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Abstract: In the article is presented an analysis of the
life cycle costs calculation for selected roof coverings. The
scope of research includes costs of construction, mainte-
nance anddemolition of the roof covering structure for two
alternative technologies – the traditional and new gener-
ation. On the presented example of an industrial build-
ing with a roof area of 1000 m2, the above costs are taken
to consideration for the roof covering made of two ther-
moplastic asphalt torching polymer membrane layers and
a new generation PVC thermoplastic film with a reinforc-
ing layer. The input data presented in the article comes
from the investor (the owner of the future facility) and
from property managers responsible for the maintenance
of facilities in regard to the purpose, volume and applied
method.
The subject of the research is the analysis of the range
of impact of the selected roof covering technology on the
long-term costs of itsmaintenance. The aimof the research
conducted by the authors is to indicate the possibility of
reducing the costs related to the maintenance and elimi-
nation of a selected building structure (roof covering) in
the assumed period of its operation for 70 years.
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1 Research problem
Roofs and flat roofs of large surfaces, due to their design
and shape (including small roof slopes), require special
solutions of covering materials, hoods details and edge
treatments. All these elementsmust ensure complete tight-
ness and failure-free drainage of the roof surface. An im-
portant element that provides the above features is the
material used to make the roof covering. There are many
possibilities in this area. In practice, the roof covering
is made of roofing membrane, foil, plastic (PVC), rubber
membranes (EPDM), etc. In many cases, after considering
several variants of the object’s creation technology, the in-
vestor is faced with the need to make an investment de-
cision. At this stage, he analyzes the advantages and dis-
advantages of various solutions such as their durability
and reliability, but also economics. From the owner’s and
/or user’s of the facility point of view, the cost of main-
taining the roofing material in a proper technical and aes-
thetic condition is important. In any case, roof covering re-
quires periodicmaintenance and renovation. Its frequency
mainly depends on the operating conditions [1, 2]. The re-
pair of coverings and roof flashings on a large roof surface
in the facility being operated is often associated with nu-
merous technological, logistical and organizational diffi-
culties. Therefore, it is important to design and build the
roof covering that it is reliable (durable and tight) for as
long as possible (it is assumed that it will be up to 70
years) [3, 4].

From the perspective of the investor and/or user of the
facility, it is important to compare the costs incurred at the
stage of covering the costs generated during its mainte-
nance [5]. The entire life cycle cost of a given roof covering
includes the cost of its implementation (initial investment)
and the costs of repairs, ongoing renovations (in a defined
range), winter maintenance (snow removal), general ren-
ovations (full coverage) and elimination.
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2 The life cycle cost
According to [1, 7] the cost of a building’s life cycle is the
process of economic analysis covering the sum of costs of
purchase, use, maintenance and demolition of a building.
According to [6–8]:

• the purchase cost includes costs related to construc-
tion works being the subject of the order including
the cost of equipment permanently associated with
the building, the cost of design documentation for
technical specifications and acceptance of construc-
tionworks (Specifications for ConstructionWork Ac-
complishment and Acceptance) and service costs
during the warranty period granted by the contrac-
tor,

• the cost of use includes costs related to the con-
sumption of energy or energy carriers and water,

• costs of maintenance are related to the operation of
the building and include mainly the costs of ren-
ovations, replacements, repairs and maintenance,
which allows to maintain the building in a proper
technical and aesthetic condition,

• the demolition costs are related to the liquidation
of the facility and include demolition of the build-
ing, export, development, utilization and recycling
of waste.

It should be emphasized that [6] project primarily
refers to the life cycle costs of a building. The example
presented in the article refers to the selected element of
the object – roof covering. Therefore, the costs of use were
omitted in the calculation of life cycle costs for the two an-
alyzed variants. The costs of purchase, maintenance and
demolition of roofing are included.

According to [6, 9] the costs of purchasing an element
are presented in the offer submitted by the contractor.

According to [6] maintenance costs are calculated as
the sum of unit maintenance costs of products during the
calculation period, reduced by the value of the contrac-
tor’s warranty for a given product, accordingly with for-
mula (1).

Cut =
∑︁n

k=1
(An − Bn) (1)

where:
Cut - the cost of maintenance,
An – the cost of maintaining the nth product in the calcu-
lation period,
Bn– the value of the contractor’swarranty for the nth prod-
uct.

According to [6] the cost of maintaining the nth prod-
uct during the calculation period is determined by the for-

mula (2).

An = I × K × N (2)

where:
I – the number of product units,
K - the cost of replacing the unit of the product,
N – the number of cycles of product use in the calculation
period.

According to [6], the value of the contractor’swarranty
for the nth product is calculated from formula (3).

Bn = An ×
Og
O (3)

where:
Og – the contractor’s warranty period expressed in years,
O – the calculation period.

It should be emphasized that in a broad approach,
the LCC analysis provides an important data that is cru-
cial in the process of designing, development, operation
and the liquidation of object, a product, and a construc-
tion element [10, 11]. Estimating life cycle costs can also
be effectively applied to compare and assess the operating
costs of an object construction element for alternative vari-
ants [12, 13].

Providers of various technologies and products can
optimize their projects by assessing various alternative so-
lutions [14, 15]. At the stage of selecting an investment vari-
ant, the investor also has the opportunity to optimize its
decision based on the calculation of the life cycle cost of an
object or construction element and the analysis of various
strategies for their use, maintenance and liquidation [16].

The cost of making and maintaining roofing, while
maintaining its reliability condition depends onmany fac-
tors. These include the scope of the technical design, the
quality of the roofing’s coverage, as well as the scope of
works related to its maintenance [17].

Determining the amount of the investor’s reasonable
expenses, in terms of the life cycle cost of roof covering,
requires the definition and consideration of the above is-
sues at the stage of preparing the project documentation.
In practice, in many cases, investors analyze only the ini-
tial capital expenditure [18–21], omitting the long-term
expenditure on the operation of the roof covering mate-
rial [22, 23].

3 The analysis of the life cycle cost
for two variants of roof coverings

In the article are taken in to consideration two technolo-
gies for roof covering:
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• made from two layers of asphalt polymer-weldable
roofing membrane,

• made from a new generation PVC thermoplastic film
with a reinforcing layer.

The LCC analysis is carried out accordingly to the
methodology contained in [6]. For the purposes of the
analysis was defined the time horizon - 70 years were
adopted, and then the cost components were determined.
The analyzed costs were established based on the knowl-
edge of experts: the investor (the owner of the future facil-
ity), property managers responsible for the maintenance
of facilities of similar nature and current price publica-
tions. According to [24], 70 years occupation time has been
adopted (category of performance period: 4/5, designed
performance period: 50/100 years). The assumed occupa-
tion time was also adopted based on the knowledge of ex-
perts - property managers, based on the assessment of the
technical deterioration degree of the building made with
the use of the Ross method taking into account the scope
and frequency of renovations and maintenance of the fa-
cility. The discount rate was based on the current NBP in-
formation.

Figure 1: The view of the roof area with an area of 1000m2 selected
for conducting this analysis.

In order to carry out the cost analysis, the following
assumptions were made:

• the calculation of roof covering costs was made for
a roof with an area of 1000 m2 (Figure 1),

• a 70-year calculation period has been adopted,
• for initial costs (purchase costs) only works related
to the roof covering - without the insulation layers
mounted on the roof structure panel and without
flashings, gutters and downpipes were taken into
consideration,

• the initial investment (purchase cost) includes the
purchase cost of all materials necessary to make the
roof covering and the costs related to their transport
to the building site,

• averageunit pricesweredeterminedbasedon the in-
formation contained in the price publication [25], in-
formation obtained from the market and individual
calculations,

• a discount rate of 1.75% was adopted.

Based on the experience of managers responsible for
maintaining facilities of a similar nature, the following
strategy for maintaining roof covering was adopted:

1. with two layers of asphalt polymer-weldable roofing
membrane:

• winter maintenance - snow removal will be
carried out twice a season,

• periodic renovations will be carried out ev-
ery 5 years on 10% of the roof surface; the as-
sumed number of renovations: 13,

• general repairs will be carried out every 30
years on 100% of the roof surface; a number
of renovations: 2,

• waste utilization and disposal: every 5 years
- material removed from 10% roof area (13
times) and every 30 years - material removed
from 100% of roof area (2 times).

2. with a new generation PVC thermoplastic film with
a reinforcing layer:

• winter maintenance - snow removal will be
carried out twice a season,

• periodic renovations will be carried out every
10 years on 10% of the roof surface; a number
of renovations: 6,

• general repairs will be carried out every 40
years on 100% of the roof surface; number of
renovations: 1,

• waste utilization anddisposal: every 10 years -
material removed from 10% roof area (6 times)
and every 40 years - material removed from
100% of roof area (once).

In both cases, the maintenance costs of the roof cov-
ering were reduced by the value of the warranty granted
by the contractor to perform a new covering on the entire
roof surface. The value of works performed by the contrac-
tor during the 5-year period (the warranty period granted
by the contractor) was set as 5% of the value of the initial
covering implementation.
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Table 1: Components of life cycle costs for two alternative technologies of production, maintenance in the period of 70 years and elimina-
tion of roof covering.

Type of roof covering Initial
expenditure

Current
maintenance

Current
repairs

General
repairs

Utilization
of waste

LCC

[PLN/1000 m2]
Coverage of two layers of thermo-
weldable asphalt polymer roofing
membrane

29854,78 78387,9 24657,98 92541,07 10480,7 235922,4

Cover made of a new generation
PVC thermoplastic film with a rein-
forcing layer

41750,21 78387,9 16854,21 67231,76 4231,76 208455,8

According to the assumption adopted at the design
stage, both proposed variants of roof covering shouldmeet
the leak tightness requirements for a period of 30 years (for
roof membrane covering) and 40 years (for foil covering),
and the roof structure should ensure safe operating condi-
tions of the facility by the facility assumed lifetime, i.e. 70
years.

The reparation of old layers of roof covering mem-
brane consists of repairing existing damages, such as loos-
ening, blisters, folds, lumps, cracks, etc. Separation and
blisters shouldbe cut, inverted anddried, and thenwelded
or glued with an asphalt stick. Folds and bulges should be
felled and leveled. With extensive damage, it is advisable
to cut them down to the ground, and then patches should
be pasted with a new roofing membrane.

In the event of moisture found under the old cover,
which is the case for most repaired roofs, it is recom-
mended to make an insulation system composed of perfo-
rated roofing membrane and ventilation chimneys in the
amount of 1 chimney on the 40 - 60 m2 of the roof.

In order to enable effective moisture removal, the sur-
face of the old roofingmembrane should be unsealed up to
themoist layer, for example bymaking holeswith a drill or
cutting the old substrate.

After calculations based on formulas (1), (2), (3), indi-
vidual components of life cycle costs were calculated for
the technologies of roof covering and are summarized in
Table 1.

A graphical comparison of initial expenditure, main-
tenance costs over 70 years, liquidation and total LCC val-
ues for two roof covering technologies is presented in Fig-
ure 2.

It should be emphasized that the comparison of ini-
tial expenditure with the costs generated during the roof
covering exploitation period (Figure 3) gives the investor a
full picture of the actual expenses that he will be forced to
incur during the assumed lifetime of the facility (and cov-

Figure 2: LCC analysis for two variants of roofing (source: own
study).

erage). These expenses are a result of carrying out repair
works for the roof covering at specified intervals, but also
redoing the roof structure protection in full range– accord-
ingly to the manufacturer’s instructions for the given type
of covering.

In the light of the above analysis, it can be concluded
that taking into account only the initial investment, the
more expensive variant is the implementation of a new
generation PVC thermoplastic filmwith a reinforcing layer.
The cost of making the cover made of two layers of asphalt
polymer-welded roofmembrane accounts for 12.65%of the
total life cycle costs.

The cost of making PVC covering consists of 20.03%
of the life cycle cost (Figure 3). It is anticipated that ac-
tivities related to the ongoing maintenance of roof cov-
ering for both variants (including winter snow removal)
are associated with spending the same amount by the in-
vertor. Significant differences can be seen in relation to
the costs associated with maintaining the roof covering in
the long term. Taking into account the discounted costs
of maintaining the roof covering in the assumed period of
70 years, including general and ongoing repairs, the more
expensive solution is coating with thermo-weldable roof-
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ing membrane. Faster aging time of this covering, the loss
of flexibility and resistance to weather conditions cause
a significant reduction in its durability in the analyzed
period. In practice, this means that every 30 years the
labor-intensive and costly replacement processmust be re-
peated. The use of roof membrane, in the course of opera-
tion alsomeansmore frequent undertaking of costly activ-
ities related to ongoing repairs.

Figure 3: Percentage of individual components in the life cycle costs
of roof covering for two variants.
source: own study

Taking into account the total life cycle cost, i.e. ini-
tial investment, 70-year maintenance and disposal period
for two analyzed variants, it can be concluded that the
cheaper solution is a new generation PVC thermoplastic
film with a reinforcing layer. In the long-term, it generates
lower expenses incurred by the owner and/or user of the
facility.

4 Conclusions
The conducted analysis and own authors experience justi-
fies the formulation of the following conclusions and rec-
ommendations.

1. In the article is indicated the possibility of using a
new approach based on estimating life cycle costs in
the process of choosing the technology of roof cov-
ering material implementation. It allows to indicate
the investor the optimal variant,whichwith reduced
roof maintenance costs (resulting from limiting the
scope and frequency of renovation work), ensures
that certain safety, quality and aesthetics standards
are maintained. Therefore, it is possible to signifi-
cantly reduce the costs incurred by the investor dur-
ing the operation period of the facility.

2. The presented analysis confirms the long-term fi-
nancial benefits for the investor and/or the user of
the facility, resulting from the application of a cover

made of a new generation PVC thermoplastic film
with a reinforcing layer. It also justifies applying in
practice mainly in the process of designing a new
cover or replacing an existing one, which results
from the LCC analysis. It allows to indicate the opti-
mal solution in terms of the total life cycle cost, tak-
ing into account initial costs and costs incurred in
the course ofmaintenance and liquidation of a given
element or the entire facility (considered in the long-
term).

3. In any case, regardless of the applied type of roofing
technology, apart from the financial aspects taken
into account by the investor, the cover must meet
all the requirements. It should be therefore char-
acterized by adequate resistance to external envi-
ronment impacts, propermechanical resistance and
full tightness of all joint connections as well as
other accompanying elements (flashings, etc.). This
means that the construction and use of the roof
covering as well as flat roofing must be fully ade-
quate with the manufacturer’s instructions. In the
above context, the LCC analysis assumes the option
of choosing a variant with a lower life cycle cost,
but assuming the proper use of the covering (savings
can not be the result of negligence in works related
to maintaining the covering).

4. Experience from the practice indicates that the LCC
analysis is not widely use in the design process of
construction works. One of the reasons is the lack of
a simple model of life cycle costs calculation, which
is a tool for supporting investment decisions and in-
dicating the optimal solution already at the design
stage. The obligatory application of the methodol-
ogy contained in [6] will contribute, among others,
to the increase of efficiency in using funds being at
the investor’s disposal.
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