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Abstract A National Institute of Standards and Technol-

ogy (NIST) study shows that all stakeholders in the capital

facilities industry waste a huge amount of money looking

for, validating, and/or recreating facility information that

should be readily available. The total cost of these activi-

ties within the capital facilities industries in the United

States was conservatively estimated at $15.8 billion in

2002, with two-thirds of that cost occurring during the

facilities’ operations and maintenance phase. This is con-

firmed by the International Facility Management Associa-

tion (IFMA) Maintenance Survey in 2009, which states that

the loss of information generates an added cost of 12.4% of

total annual mean O&M costs. Nowadays, standards and

specifications have been developed about availability,

integrity, and transfer of data and information during the

operational phase of an asset life. PAS 1192-3, among

these, suggests the use of Building Information Modeling

(BIM) models to store and access facility information, but

the turning point is the ability to provide different stake-

holders with different data, which should be targeted to

them, easily accessible, readable, and updatable (and up to

date). This research started with the collection of asset

managers’ needs and then the definition of new procedures

for assets and facility management in a BIM-based

workflow focusing on how to allow users to access, use, 
and update facility data stored in a BIM model without a 
BIM authoring tool. Examples are shown for: (1) man-

agement of rooms occupancy; (2) management of 
mechanical equipment status; (3) qualitative condition 
assessment of buildings; and (4) appraisal of the service 
life of building components and systems according to ISO 
15686-8. These four tools allow to compute and control 
some key indicators of the asset, with also the possibility to 
compare them inside a portfolio. This paper presents the 
four tools, paying also attention to the workflows to be 
followed and to the different data needs of the stakeholders 
involved.

Keywords BIM � Facility management � Asset 
management � Web � Building condition assessment

Introduction

This research aims to prove that transferring existing asset 
management procedures (and tools) into a BIM environ-

ment is feasible. Aziz et al. [1] provided a clear description 
of the evolution of Facility Management (FM) software, 
from the beginning (with emails), since to the most 
advanced solutions (BIM and lean software). According to 
this scheme, the Italian panorama is characterized, except 
some excellent examples, by a broad use of Computer-

Aided Facility Management (CAFM) software; at the 
international level, there are many interesting applications 
of BIM for FM in public and private portfolios. In general, 
the development of BIM procedures to support FM could 
lead to different sets of tools, e.g., to simply exchange data 
with third party plugin to populate spreadsheets or to 
directly be connected with a CAFM software. No matter
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The tools presented here can be seen as the preliminary 
results of the research, aiming at demonstrating that BIM 
can be fruitfully used to improve asset management 
procedures.

This paper contains a brief state of the art of the main 
themes discussed, then a description of the four Web tools 
developed, and an application to a case study. To be 
noticed that the case study is made to show the Web 
interfaces of the tools and not to discuss quantitative results 
coming from the calculations made with the proposed 
procedures. This work is focused on existing buildings, so 
the procedures are meant to be used with digital models 
with a low level of detail (graphical) and a high informa-

tion content (high level of information); this allows to 
quickly create a digital model of the building, ready to be 
used by managers and operators in their daily activities.

Eventually, this research is carried out to fill the lack of 
instruments and tools to allow people not able to use BIM 
authoring tools (e.g., high management, maintenance 
operators, and staff) to access and modify data contained in 
a digital model of the asset.

State of the art

In this paragraph, the main themes discussed in the article 
are highlighted with the aim of providing the context of the 
research. What is the asset management and the first 
attempts to use BIM in the area are presented in the first part 
of this chapter. The second part gives an overview of 
building condition assessment (BCA) and Service Life 
Planning (SLP), two of the main fields of asset management.

Asset and facility management

Cagle [4] gave a working definition of asset management; 
he said that it refers to a set of processes or activities 
addressing the proactive management of infrastructure

the procedure, this kind of connection is important for 
acquiring spatial information [2].

According to the PAS 1192-3 [3], the BIM model has 
the same life as the physical building; this implies a great 
use of the model during building operation. Many 
researchers and software companies are developing tools to 
manage building operation with BIM (please refer to the 
‘‘State of the art’’ section), while authors tried to demon-

strate how current procedures can be translated into BIM 
ones; so the focus is not on the instruments, but on how 
actors should modify their habits to cope with new methods 
and tools.

The first step in a BIM adoption procedure is the 
implementation of model-oriented tools and workflows [4], 
this is extremely difficult in the asset management field 
where current procedures are mostly process-oriented. For 
example, assessing building condition usually involves:(a) 
asset survey; (b) filling some documents (diagnostic forms, 
reports, etc.); (c) taking pictures; and, if need be,(d) 
calculating one or more Key Performance Indicators (KPIs). 
In a BIM environment, diagnostic forms must cope with the 
organization of the BIM model. Data must be organized 
according to the objects (spaces, building com-ponents, and 
systems) in the model, so to have the data linked to the right 
objects, allowing to query them in an efficient way. Another 
barrier to BIM adoption in the asset management field is the 
BIM authoring tools themselves; two cases are frequently 
found: either people are not able to access and modify data 
using a BIM authoring tool or the information which they 
need cannot be efficiently stored in a model.

This research proved, also through some case studies, 
that BIM methods and procedures can be efficiently used to 
support frequently recurring asset management processes. 
The research started with the analysis of existing proce-

dures and tools used during asset management. The second 
step has been the transposition of these procedures into the 
BIM environment, trying to cope with the boundaries given 
by the model-oriented approach. The third step consisted in 
the development of some web tools connected with the BIM 
model, so to have a dynamic interaction with the model, i.e., 
the possibility to update and enquiry the model without a 
BIM authoring tool. This is highly important in the asset 
management field, because most of the stake-holders either 
need information that cannot be provided by BIM authoring 
tools (i.e., synthetic reports on asset per-formances, specific 
queries, KPIs, etc.) or do not use BIM authoring tools (Fig. 
1) [5]. This may happen for many reasons, for example: (a) 
because it would be too expensive to provide them the tools; 
(b) because it would be unfea-sible due to the work which 
they are doing or (c) because they would need too much 
training (thus, again, it would be too expensive).



assets, as follows: (a) maintaining an inventory (saving data 
about acquisition costs, original and remaining service life, 
physical condition, and cost history for repair and 
maintenance); (b) planning asset maintenance, repair, and 
replacement; (c) supporting the two previous elements 
implementing and managing an information system. 
Managing an asset (or a portfolio) means making decisions, 
more or less important, to meet the objectives given by the 
asset strategy, as defined in the ISO 55000:2013 [6]. 
According to a definition given by BBC [7], related to the 
business sector, ‘‘decisions are part of the remit of man-

agers. Difficult choices may have to be made for the 
common good of the organization’’. There are three types of 
decisions, from complex to simple: (a) strategic: long-term, 
complex decisions made by senior management;(b) tactical: 
medium-term, less complex decisions made by middle 
managers; and (c) operational: day-to-day decisions made 
by junior managers that are simple and routine.

Strategic decisions, in the construction sector likewise in 
any other business, must be based on reliable data, possibly 
summarized in some KPIs. The senior management cannot 
make their decisions based on raw and sparse data, useful 
for day-to-day operational decisions but not for planning 
long-term activities. This concept is reported by the EN 
15221-1:2007 [8], which divides the Facility Management 
in strategic (processes), tactical, and operational (activi-

ties), with KPIs to control assets and service levels.

Objectives, activities to be performed, and KPIs to be 
provided are also listed in the ISO 21504:2015 [9]. These 
objectives, to be set in advance by the portfolio manager, 
can be summarized in the following: (a) ensure that 
investment in portfolio components is aligned with the 
organization’s strategy and risk tolerance; (b) optimize 
organizational capability and capacity; (c) maximize ben-

efits from investment; and (d) identify and manage stake-

holders’ interests.

Managing an asset is no more a ‘‘simple’’ technical 
issue, but a complex problem, on which managers must 
make operational, tactical, and strategic decisions to meet 
the client’s needs. To make these decisions, managers and 
operators must be provided with data that should be cor-

rect, updated, easy-to-use and reliable; currently being able 
to access asset data in a standardized and effective format 
is as important as having reliable data [10, 11].

BIM for asset management

Implementing BIM-based asset management procedures 
needs more effort when dealing with existing building than 
with new projects, mainly because of the need of surveying 
the existing building to gather correct data about quantities, 
dimensions, materials, and technologies (due to the com-

mon lack of updated as-built documents). Both academic

researchers and software companies are addressing this 
problem, looking forward to improve tools and methods to 
gather more precise data and to create a model respondent 
to the real building [12, 13].

BIM for existing buildings is many times obstructed by 
the fact that it is seen as an end in itself. BIM models for the 
real estate should be seen as a starting point for orga-nizing 
and managing knowledge about assets and portfo-lios, not 
just as a tool to be used only during refurbishment (as 
instance to make some renders) and then forgot. A possible 
interesting use of BIM models for existing buildings is 
given by sustainability analysis (i.e., energy analysis [13]), 
which can take advantage of BIM to achieve more precise 
and reliable results; the issue that tried to solve is the 
difficult conversion of the points cloud into BIM objects, 
ready to be used for multiple purposes.

As written before, BIM can be fruitfully used in all the 
stages of a project, including asset or facility management; 
the potential is high, even if procedures and tools many 
times need to be improved. Reference [14] provides an 
overview on the topic by analyzing some case studies.

Overlooking possible initial difficulties, BIM can seri-

ously improve the current way of working and sharing data 
among professionals, users, and clients. One for all, it is 
sufficient to think about the amount of paper documents to 
be stored in an asset archive, with all the problems related to 
data acquisition and updating; with BIM, data are stored in a 
database, so the paper is strongly reduced, with more 
benefits in terms of updating effort. An example of as-built 
document management system based on BIM can be found 
in [15], while information sharing via Virtual Reality and 
BIM is shown in [16].

Knowledge is the key and BIM can improve the way to 
access this knowledge by cutting working time and related 
effort. More generally, BIM technologies can help asset 
management by allowing to: (1) store customized param-

eters and KPIs; (2) manage the maintenance plan; (3) keep 
track of the performed maintenance operations; (4) keep 
track of components installation date and related issues 
(warranties, end of life, etc.) [17]; (5) automatic update 
data after maintenance operations; and (6) prepare service 
order (maybe through COBie [18]).

A BIM model can also be productively used to manage 
spaces and connected furniture and materials. Maintenance 
operations and refurbishment are often related to a single 
space (or to a zone) and not to a specific component (i.e., 
internal wall, ceiling, flooring, etc.), so being able to cal-

culate the bill of materials associated with a space in few 
steps is a great value.

One of the most interesting and important progress is 
given by the introduction of the Augmented Reality (AR) 
in the asset management world: software companies 
[19–21] and researchers [13, 22–24] developed various



based on cost-driven KPIs and physical state rating, in 
combination with standards and regulatory compliance 
checking.

Assessment methods can vary also according to level of 
detail needed: from general (the whole building, if need be, 
split in macro groups) to particular. In the latter case, each 
component has a specific and detailed evaluation method, 
like in [38] for façades evaluation, in [39] for roofs, in [40] 
for rendering façades predictive maintenance, in [41] for 
ETICS, and in [42] for the entire envelope. The objective of 
this work is not to produce a detailed analysis of the 
degradation of each building component, but a more gen-

eral and fast analysis of building and building components 
degradations.

Last but not least, evaluation techniques should give as 
output an index, a rate, or a mark to enable decision makers 
to create a building ranking inside the portfolio, to priori-

tize maintenance works, and to evaluate refurbishment 
scenarios [43, 44].

The analysis of building evaluation techniques showed 
the extreme difficulty in achieving a detailed survey with a 
small effort. To minimize BCA costs, a two-step approach, 
as suggested by [42], has been adopted in this research: (1) a 
preliminary survey on the whole building to rate and to 
compare it with other buildings of the same portfolio; and 
(2) a detailed survey, focused on the more critical buildings 
of the portfolio, analyzing more deteriorated components 
according to the BCA rate. The survey, either preliminary or 
detailed, must also be reliable, objective and associated with 
a KPI.

In the current practice, BCA is conducted in several 
different ways according its objective; most of the times, it 
is also done implicitly, not considering it a real activity, but 
just a way to support calculations (e.g., market value 
appraisal, maintenance, and repair planning, etc.). BCA has 
to be done to support asset and facility management, but, if 
planned and performed properly, could lead to significant 
savings and a better knowledge of the asset (or the 
portfolio).

BCA report, the output of the assessment, is seldom 
connected to the as-built drawings (except some references 
like ‘‘plaster detaching in the front façade’’) or, in case, 
some data about pathologies are inserted in the drawings, it 
is difficult to retrieve them and/or to associate them to 
quantities and repair works. Moreover, diagnostic forms 
used to survey building components, despite the precision of 
this kind of document (they can be very accurate), are 
merely stored as paper beside the as-built drawings, so most 
of the times they hardly help to keep the history of the asset.

One of the problems of BCA is that data gathered are 
not directly connected to drawings and reports describing 
the asset, which are usually not updated or even missing.

software and plugins to allow maintenance operators to 
interact with the building with tablets, smartphones, or even 
smart glasses. These solutions enable users to query, 
identify, and enrich objects, by remotely modifying the BIM 
model contained in a server. AR is really useful when it is 
hard to identify the element to work on, or when an 
operation must be signaled to the maintenance manager in 
real time. In this specific field, software companies and IT 
developers have a predominant and key role, sometimes 
even more important than the maintenance manager him-

self. To avoid this, an optimal BIM asset management 
system should be developed starting from client’s infor-

mation requirements and then tested and updated periodi-

cally, so to be sure to have all the necessary data.

Despite BIM diffusion and stakeholders’ interest, there 
still is a great work to be done to provide stakeholders with 
instruments allowing an easy access to data contained in a 
digital model. Gu and London [25] observe that informa-

tion stored and maintained during the project is useful for 
later access and retrieval. The model intended as a database 
is helpful in updating and identifying the information 
needed for maintaining the building facilities [26]. Nev-

ertheless, authors highlight the absence of standardized 
procedures to keep the model updated, which is an issue that 
strongly affects BIM approach efficiency. Moreover, Level 
Of Detail (LOD) and Level Of Information (LOI) should be 
defined by facility managers, to be sure to reach the 
objectives set by the management [27].

Building condition assessment

BCA is a field of study that aims at improving the 
knowledge of an asset. This is crucial for a correct com-

prehension of the building behavior and criticalities, so to 
make correct decisions at the right time.

BCA is part of the asset management system, defined in 
the ISO 55000:2013 [6] and so, should be conducted in 
combination with other important activities, like inspec-

tions and maintenance operations. Inspections often cause 
costs overrun if not efficiently organized and must be 
planned considering what is the subject of the inspection 
[28]. Maintenance operations, in terms of both schedule and 
costs, must be planned consequently to the building 
assessment to be the most effective as possible [29].

BCA techniques have been studied since the birth of the 
necessity of understanding what are asset performances [4, 
30–34] to consequently maintain them in the most effective 
way. In [35], nine different types of evaluation techniques 
have been defined, from empirical to theoretical and from 
internal to external. For example, in [36] some methods, 
based on qualitative evaluation, criteria (i.e., the surveyor 
indicates the good/bad state of building compo-nents) are 
described; in [37], other techniques are defined,



This, during building life, causes potential loss of infor-

mation and so missing performance and costs overrun.

In essence, the current BCA practice, except of some 
excellent examples, does not help in implementing the data 
into existing documents, but places useful information 
aside, causing sometime misleading results. The tool under 
development, based on a BIM model, wants to overcome 
this issue, implementing data about condition directly in 
the model so to be available during the use phase, which is 
the longest and most important in terms of impacts and 
expenses.

Service life planning

Service life planning is a design process that seeks to ensure 
that the service life of a building or other con-structed asset 
will equal or exceed its design life [45]. Buildings and 
building components service life are vital information in a 
design process, because most of the choices to be made 
during this process are influenced by life cycle costs or by 
environmental impacts over the life cycle, i.e., elements that 
are strictly related to the service life of building systems and 
components. After design and construction, during asset 
use, service life data are used to plan maintenance and 
replacement activities.

The ISO 15686 standard series suggests a way to predict 
the service life of a building components: the factor method, 
i.e., estimating the service life a construction product would 
have in a set of specific in-use conditions determined from 
reference service life data after consid-ering any differences 
from the reference in-use conditions. The estimation of the 
ESL is, most of the times [46, 47], carried out by 
multiplying the value of RSL by numerical

factors A to G designated /A, /B, … /G, each of which

reflect the relative dependence on the service life of the 
difference between the object-specific and the reference in-

use condition within a respective factor category as given in 
the following equation:

ESL ¼ RSL � /A � /B � /C � /D � /E � /F � /G:

ð1Þ

The meaning of each factor, according to [45], is /A 
quality of component; /B design level; /C work execution 
level; /D indoor environment; /E outdoor environment; /F 

in use conditions; /G maintenance levels.

Although some research claim that the factor method is 
too simple to cope with complexity of building component 
degradation phenomena [48] or that it does not give any 
clue about the reliability of the estimation [49], it is com-

monly admitted as a general framework for service life 
prediction [50, 51]. Moreover, the use of the factor method 
in a BIM-based asset management process is eased by [52],

an international standard that provides information and 
guidance on the use of standards for information exchange 
[53] for service life planning of buildings and constructed 
assets and their components. Noteworthy, [52] was con-

ceived to exchange service life information between cate-

gories of design and information management software 
applications that have standard-based information 
exchange interfaces including: (a) Building construction 
Information Modeling (BIM); (b) Computer-Aided Facility 
Management (CAFM).

Web tools

The idea beyond the developed Web tools is to demonstrate 
the possibility to upgrade some existing asset management 
procedures to cope with new opportunities and constraints 
given by BIM. Becerik-Gerber and Jazizadeh [54] affirm 
that facility management requires extensive information 
requirements and BIM has a great potential in this field; 
nevertheless, they identify some constraints that must be 
taken into account when applying BIM to FM, e.g., accu-

rate as-built BIM models and robust definition of objects 
requirements are needed for a proper implementation. In 
addition, non-geometrical data must be organized in a 
hierarchical structure, together with the connection with a 
responsibility matrix.

Web tools have been developed to help in four activities 
that are frequently carried out in the buildings use phase: 
space management, mechanical equipment status (failure or 
working condition), BCA, and service life prediction 
(according to ISO 15686-8 [55]). They all have the same 
working schema (Fig. 2): (a) the BIM model is created with 
a BIM authoring tool (Autodesk Revit) according to 
specifically developed BIM guidelines for asset manage-

ment; (b) non-graphical data are exported to a database 
(DB); (c) the DB is published on the Web using Web 
services allowing to read and modify data; and (d) Web 
clients use Web services to create reports or to compute 
KPIs. All these tools have dedicated Web pages and the-

matic plans (in the BIM model), in which it is possible to 
update main data and check some KPIs.

In this chapter, all the four tools developed are pre-

sented, highlighting main features and characteristics.

Space management

Space management is a frequently underestimated activity: 
spaces are very important in asset management activities, as 
they can be associated with maintenance operations, costs 
centers, people, and activities; moreover, they can contain 
mechanical, electrical, plumbing (MEP) compo-nents, 
furniture, and specific finishing. Therefore, being



• Creation of the BIM model: this is the first and

probably the most effort-consuming activity. Although

the cost creating a model of an existing building is

getting lower and lower, the money to be spent is not

worth if the only purpose of the model is storing BCA

data. The asset owner (or manager) must have a long-

term strategy plan where the use of BIM is vital for all

the asset management and not only for the assessment.

In the latter case, this would probably lead to imple-

mentation costs higher than the savings.

• The second step consists in creating variables in the

BIM model where to save data necessary to make the

tool work. This was done creating some parameters for

different objects of the BIM model (Autodesk Revit

was used in the case study and these variables are called

‘‘shared parameters’’ of Revit entities). These param-

eters are necessary to assess the building and to provide

the KPIs. They can be inserted in the template of the

BIM model for a faster and safer adoption during the

creation of the model.

• The third step consists in the connection of the BIM

model to an external database. For this tool, the

connection has been done using Revit DBlink (a

plugin) and Microsoft Access. It is important to clarify

that the connection is not a simple exportation of the

model in a database, so allows users to implement and

query data from/to both the BIM model and the

database. Some other options are currently under

assessment (e.g., direct connection to a MySQL

database).

Then, the workflow to be followed to use this tool is

quite straightforward (4–6 in Fig. 4):

• The user (facility or asset manager) fills the Web page

with the occupancy data about each room, divided by

level;

Occupancy update 
(room by room)

Facility and 
asset

managers Web

Designers 
and 

technicians

BIM model

Thema�c plan
(for each floor)

Fig. 3 Scheme of the space management tool
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information stored in the 
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LOCAL STORAGE

Fig. 2 Web tools working schema, technologies, and software

able to associate and manage information related to spaces 
or building zone is crucial for the success of an asset 
management strategy. Moreover, spaces contained in the 
traditional CAFM software are hard to update if changes 
occur over asset lifecycle, so having the direct connection 
with an updated BIM model would overcome this issue.

The main idea is to create a Web tool able to manage the 
occupancy of a room, so to understand if the space is used 
or not, overcrowded, or under-used. Updating the cur-

rent/planned occupancy of a room is just one of the pos-

sible activities to be carried out by the asset manager, but it 
is a good example of how the process can be interactive 
with the use of a BIM model and a Web page (Fig. 3).

The tool allows to insert two important values: the 
maximum/planned number of people inside a room and the 
actual number of people using it; these parameters allow to 
calculate the occupancy ratio, which can be seen as a KPI of 
the efficient use of a building.

The calculation procedure in this tool is really simple 
(and automated in the web page). The only operation done, 
for each room, is the ratio between the actual number of 
people in a room and the planned number. This provides 
the occupancy ratio, which can be 1 (used as planned), 0

(not used), 0 \ x \ 1 (under-used), or [1 (overcrowded).

Here, some preliminary activities to be performed to use 
all the tools developed are presented (1–3 in Fig. 4):



• The user (facility or asset manager) checks the charts in

the Web page;

• The technician imports the data from the database to

the BIM model;

• The technician submits to the facility manager the

updated thematic plans;

• The user periodically updates and controls imple-

mented values.

Mechanical equipment status

The behavior of MEP components can be described with 
few general conditions: working, working with issues and 
not working; after this generic assessment, a technician can 
assess causes and provide specific solutions for the com-

ponent under analysis. However, during a survey (in case of 
routine inspection, handover, important maintenance 
operations, etc.), the operator needs to write down many 
notes in relation to the equipment analyzed and this could 
lead to mistakes or imprecise results. Having the complete 
list of components, associated with the room and the floor in 
which they are located, would lead to more precise work, 
better results, and less surveying time. Moreover, the 
information about components condition can be stored in 
the BIM model, using it a central information repository.

Despite the fact that it is related to a different topic, this 
tool is really similar to the previous one. It is made to 
simply trigger the condition of the mechanical equipment 
(fan coil, radiator, air terminal, chiller, boiler, etc.) inside 
each room. There are only three possible states of the 
component: working, not working, and unknown (not 
assessed yet). Each component is associated with a room, so 
to be able to easily find it; moreover, the Web page shows 
the ID of both components and rooms, so to be able to find 
them in the BIM model, if need be.

The only parameter that needs to be filled is a Boolean 
parameter named ‘‘Failure’’.

This tool has no calculation procedure, so the Web page 
simply counts the number of components, dividing them in 
working, not working, and not assessed.

The steps from 1 to 3 (Fig. 4) are still valid for this tool. 
Then, the workflow to be followed to use this tool is quite 
straightforward (4–6 in Fig. 4):

• The user (maintenance operator or surveyor) fills the

Web page with the mechanical equipment condition,

divided by level and by room;

• The user (maintenance operator or surveyor) checks the

charts in the Web page;

• The technician imports the data from the database to

the BIM model;

• The technician submits to the facility manager the

updated thematic plans and the web reports;

• The user periodically updates and controls imple-

mented values.

BCA tool

BCA is an activity frequently carried out in case of han-

dover and in general when current asset condition is not

known. In general, BCA activities provide a list of

pathologies, maybe in combination with quantities and a

rating; the results are contained in a report, frequently not

directly connected with the as-built drawings. This lack of

connection could lead to not updated and incoherent data

and so to wrong decisions about maintenance and repair.

The tool provided help for both surveyors during the

assessment and managers in making their decisions.

The idea is to develop a tool able to make a qualitative

assessment of the building and its part. This can be done by

linking main components condition (e.g., walls, floors,

false ceilings, services, etc.) to the room in which they are

located, thus to control a limited number of objects.

Therefore, the tool developed consists of three main

sections:

• Building site assessment: objects assigned to the

external spaces of the building (green areas, benches,

external services, etc.) are evaluated with the help of

some qualitative indicators;

• Building (as a whole) assessment: building components

and systems that cannot be assigned to a single room

(e.g., façade, roof, elevators, etc.) are evaluated with a

set of qualitative indicators;

• Spaces assessment: each room of the building has a set

of qualitative indicators that can be triggered by the

1
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user to describe (mainly) the condition of the finishing

and of the services.

Figure 5 shows a scheme of the general framework of 
the tool.

The three main set of parameters, respectively, related to 
building site, building (as a whole), and spaces, are cal-

culated with the support of visual inspections only, as it is a 
qualitative assessment tool.

For the site, the following parameters related to the 
condition have to be filled: (1) external furniture, (2) gates 
and fences, (3) external lighting fixtures, (4) irrigation, (5) 
flooring and signals, and (6) green areas.

For the entire building, the following parameters related to 
the condition have to be filled: (1) façades, (2) windows,

(3) roof, (4) structures, and (5) elevators.

For each space, the following parameters related to the

condition have to be filled: (1) wall finishing, (2) false

ceiling finishing, (3) floor finishing, (4) window, (5) door,

(6) structure, (7) lighting fixture, (8) plug, (9) heating, and

(10) cooling.

Each section has a dedicated interface to be filled by the

surveyor, with the possibility of triggering each parameter,

assigning the correct value, out of a qualitative scale

composed by five options: (1) optimal condition, (2) good

condition, (3) light maintenance required, (4) working but

in bad condition, and (5) not working—major maintenance

works are required. This scale is slightly different

according to the object of the assessment. There is also the 
possibility of indicating that the parameter is not evaluated 
(either because it is not possible or the object of the 
assessment is not present in the room). Each of the five 
values is associated with a score from 1 (best) to 0 (worst), 
so to be able to calculate an indicator for each category of 
objects and for the whole building. By filling all these 
parameters, the surveyor has all the raw data about the 
qualitative BCA; these values must be elaborated to become 
readable and comprehensible.

The idea beyond this BCA tool is to use simple proce-

dures: the asset KPI is the simple average of Building (as a 
whole), Site, and Spaces KPI. The last KPI is a weighted 
mean of all single spaces KPIs, i.e., the KPI of each room 
of the asset, which is the average of the ten parameters 
previously described. Building (as a whole) and Site KPI 
are given by the simple average of the corresponding 
parameters. Main passages are highlighted in Fig. 6. Side 
by side to the KPIs, this tool is designed to measure how 
much of the building has been assessed; this is made 
possible by the list of rooms coming from the BIM model.

All the KPIs are computed by a Web application retriev-

ing data from a database connected to the BIM model and 
then are saved back in the BIM model, in which they are used 
to produce and update thematic plans (plan views with color 
schemes) and schedules, according to users’ needs.

The BCA workflow used is quite different from the ones 
found in literature and described in the state of the art 
because of the decision of using a BIM model to store asset 
data.

The steps from 1 to 3 (Fig. 4) are still valid for this tool. 
The main steps of the workflow are as follows (4–6 in Fig. 
4):

• The fourth step is to survey the building to check the

condition of the various parts. There is the possibility to

insert the data coming from the survey in three different

ways: (1) directly in the BIM model; (2) in the database

BC
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connected to the BIM model; and (3) using Web

applications. The third option is the one developed by

the authors, because it allows to interact with the model

directly on field, saving time during the survey and

providing more accurate and unequivocal data;

• The fifth step consists in the analysis of the results. This

can be done in two ways: (1) directly from the model

using thematic plans, i.e., plans that show graphically the

BCA results highlighting, for example, rooms where the

condition is lower than a minimum acceptable value or

where a critical component is failed; and (2) checking the

results online, within a Web application retrieving data

from the database and computing the KPIs;

• The sixth last step is to periodically repeat the

assessment (maybe before and after major works), so

to always have the data aligned with the real condition

of the asset. According to building type, extension,

function, age, and maintenance policy, it is possible to

schedule the periodic surveys, so to minimize users’

disruption and costs overrun.

It is important to clarify that the Web interface and the

database are not mandatory for the calculation of the BCA 
indicators, but they allow multiple categories of users to 
access information contained in a BIM model without a 
BIM authoring tool and even during the survey on site.

Service life planning

Service life planning is an activity that should be carried out 
during design (better early stages), before important 
maintenance and replacement works and even before 
transactions, to define what will be the useful service life of 
the components built or installed; in case of existing 
components, this activity is useful to compare the Esti-

mated Service Life (ESL) with the Actual Service Life 
(ASL) [45]. This activity requires a big effort, as the same 
components in different parts of the building could have a 
different service life (as instance according to building 
orientation, height, function, etc.).

This tool is made to support facility and asset managers 
in scheduling maintenance and replacement operations. It 
allows to calculate the ESL (please refer to the ‘‘Mechan-

ical equipment status’’ section) and to compare it with the 
actual service life (ASL) of a component, retrieved directly 
from the model. The output is the number of components

with ASL \ ESL and with ASL [ ELS; the latter need to 
be maintained or replaced or, anyway, special cares as they 
could be probably affected by obsolescence (in terms of 
performances and functions).

The tool is set to implement data related to architectural 
components: walls, windows, and roofs; it can be easily 
implemented to manage data related to MEP components.

The user can insert, for each occurrence (instance of wall, 
window, roof), the 7 factors influencing the service life, 
while the ASL and the Reference Service Life (RSL) are not 
editable.

For each of the components analyzed, the equation 
described in the ‘‘Mechanical equipment status’’ section is 
automatically computed. The Web page then only counts 
the number of components under or above their RSL limit. 
It is possible to perform this assessment incrementally, as 
instance when a component is replaced or during 
inspections.

The steps from 1 to 3 (Fig. 4) are still valid for this tool. 
Then the workflow to be followed to use this tool is quite 
straightforward (4–6 in Fig. 4):

• The user (designer or facility manager) fills the Web

page with the SLP planning data, divided by compo-

nents types and categories;

• The user (designer or facility manager) checks the

charts in the Web page;

• The technician imports the data from the database to

the BIM model;

• The technician submits to the facility manager the

updated thematic plans and the Web reports;

• The user periodically updates and controls imple-

mented values.

Case study

The case study presented in this paper has the purpose of

showing the possibility of an efficient implementation of

BIM in the current asset management practice.

The building under analysis is an office building

belonging to the Politecnico di Milano, built in the 60s and

initially used as a steel warehouse. It has three stories

above ground and one partially underground. Structures are

mainly in reinforced concrete, while the internal partitions

are made of clay bricks and gypsum boards.

Fig. 7 BIM model of the case study



they have the same importance of the Web pages, as they 
can show the building current situation at a glance.

Space management

A single Web page is used to enter the data related to 
occu-pancy, elaborate them, and check the results with a 
graph and some synthetic indicators (Fig. 8). The user can 
enter data related to maximum and actual occupancy of all 
the spaces that allow presence of people. The assessment 
can be incre-mental and the rooms not analyzed are 
considered not used.

The thematic plan (Fig. 9) shows the rooms with 
available desks or the rooms with a number of people higher 
than the planned. This plan is automatically updated each 
time the data are imported from the database to the BIM 
model; data are overwritten each time the model is updated, 
so this and following tools must be used following specific 
procedures, also developed by the authors.

Mechanical equipment status

A single Web page is used to enter the data related to 
mechanical equipment status, elaborate them, and check the 
results with a graph and some synthetic indicators (Fig. 10). 
The user can enter only one parameter related to the 
condition of the mechanical equipment (working/not 
working); it has been developed as an extremely simple 
procedure, to be used in the daily routine and not for a 
specific assessment (a specific BCA procedure is developed 
in the next paragraph).

The thematic plan (Fig. 11) shows the mechanical 
components working (green) or not (red). The plan involves 
a simple filter that marks as green or red the mechanical 
components, leaving blank the ones not assessed. This can 
be implemented further, inserting also

Fig. 8 Web interface of the

space management tool

In this paragraph, the BIM model and the Web interface 
described above are presented, with the aim of clarifying 
the use and potentials of the tools and procedures 
developed.

The BIM model has been created with the aim of testing 
some tools and procedures under development and to 
periodically store and update data about the existing 
building.

The model (Fig. 7) has two main characteristics: (1) low 
Level of Detail (LOD, is the description of graphical 
content of models at each of the stages PAS 1192-2 [56]); 
and (2) high Level of Information (LOI, is the description 
of non-graphical content of models at each of the stages 
PAS 1192-2 [56]). The reason of this choice is that the case 
study is an existing building and a really onerous survey 
would be required to produce a model with high LOD. This 
would be different in case of new construction, with the 
possibility of gradually improving the model during design, 
construction, and use.

All the parameters described in the ‘‘Web tools’’ section 
have been implemented in the model, with the possibility 
to manage them from the model views (plans and project 
information). Then, the model has been linked to an 
external database using the Revit DBlink plugin. The 
database needs some adjustments to units of measure and 
numerical formats to be used (these changes can be 
imported from another template), but it is useful for three 
reasons: (1) it easily allows to compute the KPIs associated 
with the building and its parts; (2) it allows users to interact 
with the model without a BIM authoring tool; and (3) it is 
able to store life cycle data.

The main Web interfaces developed are presented in this 
paragraph aiming to show their functionalities and the 
potential of this kind of tools. The thematic plans can be 
considered the output of the tools inside the BIM model;



building has a score greater than 80% according to this 
procedure).

Service life planning

A single Web page is used to enter the data related to 
service life planning, elaborate them and check the results 
with some graphs (Fig. 14). Users can fill the data in specific 
sections provided. The data to be inserted are related to each 
single instance, because orientation, posi-tion, and 
maintenance level internal and external environ-ment 
change, as they are not related to the type of component. 
The tool allows to make an incremental assessment by 
marking in orange the components not analyzed.

The thematic plan (Fig. 15, left) shows the components 
within their RSL (blue) or not (red); components to be 
assessed are marked in orange. There is also the possibility

Fig. 9 Thematic plan of the space management tool

other relevant data, as instance: installation date, number of 
failures, maintenance expenditure, etc.

BCA tool

Some Web applications are used as database Web inter-

faces (an example is provided in Fig. 12) to: (1) read and 
update data from the database; and (2) compute KPIs and 
present data in an efficient way, allowing users to check and 
update building condition.

The results can be also seen in the BIM model as col-

ored thematic plans (Fig. 13).

The thematic plan shows the rooms colored from green 
(good condition) to red (bad condition); the white rooms are 
not surveyed, as far as this work can be done incre-mentally. 
The data shown in the thematic plan do not reflect the real 
condition of the spaces; they have been inserted only to 
show the functionality of the tool (the real



Fig. 10 Web interface of the

mechanical equipment tool

Fig. 11 Thematic plan of the mechanical equipment tool



projects but a must for BIM adoption in asset management 
and that enhancement in asset management can be obtained 
from the use of BIM models only if new procedures and 
tools are adopted to cope with BIM opportunities and 
limitations.

The huge amounts of information that a BIM model can 
store and the reliability of data makes the adoption of BIM 
in an asset management process economically feasible only 
if it is planned from the early stages and if client’s BIM 
implementation strategy is properly communicated to the 
suppliers [59]. Even if planned, a complete BIM model for 
an existing asset can be too expensive to be made; thus, a lot 
of effort should be put in defining type and quantity of data 
needed. Another hurdle that prevents BIM adoption in asset 
management is the accessibility of data by people that do 
not use BIM authoring tools. Stakeholders have the need to 
access data in an easy way, without using complex 
instruments and focusing only on the relevant data.

Fig. 12 Web interface of the BCA (main KPIs)

of checking the data in a 3D view of the model (Fig. 15, 
right). Data can be also listed in a schedule, for a more 
detailed analysis.

Discussion and conclusions

Building Information Modeling is an emerging innovative 
methodology that can be used to improve performance and 
productivity in any phase of an asset lifecycle: design, 
construction, operation, and maintenance [57, 58]. In 
addition, in refurbishment projects, a form of BIM may 
provide greater value as it can provide improved visibility 
of existing physical asset sizes/condition and clearly shows 
any remodeling changes—leading to a better final project 
information result [59].

This research proved that ‘‘starting with the end in 
mind’’ is not only a statement strongly advocated for all



possibility of transposing asset management procedures

into a BIM environment; as this possibility is confirmed,

there is the need to develop a fully working software, but

also precise procedures to share and elaborate data. These

procedures are contained in BIM guidelines that authors

Fig. 13 Thematic plan of the BCA tool

Fig. 14 Web interface of the service life planning tool (graphs)

The property of the data in a BIM environment, as well 
as in cloud services, is an actual and important topic [60]: 
many users are hesitant in exploiting BIM in their com-

panies and organizations for the fear of losing their data. 
The tools developed are meant to demonstrate the



are currently developing. Moreover, the tools developed

help the client in keeping the data, as they are stored in the

model, while the user of the tools can access and interact

only with the Web pages defined by the client, as instance

the ones to input data and not to calculate KPIs; never-

theless, this topic should be investigated further.

The research proved that a BIM model with low level of

detail and high level of information can be profitably used in

asset management if specific procedures and tools are

developed. The transition from a traditional asset manage-

ment system to a BIM one has of course significant starting

costs (mainly related to training of personnel and internal

workflows re-organization), but it surely leads to results,

both in terms of savings and quality of the results. The tools

and the connected procedures developed help in dealing with

the real estate, improving the knowledge about the asset and

storing the data in the Asset Information Model (AIM),

intended as the digital representation of the physical asset; in

this way, data are readily available to every stakeholder, who

can update and manage them according to his needs.

This research, even if with a preliminary case study,

demonstrated that the transition to BIM technologies is not

only feasible, but also profitable in terms of savings and

precision of the output.

Eventually, there is a lot of space for improvements and

expansions towards other topics related to asset and portfolio

management, which will be investigated during the next

months. Among them, there is a strong need to develop

guidelines and procedures to store, access, and share data

from/to CAFM software, creating a Common Data Envi-

ronment that enables stakeholders to interact in an efficient

way, especially during building operation. Another inter-

esting research topic to deepen is the interaction of building

users with some simplified data contained in the model, as

instance for energy monitoring and space management.

Eventually, to enhance tools interoperability, there is the

need to investigate the possibility of using IFC attributes

instead of custom parameters.
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