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Abstract: In the article the costs of alternative roo�ng tech-
niques in the life cycle of the building were calculated.
The calculationsweremade in accordancewith ISO 15686-
5 standard “Buildings and constructed assets – Service
life planning – Part 5: Life-cycle costing”, using norma-
tive durability periods andminimumperiodof annual con-
sumption of individual building elements to determine the
durability of building components. The normative periods
are valid inPoland in relation to the valuation of buildings.
Probabilistic costs in the life cycle of ceramic,metal andbi-
tuminous coatings were analysed. The probability density
distributions were assumed: beta for pricing factors and
normal for the interest rate. Calculations were carried out
for the periods of 100 years of operation of coverings, tak-
ing into account the costs of replacement and utilization.
As a result of the calculations, the life cycle costs of alter-
native coatings with probabilities from 5 to 95% were ob-
tained.

Keywords: LCCA, statistical calculations, simulation-
based costing

1 Introduction
Life cycle cost analysis (LCCA) is among others a tool for
determining the most cost-e�ective option among the var-
ious competing alternatives. All costs of the user are taken
into account in the LCCA of construction projects, start-
ing from the purchase of land through the design process,
erection of the building, costs related to the use such as:
management costs, periodic inspections, repairs, repairs,
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replacement of instrumentation and infrastructure related
to the object. All costs in the analysis are discounted to
the current value known as the net present value (PV).
The LCCA analysis uses two approaches: Deterministic
(DBC deterministic-based costing) and probabilistic (SBC
simulation-based costing). It was observed that all vari-
ables used in the calculations are characterized by vari-
ability. You can only approximate the scope and cost of
the renovation that would take place in 40 years. The ar-
ticle proposes a method for calculating the life cycle costs
of a building in the SBC LCCA probabilistic approach. The
proposed procedure for calculations is described. Cost-
e�ectiveness plays a key role in any construction project.
Life cycle cost analysis (LCCA) is a method of determining
the total cost of a construction project in the expected pe-
riod of use, including operating and maintenance costs.
LCCA in the deterministic approach canbe improvedusing
alternative modern probabilistic techniques. Probabilistic
calculations in which the minimum, average and max-
imum values are de�ned with speci�c distributions are
closer to the actual values.

2 Probabilistic Life Cycle Cost
Analysis

The choice of building materials when designing a build-
ing has a major impact on costs. An analysis of construc-
tion and renovation costs has been carried out over a pe-
riod of 100 years. The SBC LCCA method assumes that all
data used for calculations have probabilistic values. It was
observed that all data are highly volatile. It was assumed
that there are no grounds to claim that the result of life
cycle cost calculations of individual building elements, as
well as of the entire building, will be a discrete value. The
article proposes amethod of calculating the life cycle costs
of a building in SBC LCCA. The proposed calculation pro-
cedure was described. Probabilistic calculations, in which
minimum, average and maximum values are de�ned with
speci�c distributions, are closer to real values. They can
form the basis for information on the life cycle costs of
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a building. The method of SBC LCCA calculations is pre-
sented on the example of roo�ngmaterial selection. Three
types of materials in their life cycle were compared: clay
roo�ng tiles, steel roo�ng tiles and roo�ng membrane.

3 SBC LCCA calculation
The collection of data needed for calculations is the most
important and labour-intensive element of the method. It
is necessary to determine the minimum, average, maxi-
mum and standard deviations of individual price factors,
such as: materials, labour, equipment, indirect costs, ma-
terial purchase costs and pro�t. Three valuations are ob-
tained. On the basis of these values the standard deviation
can be calculated. The calculated values are summarised
in Table 1.

Table 1: Comparison of minimum, average and maximum price

No Price-forming factor minimum value 
PBCmin 

average value 
PBCmed 

maximum value 

PBCmax 

1 M - materials in line with price indicators 'Cost estimate value of investments' Price 
indices, eg SEKOCENBUD in Poland or own analysis 

190 PLN/m2 200 PLN /m2 260 PLN /m2 

2 R – labor work 13,54 PLN /wh 15,50 PLN /wh 16,72 PLN /wh 

3 S – equipment work 68 PLN/mh 72 PLN/mh 84 PLN/mh 

4 Kp( R,S) – indirect cost 62 % 65% 72% 

5 Km (M)– cost of 
material purchase 

7% 8% 10% 

6 Z(R, S, Kp, Km) - profit 11% 12% 13% 

After analyzing the net costs, we have the minimum
PBCmin, averagePBCmed andmaximumPBCmax values.We
can calculate the standard deviation σ net costs (2):

σ =
(
((PBCmin − PBCmed)2 + (PBCmed − PBCmed)2

+(PBCmax − PBCmed)2)/3
)1/2

(1)

The next step in the calculation is to determine the
probability density function for the discount rate and for
the price formation factors. It is recommended by ISO
15686-5 to take a normal distribution for the discount rate.
With respect to other calculation factors there are no stan-
dard recommendations. In scienti�c studies, di�erent dis-
tributions of probability density in relation to price drivers

are assumed: [3] triangular, [4] normal and uni, [1] logis-
tical, logarithmic and normal, [5, 7] lognormal, [8] beta.
With a large number of data, the correctness of the proba-
bility distribution can be tested using the χ2 test according
to [2]. Only 3 minimum, mean and maximum values are
taken into account in this calculation method. Therefore,
the χ2 test cannot be carried out. In the article, the beta dis-
tribution was assumed for further calculations, as in [8].
Using the proprietary Beta Pert calculation application in
EXCEL, the parameters α PBC and β PBC of beta distribu-
tion were calculated. Table 2 and equations (3,4,5) show
the generalised data formulas.

Table 2: Comparison of generalized data

Lp Price-forming factor Symbol Quantity 
survey 

The unit PBC price 

1 Materials Mi Ymi Mi(normal; Mimin, Mimed, Mimax,σMi) lub 

Mi(beta; Mimin, Mimed, Mimax,σMi,αMi,βMi) 

2 Labor work Ri YRi Ri(normal; Rmin, Rmed, Rmax,σRi) lub 

Ri(beta; Rimin, Rimed, Rimax,σRi,αRi,βRi) 

3 Equipment work Si YSi Si(normal; Simin, Simed, Simax,σRi) lub 

Si(beta;Simin, Simed, Simax,σSi,αSi,βSi) 

4 Indirect cost Kpi=f(Ri,Si) % Kpi(normal, Kpmin, Kpmed, Kpmax,σKp) lub 

Kpi(beta, Kpimin, Kpimed, Kpimax,σKp, αKpi,βKpi) 

5 Cost of material 
purchase 

Kzi=g(Mi) % Kz((normal; Kzmin, Kzmed, Kzmax,σKzi) lub 

Kzi(beta;Kzimin, Kzimed, Kzimax,σKzi, αKzi,βKzi) 

6 Profit Z=h(Ri,Si,Kp) % Zi(normal; Zmin, Zmed, Zmax,σZi) lub 

Zi(beta; Zimin, Zimed, Zimax,σZi, αZi,βZi) 

Where:

PBCn =
n∑
i=1

(Mi(normal;Mimin ,Mimed ,Mimax , σMi)

+ Ri(normal; Rmin , Rmed , Rmax, σRi)
+ Si(normal; Simin , Simed , Simax , σSi)
+ Kpi(normal, Kpmin , Kpmed , Kpmax , σKp)
+ Kz(normal; Kzmin , Kzmed , Kzmax , σKZi)
+ Zi(normal; Zmin , Zmed , Zmax , σZi)) (2)
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or

PBCn =
n∑
i=1

(Mi(beta;Mimin ,Mimed ,Mimax , σMi , αMi , βMi)

+ Ri(beta; Rmin , Rmed , Rmax, σRi , αRi , βRi)
+ Si(beta; Simin , Simed , Simax , σSi , αSi , βSi)
+ Kpi(beta, Kpmin , Kpmed , Kpmax , σKp , αKp , βKp)
+ Kz(btea; Kzmin , Kzmed , Kzmax , σKZi , αKZi , βKzi)
+ Zi(beta; Zmin , Zmed , Zmax , σZi , αZi , βZi)) (3)

or

PBCn =
n∑
i=1

(Mi(beta;Mimin ,Mimed ,Mimax , σMi , αMi , βMi)

+ Ri(beta; Rmin , Rmed , Rmax, σRi , αRi , βRi)
+ Si(beta; Simin , Simed , Simax , σSi , αSi , βSi)
+ Kpi(normal, Kpmin , Kpmed , Kpmax , σKp)
+ Kz(normal; Kzmin , Kzmed , Kzmax , σKZi)
+ Zi(normal; Zmin , Zmed , Zmax , σZi)) (4)

A calculation analysis is presented below. The calcu-
lation was performed using the@Risk add-on toMicrosoft
Excel, which enables risk analysis by means of Monte
Carlo simulation. @RISK shows practically all possible re-
sults for each situation and informs about the probability
of their occurrence. The calculations were carried out on
the assumption that the probability distribution of pricing
factors is beta and normal in relation to the in�ation coef-
�cient. The results are compared with deterministic calcu-
lations, Table 3.

Table 3: The results of calculations for beta distribution and deter-
ministic data for ceramic tile

Name Min Mean Max 5% 95% 

beta distribution primary instalation 100,25 118,15 148,52 102,72 139,89 

deterministic primary instalation 59,53 74,73 105,88 

All calculations were carried out with reference to the
present value PV (6.7.8).

PVPBC =
PBC

(1 + r)m
(5)

PVPBC = PBC/ (1 +

+r (betal; rmin , rmed , rmax , σr))m(betal;mmin ,mmed ,mmax ,σm )

(6)

PVmPBC = 1/ (1 +

+r (normal; rmin , rmed , rmax , σr))m(normal;mmin ,mmed ,mmax ,σm )

+
n∑
i=1

(Mi(beta;Mimin ,Mimed ,Mimax , σMi , αMi , βMi)

+ Ri(beta; Rimin , Rimed , Rimax , σRi , αRi , βRi)
+ Si(beta; Simin , Simed , Simax , σsi , αSi , βSi)
+ Kpi(normal; Kpmin , Kpmed , Kpmax , σKp)
+ Kz(normal; Kzmin , Kzmed , Kzmax , σKzi)
+ Zi(normal; Zmin , Zmed , Zmax , σZi)) (7)

Where:
PVPBC – present value,
PBC – the future amount of money,
r – interest rate (is given as a percentage, but expressed as
a decimal in this formula), r(beta;rmin,rmed,rmax, σr)
m – is the number of compounding years between the
present date and the date where the sum is worth PBC,
m(normal;mmin,mmed,mmax, σm)

The cost LCCA of building can be accout (9):

PV totalPBC =
100∑
m=1

PVmPBC (8)

Calculations were carried out using the Monte Carlo
method in the @Risk Excel program. The results were ob-
tained in a probabilistic form. The results are summarized
in Table 5 and presented on Figure 1.

Figure 1: The cost of installing and using roof coverings over a 100-
year period

As can be seen in Figure 2, the cost of the original roof-
ing with a steel tile and a bituminous membrane is almost
three times lower than that of ceramic roof tiles.When con-
sidering PLCCA over 100 years of use (shelf life of 25 years
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Table 4: The input data for calculations

Lp 
Price-forming 

factor 
Type of material 

minimum 
value PBCmin 

[PLN] 

average value 
PBC med 

maximum 
value 

standar
d 

deviatio
n 

αPBC βPBC 

PBCmax Beta Beta 

[PLN] [PLN] [PLN] 

primary installation 

1 M –materials* 

ceramic tile 39,60 52,52 80,92 17,26 1,25 2,75 

steel tile 22,91 28,99 37,90 5,44 1,60 2,40 

bitumen membrane 25,64 34,56 39,8 5,84 2,52 1,48 

2 R - labor 

all 13,54 15,5 16,72 1,31 2,47 1,53 

ceramic tile 7,91 9,06 9,77 0,94 2,47 1,53 

steel tile 4,62 5,29 5,70 0,55 2,47 1,53 

bitumen membrane 8,39 9,61 10,37 0,99 2,47 1,53 

3 
S - equipment 

work 

all 5,50 7,74 10,2 2,35 1,91 2,09 

ceramic tile 0,29 0,41 0,54 0,12 1,91 2,09 

steel tile 0,04 0,53 0,69 0,16 1,91 2,09 

bitumen membrane 0,37 0,53 0,69 0,01 1,91 2,09 

4 
Kp( R,S) – 

indirect costs 
[%] 

all 62 65 72 4,19 1,2 2,8 

ceramic tile 5,87 6,16 6,82 4,19 1,2 2,8 

steel tile 3,61 3,78 4,19 4,19 1,2 2,8 

bitumen membrane 6,29 6,59 7,30 4,19 1,2 2,8 

5 
Km (M)– costs 

of material 
purchase [%] 

all 7% 8% 10% 1,25 1,35 2,65 

ceramic tile 3,68 4,20 5,25 1,25 1,35 2,65 

steel tile 0,04 0,53 0,69 0,16 1,91 2,09 

bitumen membrane 0,37 0,53 0,69 0,01 1,91 2,09 

6 
Z(R, S, Kp, 

Km) –
profit[%] 

the same 11% 12% 13% 0,82 2 2 

ceramic tile 2,18 2,38 2,58 0,20 2,00 2,00 

steel tile 1,31 1,43 1,55 0,82 2,00 2,00 

bitumen membrane 2,10 3,48 2,48 0,82 2,00 2,00 

demolition works 

7 R - labor 

R total 13,54 15,5 16,72 1,31 2,47 1,53 

ceramic tile 7,91 9,06 9,77 0,94 2,47 1,53 

steel tile 4,62 5,29 5,7 0,55 2,47 1,53 

bitumen 
membrane 

8,39 9,61 10,37 0,99 2,47 1,53 

8 
S - equipment 

work 

extract total 5,5 7,74 10,2 2,35 1,91 2,09 

ceramic tile 0,29 0,41 0,54 0,12 1,91 2,09 

steel tile 0,04 0,53 0,69 0,16 1,91 2,09 

bitumen 
membrane 

0,37 0,53 0,69 0,01 1,91 2,09 

truck total 61 75,87 91,93 15,47 1,93 2,07 

ceramic tile 29,89 37,18 45,04 15,47 1,93 2,07 

steel tile 5,49 6,83 8,27 1,39 1,93 2,07 

bitumen 
membrane 

5,79 7,21 8,73 1,47 1,93 2,07 

9 
Kp( R,S) – 

indirect costs 
[%] 

the same 7 8 10 1,25 1,35 2,65 

ceramic tile 28,92 30,32 33,59 2,39 1,2 2,8 

steel tile 7,84 8,22 9,11 0,65 1,2 2,8 

bitumen 
membrane 

7,84 8,22 9,11 0,65 1,2 2,8 

10 
Z(R, S, Kp, 

Km) –
profit[%] 

the same 11 12 13 0,82 2 2 

ceramic tile 8,47 9,24 10,01 2,39 2 2 

steel tile 2,30 2,50 2,71 0,65 2 2 

bitumen 
membrane 

2,30 2,50 2,71 0,65 2 2 

for a bituminous membrane, 10 years of steel roo�ng, 100
years of ceramic roof tiles), the cost of a ceramic roof tile
is the lowest. Assuming the cost of LCCA bituminos mem-
brane as 100%, the cost of a steel roof tile is 64% and ce-
ramic tile only 26%. The probability of the cost of roof us-

Table 5: The output data of calculation

Name Material Min Mean Max probability 5% probability 95% 

primary 
instalation 

ceramic tile 
132,33 146,99 170,54 134,58 162,90 

in total ceramic tile 300,08 415,07 579,14 332,78 504,62 

primary 
instalation 

steel tile 
41,81 42,11 42,65 41,84 42,46 

in total steel tile 101,13 132,84 184,37 105,21 166,49 

primary 
instalation 

bitumen 
membrane 

44,16 51,08 60,92 45,09 58,24 

in total bitumen 
membrane 

429,21 569,30 723,70 472,26 681,59 

age in 100 years has been analyzed. The results are pre-
sented on Figure 2.

Figure 2: The cost of installing and using roof coverings over a 100-
year period as a probability function from 0% to 100%

4 Summary and conclusions
Reilly (2004) indicates that the construction of the line
London’s Jubilee subway has been delayed by two years,
and the cost of implementation exceeded the planned
costs by 67% (ie 1.4 billion pounds); tunnel under the
channel LaManche exceeded the planned budget by 80%,
the bridge over the Great Belt in Denmark is 54% of
the overrun costs (Połoński 2010). Such examples can be
found in literature more. However, only research carried
out under the direction of Flyvbjerg (Flyvbjerg 2002) have
been carried out on a large, representative statistical sam-
ple of 258 objects. The results of these tests will be un-
equivocally con�rmed - that the problem of underestimat-
ing planned investments - is common and a�ects almost
9 out of 10 respondents investment, with the average ana-
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lytical overrun - planned costs was 28%. Farr et al. (2016)
indicate that simulation-based costing should be replaced
by the traditional cost estimate. Advanced analytical tools
are needed to incorporate risk and provide more defensi-
ble cost estimates. The cost calculation applies not only to
the embedding process but also to the cost of use in the
life cycle of the building. The article presents a probabilis-
tic method of calculating costs in the lifecycle of a build-
ing, on the example of roof coverings. It is very important
to take into account costs not only in the �rst phase of em-
bedding, but also costs of demolition, repairs and replace-
ments. Theproposedmethod is newandhasnot beenused
so far.

References
[1] A. Abdelaty, D.J. Hyungseok, B. Dannen, F. Todey, “ Enhancing life

cycle cost analysis with a novel cost classi�cation framework for
pavement rehabilitation projects”. Construction Management &
Economics. 2016, Vol. 34 Issue 10, p724-736.

[2] D. S. Moore, “Tests of Chi-Squared Type Goodness of Fit Tech-
niques,” 1986.

[3] D. Wu, H. Liu, C. Yuan, “A risk-based optimisation for pave-
ment preventative maintenance with probabilistic LCCA: a Chi-
nese case”. International Journal of Pavement Engineering, 2 Jan-
uary 2017, 18(1):11-25

[4] E. Di Giuseppe, A. Massi, M. D’Orazio, “Probabilistic Life Cy-
cle Cost analysis of building energy e�ciency measures: selec-
tion and characterization of the stochastic inputs through a case
study”. International High-Performance Built Environment Con-
ference - A Sustainable Built Environment Conference 2016 Se-
ries (SBE16), iHBE 2016, Procedia Engineering. 2017 180:491-501

[5] E. Fregonara, D. G. Ferrando, “ How to Model Uncertain Service
Life and Durability of Components in Life Cycle Cost Analysis Ap-
plications? The Stochastic Approach to the Factor Method”. Sus-
tainability 2018, 10(10), 3642

[6] ISO 15686-5 Buildings and constructed assets- Service life
planning- Part 5: Life-cycle costing

[7] O.Swei, J. Gregory, R. Kirchain, “Probabilistic Characterization
of Uncertain Inputs in the Life-Cycle Cost Analysis of Pavements
Transportation Research Record”. Journal of the Transportation
Research Board, No. 2366, Transportation Research Board of the
National Academies, Washington, D.C., 2013, pp. 71–77.

[8] Z. Li, S. Madanu,” Highway Project Level Life-Cycle Bene�t/Cost
Analysis under Certainty, Risk, and Uncertainty: Methodology
with Case Study”. Journal of the Transportation Engineering ©
ASCE / August 2009,


	1 Introduction
	2 Probabilistic Life Cycle Cost Analysis
	3 SBC LCCA calculation
	4 Summary and conclusions

