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Resumen

La investigacion presenta la influencia de la especie Pilea microphylia en el confort térmico de
una casa. Las dimensiones del ensayo fueron 2,8 mx 3,8 m x 2,5 m. Las mediciones se realizaron
en dos habitaciones, una habitacién con un techo cubierto por la especie Pilea microphylia y otra
habitacién con un techo no cubierto. La experimentacién se llevé a cabo durante los meses de
octubre y noviembre de 2018. Los resultados muestran que la habitacion con techo cubierto con
la planta de Pilea microphylia mejoré el confort térmico de la habitacion en la semana 5
(temperatura de 20.07 °C y humedad relativa del 75.75%), que con la habitacion con techo
descubierto (temperatura de 24.94 °C y humedad relativa 82.90%). Por lo tanto, se concluye que
la especie Pilea microphylia mejora el confort térmico de la habitacion con una variacion de
temperatura de 4.87 ° C y una atenuacion de la humedad relativa en 7.15%.
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Abstract

The research presents the influence of the species Pilea microphylia on the thermal comfort of a
house. The dimensions of the test were 2.8 m x 3.8 m x 2.5 m. The measurements were made in
two rooms, a room with a roof covered by species Pilea microphylia and another room with a roof
no covered. The experimentation was carried out during the months of October and November of
2018. The results show that the room with roof covered with the Pilea microphylia plant improved
the thermal comfort of the room in week 5 (temperature of 20.07 °C and relative humidity 75.75%)
than with the room with uncovered roof (temperature of 24.94 °C and relative humidity 82.90%).
Therefore, it is concluded that the species Pilea microphylia improves the thermal comfort of the
room with a temperature variation of 4.87 °C and an attenuation of the relative humidity in 7.15%.

Keywords: Pilea microphylia, thermal comfort, covered roof, no covered roof.

1. Introduction

One of the main risks for cities in the future is the manifestation of the decrease and the increase
in temperatures caused by climate change creating a social, economic and environmental
imbalance. With the use of extensive green roofs, the environmental temperature and the interior
temperature of the houses can be reduced, as well as protecting the roof from solar radiation
(Kidd, 2015). Trees and green areas, by evapotranspiration, cool the immediate environment,
reduce greenhouse gases, minimize energy consumption among many other benefits, which
allow the environment to cool significantly (Peck et al., 2013). Several researchers have evaluated
the thermal comfort placing pots with the species Cissus verticillata (L) on zinc roof reducing the
temperature to 4.5 °C on average (Beltran et al., 2014), the ambient temperature of 3 °C was
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attenuated approximately and a 10% increase in relative humidity (Forero et al.,2011), sensors
known as "Tag temp" were programmed and installed, decreasing the temperature of 10 °C from
August to October (Yeomans et al., 2013).

Ecological roofs, known as green roofs, roof gardens or living ceilings, can be defined as roofs
covered with vegetation and growing medium (Vijayaraghavan, 2016). Green roofs are capable
of providing various benefits to urban areas in terms of aesthetics and environmental aspects
(Pisello et al., 2015). Some of these benefits are the reduction of greenhouse gas emissions, air
pollution, the effect of "Island of Urban Heat", the risks of flooding by retaining excess water and
providing a better habitat for urban life and wildlife, green roofs are also capable of absorbing
local noise pollution within urban areas (Theodoridou et al., 2017; Bevilacqua et al., 2015;
Bevilacqua et al., 2016). Green roofs are generally classified as extensive, semi intensive and
intensive (Blanusa et al., 2013; Matos et al., 2015) (see Table 1)

Table 1. Types of green roofs

Characteristics Extensive Semi-intensive Intensive
Substrate thickness Up to 10 cm Between 10 and 20 cm More than 20 cm
Passable Vegetable No passable Partially passable Passable
Coverage
Saturated weight Between 50 ?nd 150 Between 1502and 250 More than 250 kg/m?

kg/m kg/m
Plant diversity Little Half High
Maintenance Minimum Variable High
Type of vegetation Small plants, creepers Small shrubs, Shrubs and trees

ornamental grasses
Source: Blanusa et al. (2013).

The thermal sensation is the result of the way in which the skin perceives the objects temperature
and their surroundings, which does not faithfully reflect the actual temperature. The human body
measures temperature even though its own temperature remains approximately constant (around
37 °C). Therefore, it does not reach thermal equilibrium with the environment or with the objects
it touches (Nagase & Dunnett, 2014). The variations of heat that occur in the human body
generate a difference in the thermal sensation, deviating from the real value of the temperature.
As a result, exaggeratedly high or low temperature sensations occur (Vijayaraghavan, 2016).

The species Pilea microphylia is an endemic plant from Central and South America. It is a small
herbaceous perennial plant, monoecious and very branched that can grow up to 40 cm in height
with an adequate maintenance. The leaves are small, oval, almost round in different sizes and
light green. It is widely used to decorate the edges of gardens, parks and even advertising. The
Pilea microphylia is cultivated in full sunlight, since it likes warm climates, but it can also be planted
in a semi-shade environment. Withstands low temperatures and behaves as an annual plant. The
minimum recommended temperature is 15°C. For its survival a fertile, loose and drained substrate
must be used. The use of organic matter in the preparation of the substrate is recommended. It
is recommended to water 2 to 3 times a week during the summer and 1 time a week during the
winter and to let the substrate dry between waterings (Monro, 2001; Saha et al., 2017; Bhellum
& Hamid, 2016).

With global climate change a looming reality, designing low energy buildings needs to consider
capricious climate variations at play. In a warming world, heating energy demands should reduce
while cooling energy demands rise. But the rise is more than likely to offset the reductions (Gupta
et al., 2015; Isaac & Van Vuuren, 2009; Van Hooff et al., 2016). Buildings designed or retrofitted
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for a cold winter and a mild summer will have rising complains of overheating as the summer
becomes more warm than mild (Willand et al., 2016; Duran et al., 2015).

2. Materials and Methods
The research design is non-experimental and descriptive, explanatory.

2.1. Conditioning of the test place

A house that has two rooms was taken as a representative sample. A room with a roof covered
with the species Pilea microphylia and another room with a roof not covered with the species
Pilea microphylia. The two rooms have the same characteristics to perform the measurements

(Table 2).
Table 2. Rooms characteristics for research
Room with roof not Room with roof covered
covered (HNC) (HC)
Room size 28mx3,8m 28mx3,8m
Ceiling height 25m 25m
Green roof area - 10,64 m?
Roof type Traditional Ecological
Roof material Concrete Concrete
Roof slope <1° <1°

Figure 1 shows the steps to prepare the green roof: Delimitation of the room, installation of
waterproofing membrane and drainage layer, installation of the filter layer, placement of the
substrate, installation of the species Pilea microphylia and species irrigation Pilea microphylia

Figure 1. Steps to condition the green roof: (a) Delimitation of the room, (b) Installation of
waterproofing membrane and drainage layer, (c) Installation of the filter layer, (d) placement of
the substrate, (e) installation of the species Pilea microphylia and (f) Irrigation of the species Pilea
microphylia.
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2.2. Thermal Comfort Measurement

Thermal comfort basically refers to the conditions of well-being of any individual, but from the
point of view of their equilibrium relationship between the conditions of relative humidity and
temperature in a certain place (Yovane, 2003).

The Humphreys-Nicol model was used for having a better precision according to the data that is
used (Humphreys & Nicol, 2016).

Tn=13,5°C + 0,35 (Tm) (1)
Z =Tn £15°C 2)
Where:
Tn: Neutral temperature
Tm: Average Annual/monthly temperature
Zc. Comfort Zone

2.3. Measurement instrumentation
In order to evaluate the performance of the test rooms, as well as proceeding to the comparison
between the test room with no covered roof and the test room without covered roof, it was
necessary to install a measurement system in the test rooms. The measurement system can be
divided in three base components:

e Air temperature and relative humidity sensor;

e Thermocouples were installed in the inside and outside surface of the wall (superficial

temperature sensors) of the tow Test Cells;

e A pyronometer were installed in the outside surface to meter the total radiation product.

The species Pilea microphylia was examined through the growth of the plant.

3. Results
3.1.Characteristics of the species

The height of the 35 units of the species Pilea microphylia was measured. The measurements
were made every 7 days for 5 weeks (Table 3).

Table 3. Measurement of the height of each unit of the species Pilea microphylia

Species Week 1 Week 2 Week 3 Week 4 Week 5

number (cm) (cm) (cm) (cm) (cm)
1 15.4 17.8 19.2 21.2 24.3
2 17.2 17.5 19.1 21.4 24.1
3 15.7 16.4 18.8 20.1 24.3
4 18.1 18.8 20.1 21.9 24.6
5 15.5 15.9 18.6 21.1 24.1
6 154 16.4 18.9 21.7 25.2
7 16.2 17.3 19.7 21.3 24.5
8 18.2 18.9 20.3 21.4 24.8
9 19.1 20.1 21.5 22.1 25.2
10 17.2 19.2 20.3 21.8 23.9
11 18.1 19.2 20.4 21.7 23.8
12 19.2 20.4 21.3 22.1 25.1
13 18.6 20.3 21.2 22.3 25.3
14 17.9 19.9 21.3 22.4 25.1
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15 19.2 20.5 217 23.2 25.7
16 185 20.3 21.9 22.9 24.1
17 16.9 19.8 20.8 221 24.6
18 19.7 20.5 21.1 22.8 24.9
19 18.7 20.8 215 22.4 24.8
20 17.9 19.9 21.7 23.1 25.2
21 19.4 20.8 21.9 22.9 24.9
22 18.7 20.1 21.1 228 25.1
23 17.8 20.2 21.4 22.1 24,5
24 19.2 20.8 21.8 22.7 243
25 17.5 19.8 21.1 223 24.9
26 16.4 18.8 20.7 22.1 24.7
27 18.1 19.1 20.4 218 24.8
28 18.3 19.8 20.8 21.9 24.1
29 18.4 19.9 20.7 218 23.6
30 19.1 20.4 21.4 22.4 24.8
31 19.2 20.4 21.1 22.9 24,5
32 17.2 19.8 21.2 222 24.1
33 17.6 20.4 215 21.9 23.6
34 16.8 19.8 20.8 22.1 24.7
35 17.8 19.9 20.9 21.8 22.9

A‘Ei;";‘)‘-]’e 17.83 19.43 20.75 22.08 24.55

Figure 2, shows average height of the species Pilea microphylia on the roof of the room until week
5.
30.00
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Figure 2. Average height of the species Pilea microphylia on the roof of the room

3.2.Characteristics of the roof not covered and covered with the species Pilea
microphylia

The temperature of a room with a roof covered with the species Pilea microphylia and of the other
room with a roof not covered with the species Pilea microphylia was measured. The minimum
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Temperature (2C)

Temperature (2C)

temperature was 22.3 °C at 1 hour of week 1. The maximum temperature was 26.4 °C between
13 hours and 14 hours of week 4 (Figure 3).
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Figure 3. Variation of roof temperature not covered and covered with the species Pilea
microphylia in each week
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Hudimity (%)

The relative humidity of a room with a roof covered with the species Pilea microphylia and of the
other room with a roof not covered with the species Pilea microphylia was measured. The
minimum relative humidity was 80.30% at 0:30 hours in week 4, at 8:30 and 10:30 hours in week
2, at 18:30 hours in week 1 and 19:30 hours in week 4. The maximum relative humidity was
87.10% at 2:30 hours of week 1 (Figure 4).
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Figure 4. Variation of the relative humidity of the roof not covered and covered with the species
Pilea microphylia in each week




EESj

Vol. 3, N° 1, 2019

Copyright © 2019, CINCADER.
ISSN 2523-0905

Journal of Energy &
Environmental Sciences

A publication of

Centre of Research and Training for
Regional Development
Online at www.journals.cincader.org

Figure 5 shows the Solar Radiation (W/m?) of a room with a roof covered with the Pilea
microphylia species was measured and the other room with a roof not covered with the species
Pilea microphylia. The instrument called pyranometer was used for a period of 24 hours for 28
days in parallel in both rooms. The results that are detailed correspond to the 7th day of each
week, titled as week 1 to week 5. The following figure shows that at midday, the highest solar
radiation was 164.89 W/m? in week 5 in the room with ceiling covered with the species Pilea
microphylia and the highest solar radiation was 742.35 W/m? in week 5 in the other room with
roof not covered with the species Pilea microphylia.
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Figure 5. Variation of the solar radiation of the roof not covered and covered with the species
Pilea microphylia in each week
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3.3.Determination of the comfort zone

Using the Humphreys-Nicol model (2016) we replace equations (1) and (2) and obtain the results
in the following table:

Table 4. Determination of the comfort zone in the room with uncovered roof and covered with
the species Pilea microphylia

No Covered Covered
Time gy TN=135°C Zo (min) = Ze (max)=Tn oo AP iy
+0,35(Tm) Tn-1,5°C +1,5°C (Tm) 1,509C oC
Week 1 24.63 22.1205 20.6205 23.6205 21.25 20.9375 19.4375 22.4375
Week 2 24.81 22.1835 20.6835 23.6835 21.32 20.962 19.462 22.462
Week 3 24.87 22.2045 20.7045 23.7045 20.83 20.7905 19.2905 22.2905
Week 4 25.01 22.2535 20.7535 23.7535 20.45 20.6575 19.1575 22.1575
Week 5 24.94 22.229 20.729 23.729 20.07 20.5245 19.0245 22.0245
Average 24.852 22.1982 20.6982 23.6982 20.784 20.7744 19.2744 22.2744
Figure 6 shows the results of the measurement of the comfort zone in the room with a roof covered
with the species Pilea microphylia, which is within the minimum and maximum comfort ranges,
while the results obtained from the measurement of the area of comfort in the room with roof not
covered, is not within the minimum and maximum comfort ranges.
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Figure 6. Comfort zone of the room: (a) with roof not covered with the species Pilea microphylia
and (b) room with roof covered with the species Pilea microphylia.
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4. Conclusions

e The positive contribution results in better thermal comfort conditions of the internal spaces.
With the implantation of the roof covered with the species Pilea microphylia, the average
final temperature was reduced to 4.87 °C and an attenuation of the relative humidity of
7.15%, with this thermohydro-regulating technology improves the habitability conditions.

e The species Pilea microphylia adapted quickly to the conditions of the place reaching a
height of 24.55 cm. contributing to improve thermal comfort. In addition, the relative
humidity is controlled by the storage of water in its stems and by its large number of leaves.

e The physical characteristics of the substrate contribute to regulate thermal comfort because
it is made up of fertile soil, compost and organic waste. In addition, the depth of the
substrate (8cm) allowed the temperature of the substrate to be between 20 - 22 °C within
the studied period, improving thermal comfort inside the room with a roof covered with the
species Pilea microphylia.

e The average solar radiation in the roof covered with the species Pilea microphylia reached
75.10 W/m? and the average solar radiation in the roof not covered with the species Pilea
microphylia reached 216.41 W/m?, thus improving comfort thermal of the room.
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