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Abstract
The present work aims to validate the applicability of the analysis methodology proposed by the standard EN 16627 on public school
buildings in Portugal, through a study applied to the Secondary School Modernization Programme. This study is dedicated to the lifecycle costs analysis (LCCA) of an industrial and commercial school, from its design and construction to the use phase, also covering
rehabilitation interventions. For this, it is formulated a methodology of LCCA based on normative documents and adapted to the case
study. It is also simulated an economic viability study of the solar collectors’ installation at the time of the rehabilitation of the studied
building, as well as the viability of the alternative installation of photovoltaic panels.The study shows that construction and
rehabilitation represent a significant share of 45 % to 67 % of the net present cost (NPC) of the pre- and post-rehabilitation periods,
respectively. Maintenance, repair and replacement have a weight from 27 % to 28 % for the referred periods, respectively. The
installation of solar collectors in the current scenario proves to be not viable, with a NPC of 13.271.981 €, compared with the value
of 13.240.315 € in the scenario without this equipment. The most viable scenario is the one that considers the application of
photovoltaic panels, with a NPC of 13.030.198 €. Lastly, the real discount rate suggested by the standard, of 3 %, shows to be have
an impact of 5 % on the NPC per 1 % on its variation.
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Introduction
One of the today’s challenges is the management of the

analyzed the economic viability of solar collectors’ installation in

scholar buildings heritage, built in the last decades in Portugal.

the school, as a result of the Programme’s rehabilitation, and

For that reason, and because the requirements of education and

discussed the relative economic viability of the installation of

spaces functionality were renewed, in 2007 was approved the

photovoltaic panels, complementary or alternative to the solution

Secondary School Modernization Programme. It was also

of solar collectors. Finally, sensitivity analyzes are performed on

assigned a Programme Contract between the Portuguese State

the analysis’ parameters, which are suggested by the standards

and Parque Escolar (PE) to requalify school infrastructures and

or relevant to the objectives previously defined.

implement a maintenance and management plan of those

In this work, the main objective is to validate the applicability

facilities (Parque Escolar, 2017).

of the methodology proposed by the standard EN 16627 (2015)

Therefore, the present work presents a life-cycle cost

on school buildings, namely for periods that include costs already

analysis (LCCA) of an industrial and commercial school building,

occurred, since its use is not frequent in this type of analysis.

rehabilitated by the Programme, from its construction to the use

Knowledge review

phase, also covering rehabilitation interventions. The analysis is
purely

economic,

excluding

risk

analysis,

social

The concept of asset is essential for understanding all terms

and

and definitions posteriorly presented and discussed. ISO 55000

environmental dimensions and revenues of the building. A

(2014) proposes as definition of an asset "something that has

methodology of analysis is formulated, based on the standards

real or potential value to an organization" (ISO 55000, 2014,

EN 16627 (2015) and EN 15643-4 (2012).

p. 2). Assets can be classified as non-financial or financial,

This study covers periods of already occurred costs and a
forecast of future costs for a horizon of 10 years. It is also
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intangible or tangible (considered in this work as physical

Methodology

assets).

The EN 16627 (2015) includes the necessary bases to

Recently, with the accumulation of technical literature, it

analyze the economic performance of school buildings, with a

became consensual that asset management encompasses a

proposal of clear rules and methodologies for LCC calculation.

"set of coordinated activities that an organization uses to realize

Figure 1 shows a methodology structure based on the

value from its assets" (ISO 55000, 2014, p. 2), considering "a

standard and adapted to the scope of this work, excluding risk

balance between costs, risks and benefits" (ISO 55000, 2014,

and sustainability analyses and verification of results based on

p. 2) and its optimization throughout the life of the asset (IAM,

previous analyses.

2012), which often translates into an analysis at different time
scales (ISO 55000, 2014).
Parallel to what happens with asset management, in project
management it is also possible to identify a life-cycle (LC) and to
divide it into phases (PMI, 2008).
This phasing allows an easier management and control of
each phase and can be complemented by decision points that
help project management teams making informed decisions,
based on collected data. This principle is one of the basis of the
LCCA application, as an instrument for forecasting the costs that
are associated with the management of a physical asset.
ISO/DIS 15686-5 (2014) defines a LCCA as a "technique that
allows the systematic economic evaluation of life cycle costs
(LCC) over a period of analysis, as defined in the agreed scope”
(ISO/DIS 15686-5, 2014, p. 2). This standard divides the building
LC stages in construction, operation, maintenance and end of
life.
Fig. 1 – Steps of the analysis methodology; adapted from EN 16627
(2015, p. 20).

In the context of economic performance, it is published in
2012 the EN 15643-4 standard, which purpose is "to provide a
structure with principles, requirements and guidelines for the

Figure 2 aims to identify, for the present case study, the

assessment of the economic performance of a building" (EN

existing modules and their limits in the classification of the LC

15643-4, 2012, p. 6), based on a LC approach. This standard

costs of the building. For an existing building, costs related to the

indicated principles and requirements according to the technical

acquisition of the building must also be considered.

and functional characteristics of the buildings (Almeida, 2016).
The European Union Directive 2014/24/EU, published in
2014, states that in contract award procedures "contracting
authorities shall base the award of public contracts on the most
economically advantageous tender" (Directive 2014/24/EU,
chap. III, section 3, subsection 3), introducing a new concept in
this area. Directive 2014/24/EU refers to the calculation of LCC
as one of the possible cost-effectiveness approaches in
identifying the most economically advantageous tender.
Despite representing a step forward in the application of the
Fig. 2 – Display of modular information for the different stages of the
building analysis; adapted from EN 16627 (2015, p. 27).

LCCA, the Directive does not specify any method for calculating
the LCC.
The EN 16627 is published in 2015 in order to provide clear

In relation to economic calculation, the net present value

calculation rules for analyzing the economic performance of a

(NPV) or the net present cost (NPC) shall be determined with a

building and providing means for communicating the results of

real discount rate of 3%. Other values may be used, due to the

the analysis. For these reasons, the analysis performed in this

objectives, regulations, risks and interests involved. The discount

work is based on the structure and rules defined by this standard.

factor should be calculated with the equation (1):
𝐷𝐹 (𝑇) = (
2

)

.

(1)

The variables are: DF (T), the discount factor; r, which

rehabilitation) and 2016 (last year with data collected); and the

represents the annual real discount rate; and T, which represents

last one, between today (the year 2017) and 2026 (time horizon

the number of years between the reference date (beginning of

of the analysis). In total, it results a cumulative analysis of 76

the period covered by the analysis) and the date of the cost

years of the school’s LC.

occurrence. With the discount factor calculated, the NPC

Application of LCCA methodology

corresponds to the cumulative sum of all cash flows, discounted
to the reference year of 2016.

Transformation of current prices into constant prices

Case study

To transform the collected costs (at current prices) into costs

Due to confidentiality reasons, the name School X is used to

at constant prices it is important to have the know the historical

mention the school studied in this document.

variation of inflation in Portugal. Figure 3 shows the inflation rates

School X is still in use phase so the analysis covers the

registered in Portugal between 1951 and 2016.

scenarios of pre-construction (module A0 of the methodology),
construction (modules A1 to A5) and use (modules B1 to B7), as
shown in Figure 2.
An important detail about the research process is that the
school suffered a flood in the archive, which damaged most of
the documents that contained data about pre-rehabilitation costs.
In total, it was possible to collect cost data from the periods of
2006/2007 and 2014 to 2016.

Fig. 3 – Historical evolution of inflation in Portugal from 1951 to 2016;
data from INE (2014) and PORDATA (2017).

The costs that were not collected (due to lack of information
about them or errors in bills archiving) are ignored of the analysis,

Then, it is used the idea presented by the ISO/DIS 15686-5

although they contributed for the building's LCC. The only

(2014) to formulate the equation (2), which calculates the costs

exception is the case of bills that were collected and have

at constant prices.

intermediate gaps of data in their archiving. Therefore, these
𝐶𝑜𝑛𝑠𝑡. 𝑃𝑉 (𝑛) = 𝐶𝑢𝑟𝑟. 𝑃𝑉 (𝑛) ∗

costs are estimated using the average of the values of the closest
bills, at constant prices.

(1 + 𝑖 ) ;

𝑛 ∈ [1951 ; 2015] .

(2)

The variables are: Const.PV (n) the value at constant prices

The variety of collected costs, in terms of typology and time

of year n; Curr.PV (n), the value at current prices of year n; and

periods, requires their adaptation to the model proposed by the

in, the inflation rate of year n. The second half of the product of

EN 16627 (2015). The table below, Table 1, presents the

equation (1) refers to the consideration of all inflation rates

categorization of the multiple types of collected costs, according

recorded between the year of calculation (n) and the year that

to the model proposed in Fig. 2.

precedes the reference year for the calculation, the year of 2015.

Tab. 1 – Categorization of the collected costs according to the model
proposed by EN 16627 (2015).

Past and future costs estimating
The past costs are estimated by making them equal to the
oldest of the collected costs, at constant prices.
This strategy is not ideal since it induces gross assumptions.
For example, the uniformization at constant prices does not
make much sense from a functional and technical point of view.
Given the variety of expected lifetimes of building components,
there are expected different replacement costs during the
exploration period. The same happens to energy and water
costs, which probably have not been constant over this all time.
However, without more information, this strategy is adopted.
As the future costs forecasts of PE were not possible to
obtain, a bibliographical research is carried out to find references

In this case study it is adopted a reference period composed

for the future costs, within the proposed modules. From the

by three smaller periods: the first, between 1951 (beginning of

research

the building's LC) and 2007, corresponds to the life of the building
until the rehabilitation; the second, between 2008 (date of
3

it

resulted

three

groups

of

cost

references:

maintenance and repair, energy and water. For each group were

Equivalent annual cost

identified the maximum, mean and minimum values.

The other indicator used is the equivalent annual cost (EAC),

This approach allows to create three different forecasts: a

which allows the comparison of LCC of buildings with periods of

lower forecast (based on minimum costs), an intermediate

different durations, by transforming the investment costs into an

forecast (based on average costs) and a higher forecast (based

annual rent. The accumulation of this rent over the life of the

on maximum costs), which function as a sensitivity analysis for

investment produces an economic value equivalent to the sum

the estimated costs.

of the discounted costs (Santos, 2013). In view of this, the EAC

In order to make these values compatible with the collected

can be expressed by the equation (6):

costs, the last costs (from 2016) and the estimated costs (related
to the year 2026) are linearized according to the regression of

𝐸𝐴𝐶 = 𝑁𝑃𝐶 ∗

the equation (3):
𝐸𝐶 =

𝐸𝐶
− 𝐶𝐶
∗ (𝑛 − 2016) + 𝐶𝐶
2026 − 2016

(6)

The variables are: NPC, the net updated cost, previously
; 𝑛 ∈ [2017 ; 2025]. . (3)

calculated; r, the real discount rate; and N, the number of years
of the period to which the NPC refers.

The variables are: n, the year for which the cost is estimated;
ECn, the estimated cost of year n; EC2026, the estimated cost of

Alternative intervention strategies

2026; and CC2016, the collected cost of 2016.

In order to evaluate the economic impact on the LCC of

In this step, it is established the correspondence between the

School X of the installation of solar collectors, it is executed a

modules of the collected costs, defined by the methodology, and

new estimation of the NPC for the period from 2008 to 2026. This

the groups of estimated costs, that came from the bibliographical

new estimation excludes the installation cost of this equipment

research.

and its maintenance cost and includes the reduction in the gas

Additionally, since the school has received the installation of

consumption bill. For other alternative strategies, these

solar collectors at the time of the rehabilitation, it is necessary to

parameters are also adapted, according to its specifications.

consider the increase in annual maintenance costs (module B2

The energetic savings were initially obtained from the energy

to B4) as well as the decrease in energy costs (B6). This

certification company NaturalWorks (2017), which certified the

consideration is more detailed later in this document.

building, and from the quantification of the price of gas

At last and according to PE, it is expected that in 2023 the

consumption from a set of 10 portuguese schools, in which was

paint coatings of the school building will be rehabilitated. These

installed renewable energy production equipment. However,

coatings were executed in 2008, the year of rehabilitation, and

after the rehabilitation, the decrease in gas costs showed to be

the end of its life is expected to be in 2023, 15 years later. To

lower than the savings initially expected. As such, the actual cost

quantify this cost, there were collected costs of new coatings

decrease was translated into an actual production and was

from two price platforms – geradordeprecos.info (2017) and

adopted as the possible saving from the solar collectors.

orcamentos.eu (2017).

The photovoltaic panels take part on scenarios III (panels and
collectors) and IV (panels only). Its installation cost is estimated

Calculation of discounted costs

by considering an installed power of 75.000 kWh/year and an

The costs are discounted for all the periods previously

average unit cost obtained from the previously schools.

described with the same time reference, the end of 2016. The

This study also includes energy production losses of 0,50 %

calculation is also done for the global period (1951 to 2026) and

(collectors) and 0,68 % (panels) per year and annual

for the post-rehabilitation period (2008 to 2026).

maintenance costs of 308 € per each type of equipment installed.

In this step, the equations (4) and (5) are used to calculate

These two solutions have a 15-year expected service life,

the net present cost (NPC) of past and future costs, respectively:
𝑁𝑃𝐶 =

𝑟 ∗ (1 + 𝑟)
.
(1 + 𝑟) − 1

𝐶𝑜𝑛𝑠. 𝑃𝑉 (𝑛) ∗ (1 + 𝑟) ;

(4)

𝐶𝑜𝑛𝑠. 𝑃𝑉 (𝑛)
.
(1 + 𝑟)

(5)

𝑁𝑃𝐶 =

which coincides with the upper limit of the future period of
analysis.
Sensitivity analyses
The Commission Delegated Regulation (EU) No. 244/2012

The variables are: Cons.PV (n) the value at constant prices

highlights the importance that the sensitivity analysis to the

of year n; r, the real discounted rate considered; and t, the

discount rate has on the variability of the LCCA results. In

number of years between the date of the costs to be discounted

addition to the discount rates suggested in Annex C of

(year n) and the reference year (2016).

ISO/DIS 15686-5 (2014), this work uses rates between 1 % and
4

10 %. To compare the results of the alternatives scenarios are

analysis as extensive as this one, with more than 50 years of

used higher rates, from 15 % to 30 %.

costs, that tendency is more visible.

Furthermore, sensitivity analyzes are also carried out on the

The graph of Figure 5 shows, in terms of accumulated costs,

price of electricity, the annual losses of electricity production and

that the modules A0 (acquisition) and A1 to A5 (construction)

the photovoltaic panels cost of installation. Finally, a sensitivity

represent almost 60 % of all costs from 1951 to 2007. On the

analysis is performed, based on a combination of different values

other hand, the module B2 to B4 (maintenance, repair and

for the above parameters.

replacement) is responsible for 28 % of the global costs, which
represents the second largest accumulated cost and the highest

Results and discussion

cost within the recurring costs of the building.

Figures 4 and 5 show the evolution of the discounted costs

Figures 6 and 7 show the discounted costs from 2008 to

from 1951 to 2007, with and a discount rate of 3 %.

2026, with a 3 % discount rate and an intermediate cost forecast.

Fig. 6 – Discounted costs from 2008 to 2026.

Fig. 4 – Discounted costs from 1951 to 2007.

Fig. 7 – Accumulated discounted costs from 2008 to 2026.

Based on what is presented in Figure 6, it is evident that

Fig. 5 – Accumulated discounted costs from 1951 to 2007.

exists a gap between the cost of rehabilitation in 2008 and the

Through the analysis of Figure 4, it is possible to see the gap

recurring annual expenses of the school building. While the

between the size of the initial costs of the building, composed by

rehabilitation has a discounted cost of almost 9 M€, the sum of

acquisition and construction costs (A0 and A1 to A5), and the

recurring costs is between 200 k€ and 450 k€ and tends to

size of recurring building costs (B1, B2 to B4, B6 and B7), which

decline with the approach to 2016. This happens because the

occur over a longer period.

discount factor has a minor influence on its valuation (in the

Within the recurring costs, maintenance, repair and

discounting of past costs the factor is inverse to the one

replacement costs (B2 to B4) take the majority of the annual

presented in the Methodology chapter).

costs. It is also possible to verify that recurring costs tend to

Within the recurring costs, module B2 to B4 represents, once

decline in the conventional way of time, which is justified by the

again, the majority of annual costs. While in the case of Figure 4

fact that they were estimated at constant prices, based on the

there is a large period between the first costs of this module and

historic behavior of inflation. Most of these costs has, at 2016

the year of discount, in this case the period is shorter, which

constant prices, the same value every year. When applied the

attenuates the effect of the discount. The decrease in costs of

discount rate, these costs tend to increase the more distant they

this module is justified by the reduction of the cost of

are from the reference year (2016). Hence, for a period of

maintenance in the review of the Programme Contract in 2012.
5

In Figure 7, it is possible to observe that module B5
(rehabilitation, refurbishment and expansion) represents 67 % of
the overall costs of the 2008 to 2026 period and that module B2
to B4 has a 27 % share of them, making it the second largest
accumulated cost and the largest recurring cost of the building.
Figure 8 shows the evolution of the proportion between the
cost modules over the 1951 to 2026 analysis period.

Fig. 9 – Accumulated discounted costs from 1951 to 2026.

Fig. 8 – Evolution of the proportion between the cost modules.

From the observation of the Figure 8 it is possible to see that
the proportion of costs appears to have a horizontal asymptote,
which seems to stabilize from 1980/90.
According to what was discussed about the graph of Figure
5, in most of the considerations of the referenced authors,

Fig. 10 – Accumulated discounted costs from 1970 to 2031 of a
pavilion - based school; adapted from Loureiro (2017).

Hughes et al. (2004), Tavares (2009), Christian and Pandeya

However, it is possible to recognize some differences,

(1997), Weise (2007) and Real (2010), the operating and

particularly in terms of size and distribution of accumulated costs.

maintenance costs are the biggest contributors to the CCV, with

The totality of the accumulated discounted costs differs in about

a share between 55% to 90% of global costs. Most of the

8 M€, with a lower cost for the pavilion-type school. The cost of

proposed values are not verified on the graph of Figure X, even

construction, for example, has a value 50% higher than the cost

for periods with different durations.

of construction of School X. While for the pavilion-based school

One of the conclusions that can be drawn is that the options

this cost takes 59 % of total costs, in School X this share is only

and parameters taken in each study have the capacity to

about 35 %. Analyzing the period from 1970 to 2007, it is

influence the presented economic indicators. The lack of

possible to verify that the module A1 to A5 has a weight of about

knowledge about these factors conditions the realism of the

80 % of the accumulated costs, which goes against the trend of

succeeding comparisons. One another hand, the references

the values proposed by the previously mentioned references.

whose parameters of analysis are similar to those studied here

It is also possible to see that the costs of modules B2 and

provide the closest results. Some examples are the references

B3 - B4 of Loureiro’s study represent a significantly lower part of

of Jong and Arkesteijn (2014) and Kehily (2011).

the accumulated costs, compared to those from School X. This

Figures 9 and 10, presented next, show the evolution of the

divergence occurs mainly in the pre-rehabilitation period, where

accumulated discounted costs for the total period of analysis.

the costs of the pavilion-based school are much lower. Since the

These graphs represent the present study case and the case

construction costs of this school are higher than the ones

study of Loureiro (2017), in which a LCCA is applied to a pavilion-

observed in School X (for example through the application of

based school.

materials with a higher life expectancy), this higher investment

The graph presented by Loureiro (2017), in Figure 10, has a

may have reduced the maintenance, repair and replacement

similar behavior to the graph in Figure 9, related to the present

costs.

case study. It is possible to clearly identify the years of higher

Regarding the costs of land acquisition (and respective fees),

costs (from construction and rehabilitation of both schools) and

these are almost three times lower than the ones of School X.

the sharp increase in recurrent costs after the last major

Although the area of the pavilion-type school is larger, this

rehabilitation, which occurred in the same year at both schools.

discrepancy may be related to eventual expropriations on
School X and even to the location of both schools.
In terms of energy costs, the school studied by Loureiro
(2017) shows an accumulated cost almost two times higher than
6

the school analyzed by this study. It is also possible to verify that

The EAC for the total life-cycle of both schools is around

its growth is higher in the post-rehabilitation period. This last

1.914.149 € for the pavilion-based school and 2.056.118 € for

observation may be sustained by the installation of equipment of

the industrial and commercial school. Since these are very large

greater energetic consumption in the pavilion-based school.

periods of analysis (when compared with some of those

Moreover, the installation of solar collectors at School X,

proposed by the references), it can be assumed that these

although not very efficient, may have contributed to energetic

results are relatively close.

savings during that period, compared to the absence of this type

Table 3 shows the EAC of each module in terms of the initial

of measure in the school studied by Loureiro (2017).

costs of each period. The EAC for future years is calculated with
an intermediate cost forecast.

Economic performance indicators

Tab. 2 – Equivalent annual cost in percentage of initial costs.
Use stage
modules

Table 2 shows the economic performance indicators of the
analyzes carried on this work, as well as the EAC calculated by

B1
B2 to B4
B5
B6
B7

Loureiro’s study for its periods of analyses. The indicators of
future costs are related to an intermediate cost forecast.
Tab. 1 – Economic performance indicators of each period of analysis.
Indicator

Unit

LCC

Future costs forecast

1951 to 2007

2008 to 2016

2017 to 2026

2008 to 2026

1951 to 2026

€

48.015.969

11.488.049

1.783.931

13.271.981

61.287.950

€/m2

7.110

1.516

182

1.698

8.808

€/student
EAC School X
EAC Loureiro
(2017)

Collected costs

€
€

48.016
1.768.483
1.715.682
(1970 to 2007)

11.438
1.475.454
1.395.571

1.749
209.131
346.692
(2017 to 2031)

13.187
926.568
-

EAC (%)
% of discounted construction cost
% of discounted rehabilitation cost
(A1 to A5)
(B5)
(1951 to 2007)
Cost forecast (2008 to 2026)
0,2
2,3
0,3
0,4
0,2

0,1
2,5 – 3,5
7,1
0,3 – 0,4
0,1 – 0,2

Focusing the analysis of Table 3 on module B2 to B4,
because there are several references that present these costs
related to the initial ones, it is possible to observe that, in the pre-

61.203
2.056.118
1.914.075
(1970 to 2031)

rehabilitation period, the EAC takes a value of 2,4 % of
construction costs. On the other hand, the period from 2008 to

The study of Jong and Arkesteijn (2014), applied to dutch

2026 has a EAC between 2,5 % to 3,5 % of the rehabilitation

technical schools for a period of 40 years and a discount rate of

cost.

4 %, gives a LCC between 2.627 €/m2 and 3.539 €/m2. Kehily's

If rehabilitation is considered as a new construction, the

(2011) study, applied to the construction of a new school,

values obtained for module B2 to B4 in the pre- and

estimates a LCC of 5.519 €/m2 for a period of 60 years and a

post - rehabilitation periods are equivalent to the value proposed

discount rate of 5 %. Comparing these values with the ones of

by Marteinsson and Johnsson (1999), about 2 % of new

the periods 1951 to 2007 and 2008 to 2026, despite having

construction costs for a period of 60 years (Flores-Colen, 2016).

different periods and rates, it is possible to see that they are

Barco (1994) and Vieira (2013) compose a cost range from

within the range of the values here obtained. Although distinct,

1,33 % to 5 % of the current value of the building. Even though

the values calculated for School X are associated with periods of

they can be considered close to the values obtained in this study,

quite different durations. The first period has a duration of 57

these references are based on the current value of the building

years and the second a duration of 19 years.

and not on the construction cost, which makes disappear some

According to Loureiro’s study, the EAC from the 1970 to 2007

comparability. On another side, the values proposed by Ferreira

period is about 1.71.682 €. As for the period from 2008 to 2016,

(2009), from 0,5 % to 1,0 % of the construction cost, are more

the EAC is about 1.395.837 €. The differences between these

distant than the previous ones.

values and the ones from the industrial and commercial school
confirm the proximity of these two studies.

Results of the viability study for the alternative intervention
strategies

Analyzing the results of Rodrigues (2014), from a LCCA
applied to two hotels and an office building in Portugal, it is

Table 4 includes the sum of the discounted costs between

possible to conclude that the LCC of a 7-year period, about

2008 and 2026, for all the scenarios initially proposed. These

180 €/m2, is close to the value obtained for 2017 to 2026, around

values were calculated based on an intermediate cost forecast.

182 €/m2.

Tab. 3 – Net present costs of the alternative intervention strategies.

For the future period defined by Loureiro (2017), from 2017
to 2031, the estimated EAC is around 346.692 €. This estimate,
besides being higher than the value estimated here, it is the one

Cost
modules

that has the greatest disparity, about 140 k€. The fact that the
process of future costs estimating was done independently in
both works, based on existing bibliographical references, may

A0
A1 to A5
B1
B2 to B4
B5
B6
B7
TOTAL

I
0€
0€
151.033 €
3.533.684 €
8.955.142 €
450.026 €
182.096 €
13.271.981 €

Scenarios of analysis
II
III
0€
0€
0€
0€
151.053 €
151.013 €
3.528.306 €
3.539.062 €
8.924.564 €
9.062.029 €
454.296 €
128.826 €
182.096 €
182.096 €
13.240.315 €
13.066.026 €

IV
0€
0€
151.033 €
3.533.684 €
9.034.451 €
128.934 €
182.096 €
13.030.198 €

As shown in Table 4, the scenario that has the lowest

have contributed to that divergence.

accumulated cost is scenario IV, which is related to the strategy
7

of investing only in photovoltaic panels at the time of the
rehabilitation.

This

scenario

provides

a

total

cost

Figure 12 presents the results of the discount rate sensitivity

of

analysis applied to the four scenarios.

13.030.198 €.
The second-best alternative in terms of costs is scenario III,
which proposes the joint investment in photovoltaic panels and
solar collectors, and has an accumulated cost 30 k€ higher than
scenario IV.
Since scenario I (actual strategy) has a higher cost than
scenario II (no energetic production equipment installed), it is
possible to understand that the investment in solar collectors is

Fig. 12 – Relative economic viability according to the choice of a real
discount rate.

not economically viable. In comparison, the investment in
photovoltaic panels proves to be a good option, since it exhibits

From the graph of Figure 12, which includes a traditional

a saving of around 210 k€ in relation to scenario II, which

rating system of alternatives (1.st place for the lowest cost, i.e.,

excludes any alternative measure.

best alternative), it is possible to notice that the discount rate can

Though scenario III proves to be more viable than scenarios

influence the relative economic viability of the proposed

I and II, this only happens due to the energy savings from

scenarios. Nevertheless, all scenarios maintain their ranking up

photovoltaic panels. The investment in both systems has an

to a 15 % discount rate, which can be considered a high rate

approximate loss of 30 k€, compared to scenario IV. Thus, by

given the references for this parameter (see chapter Sensitivity

comparing the current situation, represented by scenario I, and

analyzes). Beyond this value, there is a tendency of scenarios I

the most economically viable situation, given by scenario IV, the

and II to increase their ranking, with scenario I being the most

estimated difference between these two is around 240 k€.

viable and scenario II the second-most viable for rates equal to
or greater than 25 %. This change is justified by the fact that

Results of sensitivity analyses

higher discount rates favor the valuation of past costs and the
devaluation of future costs, as it is possible to confirm with the

Figure 11, shows, for the current scenario, the variation of the

discount factor formula.

NPC according to the discount rate chosen for the analysis. This

As scenarios III and IV show higher past costs, as a result of

analysis and the succeeding ones were performed based on an

higher rehabilitation costs, then higher discount rates tend to

intermediate cost forecast.

increase the total costs of scenarios III and IV, favoring the
ranking of scenarios I and II.
The results from the sensitivity analyzes to the electricity
price, the losses of electric production and the cost of installation
of photovoltaic panels are presented in Figures 13 to 15.

Fig. 1 – NPC variation according to the choice of real discount rates.

Observing the information provided by the graph of Figure 11,
it is possible to find that the discount rate chosen for the analysis
has a great relevance in the calculation of the discounted costs.

Fig. 13 – Effect of the variation of the electricity price in NPC.

According to the graph, and considering the behavior of the three
forecasts, the choice of an 1 % rate lower or higher has an impact
translated in a 5 % reduction or increase in total costs,
respectively.
For discount rates above the 1 % variation, the NPC takes
increasing variations and the costs estimated by the forecasts
have a tendency to distance between them (a discount rate of
10 % produces a variation of 43 % to 53 %, for example).

Fig. 14 – Effect of the variation of the electric production losses in NPC.
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Conclusions
First of all, it is confirmed the applicability of the methodology
proposed by the standard EN 16627 (2015) in the LCCA carried
out in this case study. Although this standard is not yet fully
adapted to economic analyzes that include occurred costs, it was
possible to maintain the suggested structure and adapt the
calculation methods to this new situation.
Fig. 15 – Effect of the variation of the panels installation cost in NPC.

It is possible to conclude that the investments in the

As it is possible to verify in all graphs, scenario IV maintains

construction and rehabilitation of School X represent a significant

as the most economically viable, i.e., has the lowest accumulated

part of the accumulated discounted costs of the LC. For the 1951

discounted costs from 2008 to 2026.

to 2007 period, the construction weight is 45 % of the overall

After this, it is presented the Figure 16. This figure shows the

costs, while for the post-rehabilitation period, from 2008 to 2026,

results of ten combinations of values of the most impacting

rehabilitation takes a weight of 67 %.

variables in the NPC of scenario IV, which up to this point has

Maintenance costs represent an important share of the

been shown to be the most economically viable. These

accumulated costs, approximately 28 % and 27 % of the total

combinations are summarized in Table 5.

costs, for the pre-rehabilitation and post-rehabilitation periods,

Tab. 4 – Resume of the proposed combinations of variables.
Variables

Combinations
4
5

(actual)

1

2

3

Electric
production
losses

0,68 %

1%

1%

2%

2%

Electricity price

0,170
€/kWh

-10 %

-20 %

-10 %

Panels
installation cost

78.455 €

+10 %

+20 %

+20 %

respectively. The costs of energy and gas consumption

6

7

8

9

10

2%

2%

5%

5%

5%

5%

-20 %

-20 %

-50 %

-20 %

-50 %

-20 %

-50 %

+20 %

+50 %

+50 %

+20 %

+20 %

+50 %

+50 %

represent, respectively, 14 % and 5 % of total costs.
It is also essential to mention that the strategy adopted for the
estimation of past costs, based on equal costs at constant prices,
conditioned the realism of the costs obtained from the
discounting for that period, which represent a large share of
overall costs. Therefore, the storage and traceability of
information of the buildings costs are vital to prevent estimation
processes as invasive as this one.
About the references research, there is a considerable
dispersion of results, since the scope and parameters of the
various studies are distinct or unknown, turning the comparison
phase into a difficult process. However, there are some

Fig. 16 – Effect of combinations of variables on the scenarios’ NPC.

references, such as the work from Loureiro (2017), where these

Looking at the bar graph of Figure 16, it is possible to verify

parameters are well known, making possible to compare and

that scenario IV remains the most economically viable in most of

discuss its results. It is possible to conclude that the results

the ten combinations. However, for combinations 6 and 10, both

obtained by Loureiro (2017) are close to the ones obtained in this

with a 50 % penalty on electricity price and installation cost, this

study. The one exception is relative to the results of the future

scenario is surpassed on ranking by scenario II. For the previous

period of analysis, since its costs were obtained from estimates

combinations and combination 8, scenario III becomes the least

based on different bibliographical references.
It is also possible to conclude that the current installation of

economically viable of all scenarios, while in the remaining

solar collectors in School X is not economically viable, since the

combinations it remains the second most viable.
In essence, since scenario IV remains the most viable in most

scenario that excludes this installation has the lowest

combinations, it is possible to affirm that this strategy shows a

accumulated cost for the 2008 to 2026 period. On the other hand,

high solidity in its investment. In addition, it proves to be a much

the most viable scenario is scenario IV, with an estimated

more favorable option (in an economic point of view) than the

decrease of 240 k€ in the NPV of the current scenario.
Lastly, the sensitivity analyzes show that the discount rate

strategy of scenario I, which proves to be the scenario with the

has indeed a considerable influence on the values obtained for

highest costs in 8 of the 11 combinations presented.

the NPC. It can be see that a 1 % change in the real discount
rate produces a 5 % change in NPC.
Besides the discount rate, there are other variables relevant
to the NPC. From those variables, the ones that have the biggest
9

influence on the economic viability of scenario IV are the price of

Jong, P.; Arkesteijn, M. (2014). Life Cycle Costs of Dutch school
buildings (artigo de conferência). Real Estate & Housing, Faculty
of Architecture and The Built Environment, Delft University of
Technology, Delft, NL.

electricity and the cost of installation.
In view of this, it can be verified that, from the combinations
of variables, the scenario IV remains as the most viable in 8 of

Kehily, D. (2011). Life Cycle Cost Example: Colaiste Bhride.
Dublin Institute of Technology, IE.

the 11 combinations.
In conclusion, it can be said that scenario IV shows a good

Loureiro, M. (2017). Análise do custo do ciclo de vida de um
edifício escolar do tipo pavilhonar em Portugal –Determinação
do custo anual equivalente e estudo económico da instalação de
paredes de Trombe. Instituto Superior Técnico, Lisboa, PT.

economic solidity and proves to be a more viable option than
scenario I, which has the highest cost in 9 of the 11 proposed
combinations.

NaturalWorks (2010). http://www.oasrn.org/3R/conteudos/area
reservada/areareservada6/3R-S1-C8-CGraca.pdf, September
1st, 2017.
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