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Abstract
Computer simulation was carried out with EnergyPlus
software in order to understand the influence of thermal
insulation and solar orientation in environmental
conditions that can promotes mold growth. The object of
study is a naturally ventilated low-rise residential
building, located in subtropical climate, Brazil. The
values used for occupancy, lighting and ventilation
standards were set to occur at certain times or under
different climatic conditions, with the aim of simulating a
residence under natural conditions. As a result, it was
observed that the system without insulation presented
better ventilation conditions, so a smaller number of cases
were observed due to the greater possibility of thermal
variation and the internal relative humidity.

Introduction
Mold growing in residences is highly harmful to health,
as it can cause serious problems in the respiratory system,
in case of prolonged exposure.
In research on the influence of external factors on
pathologies in buildings, Gaspar and Brito (2008)
highlight the problems caused by humidity, citing
structural damage and the appearance of mold. Sbartaï et
al. (2006) emphasize the occurrence of condensation on
the surfaces of internal walls as an important propellant
for this phenomenon. Another problem detected was
presence of mold because internal moisture in building
elements.
Valtonen (2017) points out that the growth and
proliferation of mold in houses is highly harmful to the
health of users, and can trigger from simple irritations in
the respiratory system and in the eyes, to more severe
conditions such as sinusitis and bronchitis. Constant
exposure to mold can also contribute to the development
of asthma, dyspnea and burning sensation in the
respiratory system, combined with constant coughs. They
may also cause rheumatic symptoms, which resemble the
pain caused by fibromyalgia, and neurological symptoms,
such as headaches, nausea and fatigue (EMPTING, 2009).
Several authors have addressed the issue of growth and
development of mold, with the main focus being the study
of ideal factors for its emergence and proliferation (Ayer
et al., 2010; Nielsen et al., 2004, SEDLBAUER, 2001). In
common to all, the minimum and maximum parameters
of surface temperature and relative humidity of the
internal air required for mold formation are highlighted.

(GERTIS; ERHORN; REISS, 1999; MURRAY;
ROSENTHAL; PFALLER, 2015; RICHARDSON;
WARNOCK, 2003; SEDLBAUER, 2001)
Grant et al. (1989) carried out tests with the purpose of
finding the ideal temperature and humidity for the
appearance of several species of fungi and found that the
Aspergillus type fungi present their peak of development
with temperature between 12ºC and 25ºC with relative
humidity of internal air greater than 80%. This type of
fungi is the most common in Florianopolis city, southern
Brazil, where this research is being conducted. That
species corresponds to 28% of mold occurrence in
residential buildings in that location.
Gertis, Erhorn e Reiss (1999) and Sedlbauer (2001)
studied how the time of exposure of the surface to
favorable conditions influence the mold growth. The
authors found that the mold start to develop when the
surface is under favorable conditions during at least 4
hours. But the prolonged exposure (from 6, 8, 12 to 24
hours) can accelerate the process.
In the present research, environmental conditions,
represented by relative humidity and temperature of the
indoor air, of a single-family residential building was
analyzed by computer simulation. The project was
developed in five main stages: (1) climate
characterization; (2) definition of the base case model; (3)
determination of the variable parameters; (4) simulations,
(5) output analysis.

Method
The study was carried out considering the climate of
Florianopolis, a coastal city located in southern Brazil, in
latitude 27ºS, longitude 48oW and altitude 6m. The city
has climatic conditions favorable to the mold growth in
residential buildings, mainly in winter season. One of the
main factors is the high level of relative humidity of the
air. According to the typical weather file, the relative
humidity of the air remains between 80% and 90% during
most part of the year, with temperature around 20oC,
which also contributes to the mold growth. These
conditions are verified in 4,809 hours along the year,
(55% of 8,760 hours). Figure 1 presents statistical data of
relative humidity and air temperature extracted from
weather file of Florianopolis (EnergyPlus 2018).
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parameters of the mold. The Seven thermal zones were
considered, as can be seen in Figure 3, and only zone 2
data (Dormitory 1) were analyzed, and the configuration
of simulations can be observed in Table 1.
Table 1: configuration of simulations.
Simulated model

Simulated system

1

North no insulation (Base case)

2

North exterior insulation

3

North interior insulation

4

South no insulation

5

South interior insulation

6

South exterior insulation

Figure 1: Statistical data for air temperature and
relative humidity of Florianopolis city.
As previously mentioned, the incidence of solar radiation
will influence in intensity of growth and proliferation of
mold, and the characterization of this climatological data
in Florianopolis is also important. In Figure 2, it can be
observed that the north facade receives the highest total
solar radiation along the year, that is twice than the
southern façade. However, between November and
January, north and south façades receive almost the same
amount of radiation, while in the winter months the
incidence in the north facade is five times higher than the
south facade (June).

Figure 2: Incidence of solar radiation in Florianopolis:
monthly.
The systems used were clay brick with 8 holes with mortar
on both surfaces, this being the base case, the same system
was used but adding thermal insulation of 50 mm by the
internal or external façade of the residence trying to
analyze its influence on the appearance of mold growth.
along with this variation of the construction system, was
also alternated the solar orientation of the residence
between north and south.
The simulated residence comprises seven thermal zones,
being chosen to analyze only the wall of bedroom number
1 facing the outside where it would be possible to observe
the influence of the variation of the systems on the growth

Occupancy fraction (%)

Figure 3: blueprint for a residence and sketch with
representation of thermal zones.
Constructive systems, internal loads and schedules of
occupancy and use of the systems were modelled
according to requirements of the RTQ-R (Technical
Regulation of the Quality for the Level of Energy
Efficiency in Residential Buildings for Brazil), and are
showed in Figure 4, Figure 5, Figure 6 and Figure 7.
100%

80%
60%
40%
20%
0%

bedroom weekdays days

bedroom weekends

Figure 4: Schedule of occupancy of bedrooms.
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1.00

openig availability

Occupancy fraction (%)

100%
80%
60%
40%
20%

0.40
0.20
0.00

living room weekends

Figure 5: Schedule of occupancy of living room.
100%

Fraction of use (%)

0.60

0%

living room weekdays days

80%
60%
40%
20%
0%

bedroom weekdays days

bedroom weekends

Figure 6: Schedule of interior lighting usage in
bedrooms.
100%

Fraction of use (%)

0.80

80%

hours with possibility of window and door opening
weekdays days
hours with possibility of window and door opening
weekends

Figure 8: Schedule of windows and doors opening
availability.
The base case model was configured with a flat concrete
slab ceiling, an attic and a roof with fiber cement tiles. No
thermal insulation was considered in the roof. The floor
was modelled as a solid concrete slab 20cm thick, in
contact to the ground. EnergyPlus Slab tool was used to
generate the monthly temperature profile according to the
exterior and indoor environmental conditions, through an
iterative process. The walls were modelled as masonry
with 8-holes clay bricks plus mortar in both sides.
In order to evaluate the use of thermal insulation as an
option to mitigate the mold growth, two other models
were simulated will a glass wool layer 50mm thick
applied on exterior walls. One model received the
insulation layer on outside face, and the other in the inside
face. Thermal properties of constructive systems are
presented in Table 2.
Table 2: Description of the constructive elements
Description

60%

U
(W/m².K)

TC
(kJ/m².K)

1,13

178,12

2,41

158,02

Roof

40%
Concrete slab, attic
and fiber cement tiles

20%

0,65
Exterior walls

0%
Mortar, 8-holes clay
bricks, mortar
living room weekdays days

R
(m².K/W)

living room weekends

Figure 7: Schedule of interior lighting usage in living
room.
Natural ventilation was modeled with objects of the
EnergyPlus Airflow Network and configured so that the
doors and windows are opened when the temperature of
the indoor air is higher than the exterior, and not lower
than 20ºC, avoiding the discomfort for cold. Window
operation availability was set to occurs during the day, as
presented in Figure 8.

0,41

Exterior walls + thermal insulation
Mortar, 8-holes clay
bricks, mortar +
50mm glass wool

1,62

0,62

174,89

2,41

158,02

2,14

163,00

Interior walls
Mortar, 8-holes clay
bricks, mortar

0,41
Floor

20 cm concrete slab

0,47
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Method of analysis
This stage corresponds to the analysis of conditions
favorable to the mold growth in the bedrooms of the
simulated model. A comparative analysis between
different constructive systems and solar orientation of the
bedrooms was performed. Ideal conditions for the mold
growth was quantified.
The analysis was based on the research of Grant et al.
(1989), Gertis, Erhorn and Reiss (1999), further
supplemented by Sedlbauer (2001), where ideal
conditions for Aspergillus-type mold proliferation are:
internal relative humidity greater than 80% and internal
surface temperature between 12 °C and 25 °C for four or
more consecutive hours. The authors also mention that the
process of the mold growth can be accelerated when
values of humidity and temperature remain into ideal
ranges of during periods of 6, 8, 12 or 24 consecutive
hours.

Results
The graph on Figure 9 shows the total number of
occurrences of conditions favoring the appearance of the
mold, when the model was simulated with the bedroom
exterior wall faced to the north orientation. It is presented
three set of results for each month, corresponding to each
model, according to thermal insulation condition: exterior
insulation, interior insulation and no insulation. The
legend Ht:i means the total of times that ideal conditions
of temperature and relative humidity are satisfied for a
continuous period of time i.
Figure 9: Satisfaction of the conditions of occurrence for
external façade facing north.
As expected, the winter season presents the highest level
of occurrence. In analyzing the worst situation of
uninterrupted 24 hours of satisfaction of the ideal
conditions for the mold growth, the use of thermal
insulation shows high values when compared to the
system without insulation. This occurs because the use of
thermal insulation on the walls reduces the variation of
the surface temperature and, therefore, the periods with a
surface temperature between 12°C and 25°C, favoring the
mold growth.
Numerically, the occurrences for periods shorter than 24
hours decrease in the models using thermal insulation, but
this does not indicate improvement in relation to the base
case. This occurs because the analysis took into account
the longest continuous period with attendance of ideal
conditions for the mold growth.
When considered the façade faced for the south, in Figure
10, similar results are observed to the north orientation
condition. The base case model, without thermal
insulation, presented better results than insulated ones due
to the greater variation in the surface temperature. The use
of thermal insulation presented clearly better performance
during the summer, from December to February,
especially for the south orientation.
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Figure 11: Air change per hour in % by insulation type,
when bedrooms is façade to the north.

Figure 10: Satisfaction of the conditions of occurrence
for external façade facing south.
The use of thermal insulation affects the natural
ventilation of the building model. As the model was set to
operate doors and windows automatically according to
temperature conditions, it is possible to verify higher air
changes rates to models without thermal insulation.
The occurrence frequency of air changes per hour for each
model, according to thermal insulation condition, was
computed for each season of the year. Results showed in
Figure 11 proves that during the winter the model without
thermal insulation, with exterior wall faced to the north,
is more ventilated than the models with thermal
insulation. The increase in natural ventilation resulted in
shorter period of time with conditions favorable to the
mold growth. Figure 12 shows the same analysis, but to
the model with bedroom exterior wall faced o the north.
In this situation, the model without thermal insulation
resulted in more ventilation rates during the spring season.
Figure 12: Air change per hour in % by insulation type,
when bedrooms is façade to the south.

Conclusion
This research investigates the use of EnergyPlus software
to simulate thermal performance of a low-rise residential
building in order to verify indoor conditions favorable to
the mold growth. Thermal insulation of the exterior wall
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was analyzed as a strategy to mitigate the problem in a
bedroom. Solar orientation of the façade was also changed
to verify the influence of solar radiation in the indoor air
conditions. Simulations was carried out with typical
weather file of Florianopolis city, southern Brazil, a
subtropical climate.
Some key points can be addressed from the results under
analysis:
a) The use of thermal insulation showed to be
beneficial only during summer time season;
b) In that case, the position of the insulation layer
on exterior face is preferable;
c) In winter, the building model without thermal
insulation resulted in higher ventilation rates,
that have interfered positively in the indoor
conditions;
d) The analysis over solar orientation of the exterior
wall has confirmed worst results to the south
orientation, but with little differences to the case
with exterior wall faced to the north.
As a next step, the influence of building occupants in the
operation of windows and doors should be evaluated as
influence factor in the indoor conditions, as well the
moisture transfer through the constructions.
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