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ABSTRACT

The study investigates the thermal efficiency and indoor comfort of green facades in affordable housing units located
in Santa Maria, southern Brazil. Over the course of one year, six housing units were monitored to evaluate summer
performance, with five units incorporating green facades and one serving as a control unit without vegetation.
Data collection focused on climate parameters, such as air temperature and relative humidity, recorded every 15

minutes using thermal sensors and thermographic imaging. The results reveal that the green facades significantly
enhanced thermal performance by reducing surface temperatures and improving indoor thermal comfort. The
maximum observed temperature difference between units with green facades and the control unit reached 12.6 C°.
The thermographic images visually validated these findings, visually confirming the cooling effect. Physiologically
Equivalent Temperature (PET) analyses further demonstrated increased thermal comfort in green facade units, with
the highest PET difference of 6.5 °C recorded on February 24. The findings advocate for broader adoption of green
facades in social housing in any geographic location, emphasizing their role in addressing environmental challenges,
improving energy efficiency, and promoting occupant well-being in urban settings.

KEYWORDS

Physiologically Equivalent Temperature; Microclimate; Outdoor thermal comfort.

RESUMO

O estudo investiga a eficiéncia térmica e o conforto interno das fachadas verdes em habitacdes de interesse social
localizadas em Santa Maria, Brasil. Ao longo de um ano, seis unidades habitacionais foram monitoradas para
avaliar o desempenho durante o verdo, sendo que cinco unidades incorporaram fachadas verdes e uma serviu
como unidade de controle sem vegetac¢édo. A coleta de dados concentrou-se em pardmetros climdticos, como
temperatura do ar e umidade relativa, registrados a cada 15 minutos por meio de sensores térmicos e imagens
termogrdficas. Os resultados revelam que as fachadas verdes melhoraram o desempenho térmico, reduzindo as
temperaturas superficiais e aprimorando o conforto térmico. A diferenca mdxima de temperatura observada
entre as unidades com fachadas verdes e a de controle atingiu 12,6°C. As imagens termogrdficas validaram
visualmente esses resultados, confirmando o efeito de resfriamento. As andlises da Temperatura Fisiologicamente
Equivalente (PET) demonstraram o aumento do conforto térmico nas unidades com fachada verde, com a maior
diferenca de PET registrada em 6,5°C no dia 24 de fevereiro. A pesquisa refor¢ca a importancia da adog¢do dessa
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estratégia em habitacées sociais para mitigar desafios ambientais, melhorar a eficiéncia energética e promover
o bem-estar em dreas urbanas.

PALAVRAS-CHAVE

Temperatura Fisiologicamente Equivalente; Microclima,; Conforto térmico.

RESUMEN

El estudio investiga la eficiencia térmica y el confort interior de las fachadas verdes en viviendas de interés social ubicadas
en Santa Maria, Brasil. A lo largo de un ano, se monitorearon seis unidades habitacionales para evaluar el desemperio
durante el verano, de las cuales cinco incorporaron fachadas verdes y una sirvié como unidad de control sin vegetacion. La
recoleccién de datos se centré en pardmetros climdticos, como la temperatura del aire y la humedad relativa, registrados
cada 15 minutos mediante sensores térmicos e imdgenes termogrdficas. Los resultados revelan que las fachadas verdes
mejoraron el rendimiento térmico, reduciendo las temperaturas superficiales y aumentando el confort térmico. La
diferencia mdxima de temperatura observada entre las unidades con fachadas verdes y la unidad de control alcanzé
los 12,6 °C. Las imdgenes termogrdficas validaron visualmente estos resultados, confirmando el efecto de enfriamiento.
Los andlisis de la Temperatura Fisiolégicamente Equivalente (PET) demostraron un aumento del confort térmico en las
unidades con fachada verde, registrandose la mayor diferencia de PET en 6,5 °C el dia 24 de febrero. La investigacion
refuerza la importancia de adoptar esta estrategia en viviendas sociales para mitigar desafios ambientales, mejorar la
eficiencia energética y promover el bienestar en zonas urbanas.

PALABRAS CLAVE

Temperatura Fisioldgicamente Equivalente; Microclima; Confort Térmico.
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1. INTRODUCTION

The social housing sector in many developing
countries, and, particularly in Brazil, focuses on
maximizing the number of house units with limited
investment (FTD, 2010; BODACH; HAMHABER,
2010). As a result, the cost per housing unit is low,
leading to poor construction quality and making
it challenging to prioritize environmental quality,
energy efficiency goals, and thermal comfort. The
improvement of energy efficiency in existing
structures is imperative in reducing greenhouse gas
emissions and addressing climate change (TANASA
et al., 2020; KARAKAS et al., 2023). Additionally,
issues of environmental quality, encompassing
aspects like thermal, acoustic, visual comfort, and air
quality, directly influence the comfort, health, and
productivity of occupants (OH et al., 2023; WOODS-
BALLARD et al., 2015; CARSON et al., 2013; LARSEN et
al., 2015). However, despite the rapid proliferation of
new constructions, there is limited emphasis on the
adoption of energy-efficient and environmentally
friendly technologies for heat relief, particularly
in developing nations (FENSTERSEIFER et al., 2022;
GABRIEL et al., 2023; KUMAR et al., 2023).

Several techniques have been proposed to
optimize economic performance in buildings and
address socio-environmental issues in urban areas.
The adoption of construction strategies that reduce
energy demand, lower CO2 emissions, and the use
of vegetation (ZITARS et al., 2022; SUN et al., 2017)
are two common practices. Increasing green area
in cities has been common research in most of the
studies so far (CARTER et al., 2015; VANHARI et al.,
2017; MUMTAZ, 2021). Urban green spaces are one
method of not only saving energy within cities
mitigating the UHI effect but also have the potential
toimprove human thermal comfort (LAM et al., 2020;
XU et al., 2017). Within urban green spaces, green
walls are gaining popularity, being an attractive,
renewable, and eco-friendly solution (KUMAR et
al., 2023). Several benefits have been explored for
green walls to moderate the negative effects of
urban sprawl (TEOTONIO et al., 2021). These benefits
fall into three main fields, namely environmental,
including UHI mitigation, absorption of dust and
noise, and the potential to consume carbon dioxide
andrelease oxygen (RAHMAN et al., 2023; GHAZZALI
etal., 2019), economic, with greenery functioning as
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shading devices (CONVERTINO et al., 2019; JIA; ZHANG,
2021), and the main social criterion of human thermal
comfort and its relation to temperature in different
geographic areas (ARAM et al., 2019; CHAN et al., 2017).

When assessing the outdoor thermal environment,
it is crucial to consider microclimatic conditions of
geographic location, the physiological factors such as
metabolism rate, and the behavioral elements for an
improved understanding of thermal comfort (CHAN et
al.,2017).Sinceurbangreenspacesdonotshowidentical
thermal performances, research focused on different
climates and conditions are necessary to control and
improve urban microclimates and user comfort. Many
methods have been used to evaluate thermal comfort,
with the physiological equivalent temperature (PET) as
one of the most appropriate indices of thermal comfort
evaluation in urban microclimate (HOPPE, 1999). PET
serves as a foundational measure for evaluating the
thermal environment, requiring adjustments based on
individual factors like clothing and activity levels. Due
to its thermophysiological basis, PET offers greater
versatility and relevance compared to traditional
thermal indices (MATZARAKIS et al, 1999; ALFANO et al.,
2014; HIRASHIMA et al., 2016; LIN et al., 2019; DAVTALAB
etal.,, 2020; LI; LIU, 2020; WIDIASTUTI et al., 2020).

The previously mentioned studies consistently
demonstrated the benefits of green walls on both
building thermal efficiency and outdoor thermal
environment. Nevertheless, in subtropical regions,
especially in developing countries, the influence of
green facades on thermal comfort remains relatively
constrained. The majority of the aforementioned
studies primarily concentrated on examining building
thermal characteristics, such as temperature reduction
on the building facade and the ambient environment
both indoors and outdoors surrounding green
facades. This study aimed to evaluate the thermal
efficiency of a low-cost green wall on reducing the
wall temperatures and improving users’ comfort on
five affordable houses located in subtropical Brazil.
Over 1-year monitoring, highlighting the summer
performance, the thermal difference was assessed
using a set of thermal sensors installed on five building
walls protected by a green facade. In addition, field
surveys were conducted to determine the impact of
the plant layer on users’ well-being.
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2. METHODOLOGY
2.1. Experiment and green facade characteristics

The study assessed six affordable houses in a residential
unit under the federal program “Minha Casa, Minha
Vida” in the city of Santa Maria, southern Brazil (latitude
29042'36" S, longitude 53°45'36” W, 151 m.a.s.l). The
city is classified as Humid Subtropical (Cfa) (WORLD
METEOROLOGICAL ORGANIZATION, 2006)
and has a long, hot and humid summer, with daily air
temperature reaching up to 40 °C, and mild to cool winter,
when the temperature drops down to negative values

climate

over the night. The annual average temperature is 19.3

°C, and the city also encounters some of the most intense
levels of sunlight in Brazil, with an annual average of 237.8
hours of sunlight during the summer and a total of 2203.9
hours throughout the year (INMET, 2018).

To determine the influence of the green facade on
the thermal performance, a comparison was carried
out between five house units (C48, C96, C292, C332 and
C404), each one shaded by a plant layer, and one house
unit defined as the control unit, without a green facade
(C40). All the houses are single-story, attached, have
openings in all rooms, and have the analyzed facade
west-oriented (Figure 1). It is important to notice that
none of the analyzed units have air conditioning.
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Figure 1: House plan typology.
Source: The authors.

Furthermore, one of the selection criteria was that
the units should have an unobstructed facade, free
from elements such as pergolas, coverings, or large
vegetation in the front. Regarding the envelope
materials, the facade materials are consistent across all
units; however, the color of the exterior paint may vary,
as residents are allowed to modify it.
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The creeper Wisteria floribunda was chosen as
an appropriate plant species for the location due
to its performance in Southern Brazil, considering
the potential for energy savings and the correlation
between climatic seasons and the leaf density
(SCHERER et al., 2018; FENSTERSEIFER et al., 2022;
GABRIEL et al., 2023) (Figure 2).

Living room

SIDE VIEW ~+ "+ WEST VIEW

<) d)

Figure 2: Position of green facade. a) and b) House units. c) side view of plant layer. d) west
view of plant layer.

Source: The authors.

2.2. Sensors and logging

Air temperature (Tar - °C), superficial temperature (Tsup
°C) and relative humidity (RH), were measured on both
sides of the walls, internally and externally. Due to the
required number of sensors, based on the number of
study objects (12 temperature and humidity dataloggers),
it was not possible to use the same sensor model for all
study objects. Therefore, the devices used in the research
were: Onset HOBO Data Loggers UX100-023, Onset HOBO
Temperature Relative Humidity Data Logger H08-003-
02, Onset HOBO Relative Humidity/Temperature/Light/
External Data Logger HO08-004-02, MISOL WS-DS102
Data Logger for air temperature and relative humidity,
a spot thermal camera (FLIR TG165), and an infrared
digital thermometer with laser sighting for superficial
temperature (LASERGRIP GM400) (Table 1).

All sensors were set up to collect air temperature and
humidity data every 15 minutes, from May 2020 to March
2021. Two sensors were installed in each house unit.
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Measurements
Sensors Accuracy Software
range
Onset HOBO Data Loggers UX100-023 -20°Cand 70°C +0,21°Cde 0°Ca 50°C HOBOware
Onset HOBO Temperature Relative o o o o o
Humidity Data Logger H08-003-02 -20°Cand 70°C +1,5°Cde 0°Ca 40°C BoxCar
Onset HOBO Relative Humidity/Temperature/ 50 o o o o
Light/External Data Logger H08-004-02 20°Cand 70°C +1,5°Cde 0°Ca 40°C BoxCar
MISOL WS-DS102 Data Logger -40°Ca 60°C +1,0°Cde 0°Ca 50°C DatalLogger 3.3
Table 1: Sensor’s characteristics.
Source: The Authors.
Surface
. . . . temperature
2.3. Selecting time periods for analysis Interview measure- S
. dates for PET [ ment dates datg; . P
A:cthough the mea:urements took place over a period analysis for thermal
Z aImos'Ic a.y(;ar ( ro(;n Me'xyI 2020 t;: March 202.1),dthe difference
ata analysis focused mainly on the warm period to analysis

align with the research objectives. The thermographic
monitoring and interviews took place on 6 days,

June 18, 2020

January 18,2021 December 22, 2020

during the summer (Table 2). The surface temperatures (@autumn)
(internal and external) were measured in person with
an infrared digital thermometer with laser sighting for July 25, 2020

superficial temperature (LASERGRIP GM400) on nine [January 25,2021 (winter) January 06, 2021
days (Table 2). The recording of surface temperatures
was carried out at eight designated points around the

August 15,2020

shaded opening (Figure 3a). The number of points was | February 07,2021 (winter) January 12,2021

chosen to ensure a homogeneous representation of

surface temperature behavior. - 4 2001 September 07, J 5 2001
From the monitoring period, the six days from Table ebruary 14, 2020 (winter) anuary 1o,

2 were analyzed regarding the Physiologically Equivalent
Temperature - PET. For the thermal difference analysis,
one typical day from each season was chosen (January
18th for autumn, September 7th for winter, October
8th for spring and January 6th for summer). As for the
thermographic images, three typical summer days were
chosen to represent each case unit, compared to the
control unit (January 26th, February 24th and February

October 10, 2020

February 24, 2021 .
(spring)

January 25, 2021

November 21,

February 28, 2021 2020 (spring)

February 07, 2021

January 06, 2021
28th). The days were not the same for all the analysis due (summer)

to limitations in the availability of users’ to respond to the
survey and experimental data and equipment.

February 14, 2021

January 25, 2021

February 24, 2021
(summer)

2.4. Thermal analysis February 07, 2021
The five green facades were assessed by means of a field (summer)
survey linked to a thermal comfort analysis, and thermal

differences between air and surfaces temperatures. Table 2: Monitoring periods.
Source: The Authors.

February 28, 2021
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Figure 3: Diagram of monitoring sensors. a) west view, and b) house plan.
Source: The authors.

2.4.1. Field survey and thermal comfort

The PET index relies on the Munich Energy-Balance
Model for Individuals, a thermophysiological model
of heat balance. It evaluates human thermal comfort
in Celsius (°C) based on air temperature, mean radiant
temperature, wind speed, vapor pressure, and personal
human factors like metabolic rate. PET considers a light
metabolic activity of 80W, clothing insulation of 0.9 clo,
and a reference indoor climate with average radiant
temperature equal to the air temperature (MAYER;
HOPPE, 1987; MATZARAKIS; AMELUNG, 2008). Since this
method is mainly applicable in northern cold countries
(CHEN; MATZARAKIS, 2018; CANAN et al., 2019), the
PET was adapted to suit the local climate, with thermal
comfort varying from 31-35 °C, respectively (FONG et al.,
2019; LIU et al., 2018).

In order to assess the PET index, survey was
administered during surfacetemperature measurement
and thermographic recording, specifically during
the most critical heat period. It included a section
environmental variables
velocity),
questions regarding general information about the

for recording the time,

(temperature, humidity, and air and
respondents (gender, age, weight); information about
physical and physiological factors (clothing, activity
level); psychological

(thermal sensation and preference); information about

information about factors
residents' perception of thermal comfort in the house
unit; and information about daily habits and the most

commonly used alternatives to mitigate the sensation
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of heat. The questions served as an input to Rayman
v1.2 software to perform the PET index calculations
(MATZARAKIS et al., 2007).

2.4.2. Thermal difference

The thermal difference (Eqg. 1) illustrates the extent of
temperature variation in the wall during a time of the day
in relation to the ambient temperature (KAWASHIMA et
al., 2000; FENSTERSEIFER et al., 2022).

Td = Tsup - At m

where, Td is the thermal difference (°C), Tsup is the
surface temperature (whether internal or external) (°C)
and At is the air temperature (internal or external). If
the resulting value of Td is positive, it indicates that the
temperature of the wall surface is higher than that of the
surrounding air. In such cases, the wall surface emits heat
to either the indoor or outdoor environment.

3. RESULTS
3.1. Climate conditions during the monitoring

The average, maximum, and minimum air temperatures
(Te), along with the average and maximum solar
radiation (Rad), were recorded at both the experiment
site and gathered from the INMET (2021) weather
station across different seasons during the monitoring
period (Table 3).

Higher average temperature values were observed
from October 2020, springtime, until February 2021,
summertime in the different housing units (Figure 4). The
lower temperatures happened in July 2020, during the
winter. The higher temperature difference between the
control unit (C40) and a unit with the green facade (C292)
happened on February 2021, and it was equal to 6.7 °C.

3.2. Comfort index and
thermographic monitoring

For simplicity, this analysis focused on the hot period of
the year, since it represents the most critical effect that a
green facade can have on users (Table 4).
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Figure 4: Daily temperatures obtained at the experiment site from May 2020 to February 2021.
Source: The authors.

Climatic variable Autumn Winter Spring Summer
Ta_average (°C) (INMET) 15.4 14.9 23.2 23.8
Ta_min (°C) (INMET) 2.1 -1.6 73 11.6
Ta_max (°C) (INMET) 30 31.2 38.5 38
It_average (W/m?) (INMET) 115.3 128.3 521.3 267.0
It_max (W/m?) (INMET) 833.1 913.7 1100.6 1087.5
RH_average (%) (INMET) 79.8 78.6 61.3 76.4
RH_average (%) (site) 58.8 56.1 50.6 524
Ta_average (°C) (site) 18.4 18.0 24.1 26.2
Ta_min (°C) (min) 29 -0.7 9.2 10.6
Ta_max (°C) (site) 411 49.6 377 48.0

Table 3: Climatic data recorded between May 01, 2020, and March 01, 2021.
Source: The Authors.

The highest air temperatures (ranging from 32.9 to 36.2
°C) were achieved on January 25, suggesting that on this
day, higher physiologically equivalent temperatures were
observed for each case unit. The highest PET difference (6.5
°C) occurred on February 24, between C40 and C332, which
can be explained due to the air temperature difference,
36 °C and 30 °C, respectively. On this day, the clothing and
metabolism parameters were quite similar for both case
unit surveys, indicating that the PET difference was an
effect of the plant layer. Regarding the thermal comfort
temperatures, C49 presented a “slightly warm” thermal
sensation, according to a classification from Fong et al.
(2019) and Abaas and Khalid (2023) for subtropical climates.

Several studies confirmed the positive and direct

relationship between the air temperature and
physiological comfort level; however, as seen in Table 4,
by adopting sustainable solutions a huge temperature
decrease is observed. Comparing the six case units, it is
clear the influence of the plant layer on the PET, as the
highest physiological comfort levels, i.e., lowest PETs,
occurred for the vegetated cases. A study by Abaas
and Khalid (2023) showed similar results, comparing six
selected sites, the prototype with high- albedo materials
and dense, selective local trees helped to minimize PET

outcomes and improve the local thermal environment.
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Day C40 48 C9%6 €292 €332 C404
January 18, 2021 - 27.7 276 27.7 - 29.5
January 25, 2021 349 335 313 322 309 33.0
February 07, 2021 337 274 28.6 29.1 283 31.2
February 14, 2021 - 27.2 27.7 - 30.0 323
February 24, 2021 34.0 28.8 304 283 27.5 304
February 28, 2021 31.5 28.8 30.5 30.5 299 -

Table 4: Physiologically Equivalent Temperature (°C).
Source: The Authors.

The external thermographic survey proved to be a
qualitative evaluation tool that assisted in validating the
results obtained through measurements of external surface
temperatures, which occurred on the same days and times.
It allowed the analysis of the thermal behavior of the case
units’ envelopes during the period from December 22nd,
2020, to February 28th, 2021. Since this methodological
step relied on the presence of users for access to the case
unit, some days during the measurement period were not
fully completed by the thermographic photo, real photo of
the fagade, and surface thermal measurements. Therefore,
the analysis included the comparison between objects
considering the common days among them. The analysis
was carried out by means of a thermogram, utilizing a
range of color palettes that represent the thermal response
of the surfaces (Figure 5).

Regarding the control unit C40, it is noted that the
middle to lower portion of the envelope is more affected
by the heat — especially between the openings, as it is
fully exposed, unlike the upper portion which receives
shading from the building's eaves. Contrariwise, the units
with green facades showed that the points of highest
temperatures, indicated by thermal contrast in red color,
were found at the opening (to the right in the images), in
a portion of the roof (above), and at specific points in the
lower portion of the plant layer, close to the ground, the
basal region of the species, with fewer leaves. The highest
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average surface temperatures occurred in the control unit
C40, as expected (Figure 5). The differences in the average
surface temperatures were higher between C40 and
(332, reaching up to 12.6 °C, similar results were found
by Fensterseifer et al. (2022), around 13 °C of difference
between the bare and the green facade external surfaces
in March 2019. While the lowest difference occurred
between C40 and C48 (3.2 °C). The unit C48 showed the
second highest average surface temperature, reaching
up to 39.6 °C in the lower exposure portion of the facade.

In general, the highest average surface temperatures
occurred on January 25th, the same day the showed
the highest PET values, except for units C48, C96 and
C292. However, as mentioned before, the high average
surface temperature of unit C48 was influenced by the
lower portion of the facade which was not covered by
the plant layer. In the case unit C96, the average surface
temperatures were quite similar in the three summer
days (35.2 °C, 34.6 °C and 36.6 °C). Although the green
facade showed satisfactory growth in C292, on some
days during the analyzed period, there are noticeable
areas with deficiencies, represented by red patches in
the middle to upper part of the plant layer. Nevertheless,
the green facade proved to be an effective thermal
barrier in the building's envelope, confirmed by external
surface temperatures up to 11.1°C lower than the control
unit C40 - on January 25th.
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Figure 5: Daily temperatures obtained at the experiment site from May 2020 to February 2021.

Source: The authors.

The analysis of the thermal index was made by
comparing the control unit (C4) with the other five green
facade units (C48, C96, C292, C332, C404). Positive values
indicate that the surface temperature was higher than the
air temperature (Figure 6). Overall, the internal thermal
difference was negative for all cases, except for the control
unit (C40). This shows that the internal air temperature
was higher than the internal surface temperature of the
wall in the vegetated cases, suggesting that the green
facades from the five units were releasing less heat to the
indoor environment than the bare wall in C40.

The external thermal differences varied for each
case, since the external air temperatures fluctuated
more during the day, but it was always greater for the
control unit, reaching up to +2.6 °C. For example, C96
and C332 showed opposite behavior for external thermal
differences during spring, +3.1 °C and -3.4 °C, respectively.
This can be explained by the fact that C332 had a surface
temperature 2 °C higher than C96. This analysis shows
that one limitation of this work was the impossibility of
gathering hourly data of surface temperatures, in order to
analyze thermal differences throughout each day.
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Figure 6: Thermal difference between (40 and each vegetated unit .
Source: The authors.

The control unit’s external surface temperature showed
greater magnitude of positive thermal differences (+2.6 °C)
thanthevegetated units (+1.9°Cfor C404) during the summer,
which means that the control unit’s bare wall released more
heat to the indoor environment than the green facade wall
(Table 5). Similar results were found by Fensterseifer et al.
(2022), +4.8 °C for the bare wall and +3.3 °C for a vegetated
wall during a typical summer day in the subtropical climate.
Regarding the internal thermal differences during the
summer, the control unit showed positive values (+1.0 °C),
while the best performance was from C48 (-1.3 °C). This
demonstrates the collaborative impact of shading alongside
the evaporative cooling process enabled by the green
facade on a summer day (HOELSCHER et al., 2016).

During the winter, the thermal differences between
the control unit and the vegetated units were similar,
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reaching absolute maximum differences of 1.0 °C,
between C40 (-0.2 °C) and C48 (-0.8 °C). During this
season, all vegetated units presented negative internal
thermal differences, i.e., air temperature higher than
surface temperatures. It was expected that due to the leaf
shedding, the green facade would allow more heat in the
environment, however, the negative thermal difference
could indicate that the trellis and branches acted as
shading decreasing surface temperature, as stated by
Fensterseifer et al. (2022). The amplitude between air
temperature and surface temperature was less significant
for the external conditions for all units during the winter.
Lastly, during Autumn and Spring the units presented
quite similar behavior, with the highest negative internal
thermal differences for C96, C292 and C332.
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Jun, 18 Sep, 07 Oct, 08 Jan, 06
Case Unit Internal External Internal External Internal External Internal External
C40 -0.3 +1.5 +0.2 +0.2 +0.1 +1.9 +1.0 +2.6
c48 -1.0 -0.1 -0.8 +0.1 -1.0 2.7 -1.4 -1.2
96 -1.3 -0.7 -0.5 +0.3 2.3 +0.9 +0.1 +1.4
C292 -1.1 +0.4 -0.5 -0.2 -2.3 -04 -1.3 -0.6
332 -1.6 +0.6 -0.6 -0.7 24 -3.4 -0.7 +0.1
C404 -0.9 -0.3 -0.5 -0.1 -0.6 +0.2 +0.1 +1.9

Table 5: Internal and external seasonal thermal difference.
Source: The Authors.

This thermal
thermal insulation effect facilitated by the green facade,
aligning with various studies (DAHANAYAKE; CHOW,
2017; FENSTERSEIFER et al., 2022; GABRIEL et al., 2023).
The shading provided by the green facade, along with
the air gap between the building wall and the vertical
structure, acted as a thermal buffer. This buffer prevented
indoor heat loss to the outdoor environment while
simultaneously cooling the wall during warm and hot
periods, as documented in several studies (SUSOROVA
et al,, 2013; TAN et al., 2014; BIANCO et al.,, 2016; LEE; JIM,
2017). This capability arises from the structure's ability to
minimize air movement across the surface, thus altering

analysis confirms the year-round

convection and radiation coefficients.
4. CONCLUSIONS

This study provided a comprehensive assessment of the
impact of green facades on surface temperatures and
user comfort in five affordable case units in subtropical
Brazil. Through a year-long monitoring, including internal
and external air temperature measurements, relative
humidity assessments, and user surveys, the thermal
benefits of five green facades were elucidated. The results
consistently demonstrated that green facades reduce
surface temperatures compared to the control unit,
especially during summer months, effectively mitigating
heat transfer into indoor environments.

The plant layer acted as a thermal buffer, providing
shading and promoting evaporative cooling, which
significantly enhanced users’ thermal comfortasindicated
by reduced Physiologically Equivalent Temperatures
(PET). Notably, the green facade had a greater impact on

external thermal differences. During the summer, green
facades maintained lower internal thermal differences,
highlighting their role in cooling the indoor spaces. In
contrast, during the winter, the trellis and branches of the
deciduous Wisteria floribunda contributed to shading,
though to a lesser extent due to leaf shedding.
Thermographic images from three summer days
illustrated substantial temperature differences between
the green and bare facades, with the highest average
surface temperatures occurring in the control unit, i.e.
without vegetation, and differences reaching up to 12.6

°C, reinforcing the PET results.

Despite the study’s limitations, such as the use of
different measuring devices, user modifications to the
study units, and data collection restricted to specific times
of the da, the findings robustly support the integration of
green facades in affordable housing. This integration is a
viable strategy for enhancing thermal comfort and energy
efficiency without adding extra cost or maintenance. By
reducing surface temperatures and providing a thermal
buffer, green facades can significantly improve living
conditions in subtropical climates.
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