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The current development of smart buildings is conditioned by the development of smart technologies, bringing many new phe-
nomena into the construction industry that change ownership, user and management environments. The optimized and truly
functional smart building already includes engineering and non-technical aspects, which must, however, be respected during all
life cycles. This requires the emergence of completely new expertise or the extension of the existing expertise, including facility
management. Smart buildings enable cost savings and facilitated operation to facility management. Moreover, smart buildings
also contain significant multidisciplinarity, especially in pertaining technical areas. This requires the facility manager to monitor
individual disciplines and ensure their interoperability and optimal functioning to meet the needs of building users.

This contribution is based on practical experiences and focuses on the analysis of the new demands that smart buildings re-
quire in management issues, the evaluation of synergies between smart buildings and efficient facility management for maximiz-
ing the use of the building and its sustainability. It also quantifies the benefits of facility management for the operation of smart

buildings and their utility value, depending on the degree of integration of services.
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1. Introduction

A smart building, compared to conventional buildings,
should provide its owner and users with a number of
premium benefits. Expectations toward the building
are evolving over the time, while the construction and
equipment of the building are subject to aging and
wear. Ensuring the required parameters of smart build-
ings throughout their lifecycle involves systematic
care. This includes, on the one hand, careful prepara-
tion within the building planning and the subsequent
implementation phase and, on the other hand, high-
ly professional management and maintenance during
operation. In all phases, the facility manager plays a
key role.

The contemporary building of the 21st century
must (in addition to architectural, technical and envi-
ronmental qualities) display a high degree of flexibility
and usefulness. All these parameters have to be mon-
itored continuously. The responsibility for the imple-
mentation of building monitoring as well as the anal-
ysis of monitored data often is attached to the facil-

ity manager’s responsibilities. The common practice
shows that the possibilities of building optimization
are decreasing with the degree of advancement of its
realization. The highest implementation possibilities
are therefore during the project preparation, especial-
ly at the beginning. Figure 1 illustrates the decrease
of cost influence throughout the progress of the plan-
ning and operation phases of buildings. At the point
in time just before the start of the construction works
the amount and structure of future operating costs is
virtually fixed up to 80%. In the operation phase, only
about 20% of the building’s operating costs can be af-
fected (while 80% of the overall costs are regularly
attached to the operational phase).

It might not be the rule in many countries, but
facility managers should be included in the design
teams that prepare the building from the very begin-
ning; This also applies to the reconstruction and con-
struction modifications of the buildings. In the case of
smart buildings, the involvement of a facility manag-
er in the design team is a critical necessity. Thereby,
the facility manager not only represents the interests
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Fig. 1. Graph of the development of the impact on the overall life cycle cost of the construction [1]

of the investor (the future owner), but also of the fu-
ture occupants. If the facility manager just takes over
the already completed construction, he/she only has a
very limited range of possibilities to influence the effi-
ciency of the building costs during its lifecycle. For a
truly professional facility manager, such non-optimal
procedures are difficult to accept. This is due to the
fact that a number of significant optimization meas-
ures on behalf of both building owner and future oc-
cupants cannot be fulfilled satisfactorily or at feasible
impact on operating cost.

The principle of planned (preventive) mainte-
nance has not currently been sufficiently extended in
the use phase of the building. Most maintenance of
buildings and their equipment is still being addressed
as an evoked need that focuses on removing obvious
manifestations and disorders, not on their causes. As
a result, there is an increase in repair frequency and
maintenance costs. As opposed to preventive mainte-
nance, the cost of repairs can be up to four times high-
er than necessary. In addition, uncoordinated interven-
tions in the operation of the building and necessary
interruptions affect the comfort of building use [2].
For smart buildings, such a situation is totally unac-
ceptable. Facility managers must eliminate such risks
in conjunction with other components (especially the
suppliers of smart systems) to prevent such situations.

2. Smart building policy

The concept of smart building can be described in
many ways, principally including technical means,
services and system solutions for meeting the needs of
building owners and users, including their anticipation
and reaction to their transformations over time. This
creates a multiparametric environment, including inte-
grated management of building management, security,
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and building management, including requirements for
optimizing operating costs, and energy management,
ensuring the quality of the indoor environment and
maintaining the technical condition and building val-
ue. Each of these items contains several subgroups of
parameters, all of which must consistently respect the
demands of owners and users and their development
over time. Therefore, the building must maintain its
inherent “intelligence” in the long run, without chang-
ing the parameters and ideally increase its quality. This
applies to all types of buildings, for example, residen-
tial, administrative, public, industrial, and takes into
account the requirements for their specific purpose.
The needs of owners and users of smart buildings
partly conform and are partly contradictory. Owners’
preferences particularly include:
— minimizing acquisition costs;
minimizing operating costs;
minimizing energy costs;
minimizing repair and reconstruction costs;
maximizing the return on investment of the build-
ing;
continuous conservation or increase in construc-
tion value (investment protection);
maximizing the level of security of the building
and its users.

From this overview, the crucial importance of the
financial demands of buildings is obvious. The user
(tenant) of the building in their own interest does not
need to interfere with the above-mentioned interests of
the owner, but he also prefers:
flexibility of leased spaces;
the quality of the indoor environment that con-
tributes to achieving the desired comfort of use or
to increasing work productivity;
maximizing security level.
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Fig. 2. Function principle of Building Management System (BMS) in relation to performance of facility management.
(Source: authors)

In order to achieve the claims of users, the own-
er must usually spend a certain part of the financial
gain on the rental of the building’s interior. In view of
all the 3 requirements of the building user, it is neces-
sary to suppress the emphasis on “minimization” of all
types of costs incurred by the owner during the con-
struction, existence and operation of the building and
to monitor their “optimization”. The interests of both
parties must be monitored and ensured by the facility
manager, not only during its use but ideally during its
preparation, projection and realization.

Individual technologies, or even only partial ele-
ments of a building intelligence, are usually supplied
by different vendors or suppliers as part of the imple-
mentation or maintenance of the building. Each of the
individual technologies must function flawlessly in
an autonomous mode as well as in the management
of sub-groups and central management of the build-
ing’s operation. Sub-groups are involved with control
systems of selected technologies, which ensure the
achievement of individual operational requirements of
the building. For example:

— optimization of energy management — power sys-
tem management, heating, ventilation, cooling, air
conditioning, lighting, shading technology, exter-
nal sources (weather forecasting, etc.);
fire safety of buildings and users — fire safety sys-
tem, ventilation, lighting, lifts, security system,
power system control,
user safety — security system, person entry system,
indoor CCTYV circuit, lifts, lighting.

As can be seen from these examples, some auton-
omous technologies are integrated into more than one
operating group, resulting in a single multisystem cen-
tral controlling all the groups and therefore all tech-
nologies through their control systems. Individual au-
tonomous technologies, respectively their control sys-
tems have to be parameterized for the needs of build-
ing operations but are centrally monitored and man-
aged through a single BMS (Building Management
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System) communication and visualization platform,
including remote access to information. The purpose
of BMS is to monitor and control individual technolo-
gies, alarming in the event of atypical occurrences and
archiving of interim data (see Fig. 2). To respond to
the displayed data, the operator has to be subordinate
to the facility manager.

In addition to the systems involved in the BMS
platform, additional elements of the human factor,
such as security, cleaning, maintenance, IT services,
accounting and external services, etc., which the facil-
ity manager must also manage and the results of their
activities, must also be included for the optimal func-
tioning of the smart building evaluate and optimized
for the benefit of owners and users. All interventions
need to be projected into the BIM (Building Informa-
tion Modelling/Management) platform, the application
of which should be a matter of course in the case of
smart buildings from the beginning of the construction.
Stanford University’s Centre for Integrated Facilities
Engineering examined 32 projects using BIM [3]. As a
result of the more efficient data handling and coordina-
tion of the participating components, there was a sig-
nificant shortening of the planning and implementation
phase and the more efficient management of such prop-
erties. An important effect is also to save up to 40%
oft-budget and up to 10% of total costs as a result of
eliminating collisions in pre-implementation and im-
plementation phases. For smart buildings, BIM’s finan-
cial benefits can be expected to be even higher.

3. Facility management in smart buildings

The subject of facility manager activity in the mod-
ern concept of building management is very wide and
is expanding (in the case of smart buildings). In gen-
eral, technical asset management, coordination and in-
tegrated management of direct support services for
building users are included [4]. The Facility manage-
ment (FM) area can be grouped according to the cli-
ent’s requirements, and they can be included together

183

Unauthenticated | Downloaded 10/13/21 12:05 PM UTC



J. PASEK, V. SOJKOVA

into two main groups, which are not a sharp bounda-
ry — the two groups mutually intertwine (see Fig. 3):
1) Space and Infrastructure — so-called “hard ser-
vices”, i.e. space management, space utilization,
management and optimization of the workplace,
technical management of buildings, energy man-
agement, waste management, indoor and outdoor
cleaning.
People and Organizations — so-called “soft ser-
vices”, i.e. health, hygiene, safety and security,
internal services (boarding, receptions, meeting
rooms, secretarial services, etc.), ICT, internal
logistics (archive services, internal mail, mail ser-
vice, transport services, car service, etc.).

2)

The International Facility Management Associa-
tion (IFMA) states that facility management includes
principles of business administration, architecture, hu-
manities and technical sciences. Its aim is to achieve
the long-term sustainability of the use of the building —
the optimal arrangement and use of the interior space,
ensuring the functional and efficient functioning of the
technical equipment, the quality of the internal envi-
ronment and other user needs.

Last aim, but not least, the objective of facility
management is to achieve a high quality indoor en-
vironment while ensuring the maximum efficiency of
the energy and resources spent on the operation of the
building. In principle, there is no difference in wheth-
er it is a residential, administrative or industrial build-
ing or a complex of buildings. Essential is the quality
support of the primary activity of the client (subject of
business), through the efficient use of his assets. Re-
sponsibility for these requirements should be taken by
the facility manager as early as in the project prepara-
tion phase of a new building or reconstruction of the

existing building — It should therefore be part of the de-
sign team and actively influence the emerging project.

In the case of the lifecycle of a smart building, the
goal remains the same, but the level of responsibility
for the function of the operating systems involved in
the benefits of a smart building compared to the stand-
ard building — especially the high flexibility and use-
fulness of the building, the superior quality of the in-
door environment and high operational efficiency. The
technologies that provide these parameters can num-
ber into the hundreds, the network of which is consid-
erably larger and more specialized when compared to
the standard building. However, in the event of a fail-
ure of one of the technologies, the usability and securi-
ty of the entire building is compromised, which is not
necessarily fatal for a standard building. In addition
to the quantifiable economic consequences of such an
event, this can also be associated with non-financial
impacts, such as loss of reputation for the owner.

With regard to the range of smart building’s fa-
cility management services, it is clear that the facility
manager is not an individual person but a team of pro-
fessionals covered by a manager, directly responsible
to the owner or CEO. Based on past experiences with
the management of smart buildings and their complex-
ity, it is quite common that the requirements of a lay
proprietor of a building are contrary to his interests.
As a result, the facility manager’s responsibility must
be not only high professional standing, but also the
ability to defend the interests of the owner and their
own opinions.

4. Facility management for smart buildings

The performance of facility management in smart
building environments is expanded beyond standard
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Fig. 3. Structure and activities of facility management and other supporting services.
(Source: authors, modified from [4])
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buildings to BMS platform operations. The BMS sys-
tem and its graphical visualization of parameters is an
effective tool for facility managers to get an overview
of the current operational values of the building and
the function respectively setting the individual sys-
tems, while allowing the parameters to be changed
and responding to current needs. In view of the dif-
ficulty of performing the work, the facility manag-
er must strive to maximize the usability of the BMS.
Fully functional BMS significantly simplify the oper-
ation of smart buildings and facility management, es-
pecially in the area of central monitoring and control
of all technologies involved in the platform. On the
basis of practical experience, the following advantag-
es can be defined in particular:

— unification of control of different types of techno-
logical equipment;

— remote control of technologies without physical
presence on the device;

— the possibility of centralized interventions in the
system in the event of a situation in the building
or the needs of its users;

— storing information about actions taken by indi-
vidual users;

— reducing the time and cost of monitoring the func-
tionality of building technology in 24/7 regime.

However, practical experiences with the manage-
ment of smart buildings points out some of the nega-
tives that threaten the functionality of these buildings
with possible high financial impacts. In particular, the
management of large smart buildings or their groups
is associated with the following risks, which need to
be minimized:

— due to its size and structure, several operators are
involved with BMS; in case of problems caused
by improper handling, it may be difficult to trace
the responsible person who caused the accident;
risk elimination can be achieved either by con-
sistent logging of users or by reducing operator
stations to a minimum;

— if BMS is plugged into a technology whose sys-
tem incorrectly implements a communications
protocol or is inadequately configured by the ven-
dor, the functionality of the entire BMS may be
compromised e.g. by unavailability of some key
functions in the BMS control interface or by over-
loading the BMS visualization server with a large
number of absurd messages; elimination can be
ensured by requiring thorough testing and recon-
figuration of all new devices in the test environ-
ment before they are connected to the technology
network;

— due to the diversity of systems and system data
management solutions provided by different ven-
dors, technical complications arise to prevent

Int. Rev. Appl. Sci. Eng. 9, 2018

configuration and automatic back-up of the BMS
system status; elimination is very difficult;

— the huge amount of data stored in the BMS vir-
tually prevents manual selection of information
for reporting and processing; the system must be
equipped with a special system for automating
these operations and intelligent data filtering and
transmission between BIM and BMS.

Even in the case of smart buildings management,
it is necessary to consistently see that the management
systems are unable to monitor the technical condition
of building structures; the degree of utilization of their
commercial areas, etc. At the same time, they cannot
monitor and evaluate the actual situation on the real
estate market as well as the development of building
users’ needs. For this reason, the facility manager must
continue to provide smart buildings with functions and
activities common to so-called standard buildings that
are based on human activities — questionnaire surveys
among users, visual construction research using mo-
bile instrumentation, market monitoring, financial
analysis, communication with authorities, communi-
cation with suppliers, etc. The main activity is to link
the conclusions from these activities to the actual re-
sults produced by the BMS and BIM platforms and to
include them in building management via BMS.

Modern, efficient, and powerful facility manage-
ment of smart buildings must therefore be based on the
use of 3 core systems — BMS, BIM and CAFM (Com-
puter Aided Facility Management). With their use, the
cost of operating and maintaining the building can be
reduced by up to 30% and, on the contrary, increasing
the usability of the space and the space by more than
15%, ensuring a comfortable indoor environment and
thus user satisfaction, as well as maintaining the value
of the property and thus the satisfaction of the owners.
In spite of some unresolved complications in the field
of data transfer support and analysis for large build-
ings, the complex facility management is a precondi-
tion for optimizing the operation of smart buildings.

5. Case study of a building changed into an
intelligent building

The above mentioned problem can be demonstrated in
the example of a kindergarten building and its mod-
ernization and reconstruction into a multifunctional
building in the possession of a village of about 1,000
inhabitants. As part of the extensive construction mod-
ifications, the buildings have been reconstructed sev-
eral times. Its enriched space has increased by almost
50%, and it also includes the first elementary school
and spaces for community use (see Fig. 4). The aim
of the building was to expand its capacity and usage
while maintaining or even reducing of operating costs,
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Fig. 4. Initial state, implementation phase and new building status

in particular: the removal of a number of defects and
failures of structures; improvement of the quality of
the indoor environment and increased safety of oper-
ation and fire safety of the building. The general de-
signer of the construction at the same time carried out
technical supervision and in all phases were respected
the requirements for future use and efficient building
facility management.

The energy intensity of the original building was
rated as “very uneconomic®, total energy delivered
233 kWh/(m?.year). The energy sources were fol-
lowing: solar and environment energy — 12%; energy
based on electricity and solid fuels — 88%. After the
modifications the building achieved the classification
“very economical” (58 kWh/(m?.year). The ratio of
the energy sources were: 52% the solar and environ-
ment energy and 48% the electricity.

These energy parameters were achieved with high
quality of ETICS insulation, insulating parameters of
window fillings, energy-saving lighting fixtures and
appliances in both food preparations, heating and water
heating with two air-to-water heat pumps, two forced
ventilation units with heat recovery, environmental pa-
rameter sensors inside and outside the building, a solar
blind system for selected windows and the registration
of movement of people inside the building.

The user registration system is an essential el-
ement of the solution. 5 groups of users are distin-
guished: 1. management (director, municipal repre-
sentatives), 2. pedagogical staff, 3. auxiliaries (main-
tenance, cleaning, preparation of meals), 4. parents of
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children in nursery school, 5. children in elementary
school, who were distinguished by means of chips
controlling the main entrance to the building.

In the central BMS system for heating, ventila-
tion and lighting of individual building components
(kindergarten, elementary school, public spaces), each
group of chips has specific rights set. For example, in
a situation where only cleaning workers are indoors,
heating and ventilation are left in a standby mode; in
case of the presence of one of the managers, the heat-
ing and ventilation of selected rooms are in the operat-
ing mode, for instance for the needs of working meet-
ings. Apart from the exceptions, the building’s confer-
ence rooms will not be used at the same time as the
primary school premises — the capacity of heating and
ventilation is thus only designed for alternating mode,
which has reduced the acquisition costs and, in part,
the operating costs. If both spaces are used concur-
rently, the BMS must ensure adequate ventilation and
heating, depending on the current capacity reserve.

An inexcusable complication in the design and
implementation of the building intelligence system
was the fact that the construction project was support-
ed by a special purpose subsidy. As part of the project
preparation, it was neither possible to define a specific
BMS supplier and build the system; it was only pos-
sible to specify very precisely its required parameters.
The tenderers of the contractor had very different sys-
tems in their offers. The system actually delivered had
to be modified for technical reasons even after the con-
struction started. In particular, it was about eliminat-
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ing conflicts in BMS communication and individual
technologies, such as a chip terminal, including the
individual setting of the ,,rights* of each chip in the
presence of multiple people with different rights in the
building, different ventilation and heating modes only
of partial areas outside the normal operating mode, so-
lar blinds on the sunny side of the building with venti-
lation unit control and heating, a relatively large num-
ber of possible combinations of modes of individual
technologies (currently more than 100).

The fundamental difference from the original
state is a complete change in the way the building is
managed. Initially, the care of the building was limit-
ed mainly for cleaning and relatively normal mainte-
nance of the building and relatively simple technolo-
gies; all services were provided by workers within the
municipality. In its present state it is a sophisticated
facility management. Cleaning has become a margin-
al expertise, the key service is monitoring the use of
the building, optimizing the operating parameters of
the sophisticated technologies and maintaining them.
These activities are already carried out by specialized
external companies. Facility management costs are
multiplied by the original state, currently exceeding
€ 10,000 per year. Once the optimal operating para-
meters of the whole system have been achieved, they
can be expected to decrease.

Building management has not yet used the BIM
platform, so there is no BMS and BIM compatibility
experience. Over the next few years, it can be assumed
the transition to BIM, eventual conflicts between BIM
and BMS platforms will be removed during its imple-
mentation. A quantifiable parameter can then also be
a comparison of the financial performance and effec-
tiveness of building management before and after the
introduction of the BIM platform and its presentation
to the professional public.

In spite of some of the shortcomings and com-
plications described above, compared to the original
condition after a few years of operation, a reduction
in annual energy costs of more than € 20,000 may be
noted, despite the increased use of the building and the
increase in the total energy related area of the building
by 48% to 1252 m?. The savings are approximately
25% more optimistic than the calculation values set
in the project preparation. After deducting known and
estimated costs for ongoing maintenance of intelligent
building technologies and other related costs, operat-
ing cost savings are approximately half. A comprehen-
sive financial analysis shows that the payback time for
the intelligent system should be 10 years at the most.

6. Conclusion

The phenomenon of smart buildings has brought the
requirement to change the facility management con-
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cept to the management of real estate. While prevent-
ing a traditional approach, smartness (intelligence) of
building is rather a disadvantage — due to the large
amount of embedded technology systems. The re-
sult is not only an increase in the operational perfor-
mance of the building and a deterioration in the ease
of use, but also a threat to the productivity and health
of its users, as well as an increase in total operat-
ing costs. Hiring an expertly capable facility manag-
er for smart building management is the responsibil-
ity of the owner.

The facility manager must possess a high profes-
sional ability not only in technical and non-technical
disciplines, but also in working with large volumes
of data, its management, analysis, evaluation and ap-
plication in practice in the management of building
intelligence systems. Taking into account that the ex-
pected lifetime of buildings is around 80 years, it is
also possible to assume during the lifecycle the rapid
technological development of these systems. The de-
velopment of these systems will come with the ne-
cessity of their continuous renewal and involvement
in the central management system in order to operate
the building and to ensure the requirements of own-
ers and users. Both BMS platforms and buildings
owners through facility managers, on the one hand,
bring a high degree of flexibility, investment protec-
tion, convenience in providing traffic information,
and freedom of decision-making; on the other hand,
they bring new requirements for expertise and access
to building management. The main difference from
the established procedures is indeed an individual ap-
proach to each building and its users. The routine is
no longer admissible.
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