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Abstract: The operations and maintenance phase is typically the longest phase within the building
life cycle. Proper and consistent building maintenance is imperative for several reasons, including
extending the life of buildings, improving occupants’ comfort and safety, and ultimately saving
on long-term costs. Budgets for maintenance should be foreseen. The costs of statutory periodic
inspections, the costs of replacing worn materials and elements, the costs of periodic works and
repairs, the costs of reactive maintenance and the costs of operation will be shown for the analyzed
building—a school. This paper outlines the development of a 15-year maintenance plan and program
for the building, covering the period from 2024 to 2038. The plan incorporates a discount rate of
3.64% and accounts for inflation when calculating costs. The present value of the costs of maintenance
and operation of the building for 15 years is EUR 1,978,292.20 and the largest share of these costs
is the operation cost of the building with EUR 1,599,002.18 (80.83%). A sensitivity analysis was
conducted by varying the discount rate and analysis period, resulting in recalculated present values
for maintenance costs. The analysis reveals a correlation of 26.73% between the present value of
maintenance and operation costs over a 15-year period and the associated capital costs.

Keywords: buildings maintenance; inflation; maintenance costs; maintenance plan; present value

1. Introduction and Literature Review
1.1. Introduction

Maintenance has only recently gained its deserved importance. Until the mid-60s,
many investors made investment decisions solely on the basis of capital costs. There were
many valid reasons for this at that time. Those who provided the capital were often not
responsible for operating and demolition costs at a later stage. Some investors, especially
in the public sector, had separate capital and current expenditure accounts. For them, the
priority was to build facilities with minimum capital costs, in the hope that they would
later find the money to cover any operational and maintenance costs that might arise. Some
failed to understand the importance of total life cycle costs, while others chose to simply
ignore them [1].

Every building requires certain financial resources for construction. The price of a
building includes all the costs incurred in order to complete the building. Normally, the
price in the contract is expressed by the unit of measurement of the building being built.
During the investment, there are various disturbances that cause the price to change for
two reasons:

• The price increases or decreases due to incorrect input data affecting it.
• There are changes in the market during the investment [2].

Any of the two mentioned causes require constant control and correction of the price,
which brings the price closer to the final one. As the construction of a building consists
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of a large number of activities, the total price consists of the sum of the prices of all these
activities [2]. In addition, maintenance consists of a large number of activities of different
types, the sum of which leads to the total cost of maintaining a certain building.

The importance of maintenance, i.e., the high costs of maintenance, is also shown by
the following data. The construction budget used to inspect, maintain, or repair damaged
buildings in the US is estimated at USD 18 to 21 billion annually. It is estimated that almost
50% of the construction budget in Europe is used for repairs annually, which includes
maintenance [3,4]. In the United Kingdom, maintenance work generates almost 50% of
production in their construction industry [5]. In the United Kingdom, it accounts for more
than 5% of the gross domestic product, which would mean over 30 trillion pounds per
year [6]. Building maintenance management has always been considered the Cinderella
of the construction industry and has never been recognized in its own right [5,7,8]. It has
always been viewed and implemented as a part of another function or discipline, such as
architects, surveyors, engineers, or, more recently, facility managers [7]. Maintenance is an
important aspect and must be properly managed [7].

In this paper, the introductory part pertains to the maintenance of buildings and the life
cycle of the building itself. A brief overview of legal regulations in the field of maintenance
is given. The costs of statutory periodic inspections, the costs of replacing worn materials
and elements, the costs of periodic works and repairs, the costs of reactive maintenance
and the costs of operation will be shown for the analyzed building. The maintenance plan
and program were developed for the period from 2024 to 2038. A sensitivity analysis was
also performed with regard to the change in the analysis period and discount rates.

1.2. Maintenance and Life Cycle of a Building

The life cycle of a building consists of several phases. The first phase occurs when
the need to build a building arises. After that, the planning and design phases of the
building follow and then the building is built. The planning phase has a large impact on
the success of project realization in the future [9]. After the building is built, a certificate
of occupancy is obtained, and the building can be used. This phase covers the longest
period of time, depending on whether it is a family house (where the service life can be
50 years) or a bridge, for which the service life can be 80 to 100 years. The maintenance
phase of a building in its life cycle lasts the longest, even if the duration of all phases
preceding operation and maintenance are added to the demolition phase. The maintenance
and operation of a building are important phases, and it is necessary to take care of proper
and regular maintenance.

Maintenance is the process of ensuring that buildings and other assets are maintained
in good condition and used at optimum efficiency. Improper maintenance can result in
deterioration, degradation, and reduced efficiency and can affect the health and safety of
users, tenants, and other people in its vicinity [10]. The shortest definition of maintenance
would be that building maintenance is a means of ensuring that the building is fit for use.
The total life cycle of a building is shown in Figure 1 in a simple way.
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Figure 1. Life cycle of a building (according to [11,12]).

Elements of proper building maintenance:

• Technological advances fully explored and used;
• Very responsive, fine-tuned, individual users have control;
• It is green, low energy consumption, good for the environment;
• Intelligent, customer-centric, not necessarily automated, customized;
• Use of reusable components, standardized systems, methods and materials [13].

1.3. Legal Regulations and Standards

There are many regulations that are necessary and need to be used in building main-
tenance. Since the analyzed school is located in the Republic of Croatia, the laws, legal
regulations, and standards in force in the Republic of Croatia were used. The basic legal
regulations which include the concepts of building maintenance, prescribe the procedure
and manner of maintenance as well as fines in case of maintenance failure are as follows:

• Building Act (NN 153/13, 20/17, 39/19, 125/19) [14].
• Ordinance on maintenance of buildings (NN 122/14, 98/19) [15].
• Regulation on building maintenance (NN 64/97) [16].

Article 3 of the Building Act (NN 153/13, 20/17, 39/19, 125/19) states what the term
maintenance of buildings means. Furthermore, Articles 150, 151 and 152 of the Building
Act refer to buildings’ maintenance. In Article 150 of the Building Act it is stated that
“the owner of a building shall be responsible for its maintenance” [14]. Article 8 of the
Ordinance on maintenance of buildings (NN 122/14, 98/19) states what is meant by the
term buildings maintenance [15].

The International Organization for Standardization (ISO) is responsible for establish-
ing standards [17]. This organization has developed specific norms that are utilized by
maintenance professionals; these standards belong to the ISO 15686 series, and only certain
ones have been adopted as Croatian standards.

The following was adopted as Croatian standards of the ISO 15686 series [12,18–21]:

• HRN ISO 15686-1:2011 Buildings and constructed assets—Service-life planning—Part 1:
General principles and framework [18].

• HRN ISO 15686-2:2013 Buildings and constructed assets—Service life planning—Part 2:
Service life prediction procedures [19].

• HRN ISO 15686-3:2002 Buildings and constructed assets—Service life planning—Part 3:
Performance audits and reviews [20].
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• HRN ISO 15686-5:2008 Buildings and constructed assets—Service-life planning—Part 5:
Life-cycle costing [12].

• HRN ISO 15686-8:2008 Buildings and constructed assets—Service-life planning—Part 8:
Reference service life and service-life estimation [21].

1.4. Costs of the Building Life Cycle and Maintenance

Life cycle costing is a process of economic analysis with the aim of estimating the total
life costs from procurement, the costs of use throughout the entire life cycle, to disposal costs.
This analysis provides essential data in the course of decision making related to design,
development, use and disposal [22]. The definition and estimation of total building costs are
provided by a series of standards (HRN ISO 15686) and are described in detail in the fifth
part of the standard (HRN ISO 15686) called Buildings and Constructed Assets: Service-
Life Planning, Part 5: Life-cycle Costing. The specified standard enables a comparative
assessment of costs during the defined duration of the building [17,23].

The standards, by determining the cost of a building’s life cycle, define that this
cost includes all life cycle phases from conception, definition, execution, operation, to
maintenance and removal of the building. All factors that have an impact on both the initial
capital costs and the future operating costs of the building are taken into account [17,23].

Life-cycle cost (LCC) is the cost of an asset or its parts during its life cycle while meet-
ing performance requirements [12]. Whole-life cost (WLC) encompasses all the significant
and relevant initial and future costs of an asset as well as the benefits of an asset during its
life cycle, as long as it is meeting performance requirements [12]. The costs of the mainte-
nance and operation phase include all the costs that are necessary for the operation and
maintenance of a building during its entire service life as well as the necessary indirect costs
for managing this phase [24]. The cost of using the building also includes the amount of
depreciation, the costs of raw materials, labor and energy consumption if it is an industrial
project. Some of these costs are fixed and some are variable [25].

In this paper, the costs of maintenance will be classified into five categories:

• Costs of statutory periodic inspections;
• Costs of replacing worn materials and elements;
• Costs of periodic work and repairs;
• Costs of reactive maintenance;
• Operational facility costs [24,26].

Figure 2 shows the complete structure of the costs of management, maintenance, and
operation of a building.

The literature addressing building maintenance predominantly consists of theoretical
studies, lacking empirical data on actual maintenance and usage costs. In this research, the
author investigates and presents the costs associated with maintaining and using a school
over a 15-year period.

Although it is known that the service life of most buildings is 50 years, 15 years was
chosen as the period of analysis because it is clearer to calculate the costs for the specified
period, and it would be impossible to display all the graphical representations (graphs)
clearly if 50 years were taken for analysis. Also, for a period of 15 years, the value of the
discount rate and the inflation rate are difficult to determine; that is, they are assumed. If the
discount rate and the inflation rate were assumed for 50 years, it would be very imprecise.
Furthermore, costs for a period of 20 years are presented in the sensitivity analysis.

The research aims to emphasize the significance of regular and proper building main-
tenance, including effective planning of maintenance activities. Adequate budgeting for
maintenance is crucial to prevent situations where budgets are insufficient, leading to the
inability to maintain the building and denying users access.
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Furthermore, the paper’s objectives include highlighting the importance of building
maintenance, determining usage costs for the observed building, assessing maintenance
expenses, analyzing the relationship between maintenance and operation costs and capital
costs, and ultimately emphasizing the necessity of strategic planning for maintenance and
operation costs.

2. Methodology

Research focused on building maintenance and associated costs was conducted. The
research includes a review and an analysis of the existing professional and scientific
literature, and certain reports related to maintenance issues and maintenance costs.

The aim of the research is to point out the importance of regular and proper main-
tenance of buildings, i.e., planning of maintenance activities. It is also important to plan
budgets for maintenance so that they are available, the building can be maintained, and the
users can use the building. The calculation of maintenance costs was made in MS Excel.
When calculating or estimating the service life of an element or assembly of a building, the
factor method will be used.

The factor method is a calculation method used to calculate the estimated service life
(ESL) of an element or assembly under certain conditions [17,21,27]. The factor method
initially originates from Japan, more precisely from the Architectural Institute of Japan
(AIJ) [21,28,29], from 1989 [28]. It modifies the reference service life (RSL) by using correc-
tion factors for a certain element or assembly by taking into account the differences between
individual buildings as well as the differences between certain conditions of use [27]. It
is the best-known method that was first published in 2000 in ISO 15686. According to the
factor method, seven correction factors should be taken into account for predicting the
lifetime of components [30]. An example of the use of the factor method, which was also
used in this paper, can be found in [31].

Moreover, as the building maintenance plan is prepared for a period of 15 years, it is
necessary to take into account the time value of money. The value of the discount rate that
will be used in this paper is 3.64%, and it is given in the Notice of the European Commission
on the reference, discount, and recovery interest rates applicable from 1 June 2023 [32].
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The impact of inflation (see Formula (1)) will also be taken into account. For the
purposes of this paper, an inflation rate of 3.9% for 2024 and 2.3% for 2025 will be used. For
the year 2026 and until the end of the analyzed period (until 2038), the basic inflation rate
of 2.20% will be used. The details of the selection of the stated values of the inflation rate
are given in Part 4. Empirical Results: Building Maintenance Plan and Program.

The formula to calculate inflation is as follows:

for first period (year): CI(1) = C + (C*r)
for second period (year): CI(2) = CI(1) + (CI(1)*r)
for third period (year): CI(3) = CI(2) + (CI(2)*r)
for n period (year): CI(n) = CI(n−1) + (CI(n−1)*r)

(1)

where

• C—original cost without inflation;
• CI—cost with impact of inflation;
• r—inflation rate;
• (1), (2), (3), . . ., n—period (year).

A sensitivity analysis (SA) will be carried out at the end of the paper. The sensitivity
analysis provides users of mathematical and simulation models with a tool to assess the
dependence of the model output on the model input and to investigate how important
each model input is in determining the model output [33]. It is a special case of what-
if analysis [34]. Sensitivity analysis is a method that measures how the influence of the
uncertainty of one or more input variables can lead to the uncertainty of the output variables.
It is extremely useful since this method improves model prediction or reduces inaccuracy
by studying the qualitative and/or quantitative response of the model to changing input
variables [35,36] or understanding the phenomenon being studied by analyzing interactions
between variables [35].

During the sensitivity analysis, critical variables [25] and parameters of the model
should be chosen. Critical variables can be considered those variables whose positive or
negative variations have the greatest impact on the performance indicators of the observed
project [37].

3. Case Study: Technical Description of the Analyzed Building

The area of the plot where the school is located amounts to 18,318 m2 [38]. The
cadastral plot is of a regular rectangular shape, and its longer sides spread in the north-
south direction [39].

The building is a school. Classes at the school are held in a single shift. The school
employs 56 employees, and the school was attended by 245 students in 16 classes in the
school year 2022–2023.

The building of the school is divided into functional units. The design includes
two elongated parts of the school building, encompassing the ground floor and the first
floor, with one of the part consisting of a sports hall with accompanying premises at the
ground-floor level. In the two elongated parts spreading in the east-west direction, there
are classrooms and a space for organizing classes, and in the rectangular part, there is a
two-part sports hall bordered by accompanying facilities in the south and another part
with classrooms for organizing practical classes in the north. The sports hall is intended
exclusively for the needs of the school, and there is a seating area with telescopic stands for
about 256 people in the hall [39]. The main entrance to the building is executed from the
north side through the school’s covered porch.

Basic data on the area and volume of the building are shown in Table 1.
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Table 1. Data on the area and volume of the building (made by the authors according to [39]).

Description Amount

built area of the building (vertical projection of the building) 3465.51 m2

net area of the building 4644.51 m2

total volume 25,981.00 m3

The building of the school consists of three dilations. Expansion joint A represents a
concrete building with a ground floor and a first floor. Expansion joint B represents a brick
building with a ground floor and first floor. Expansion joint C refers to the sports hall with
accompanying facilities located on the ground floor [39].

The building is connected to the municipal water supply and sewage network. Hot
water used in sinks and showers is heated in the boiler room. The lighting includes flu-
orescent lamps. The lighting of the blackboards was carried out using lamps suspended
from the ceiling. A telephone and computer network have been installed throughout the
building. Bells and impulse clocks are placed in the corridors. There is a TV connection in
every classroom, specialized classroom, and teacher’s lounge. An amplifier and a micro-
phone have been installed in the teacher’s lounge, and each classroom has a speaker. An
anti-theft switchboard was set up, to which sensors are connected and placed throughout
the premises. A central video surveillance system was also installed. The building has a
fire alarm system [39].

The infrastructure for heating, preparation of domestic hot water, ventilation, cooling
of a part of the building, gas boiler room, and natural gas infrastructure was installed in
the building.

The designed life of the building is 100 years under the conditions of use in accordance
with the purpose of the building and regular maintenance. The building may only be used
in a manner consistent with its purpose [39]. The energy performance certificate of the
building [40] states that the energy rating of the school is C according to the specific annual
thermal energy required for heating (Q′′

H,nd) and according to the specific annual primary
energy (Eprim), the rating is also C.

4. Empirical Results: Building Maintenance Plan and Program

In the continuation of the paper, the costs of maintenance and operation of the building
will be presented in five categories. The actual costs for the building in question were
determined, while some data on prices, i.e., costs, were obtained during conversations with
people in charge of maintaining similar buildings (experts who conduct tests), using the
different literature such as price lists or websites of equipment and material manufacturers,
direct contact with material manufacturers and contractors, and some of the costs were
determined based on experience. An important source of data on prices was the Bulletin
Standard calculation of works in high-rise construction, specifically Bulletin XII 2021 (Q4
2021)—Update I [41].

Furthermore, we are witnessing rapid price changes of various types of products on
a weekly or monthly basis, especially price changes in construction, so every cost needs
to be determined carefully. There is also a difference in price depending on the brand
of the product, building element or material. An effort was made to present the costs of
individual activities of maintenance and use of the building as realistically as possible.

Costs of maintenance, and therefore repairs and/or replacement of sports hall equip-
ment (ladders, protective nets, football/handball goals, basketball hoops, gymnastic spring-
boards, mats, etc.), drawing the lines of the basic playgrounds (handball, futsal, basketball,
volleyball and badminton) in the hall, outdoor playground equipment (basketball hoops,
protective nets), classroom equipment (school desks and chairs, teacher’s desks, projectors,
projector screens, blackboards), student lockers, and various external equipment of the
school (bike racks, trash cans, etc.) will not be taken into account because they are not
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necessary for the operation of the building and its proper functioning, they are replaceable
relatively easily and are considered as equipment of the building.

Throughout the paper, the value of the discount rate of 3.64% will be used, and it is
given in the Notice of the European Commission on the reference, discount, and recovery
interest rates applicable from 1 June 2023 [32].

Since this paper aims to prepare a building maintenance plan for a period of 15 years
and we live in an inflationary economy marked by rising prices [42], the impact of inflation
should also be considered. We are also witnessing an increase in the price of energy sources,
electricity and gas, as well as the price of building materials, and inflation should also be
taken into account. It would not be realistic, and it cannot be expected that the prices in the
next 15 years will remain the same as today.

From an economic perspective, inflation is a critical factor directly linked to economic
growth [43–45]. However, estimating the precise impact of changes in the inflation rate
remains challenging [46].

For the purposes of this paper, an inflation rate of 3.9% was used for 2024 and 2.3%
for 2025. For the year 2026 and until the end of the analyzed period (until 2038), the basic
inflation rate of 2.20% was used, which is the average annual inflation rate obtained by
the analysis of the author of this paper for the period from 1996 to 2022. The formula for
calculating inflation is given in Part 2. Methodology.

In the Republic of Croatia, according to the governor of the Croatian National Bank,
the target inflation rate is 2%, to which inflation should return to in 2025 [47,48]. The
Governing Council of the European Central Bank (ECB) states that it advocates a return of
inflation to the medium-term goal of 2% [49,50]. Therefore, the inflation of 2.20% which
will be used in this paper is approximately equal to the target inflation rate, yet it is slightly
higher, and it is considered that it will be applicable for calculating the costs.

4.1. Costs of Statutory Periodic Inspections

In order for the users of the building to be safe in it and to prevent unexpected
malfunctions threatening the lives and health of people, certain periodic inspections are
prescribed. The aforementioned inspections may be statutory or prescribed by ordinances
and technical regulations. Since the certificate of occupancy for the school was obtained in
2022 and all inspections were carried out at that time, it will be considered that the statutory
periodic inspections start in 2023.

The amounts of costs for the individual activities of statutory periodic inspections
(Table 2) were obtained from the persons who carry out these inspections by analyz-
ing the literature and reviewing the relevant websites of the companies in charge of
such inspections.

Table 2. Costs of statutory periodic inspections.

Number Activity Description Total Cost (EUR)

1 inspection and testing of electrical installations 4000.00
2 inspection and testing of protection against static electricity 15,000.00
3 visual inspection of the lightning protection system on buildings 1000.00
4 testing the lightning protection system on buildings 1500.00
5 inspection and testing of emergency lighting 10,800.00
6 testing of the stable fire detection and alarm system 10,125.00
7 inspection and testing of fire switches 7950.00
8 testing of the indoor hydrant network 3000.00
9 testing of the outdoor hydrant network 2400.00
10 testing of fire extinguishers 2550.00
11 elevator inspection 1680.00
12 inspection and testing of fire dampers 2800.00
13 inspection and measurement of harmfulness in the work environment 3125.00
14 energy performance certification and energy performance certificate of the building 2500.00
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Table 2. Cont.

Number Activity Description Total Cost (EUR)

15 mandatory pest control and disinfection measures 30,000.00
16 examination of the gas boiler room 880.00
17 testing the correct operation and tightness of indoor gas installations 3750.00
18 testing of gas appliances 1500.00
19 chimney testing 1800.00
20 testing of ventilation ducts 3750.00
21 testing of work equipment and machines 3750.00
22 air conditioning system inspection 48,000.00

Total costs for 15 years 196,993.52
Present value of costs in 15 years 147,471.98

Figure 3 shows a graphic representation of the cumulative costs of statutory periodic
inspections for 15 years at the annual level, the costs reduced to the present value and the
cumulative present value of the costs.
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Figure 3. Graphic representation of the costs of statutory periodic inspections.

4.2. Costs of Replacement of Worn Materials and Elements

Generally speaking, the costs of replacement of worn materials and elements include
the costs of activities based on the changes made to certain materials and buildings elements
that have worn out. The replacement periods of worn materials and building elements
were analyzed using the factor method.

A common example of replacing worn materials and elements is the replacement of
floor and wall coverings. In the analyzed building, some of the most common indoor types
of floors and floor coverings are as follows: gres porcelain tiles, oak parquet, and linoleum.
Moreover, one of the activities of replacing worn materials and elements is the replacement
of sinks and batteries for hot and cold water.

The costs of replacing worn materials and elements for the analyzed building for a
period of 15 years are shown in Table 3.
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Table 3. Costs of replacement of worn materials and elements.

Number Activity Description Total Cost (EUR)

1 replacement of horizontal rainwater drainage (gutter) 0.00
2 replacement of vertical rainwater drainage 0.00
3 replacement of tin and aluminum windowsills 0.00

4 replacement of the tin frame above the entrance wall (attic) and the frame of the canopy
above the entrance 0.00

5 replacement of porcelain floor tiles in the showers 0.00
6 replacement of porcelain floor tiles in bathrooms, storerooms and changing rooms 0.00
7 replacement of wall tiles in sanitary rooms 0.00
8 replacement of wall tiles behind sinks in classrooms and specialized classrooms 0.00
9 replacement of the oak parquet floor 0.00
10 replacement of elastic linoleum floor covering 0.00
11 replacement of the sports flooring in the sports hall 0.00
12 replacement of the floor made of a thin-layer coating based on epoxy resins 0.00
13 replacement of tactile paving (warning surfaces and guidance paving) 0.00
14 replacement of indoor stone windowsills 0.00
15 replacement of granite floor covering—outdoor surfaces 0.00
16 replacement of floor covering made of terrazzo tiles (indoor stairs and landings) 0.00
17 replacement of the ventilated facade made of plastic-covered steel lamellas 0.00
18 restoration of silicate protective-decorative plaster—the facade of the inner side of the attic 0.00
19 restoration of silicate protective-decorative plaster—plinth wall 0.00
20 replacement of the outdoor mat in front of the main entrance 560.00
21 replacement of the indoor mat in the anteroom of the main entrance 520.00
22 replacement of the eight-part aluminum glazed wall of the front door 0.00
23 replacement of swing solid steel door, entrance to the boiler room 0.00
24 replacement of electric industrial sectional lift doors in workshops 0.00
25 replacement of single swing solid steel doors to classrooms 0.00
26 replacement of single swing solid steel doors 0.00
27 replacement of external glazed walls 0.00
28 replacement of electrical installation 0.00
29 replacement of the fire alarm system 0.00
30 replacement of water supply and sewage infrastructure 0.00
31 replacement of the video surveillance system 0.00
32 replacement of the ventilation and air conditioning system 0.00
33 replacement of the heating system 0.00
34 replacement of the elevator infrastructure 0.00
35 replacement of showers in changing rooms 2700.00
36 replacement of urinal with vertical flushing, complete with electronics 0.00
37 replacement of built-in ceramic sinks on the slab 0.00
38 replacement of single-handle standing battery for hot and cold water (built-in sink) 2646.00
39 replacement of ceramic sinks 0.00
40 replacement of single-handle standing battery for hot and cold water (sink) 0.00
41 replacement of a ceramic toilet bowl with a built-in cistern 0.00
42 replacement of radiators 0.00
43 replacement of locks and doorknobs 0.00
44 replacement of indoor air conditioning units 0.00
45 replacement of the vapor barrier of a flat roof 0.00
46 replacement of thermal insulation of a flat roof 0.00
47 replacement of sifted gravel on a flat roof 0.00

Total costs for 15 years 8758.85
Present value of costs in 15 years 5426.21

Several cost values for the replacement of worn materials and elements are zero due
to the absence of replacement needs during the analyzed period. However, it is important
to mention activities because they may appear after a certain time. The replacement time of
worn materials and elements was obtained using the factor method, which is explained in
Part 2. Methodology.
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Figure 4 shows a graphic representation of the cumulative costs of replacing worn
materials and elements for 15 years at the annual level, the costs reduced to the present
value and the cumulative present value of the costs.
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4.3. Costs of Periodic Works and Repairs

Since there are various activities that are repeated at certain time intervals that are
similar, such works are called periodic works and repairs. One of the most common
examples of the above is the painting of walls and ceilings, which is usually done every
five years. Of course, these works and repairs depend on the intensity of use, the manners
and behavior of the users, the type of building, the work procedures per-formed in the
building, external factors, etc.

The costs of periodic works and repairs for the analyzed building for a period of
15 years are shown in Table 4.

Table 4. Costs of periodic works and repairs.

Number Activity Description Total Cost (EUR)

1 painting the interior walls with dispersive paint 103,425.00
2 painting the ceilings with dispersive paint 48,825.00
3 painting the facade (plinth) with facade paint 2387.00
4 sanding and cleaning stone composite flooring—stairs and landings 1527.75
5 sanding and cleaning granite floor covering—outdoor surfaces 2445.00
6 sanding and varnishing the oak parquet 39,420.00
7 creating dividing lines, internal road 398.25
8 marking the parking lot with a solid white 15 cm wide line 433.50
9 painting the metal part of the fence at the border of the plot 14,178.00
10 painting the fence of a dog-legged staircase with a height of 1 m 692.00
11 painting the heating pipes with varnish resistant to increased temperature 7344.00
12 painting the radiators 10,839.50

Total costs for 15 years 287,899.64
Present value of costs in 15 years 208,330.41
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Figure 5 shows a graphic representation of the cumulative costs of periodic works
and repairs for 15 years at the annual level, the costs reduced to the present value and the
cumulative present value of the costs.
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4.4. Costs of Reactive Maintenance

Reactive maintenance can be seen as a method of maintenance when there is a failure
or damage to an element or assembly of a building, and it includes different types of repairs
and replacements. The costs of reactive maintenance are impossible or very difficult to
predict because it is not possible to know when a specific failure will occur. For instance, it
is not possible to know if and when someone will break a window, when a storm occurs that
will damage or destroy the roof structure or the roof covering, when the water supply or
sewage pipe will burst, etc. Although the costs of reactive maintenance are unpredictable,
it is necessary to specify them as much as possible with respect to the observed building in
order to keep them in mind if and when a failure occurs.

These costs in the building maintenance plan are foreseen in the amount of 5% of
the total sum of the first three groups of costs (costs of statutory periodic inspections,
costs of replacing worn materials and elements and costs of periodic works and repairs).
It is not possible to calculate the specified costs precisely, so they will be calculated as
mentioned above.

The costs of reactive maintenance on the building for a period of 15 years are shown
in Table 5.

Figure 6 shows a graphic representation of the cumulative costs of reactive main-
tenance for 15 years at the annual level, the costs reduced to the present value and the
cumulative present value of the costs.

4.5. Costs of Use—Operation Facility Costs

The costs of use of the building include all costs arising from the use of the building
itself. The cleaning of the building and its surroundings accounts for a large share of the
costs of use, as well as the inspection and minor repairs of the school. Those activities are
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carried out by the cleaners, the janitor and the boiler operator. In this case, the work of the
janitor and the boilermaker is performed by a single employee.

Table 5. Costs of reactive maintenance.

Number Activity Description Total Cost (EUR)

1 replacement of broken glass surfaces
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st
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om
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ct
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4.

3

2 repair of the tin frame of the attic and of the canopy above the entrance
3 repair or replacement of fittings, locks and doorknobs
4 replacement of the toilet seat and toilet equipment
5 repair or replacement of rainwater drainage parts
6 repair or replacement of batteries for hot and cold water
7 replacement of LED lighting fixtures
8 repair of the lightning protection infrastructure
9 repair of indoor air conditioning units and air conditioning system
10 repair of the fire alarm
11 repair or replacement of aluminum ribbed radiators
12 repair of the heating system
13 sewage network maintenance
14 water supply network maintenance
15 repair or replacement of oak parquet flooring
16 repair of granite slabs paving
17 repair of ceramic tile flooring
18 repair of linoleum floor covering
19 repair of the video surveillance system
20 repair of parts of the entrance ramp
21 repair of indoor windowsills made of stone composite
22 replacement of electrical sockets and switches
23 repair of indoor walls in terms of masonry and painting
24 repair of the anti-theft system
25 repair of the elevator
26 repair of parts of the indoor and outdoor hydrant network
27 repair of aluminum doors and windows
28 replacement or repair of sinks, urinals, cisterns and toilet bowls
29 repair of the ventilation system
30 unplanned roof repair
31 repair or replacement of the ventilated facade
32 repair of the facade made of decorative plaster
33 repair or replacement of the plot fence
34 repair of the electric lifting partition made of different materials in the sports hall
35 repair or replacement of waterproof walls of toilet cubicles

Total costs for 15 years 24,682.60
Present value of costs in 15 years 18,061.43

The costs of using the building, i.e., electricity, drinking water, and natural gas, were
calculated based on the data available to the author and can be considered actual costs.
Costs per month were obtained, and their arithmetic mean was calculated. The school
started operating in 2023. To be on the safe side, it was assumed that the average monthly
cost for electricity, water and gas is borne by the school every month regardless of holding
classes at the school because during the holidays various school cleaning jobs are carried
out, certain employees work, plants and trees around the school are watered, and students’
professional practice is carried out, etc.
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Figure 6. Graphic representation of the costs of reactive maintenance.

The costs of telephone and internet services, municipal waste collection, and water
regulation fees are also obtained directly from the school’s administrative documents and
will be considered actual costs. The average monthly cost of consumables is assumed.

The cost of buying a new tractor lawnmower and grass trimmer, which are neces-
sary for maintaining the school’s surroundings, is determined with regard to the current
type and brand that the school has or currently uses. The aforementioned tractor lawn-
mower and grass trimmer are considered fixed tangible assets, and such assets are subject
to depreciation.

The cost of staff for six cleaners and a janitor is given in the total cost of salaries paid
by the employer. The stated cost of salaries was calculated based on the data available to
the author.

The operation costs of the building for a period of 15 years are shown in Table 6.

Table 6. Operation costs.

Number Activity Description Total Cost (EUR)

1 electricity supply 148,679.10
2 drinking water supply 13,024.80
3 natural gas supply 127,226.88
4 telephone and internet services 27,720.00
5 municipal waste collection 33,300.00
6 water regulation fee 14,279.40
7 cleaning the building and the surroundings 1,278,000.00
8 consumables (cleaning supplies and equipment) 90,000.00
9 basic means of work for the janitor (lawnmower, motor grass trimmer) 22,400.00

Total costs for 15 years 2,135,009.67
Present value of costs in 15 years 1,599,002.18



Eng 2024, 5 1223

Figure 7 shows a graphic representation of the cumulative operation costs for 15 years
at the annual level, the costs reduced to the present value and the cumulative present value
of the costs.
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Figure 7. Graphic representation of the operation costs.

4.6. Comparison of Total Costs and Costs Reduced to Present Value

Table 7 and Figure 8 show the total costs of maintenance and operation for 15 years.
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Table 7. Total costs of maintenance for the building for 15 years.

Group of Costs Total Costs (EUR) Share in Total Cost (%)

costs of statutory periodic inspections 196,993.52 7.42%
costs of replacement of worn materials

and elements 8758.85 0.33%

costs of periodic works and repairs of
the building 287,899.64 10.85%

costs of reactive maintenance 24,682.60 0.93%
operation costs of the building 2,135,009.67 80.47%

Total for 15 years 2,653,344.28 100.00%

Table 8 and Figure 9 show the total present value of the maintenance and operation
costs for 15 years. The discount rate used is 3.64%.

Table 8. Total present value of the maintenance costs for the building for 15 years.

Group of Costs Total Costs (EUR) Share in Total Cost (%)

costs of statutory periodic inspections 147,471.98 7.46%
costs of replacement of worn materials

and elements 5426.21 0.27%

costs of periodic works and repairs of
the building 208,330.41 10.53%

costs of reactive maintenance 18,061.43 0.91%
operation costs of the building 1,599,002.18 80.83%

Total for 15 years 1,978,292.20 100.00%
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4.7. Sensitivity Analysis

In carrying out the sensitivity analysis, the discount rate will first be varied by −1%
and by +1% from the one used at the beginning of the analysis. This means that if the
initial discount rate is equal to 3.64%, then the new two values will be 2.64% and 4.64%,
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respectively. Then the new total costs of maintenance and use of the building will be
calculated, as well as the corresponding change in the stated costs in percentages.

Afterwards, the analysis period will be varied by −5 years and by +5 years from the
period of 15 years that was set in the initial maintenance plan and program. Therefore, the
newly obtained values will correspond to 10 years and 20 years. After that, the total costs of
maintenance and operation of the building and changes in costs expressed in percentages
will be calculated [51].

Table 9 shows the sensitivity analysis in which the discount rate was varied by ±1%
compared to the initial one, while the graphic representation can be found in Figure 10.

Table 9. Sensitivity analysis—change in the discount rate by ±1%.

Discount Rate Change in the
Discount Rate

Present Value of
Costs (EUR)

Change in Present
Value of Costs

2.64% −27.47% 2,137,347.09 8.04%
3.64% 0.00% 1,978,292.20 0.00%
4.64% 27.47% 1,835,506.93 −7.22%
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Figure 10. Results of the sensitivity analysis—change in the discount rate by ±1%.

Table 10 shows the sensitivity analysis in which the analysis period was varied by
±5 years compared to the initial one, while the graphic representation is shown in Figure 11.

Table 10. Sensitivity analysis—change of the analysis period by ±5 years.

Analysis Period
(year)

Change in the
Analysis Period

Present Value of
Costs (EUR)

Change in Present
Value of Costs

10 −33.33% 1,354,553.02 −31.53%
15 0.00% 1,978,292.20 0.00%
20 33.33% 2,647,597.32 33.83%
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4.8. Correlation between Capital Costs and Costs of Operation and Maintenance for the Building

The construction cost of the building—capital cost—is about EUR 7.4 million.
Table 11 and Figure 12 shows the correlation between the costs of maintenance and

operation for 10, 15 and 20 years, respectively, in relation to school building costs.

Table 11. Correlation between costs of maintenance and operation and capital costs for the three
observed periods.

Analysis Period (year) Present Value of the Costs of
Maintenance and Operation (EUR) Capital Costs (EUR) Correlation between Costs of

Maintenance and Capital Costs

10 1,354,553.02
7,400,000.00

18.30%
15 1,978,292.20 26.73%
20 2,647,597.32 35.78%
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Figure 12. Correlation between the costs of maintenance and operation for 10, 15 and 20 years and
capital costs.
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Figure 13 shows capital costs and the costs of maintenance and operation for 15 years.
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5. Discussion

In this paper, the maintenance plan and program for the building were created and
presented. The maintenance plan and program for the building was created for a period of
15 years, i.e., from 2024 to 2038. The discount rate used is 3.64%. When calculating costs,
inflation was also taken into account. The factor method was used to estimate the service
life of an element or assembly. The above was further used to determine the replacement
intervals for worn materials and elements and to calculate costs.

The present value of the costs of maintenance and operation of the building for 15 years
is EUR 1,978,292.20, and the largest share of these costs is the operation cost of the building
with EUR 1,599,002.18 (80.83%), followed by the costs of periodic works and repairs of the
building with EUR 208,330.41 (10.53%). The third largest are the costs of statutory periodic
inspections, which amount to EUR 147,471.98 (7.46%), followed by the costs of reactive
maintenance with EUR 18,061.43 (0.91%), and the costs of replacing worn materials and
elements with EUR 5426.21 (0.27%). It is understandable that the costs of replacing worn
materials and elements are the lowest because the building has just been built and almost
all installed materials and elements have a service life of more than 15 years.

A sensitivity analysis was used to vary the discount rate, and new amounts of the
present value of the costs of maintenance were calculated. The selection of the discount rate
was found to have a large impact on the present value of the costs of maintenance. With a
discount rate of 3.64%, the present value of the costs of maintenance is EUR 1,978,292.20. By
changing the value of the discount rate to 2.64%, which is a percentage change of −27.47%,
the present value of the costs of maintenance and operation amounts to EUR 2,137,347.09;
that is, it has increased by 8.04%.

By increasing the discount rate to 4.64%, which is a percentage change of +27.47%, the
present value of the costs of maintenance and use is reduced to EUR 1,835,506.93 This is a
decrease of 7.22%. From the aforementioned, it can be concluded that when the discount
rate increases, the present value of the costs of maintenance decreases more slowly than
the increase in the present value of costs that occurs when the discount rate decreases.

Additionally, the period of analysis was also varied. The initial period of analysis
was 15 years, and the total costs amounted to EUR 1,978,292.20. For the analysis period
of 10 years, the present value of the costs of maintenance is EUR 1,354,553.02; that is, the
analysis period decreased by 33.33% and the costs decreased by 31.53%. When changing the
analysis period to 20 years, which is a rise of 33.33%, there is an increase in the present value
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of the costs of maintenance of 33.83%, and in this, case the costs amount to EUR 2,647,597.32.
It is observed that the increase in the analysis period generates a greater increase in costs
than the decrease in costs in the case of a decrease in the analysis period. The above can
be explained by the fact that with time the building begins to age significantly, certain
processes of degradation of materials and elements of the building begin, an increasing
number of materials and elements need to be renewed or replaced, and costs of maintenance
start rising.

It is shown that the correlation between the present value of the costs of maintenance
and use for a period of 15 years and capital costs amounts to 26.73%. This means that
for a period of 15 years, the costs of maintenance and operation account for more than
one quarter of the capital costs. When the period is reduced to 10 years, this correlation
equals 18.30%, and by increasing the analysis period to 20 years, the correlation between
the present value of the costs of maintenance and operation for a period of 20 years and
capital costs amounts to 35.78%.

6. Conclusions

Maintenance of buildings is an important task because it extends the service life of
the building, its users feel comfortable in it, and the costs of use are lower if the building is
suitable for use. Maintenance requires planned budgets for each year. If budgets are not
foreseen, it will not be possible to maintain the building in a proper and timely manner.

The costs of maintenance and operation are shown in the example of a building, essen-
tially a school. The shares of individual groups of costs in the total costs of maintenance
and use were calculated. Costs of maintenance very quickly reach significant percentages
of the capital costs of the building. The case here is that the costs of maintenance and
use for a period of 20 years amount to about 36% of capital costs. Of the observed five
groups of costs, the largest costs are those generated by the operation of the building, and
they amount to about 80% of the total costs of maintaining the building. Therefore, it
is important to take care of the costs of operation. Only timely and proper maintenance
prevents the deterioration of the building, and at the same time, the costs of operation of
the building are considered in a timely manner.

Using this method of estimating the costs of maintenance opens up new possibilities
for planning the necessary budget for maintenance and operation. It would be possible to
estimate the necessary budget for the maintenance and operation of schools in the territory
of a certain city or county. If the above were implemented for each county, the budget for
school maintenance could be estimated for the entire Republic of Croatia. The advantage
of the presented method of calculating costs is its very simple calculation, with changes in
certain input variables such as the discount rate, inflation rate, etc. It is also possible to see
the impact they have on the total costs of maintenance and operation.

Maintenance should not be left to chance, as should budget planning. Only through
budget planning can one count on sufficient possibilities for proper maintenance. This
paper presents how the costs of maintenance and operation of the subject building can be
calculated for a certain period and the corresponding budget can be planned. It is shown
how it is possible to predict the costs of the maintenance and operation of a particular
building. The limitations are that a separate analysis needs to be carried out for each
school, and it is difficult to obtain data on costs because they are usually considered a
business secret.

Of course, it is important to emphasize that these are after all just predictions, and the
costs of maintenance and operation are influenced by many factors, such as the costs of
building materials, the costs of energy, the expertise and ability of the person who estimates
or predicts the costs, the quality of the building elements and the quality of the building,
the complexity of the building, the expertise of the person who maintains the building, the
attitude of the users of the building towards it, etc.
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7. Recommendations for Future Research

To achieve the most accurate results, it is essential to expand the research to include a
greater number of cases, specifically by investigating additional buildings within the Re-
public of Croatia. Raising awareness among engineers and building maintenance managers
about life cycle costs is crucial. Additionally, there is potential to extend the research to
multiple European Union countries. To facilitate data collection and analysis of building
maintenance costs, a comprehensive system for data aggregation across the entire Republic
of Croatia should be developed. This system would allow for meaningful comparisons
among buildings of the same type throughout the country. Overcoming institutional re-
sistance to sharing cost data, especially for scientific and research purposes, is necessary.
Increased availability of maintenance cost data would benefit all stakeholders, enabling bet-
ter comparisons and the development of predictive models for more efficient maintenance.

Given that the research was conducted on a new building that has been operational
for 2 years, it would be beneficial to track the actual maintenance and operation costs
and compare them with the projected costs. Additionally, there should be more plans for
building maintenance, allowing for better budget planning and monitoring of deviations.
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All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding. The APC was funded by Dino Obradović
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