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annual mean relative humidity is 80.7% (Embrapa,
2012). These differences demand greater attention
with respect to buildings, and great care when
planning them so that they provide acceptable
limits of comfort in the summer and winter and are
still compatible with human needs and their use in
these locals. Based on these criteria, we may
emphasize that: “El desarrollo de un equilíbrio
térmico estable en nuestro edifício debe observarse
como uno de los más valiosos avances en la
evolución de la edificación” (OLGYAY, 1998).
According to this consideration, the building
envelope plays the role in increasing or reducing
thermal exchanges through materials from which it
is composed and that is why their choice becomes
so important. Therefore, it is observed that an
element of efficient sealing reduces energy costs for
heating as well as for cooling the ambient. On the
other hand, it is also known that the concern
towards comfort is decisive in architectural designs,
and this issue is even not much discussed when it
comes to buildings of social interest. It is worth
emphasizing that a budget of this kind of work is
often very restrictive and even the architectural
design, which could be more appropriately thought
to provide greater thermal performance, is not much
taken into account. In this context, the partnerships
with universities arise to make important
discussions feasible to show the best results for
current and future installations of this type.
The building in study is a storey building, known as
Community Hall, located in lot Dunas, in the town
of Pelotas, which is consisted of concrete block
walls, asbestos cement roof with PVC ceiling
(according to the Base Case, described above), and
it is characterized because it is being built to host
the group of women who develop community and
recreational works with children of this
neighborhood.
The hall is a result of an Extension Project in
partnership with the Catholic University of Pelotas
and Sinduscon, and it was the object of study in a
work which was developed in the discipline of
Energy Efficiency Simulation by PROGRAU –
Program of Post-Graduation in Architecture and
Urbanism of the Federal University of Pelotas,
obtaining analysis of thermal performance of the
building envelope. However, the fund for the

ABSTRACT
The objective of this study is to evaluate the
thermal performance of a community room in the
subdivision Dunas, in Pelotas, RS. A total of 18
different envelope configurations were simulated,
beyond the base case in order to determine the best
solution for the zone where it will be built.
According to the Brazilian Thermal Performance
Norm NBR 15220, Pelotas is located at the
Bioclimatic Zone 2, ABNT (2005), with severe
summer and winter. The data from simulations
were evaluated by adaptive comfort from De Dear
and Brager (1998) for the ASHRAE 55 (2004) and
degree-hours for cooling and heating for energy
efficiency analysis.
Keywords: adaptive comfort, computer simulation,
thermal energy performance, work simulation of
social interest.

INTRODUCTION
Several studies have already been accomplished in
order to demonstrate that energy efficiency is the
best way to save electricity in the country and in the
world. According to Geller (1994) it is cheaper to
save energy than supplying it, thus it reduces
expenses with the public sector, transferring the
investments necessary for it to equipment
manufacturers and consumers. In this research
context, with respect to the search for energy
efficiency, Brazil has some norms and regulations,
like NBR 15220, in which the Brazilian bioclimatic
zoning is defined and NBR 15575, through which
residential buildings of up to five floors began to be
regulated as for the evaluation of their performance.
The Quality Technical Regulation of the Energy
Efficiency Level of Commercial, Services and
Public Buildings (RTQ-C) and the Quality
Technical Regulation of the Energy Efficiency
Level of Residential Buildings (RTQ-R) were also
approved by the Ministry of Mines and Energy.
This seems to be an important step towards the
paradigm shift concerning the Energy Efficiency in
Buildings and to the Brazilian Building Industry.
Pelotas has a subtropical humid climate with welldefined seasons and rigorous winter and summer,
showing great climate changes throughout the year.
Its annual mean temperature is 17.6 °C and its
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from Monday to Friday and from 10:00am to
02:00pm on Saturday and Sunday. The occupancy
was for one person in each 1.50 m² area, where 0.25
people / m² was considered (NBR 9077). In
working hours from Monday to Friday, total
occupancy from 09:00am to 12:00am and from
02:00pm to 05:00pm was considered, from 25%
from 12:00 to 02:00pm, but the occupancy is 100%
on Saturdays and Sundays. The analysis of the
thermal energy performance considered the data of
simulation of hours from 08:00 to 10:00pm of all
days of the week, thus the hall allows sporadic
occupancy overnight.
As it is a community hall, with art craft activities,
the metabolic rate factor equals 0.80 was defined,
similar to the situation of a person sitting and
reading (99 W/person). The wearing adopted
established a resistance of 0.5 clo for the summer
and 1.0 clo for the winter, considering ISO 7730
(2005) that established values between 0 and 2 clo.
General lighting 12W/m² for all building was
considered, where for the library and hall a power
of 4W/m² was set, correspondent to the task
lighting (NBR 5413). The setpoint of ventilation
was established considering the work of Martins et
al. (2009) and it determines that when internal
temperature reaches 25°C and the external
temperature is inferior to it, the windows open and
ventilate.
Walls are composed of holed concrete blocks of 11
cm thickness. The roof is made of fiber-cement tiles
of 6mm and the ceiling in PVC of 1cm thickness
(following the slope of the roof, according to Figure
1). As the walls are composed of heterogeneous
blocks (concrete and air), it is necessary to make
the calculation of equivalence to obtain the
characteristics of an ideal material, homogeneous,
with the same performance the real block shows.
Then, from these calculations, and knowing the
value of the thermal transmittance (U) of 2.93
W/m²K, an apparent equivalent density was
adopted (ρ) for the concrete equals to 4481 kg/m³,
obtaining an equivalent thickness, in this case,
1.5cm. Therefore, the wall in study was composed
of a layer of internal and another external
plastering, and two layers of concrete plus a layer
of air, according to Figure 2.

accomplishment of this work is from the
partnership between companies and universities,
which becomes a serious and limiting aspect when
it comes to choosing more adequate materials to use
in this work.
The Hall is used for recreational and educational
activities mainly, for children of the neighborhood.
It is known that thermal comfort influences directly
in the intellectual performance of these activities.
Then, so that the teaching-learning process is
efficient enough, it is necessary that the physical
ambient is adequate with minimal comfort
conditions, which are able to contribute positively
to the development of the students and professors’
activities (Nogueira, et al 2008). According to the
author, the conception of the architectural design
and the fulfillment of teaching locals, directly
linked to the definition of spaces and, yet, the
choice of building materials, are important to
minimize factors that may interfere in their users’
psycho-pedagogical yield.
The City of Pelotas
Pelotas is located in the south region of Brazil, at
31°46’19’’S, 52°20’34’’W and it is 7 meters height
above sea level. Its annual mean temperature is
17.8°C and its annual mean relative humidity is
80.7%. For more climate data of Pelotas see Table
1. The city was founded in 1812 and it has more
than 320 inhabitants.

Objective
The objective of this paper is to evaluate the
thermal-energy performance of the different
configurations of the building envelope considered
in this study. Later, before the analysis of the
results obtained, to make the best definition of the
configurations worked possible, as well as the
suggestion for the adoption of this composition in
the construction of the Community Hall located in
the Dunas neighborhood, Pelotas, RS.

Methodology
The work was developed in five stages:
1.
Configuration of the base case model;
2.
Configuration of the 18 different cases;
3.
Simulation of all cases adopted;
4.
Analysis of the results for thermal comfort;
5.
Analysis of the results for energy
efficiency.

Configuration of the Model: Base Case
Figure 1 – Covering of the base case

To the Base Case, the periods from Monday to
Sunday from January to December were
considered, working from 09:00am to 05:00pm,
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Figure 5 – light insulated walls and their
equivalents
The three configurations of wall chosen to be
simulated were: a) light wall, of solid bricks of
transmittance U = 3.7 W/m²K and equivalent
apparent density of bricks ρ = 1.945.05kg/m³
(Figure 3); b) heavy wall, of double holed bricks
with external and internal plastering with
transmittance U = 1.21 W/m²K and equivalent
apparent density of holed bricks ρ = 1.985.4kg/m³
(Figure 4); and c) insulated wall, composed of
external plastering, solid bricks, glass wool, air and
plasterboard with transmittance value equals to U =
1.07 W/m²K and apparent density of solid bricks ρ
= 1.945.05kg/m³ (Figure 5). To the roofing, another
configuration was adopted, besides the base case,
where this later is light and insulated, composed of
cement fiber tiles, polished aluminum blades and
wood ceiling, with transmittance U = 1.20 W/m²K.
Figures 3, 4 and 5 show the equivalence calculation
with the thicknesses of these materials.

Figure 2 – Wall of concrete blocks
Configuration of the 18 cases
To the other configurations simulated, three
compositions of walls and two different values of
solar absorptance were chosen, which were mixed
with the three types of roofing adopted. From this
interpolation of the configurations, 18 new ones
resulted and they were simulated and evaluated.

Figure 3 – light walls and their equivalent

Figure 6 – composition of the building envelope –
walls and roofing
After defining the materials and setting the
combinations between walls and roofing, the colors
in the surfaces of these elements were introduced,

Figure 4 – Heavy walls and their equivalent
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where the options white or dark, with absorptance
0.2 and 0.8, respectively, were adopted; then
reaching the 18 configurations to be evaluated. The
compositions generated according to the interaction
of the elements are shown in Figure 6.

of the mean monthly temperature is used in
equation 1:
toc = 18.9 + 0.255text
Eq. 1
Where toc is the operating temperature of comfort
and text is the mean monthly temperature. From the
operating temperature of comfort established it was
possible to find the limit of comfort to 90% of
people satisfied, where the comfort zone is defined
with variation of the operating temperature of
comfort. Toc is increased by 2.5°C and reduced by
2.2°C. An ambient is in comfort when the operating
temperature, which relates the air temperature and
the radiant temperature, is between the zones of
minimum and maximum temperature previously
established. Over this value the ambient is in
discomfort due to heat, and lower this value it is in
discomfort due to cold.
Among the 18 configurations evaluated, three
results, where the highest percentages of cold, heat
and comfort were found, were highlighted.
Configuration 1, which adopts light and white wall,
and covering of the base case (6mm), was the
alternative with more discomfort caused by cold,
presenting this condition in 43.29% of the time. In
this case, the lack of insulation in the building
envelope allowed the entrance of heat, and at the
same time, made storage of this interior of the
environment difficult; still having a contribution
through the greatest reflection of solar radiation,
due to the white color of the walls (low
absorptance), that contributes to the discomfort
factor with relation to cold. But in the summer, this
configuration shows a good performance, thus the
building envelope with light colors reflect the
greatest portion of solar incidence, reducing the
entrance of energy and making comfort conditions
feasible. To heat, the worst performance was
obtained in configuration 16, where the walls are
light, insulated and dark, and the covering is the
same as the base case, where the situation of
43.35% of hours in discomfort was observed. In
this case, it was observed that the heat, which enters
the building through the roofing, is kept in its
interior because walls are insulated.
Configuration 1, which has light and white wall and
the roofing of the base case obtained higher
percentage of discomfort because of cold (43.29%).
It is believed that this situation is due to the fact
that the light wall is allowing the passage of heat
flux, making its storage inside the environment
difficult and, consequently, making loss of much
heat feasible in the winter. As for the observation
regarding the summer, this configuration presents a
good performance, due to the fact that the building
envelope (with white color) reflects great part of
solar radiation.
Another important result is due to configuration 16,
with light insulated dark wall and fiber cement
roofing and PVC ceiling. In this situation, it was

Simulation of all cases
In order to obtain the result of the compositions,
software DesignBuilder 2.0.4.001 was used to the
simulation of the 18 configurations and the base
case, to evaluate the constructive technique which
best meets the aspects of thermal energy
performance, considering the climate characteristics
of Pelotas. This way, it was possible to obtain the
results of all configurations and verify which ones
are the most efficient from the materials adopted in
the Community Hall. The climate file of Santa
Maria RS was used, since Pelotas does not have its
own file yet, which is located in the same
bioclimatic zone. The results of the simulation
consider 8:00am and 10:00pm as the period of use,
all days of the week, as previously described. The
data obtained in the simulations generated results of
discomfort percentage because of cold and heat and
comfort throughout one year, and yet, degree-hours
for cooling and heating of the ambient. The most
significant results of simulations like the greater
percentage of discomfort because of cold, heat and
the greater percentage of comfort, like the degreehours of cooling and heating, may be seen in Table
2. Figure 7 shows how the modeling of the
community hall was from software DesignBuilder
version 2.0.4.001.

Figure 7 – Model of the Community Hall from the
DesignBuilder
Analysis of the results for thermal comfort
To the analysis of thermal comfort, the data
obtained of simulations were submitted to
calculation of De Dear and Brager for ASHRAE 55
(2004), which considers the external climate data to
establish acceptable limits of comfort for a
naturally conditioned ambient. Such ambient must
be provided with easy handling windows and
wearing is freely adequate to the climate. The value
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To this work, the minimum and maximum limits
were defined, by considering the adaptive model of
De Dear and Brager (ASRHAE, 2004), described in
item Analysis of the results for thermal comfort. In
this sense, it is important to emphasize that the base
temperature considered, for cooling as well as for
heating, varied according to the external
temperature.
The evaluation of the degree-hours of cooling
showed that configuration 16 (light insulated dark
wall and fiber cement roofing with PVC ceiling),
presented the greatest value - 6511 degree-hours. In
this case, the gain of heat in the interior of the
building might be happening through the covering,
with high absorptance, not showing insulation. The
losses are difficult because walls are insulated. But
in configuration 8, with the best performance in the
percentage of comfort, the lowest result of degreehours was 569, indicating that it is the best
condition for the summer. Its configuration is
consisted of heavy white wall and white insulated
roofing and the light color of the roofing reflected
great part of the solar radiation, where insulation is
the responsible for making the passage of heat,
resulting from the portion absorbed by this plan,
difficult. But, because the heavy wall owns greater
thermal inertia and this configuration has a light
color, the interior of the building exchanged little
heat with the exterior.
With relation to degree-hours of heat, it was
observed that configuration 1, which has light white
wall and fiber cement roofing with PVC ceiling,
and then, there was greater need for heating in
relation to the other cases, showing 8941 degreehours. And this is the case with greater discomfort
due to cold resulting from the lack of insulation in
the building envelope.

observed that it presented the worst situation of
discomfort due to heat among the others, observing
43.35% in this condition; leading us to think that
the covering of the base case makes heat flux
feasible to the interior of the building, because it
does not have any type of insulation, and it also
absorbs a considerable portion of solar radiation,
and the insulated and dark wall allows the storage
of heat in the ambient, making the exit of this heat
storage difficult.
Finally, analyzing configuration 8, which presents
white heavy wall and insulated covering, it was
observed the best solution of comfort showing
value of 49.32%. This situation is due to the fact
that the walls are heavy and, therefore, present a
greater thermal mass, and the roofing presents
insulation, then minimizing great variations of
temperature with relation to the exterior.
It was also important to consider configuration 14,
which has light insulated white walls and insulated
white covering. This situation represented the
second highest percentage of comfort, reaching
49.20%. In both cases that showed the best results
for comfort, insulated and white coverings were
used, and walls configuration changed; but the best
situation was apparent in the case where the wall
was heavy and white, and second, where the wall
was light insulated and white. Yet, it could be
observed that the exchange of the wall mass for the
insulation in the light wall obtained a good result
because they present very similar percentage of
comfort. It is interesting to emphasize that the
transmittances of the light insulated wall and the
heavy wall have relatively similar results, where U
= 1.07 W/m²K and U = 1.21 W/m²K respectively,
which was a decisive factor in the performance of
both configurations. We could conclude that to the
external walls the value of thermal transmittance is
more important than its thermal capacity, thus the
quantity of heat the wall releases to the
environment must be more considered than the
quantity of energy it storages.

FINAL CONSIDERATIONS
Based on the comparison between the base case and
the other configurations, this case may be classified
as a reasonable configuration, thus in the five items
in which it was compared, it was closed to the three
situations which presented the worst results, as in
the items of discomfort by heat, percentage of
hours in comfort and degree-hours for cooling. In
the items of discomfort by cold and degree-hours
for heating the base case was closed to the best
results, showing that the configurations suggested
own a performance relatively good for cool stations
and bad for hot stations, making the level of
comfort lower throughout the year.
The configuration which shows the best percentage
of comfort during all working hours was number 8
(heavy white wall and insulated white roofing),
which also has the lowest percentage of discomfort
by heat and the lowest number of degree-hours for
cooling. But configuration 1 (light white wall and

Analysis of the results as for degree-hours
Degree-hours is an index that quantifies the
discomfort for cold as well as for heat, from the
calculation of the number of hours multiplied by the
quantity of degrees the temperature is over or lower
the limit set. Degree-hours for cooling are presented
in equation 2.
DHc = ∑ (Ta – Tb)
Eq. 02
Where DH is Degree Hours, Ta is air temperature
and Tb is the base temperature.
Degree-hours for heating are presented in
equation3.
Eq. 3
DHc = ∑ (Tb – Ta)
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fiber cement roofing with PVC ceiling), which
shows the worst percentage of comfort, presents the
greatest relation of discomfort by cold and,
consequently, the greatest number of degree-hours
for heating. Therefore, it was observed that
insulation in the roofing and in the thermal mass of
the walls showed a good result, since these are the
variables that differentiate them among the best and
the worst case. The best results of percentage of
comfort were reached by configurations that present
insulated white roofing, and this leads us to observe
that a good thermal insulation in the roofing, allied
to a light color (that reflects good part of the solar
radiation), provides a good result of comfort to the
building as a whole, even in situations where the
walls have or do not have insulation and show high
as well as low absorptance. These results may be
still improved with the use of walls with low
transmittance.
The configurations that need the lowest number of
degree-hours, for cooling as well as for heating,
were number 5 (light dark wall and insulated white
roofing) and number 17 (light insulated dark wall
and insulated white covering), consecutively. And
their percentage of comfort was closed to the
maximum value reached in configuration 8 (heavy
white wall and insulated white roofing). In both
cases emphasized in this final analysis, we can
verify that the roofing contribution for these
configurations (all them being insulated), had a
greater contribution to the thermal-energy
performance of the buildings with relation to
absorptance and its contribution through the
transmittance of the building walls analyzed. This
way, it can be observed that even the walls having
great influence, interfering directly with respect to
this type of performance, it can be verified that
regardless the colors of these walls, it is believed
that the factor insulation had greater impact,
collaborating more efficiently with relation to the
levels of comfort inside the building. It can be
observed by analyzing configurations 4 (light and
dark wall in fiber cement and PVC ceiling), where
this did not happen, and in configurations 10 (heavy
and dark wall and roofing of fiber cement and PVC
ceiling) and 16 (light insulated dark wall and
roofing of fiber cement and PVC ceiling) which
also have dark walls, but its roofing does not have
insulation, and this makes their percentage of
comfort to be close to the worst result obtained,
which occurred in configuration 1(light and white
wall and roofing of fiber cement and PVC ceiling).
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Table 1- Climate Data of Pelotas
Climate Norms - Period: 1971/2000 (Monthly/Annual)
Agroclimatological Staion: Capão do Leão - RS (Embrapa/ETB - Campus of UFPel)
Convênio Embrapa/UFPel/INMET
Variables
Jan Feb Mar Apr Ma Jun Jul Aug Sep Oct Nov
y
Mean Temperature
23.2 23.0 21.7 18.5 15.1 12.4 12.3 13.4 14.9 17.5 19.6
(°C)
Minimum Mean
19.1 19.1 17.7 14.4 11.1 8.6
8.6
9.5 11.2 13.6 15.3
Temperature(°C)
Absolute Minimum
10.0 9.8
5.0
2.7
1.2 -3.0 -2.7 -1.0
0.2
2.6
6.0
Temperature(°C)
Maximum Mean
28.2 27.9 26.9 24.0 20.8 17.8 17.5 18.6 19.6 22.2 24.6
Temperature(°C)
Absolute Maximum
35.,
39.0 36.5 37.4
31.6 29.4 31.8 33.0 35.6 34.4 39.2
Temperature (°C)
1
Rainfall (mm)
119. 153.
100. 100. 105. 146. 117. 123. 100.
97.4
99.5
1
3
3
7
7
0
4
7
7
Relative Humidity(%)
77.4 79.9 80.5 82.3 83.6 84.0 84.9 83.2 81.8 79.5 76.0

Dec

Year

22.0

17.8

17.7

13.8

7.9

-3.0

27.1

22.9

39.6

39.6

103.
2
75.5

1366,
9
80.7

Table 2 – Results of the most significant configurations
Percentage of hours
Cold
Heat
Comfort
27.61%
35.46%
36.93%
43.29%
24.27%
32.45%
38.20%
15.50%
46.30%
34.42%
26.14%
39.43%
35.89%
25.09%
39.02%
29.40%
25.20%
45.40%
23.20%
36.10%
40.80%
35.20%
22.20%
42.60%
38.38%
12.31%
49.32%
29.04%
26.77%
44.19%
20.02%
41.62%
38.36%
21.12%
40.96%
37.93%
18.83%
4127%
39.90%
24.32%
35.85%
39.82%
32.52%
18.28%
49.20%
23.76%
33.23%
43.01%
18.83%
43.35%
37.83%
24.83%
29.9%
45.23%
17.53%
42.29%
40.18%

Configurations
Base Case
Configuration_01
Configuration_02
Configuration_03
Configuration_04
Configuration_05
Configuration_06
Configuration_07
Configuration_08
Configuration_09
Configuration_10
Configuration_11
Configuration_12
Configuration_13
Configuration_14
Configuration_15
Configuration_16
Configuration_17
Configuration_18

Degree-hours
cooling
heating
4643
4156
2598
8941
880
5935
2406
5658
2315
5961
2739
2658
1824
5528
3956
2832
569
5370
2121
3588
5716
2342
5501
2446
4938
2009
4411
3083
1084
4141
3325
2724
6511
2234
2658
2739
5528
1824

Table 3 – Envelope building composition
Configuration

External
Color

Wall

External
Color

Roof

Base Case

Base case
wall

Gray

Fiber cement
with PVC

Gray

Configuration_
01

Light wall

white

Fiber cement
with PVC

Gray

Configuration_
02

Light wall

white

Fiber cement
insulated with
wood ceiling

White
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Configuration_
03

Light wall

white

Fiber cement
insulated with
wood ceiling

Dark

Configuration_
04

Light wall

dark

Fiber cement
with PVC

Gray

Configuration_
05

Light wall

Dark

Fiber cement
insulated with
wood ceiling

White

Configuration_
06

Light wall

Dark

Fiber cement
insulated with
wood ceiling

Dark

Configuration_
07

Heavy wall

White

Fiber cement
with PVC

Gray

Configuration_
08

Heavy wall

White

Fiber cement
insulated with
wood ceiling

White

Configuration_
09

Heavy wall

White

Fiber cement
insulated with
wood ceiling

Dark

Configuration_
10

Heavy wall

Dark

Fiber cement
with PVC

Gray

Configuration_
11

Heavy wall

Dark

Fiber cement
insulated with
wood ceiling

White

Configuration_
12

Heavy wall

Dark

Fiber cement
insulated with
wood ceiling

Dark

Configuration_
13

Light
Insulated
wall

White

Fiber cement
with PVC

Gray

Configuration_
14

Light
Insulated
wall

White

Fiber cement
insulated with
wood ceiling

White

White

Fiber cement
insulated with
wood ceiling

Dark

Dark

Fiber cement
with PVC

Gray

Configuration_
15
Configuration_
16
Configuration_
17
Configuration_
18

Light
Insulated
wall
Light
Insulated
wall
Light
Insulated
wall
Light
Insulated
wall

Dark

Dark
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Fiber cement
insulated with
wood ceiling
Fiber cement
insulated with
wood ceiling

White

Dark

