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IMPROVING THE THERMAL COMFORT OF ROOM
THROUGH A COMBINATION OF OUTDOOR AND
INDOOR PARKS: EVIDENCE FROM INDONESIA

Eddy Imam Santoso, Merdeka University
ABSTRACT

This study examines the thermal comfort of space in a student dormitory at the Rungkut
Menanggal Harapan Residential Surabaya - Indonesia by providing an overview through the
arrangement of a hydroponic vegetable garden vertically on the building (outdoor) facing the
West (sun) and in combination with garden arrangement (Sansevieria trifacciata plant) indoors.
Research objectively related to air temperature, relative humidity, wind speed and solar radiation
in the conditions before being given a combination of indoor gardens and after being given an
indoor garden, and subjectively involve interviews with users about the thermal comfort
perceptions of the room. The results showed a decrease in air temperature of 0.4 ° C and a
decrease in CO; levels of 0.12 ppm and an increase/release of O, levels of 0.4%. This garden
combination produces a neutral temperature of 26 °C and a humidity of 40% which is still above
the standard ASHRAE 55 comfort zone, but the perception of users with these thermal conditions
can accept and feel higher thermal comfort.

Keywords: Vertical Garden, Indoor Garden, Outdoor Garden, Thermal Comfort
INTRODUCTION

Various studies on the thermal comfort of room have been carried out in an effort to
determine whether the existing thermal environment is in accordance with the needs of
comfortable living. Most of human life (more than ninety percent) is in room, so comfortable
conditions are needed to support their activities (Chadee & Maharaj, 2020; Chen, Lai & Chen,
2020; Pang, Yang, Cao, Tian & Li, 2020; Pei, Dai, Li & Liu, 2020).

To get thermal comfort room, it can be done artificially or naturally. Artificially by means
of a mechanical air conditioning system with air conditioning, and investigating the use of a fan,
the air temperature ranges from 28.2 °C and 27.2 °C, (Jalilzadehazhari, Vadiee & Johansson,
2019; Lam, Yuan & Wang, 2014; Lin & Li, 2017; Liu et al., 2020).

Natural air conditioning by regulating the air circulation system can be achieved through
building designs. Increasing the comfort of room can also be done by providing a screen on the
facade or certain parts of the building with plants/gardens arranged vertically so that it can
provide a shadowing of the building and can reduce the room air temperature to 0.8 °C, (Chow,
Ren, Mathias & Liu, 2019; Cuce et al., 2019; Di, Zhilei & Pengkun, 2020).

The variables that affect thermal comfort are climatic variables which include air
temperature, air velocity, relative humidity and radiation temperature, (Ajib, Lefteriu, Caucheteux
& Lecoeuche, 2020; Coulby, Clear, Jones & Godfrey, 2020; Guan et al., 2020).
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Based on research, providing sun protection using organic vegetable plants that are placed
vertically in the building can reduce indoor air temperature by about 1.5 to 2 °C, but will increase
air humidity which affects the thermal comfort of room, (Bidar et al., 2020; Cerbu, Wang, Botis,
Huang & Plescan, 2020; Dumrongrojwatthana, Wanich & Trébuil, 2020). It is hoped that indoor
garden arrangement with plants that absorb air humidity will increase the thermal comfort of the
room.

MATERIALS AND METHODS

This research is a continuation of Santoso (2019) research which was conducted in the dry
season from September 5 2018 to September 21 2018. The research was conducted in a dormitory
room in Rungkut Menanggal Harapan, Rungkut Menanggal Village, Gununganyar District,
Surabaya City, East Java Province, Indonesia. The dormitory room is part of a residence located
on the third floor, with the North boundary of the neighboring building and the South boundary is
the complex road of the East boundary attached to the neighboring building, the West boundary
of the room or the open yard. Room dimensions, 3.00 m wide, 4.00 m long with an average
ceiling height of 3.20 m. The dormitory room which is the object of research is a room with the
openings facing the West and has a balcony. The east and north dormitories are bordered by
massive walls, while the south and west walls consist of a plane with door and window openings.
(Figure 1) The western opening that connects to the balcony is in the form of 2 (two) plain glass
shutters that can be opened and closed and 1 (one) aluminum-coated plywood door, while the
southern opening is 1 plain glass ventilation leaf that can be opened/closed and 1 plywood door
that is not exposed to direct sunlight because it connects to the inner room (Figure 2). The
multiplex floor material is carpeted and the ceiling is covered with GRC plate ceiling and
concrete tile roof. Dormitory room is for 2 people with residential activities.
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Source: Santoso. 2019
FIGURE 2
WESTERN VIEW OF DORMITORY AND DORMITORY ROOM (INTERIOR)

Garden Arrangement Patterns and Types of Plants

The outdoor garden is arranged vertically with a 60 degree slope using a loose system
(placed on a shelf with hydroponic growing media placed on a 4 dim diameter pvc pipe) (Figure
3) so that all plants are directly exposed to the sun for photosynthesis (Gaggero et al., 2020; He et
al., 2020; Hoffman, Seitz, Collins, & Downs, 2020). The plants selected are plants that meet the
growing requirements at the research location and are able to lower the surrounding air
temperature and are able to absorb CO, and produce an attractive aesthetic composition. The
plants used are the Sawi/caisim/Brassica rapa cv caisim vegetable plant, with a CO, absorption
rate=83, 00 umol/CO/m?/sec, a higher CO, absorption rate than other vegetable plants (curly
lettuce/lactuca sativa and red spinach/Amaranthus sp, respectively, the absorption rate of CO; is
only 79.40 and 76.60 umol/COym?/sec) (de la Luz, 2012; Dewidar, Guirguis & Aeh, 2019;
Ghosh & Head, 2009).

Source : Santoso 2019 & research result
FIGURE 3
OUTDOOR GARDEN ARRANGEMENT AND INDOOR POT PLACEMENT
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The indoor garden is placed in pots arranged vertically; the number of pots in the room is
8 plant pots with the placement in such a way that it does not interfere with circulation and
occupant activities (Figure 4). The plant used was Sansevieria trifasciata, a plant with high
moisture absorption
Based on Wahyutami's research (2015), of the 4 (four) types of plants studied (Platycerium
bifurcatum, Asplenium nidus, Alue Vera and Sansevieria trifasciata) (Figure 5) which tend to
absorb moisture, the influence of temperature and humidity for room comfort at each plant,
Sansevieria trifacciata shows the best rate compared to the other plants, namely 70-100 percent
moisture absorption, 22 °C-27 °C average daytime comfortable temperature, and a comfortable
nighttime temperature of 20 °C-25 °C (Berardi, Jandaghian & Graham, 2020; Coelho, Entradas
Silva & Henriques, 2020; X. Gao, Zhang & Xiao, 2020).
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FIGURE 4
PLACEMENT OF POTS INDOOR
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Source: Wahyutami 2019
FIGURE 5

TWO TYPES OF PLANTS THAT ALLOW PLANTING INDOORS BECAUSE THEY
CAN BE PLACED IN POTS
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Effects of Plants on Comfort and Air Quality

The hydroponic system is agricultural cultivation without using soil growing media but
using water growing media that is given a nutrient solution (Lenzi, Marvasi & Baldi, 2021,
Wagh, Patil, Vishwakarma & Chaudhari, 2021; Xia et al., 2021; Zhou et al., 2021) This study
uses a medium that is free of nutrients (sterile), the supply of nutrients needed by plants is flowed
into the medium through a pipe with a pump and distributed to other pipes by gravity. Based on
Santoso (2019) research, the application of an outdoor hydroponic vegetable garden arrangement
system at the research location does not have a significant impact on the comfort of inside room.
It was recorded that there was an increase in relative humidity by 15 percent, a decrease in solar
radiation by 202 W/m?, a decrease in CO, levels by 2.56 ppm, an increase in O2 levels by 0.6
percent and a decrease in air temperature by 0.8°C. The thermal comfort temperature or neutral
temperature was recorded at 27.7°C with a relative humidity of 67 percent (Wang, Cai, Yang &
Yang, 2018; Xiao et al., 2019; Yang, Chen, Naveed, Zhang & Farooq, 2019).

Humidity in the Building

High humidity in buildings is influenced by the ventilation system and less than optimal
lighting. In humid tropical climates, a building design with a passive cooling system is required
so as not to reduce the thermal comfort in the building. Lighting and ventilation systems as well
as smooth air circulation will be able to reduce heat and humidity in buildings due to solar
radiation outside the building (Piselli, Di-Grazia & Pisello, 2020; Su, Madani, Liu, Wang &
Palm, 2020; Wang et al., 2020).

Through the process of photosynthesis, certain plants can increase humidity in buildings.
Plants absorb solar energy for photosynthesis so that they can reduce air temperature and produce
Oxygen (Oy), during the respiration process; plants produce Water (H,O) and Carbon dioxide
(CO,). The choice of plant types and their placement in the building environment must be clear
because in addition to absorbing water, plants will also produce water vapor which will increase
humidity (Wahjutami et al., 2016) (Angelia, 2019; Santoso, Eddy Imam, Ariffin & Nugroho,
2013; Santoso, 2015).

Research Approach

The study of the room's thermal comfort level was carried out by combining an outdoor
garden and an indoor garden so that objectively physical data measurements were carried out
using digital Thermosphere measuring instruments to measure relative air humidity and dry bulb
temperature, and digital anemometer, to measure air velocity (Proto et al., 2019; Wang et al.,
2018; Xiao et al., 2019; Yang et al., 2019). Psychometric diagrams will be used by entering
measurement data to get the wet air temperature, (Embi, 2005; Henderson, Ginger, Morrison &
Kopp, 2009; Victoir, 2013). The Effective Temperature (ET) Diagram is used to determine the
neutral temperature or the effective temperature based on the wet air temperature analysis from
the diagram (Angulo Milhem, Verriele, Nicolas & Thevenet, 2020; Kim, Kim, Moon & Yang,
2020), while the Impugner tool is used to determine the quality of air that is able to bind CO, and
an Oxygen meter tool to measure the O, content in the air.

Measurements at the location are carried out at a height of 1 m above the floor (Chen & Lu,
2021; Hawila & Merabtine, 2021), which represents the height of the occupants when they do
most activities in the dormitory space, namely residential activities, by placing the measuring
instrument at one point in the middle of the dormitory room. Data is recorded every hour from
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07.00 - 16.00, a condition when space is more often used for activities. Space users are adult men
using light clothing, namely pants and light cotton shirts/hem with a coefficient of value of Clo
(heat resistance)=0.55 and the metabolic rate is set based on the level of activity, namely index
1.2 (is a sedentary activity in office room, occupancy) (Abass, Ismail, Wahab & Elgadi, 2020;
Bertolin & Camuffo, 2020; Gustin, Mc-Leod, Lomas, Petrou & Mavrogianni, 2020).

Subjective Measurement

Subjective data collection of thermal comfort was carried out using a questionnaire and an
interview, in general, consisted of:

a. Demographic information,

b. Current status of thermal comfort,

c. Thermal sensation and preferences, and
d. Current clothes worn.

The sample consisted of 2 adult males who occupied the room every day.
Samples/respondents were given one hour to answer the questionnaire and then to return it.
Before the survey, the subjects had been allowed to sit for approximately 30 minutes, with the
activities mostly sedentary. (Thompson et al., 2016) Sufficient time for the body to maintain the
respondent's metabolic rate (M) at the same level throughout the study (Juanamasta et al., 2019;
Luwihono et al., 2021; Prabowo et al., 2020; Prasetyo et al., 2021; Rusdiyanto, Agustia, et al.,
2020; Rusdiyanto, Hidayat, et al., 2020; Shabbir et al., 2021; Susanto et al., 2021).

RESULTS AND DISCUSSION

The results of the study of indoor thermal comfort with air parameters are presented in
Figure 6 and Table 1.
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FIGURE 6
GRAPH OF THE AVERAGE INDOOR TEMPERATURE IN THE DORMITORY ROOM
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Table 1
THE MEASUREMENT RESULTS, HUMIDITY, AIR VELOCITY AND LIGHT INTENSITY AS WELL
AS THE AVERAGE AMBIENT CO, & O, CONDITION IN THE DORMITORY ROOM IN DOOR
STUDY WHEN GIVEN THE OUTDOOR GARDEN ONLY (INITIAL) AND AFTER COMBINED WITH
THE INDOOR GARDEN.)
Research Time Hur(?ldlty Radlatlzon air speed CO, ambient 0, ambient %
Yo W/m m/sec ppm
Morning 67 38 0,00 17 20.8
Initial Noon 56 66 0,00 10.7 19.9
nitia
Afternoon 49 81 0,00 12.33 20.1
Average 57 62 0,00 13.34 20.3
Morning 48 38 0,00 17.2 20.6
Noon 40 66 0,00 10.85 20.8
Result
Afternoon 33 81 0,00 12.35 20.1
Average 40 62 0,00 13.46 20.5

On figure 6, the use of a hydroponic vegetable garden vertically in a part of the building
exposed to direct sunlight reduces the average indoor temperature by 0.8 °C. The decrease in air
temperature is influenced by solar radiation which has decreased significantly, after the vegetable
garden in front of the solar radiation building, which was originally 264 W/ m?, became 62 W/ m?
(Opare et al., 2019; Proto et al., 2019; Wang et al., 2018; Xiao et al., 2019; Yang et al., 2019).
The application of a hydroponic vegetable garden also increases indoor air humidity by 5% which
will directly affect indoor thermal comfort. Based on the ASHRAE 55 standard, the resulting
relative humidity has met but the indoor air temperature level still does not meet these standards.
The arrangement of the indoor garden using Sansevieria trifasciata plants which have the property
of absorbing air humidity is one of the efforts to reduce humidity in room to create thermal
confort (Berardi et al., 2020; Coelho et al., 2020; Gao et al., 2020).

The results of the study by applying a combination of vertical hydroponic vegetable
gardening as an outdoor garden and Sansevieria trifasciata garden as an indoor garden resulted in
an insignificant decrease in indoor air temperature. Before there was an indoor garden the
temperature was 32.5 °C. Meanwhile, after the combination with the indoor garden the
temperature became 32.1 °C, there was a decrease of 0.4 °C.

The improvement in air quality though there is not very significant, the photosynthetic
process in a combination of vertical vegetable garden arrangement (outdoor garden) and indoor
garden caused the presence of CO? tethering in ambient air to decrease by 0.12 ppm, while the
release of O increased by 0.4%, followed by a significant decrease in ambient humidity levels
17% (Table 1).

Overview Based on ASHRAE 55 Using a Psychrometric Chart
Analysis of the Effective Temperature diagram is used to determine the Effective
Temperature (ET), using variables of wet bulb temperature, dry ball temperature and wind speed.

Dry ball temperature measurement data (measurements in the field) are used to determine the wet
bulb temperature by analysis using a psychrometric chart/diagram.
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FIGURE 7
ANALYSIS OF MEASUREMENT RESULTS USING A PSYCHROMETRIC CHART

Analysis using a Psychrometric Chart with data on average dry air temperature and
average air humidity (Table 1), obtained a wet air temperature of 20.8 °C, then the wet air
temperature data from this analysis will be used to determine the effective temperature or neutral
or comfortable temperature dormitory room (Figure 7).
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FIGURE 8
THERMAL COMFORT ANALYSIS (TE) BASED ON THE MEASUREMENT OF
DRY FIELD TEMPERATURE AND WET TEMPERATURE ANALYSIS
RESULTS

Using the Effective Temperature Chart based on the average dry air temperature data and
the wet air temperature analysis using a Psychometric Chart (Figure 7), it is obtained that neutral
air temperature or Effective Temperature (TE) or thermal comfort is 26.0 °C (TE), (Figure 8),
assuming the airspeed in the Dormitory room is relatively small, it is ignored (Chattopadhyay,
Hassanzadeh & Pasha, 2020; Fatras, Ma & Jgrgensen, 2021; Lim, 2021).

Standard recommendation of ASHRAE 55-1992, comfort zone in dry season thermal
comfort temperature between 23 °C-25.5 °C with relative humidity between 20% - 60% (Afroz,
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Shafiullah, Urmee & Higgins, 2019; Asumadu-Sakyi et al., 2019; Burroughs, 2019). The results
showed that the temperature of the dormitory room was 26.0 °C and the relative humidity was
40% so that the dormitory room was not in the comfort zone during the activity.

An Overview Based on Neutral Temperature

Based on previous studies carried out in several hot humid climates (in Indonesia) in
house/small buildings, the resulting neutral temperature is higher than recommended by
ASHRAE 55 standard. Research using horizontal organic garden, Effective temperature reached
25.6 °C- 26.8 °C (Pertry, Bleyaert, Demyttenaere, & Demeulemeester, 2018), while research
using vertical organic garden reached 26.6 °C—27.3 °C (He et al., 2020; Hoffman et al., 2020).
The applied vertical hydroponic garden produces an Effective Temperature of 27.7 °C (Cuce et
al., 2019; Di et al., 2020; Henke et al., 2020). Research for building conditions with natural
ventilation all studies show a higher comfort temperature between 2.2 °C-3.7 °C than the
recommended. Several studies on residential buildings; in Surabaya the effective temperature is
27.4 °C, in Jakarta it is 26.7 °C, in Banjarmasin it is 27.8 °C (Eigenbrod & Gruda, 2015; Haas &
Mayer, 2020).

Using the equation for an acceptable probability of 90%, the recommended thermal comfort
is Tn (Neutral temperature) + 2.5 TE (Effective Temperature), 80% probability of acceptance, the
recommended thermal comfort is Tn + 3.5 TE (Auliciems, 1981) (Table 2)

Table 2
RESULT OF MEASUREMENT OF AIR PARAMETERS AND THERMAL COMFORT OF
DORMITORY (INDOOR). DESCRIPTION: TEMPERATURE=AVERAGE AMBIENT AIR
TEMPERATURE, RH =AIR HUMIDITY, WIND=WIND VELOCITY, SK=DRY AIR
TEMPERATURE, SB=EWET AIR TEMPERATURE

Location Thermal Comfort Parameters Neutral Temperature/Effective
Temperature (ET)
Preliminary data Research result ET | 90 % accepted | 80 % accepted
ooy | TEMPeratre | RH | Air | SK | SB | RH | Air | °C ETS ET+2.5 ';TS +E3T5
°C % | m/sec | °C °C | % | m/sec °C °C °C °C
32,5 57 0 3211208 | 40 0 26 | 235 285 22.5 28.5

Reviewing Based on Subjectivity

Dormitory room users consist of 2 (two) men aged between 20-25 years. Assessment
Through interviews based on initial conditions and after there are indoor and outdoor parks. The
assessment of thermal comfort in the dormitory space is based on the perceptions of dorm room
users. Subjective measurement when carrying out residential activities from 09.00 to 15.00 as the
basis for data analysis of average sound prediction (PMV) PMV (Predicted Mean Vote) index by
Finger (1972) is used in calculations and analysis. The explanation of the PMV index is
numerically described as follows: cooler (-3), cold (-2), slightly cold (-1), neutral (0), slightly
warm (+1), warm (+2), hot (+ 3). Using analysis from InfoGap and Microsoft Excel, the
microclimate index calculation in the field shows the predicted range of mean sound (PMV)
between (-1) and (+1), while based on ISO 773-94 the comfort range is a comfortable condition
when PMV has values between -1 and +1, but all respondents tend to say temperatures are in the
+1 range (slightly warm).
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The results of the study of physical parameters in the arrangement of a vertical (outdoor)
hydroponic vegetable garden with a combination of indoor gardens show the fact that all
respondents stated that the air temperature was still acceptable. This is due to a decrease in air
temperature and air movement in the room even though it is relatively small (all windows are
kept open). Subjective assessments show that thermal comfort can still be felt within the tolerance
limits of respondents, even though these conditions are still below the requirements/thermal
comfort zone limits of ASHRAE 55-1992.

The thermal comfort temperature range is based on the results of research with the
maximum conditions showing TE (Effective Temperature)=26 °C, the ASHRAE 55 standard
requires a maximum of 25.5 °C, similarly the results of research in several places in Indonesia
with hot humid climates show that the Effective Temperature is below standard ASHRAE 55.

CONCLUSION

PMV conditions at the time of residential activities in the dormitory were given treatment in
the form of a vertical hydroponic vegetable garden combined with an indoor garden, in the range
of +1 (slightly warm) with a neutral temperature reaching 26 °C. The thermal comfort of the dorm
room does not meet the comfort zone of ASHRAE standard 55-92.

At a neutral temperature of 26 °C, residents can still accept the climatic conditions in the
dormitory room even though it is outside the comfort zone limits of ASHRAE standards. The
ASHRAE 55 standard cannot absolutely apply to dormitory rooms with a vertical hydroponic
vegetable garden treatment (outdoor) combined with an indoor garden in the humid tropical
climate at the research location. This study provides a sample of various conveniences that are
more flexible than the climate in Indonesia.
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