition for EBIM: ,EBIM is a virtual holistt
representation of buildings adapted for optimizedsibbess management, knowledge sharing and
collaboration®.

Fig. 3 outlines how stakeholders are related td edicer and the physical buildings which are linkegin

to the virtual environment through the sensors.iportant factor in the ownership of the virtualilbu
environment is that the owner of the building mbate the knowledge and tools to assist and control
properly the entire digital process (EBIM IT).
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Fig 3: EBIM stakeholders. The relationship betwgenreal building, EBIM and the actors are indicated
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EBIM is a virtual environment with a common datarshg repository where all stakeholders share and
collaborate on the same data in real time.

St. Olav Hospital currently uses EBIM to realize tjpals of better and cheaper construction propeatls
real estate operations management with the aimpoé mfficient use of resources. Buildings where B4
used throughout the process have a better qudliiperation and maintenance and they offer a higghes

of service for employees and visitors than builditigat have been designed and built traditionddiythis
respect, other advantages are proper functionatiagy benchmarking against other projects, faster
execution, fewer construction errors, cost reducti@duced energy consumption and carbon footprint,
harmonizing and streamlining of operations (HelsdtNlorge 2017).

Technically, the model server with all buildindated data and embedded systems, shown in Fig 4, i
referred to as the EBIM aspect structure. WherBiiv server imports new IFC files and documents fram
construction project, the IFC files are validatgdtbe BIM server according to given rules, in sactvay
that the building owner receives the virtual builglimodel at specified level of detail and quality.
addition, the documentation is also checked agdhestexisting infrastructure of the model serve®
compatible with the EBIM aspect structure and imaclassification.

EBIM replaces traditional facility management syséethrough featuring functionality supporting opiena,
management and maintenance. The end user intesfaceieb-based real estate portal tailored foreti
user disciplines. Moreover, the connection betwten three-dimensional models and the sensors and
transmitters in the buildings enables and facégatracking and retrieval of mobile equipment aedpbe,
among other things (Lien and Evjen 2017).

Communication with other aspect structures andesystare primarily done through application protocol
interfaces (API). A simple example of such integmat are printers that are used to label patients
medications. In this case, the information is Hdilgitally by the IT database, but the printers tamas are
displayed on the real estate portal. This is a Iseedmple of minor improvements in the functional
efficiency of daily hospital work.
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Fig 4: Schematic image of a model server that supBIM aspect structure, Web-based real estatalpaireless and handheld
devices.

A model server in itself is a complex digital emriment, but the model server client gives the pitmal
staff almost free access to configure and deveép fanctionality and applications, as shown in Eigln a
hospital with many computer systems, abundanceath @énd the continuous need for improving and
supporting daily routines, a flexible database tmtuis essential. One of the most complex andlehging
tasks is maintaining an existing digital buildingile different parts of the building are being rétou
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Fig 5: The model server consists of a collectiomt#grated BIM models with property sets, documemisthods for evaluating and
checking the models and other turn key functions.

The following two figures show examples of functdity presented to the hospital through the retdtes
portal. Fig 6 presents a report page where alll@ygps at the hospital can report and follow tlaust of
various working orders from requested repair ofakén door to application for additional spacedpecific
functions. The user only navigates through the arap selects rooms or objects in a 2D/3D map totifyen
the rooms or objects for the selected task. Byramgahe data of interest, a work order will beabtished
and submitted to support the designated facilithaggment staff who will execute the work order véth
related data. The work order itself is connectedatly to the specific rooms or objects in the mMadever.
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Fig. 6: A snapshot from the real estate portal shguhe interface presented for the staff at thephtal for reporting and following
up a work order.
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Fig 7 displays a 2D view map which demonstrates husvreal estate portal presents, in color, differe
types of room functions in the buildings basedtm ospital classification system. The same wele pag
be used to display rental agreements relateddora.r

s T. OLAVS HOSPITAL
EIENDOM 3o ST OLAS HOSPITAL

Q

0964 Prinsesse
oset 9 | Kristinas gate 24

& Vi vaigte Nomenkatur

Fig. 7: Visualization of all partial functions ins&t of buildings. The different functions are cetoded. Their distribution across the
wing and floor is clearly visible throughout theifdies.

5 DISCUSSION AND PERSPECTIVES

As previously noted, EBIM is an extensive inforroatidatabase at St. Olavs Hospital that supports
important aspects for the user, including FM, \attlbesign Construction (VDC), tracking and property
management. EBIM facilitates essential and majsksaf the core business and is an important sdarce
strategic management analysis in the near futugdr@ Aksnes 2016). In addition, central operations
monitoring and sensor technology support EBIM tartmee knowledge based. These tools have a significa
role in decision making, object tracking, optimgimventory space and operational costs (Van dearZw
and Evjen, n.d.). In this regard, a common basdioriation functionality for handheld devices, VRdan
Web, has been established in St. Olavs Hospitalthey are still in the beginning of robotizationdan
automation based on EBIM.

However, the hospital's EBIM platform does not supa user-friendly process modeling tool that sufsp
project planning and other types of workflow.Eveough, work order workflow is fully implemented and
gantt charts are realized as part of the periodintanance, the EBIM platform lacks important and
powerful functionality to claim to be a knowledgased system that supports project planning indedéil
with reflective views, roles and tasks (Lillehagamd Krogstie 2008).The implementation of EBIM at St
Olavs Hospital is still in its infancy. The advageaof using a model server based on openBIM stdnidar
obtain all the building data and the capabilitdavelop new functionality is a major competitiveratage,
especially for an enterprise of a certain size. Ngplications and connection to other aspect stract
systems are under development. The complexity laagure size of the data collected makes it negessa
start using technologies like Augmented Reality JA®Rdiscriminate data in order to provide accuddaé
delivery to the end user and to apply Artificialdiigence (Al) to process data.

In fact, the approach and strategy of EBIM is baoiitits use in organizational processes in theseoaf the
whole building’s lifecycle where all buildings witle described and communicated in openBIM standards
relation to other business aspect structures (ai@hEvjen 2017). openBIM is built on workflows amgen
standards which are used to gain collaborativegdegierformance and operation of buildings(@gardrss
2016). Thus, openBIM supports a transparent and aymekflow and permits stakeholders and userske ta
part in and join the project regardless of thefitvgare tools. It permits government and industryohtain
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projects with transparent business interactionyertsdata quality and Service evaluation by esthinlg a
common language for extensively referenced prose¢&eaphisoft - A part of the Nemetschek Groug,)n.

The beneficiaries include the owners, managergsusfebuildings and all actors that are involvedthe
project (Kristian Jarstad 2017). Therefore, it extpeo achieve EBIM for a better decision basedtomtegic
management, user participation and implementatibrall levels. It strives also to get transparent
communication and knowledge sharing across thenargdonal structure (Monsen 2017). Hence, EBIM
provides unique opportunities for users as a bagsite use the available information to manage,atpemd
develop the buildings throughout their lifetime.eTiprojects must support the business by providargect
information during the planning and constructiormefiefore, the projects will be organized so that al
relevant information flows to and from the modelvee. In practice, it is said that the project arigation
with advisors and contractors will save and develaja (including documents) in the model server.

Introducing new technology that challenges data erglmip, existing systems, collaboration, efficiency
change, new way of working and motivating to achievgreater goal, is what that needs to be greatly
motivated by the enterprises and organizatiortedlto these processes. In this regard, St. Olagpikhl

has a strong focus on how EBIM can support its baeness operationally and strategically. At tagamal
level, EBIM supports government and other enteegrig real-time monitoring of demand through web
services and it avoids unnecessary reporting atalréplication.

Fig 8: St Olav’s hospital site with 220.000 m2 -alge taken from EBIM system.

6 CONCLUSION

EBIM obeys and follows the strategy in which alildings and infrastructure in an enterprise arecdesed
and communicated in a uniform openBIM standardrduthe building lifecycle. EBIM seeks to establish
clear and transparent communication and knowletigergy throughout all organizational structuresings
the EBIM method, the traditional boundaries betwemject and owner are eliminated by the way inclhi
the owner implements the project into the digitiatiorm of the enterprise and not as a single stime
building project. This ensures rational and logidadital management of buildings which can reflect
engineering structures, performance of buildingg mfrastructure from registered demand to demoolit
Accordingly, by using EBIM approach, St. Olavs Hialp establishes a virtual building information
structure that is capable to support day-to-daynteaance, tracking objects and providing differgéatvs to
the end user. The work done at St. Olavs Hosmthlised on anticipated benefits and so far theckeds
evidence of improved data quality and new appres@re emerging. The next step in the advancenfient o
EBIM is to establish additional abilities and caifiies that support the projects in their develamn
towards complete construction in relation to théemrise aspect structures in real time. EBIM Haes t
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potential to become the next step in the processiidding business-centric smart buildings thateett and
support the real-world processes, games, sociataction and knowledge sharing across all enterpris
disciplines.
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