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Occupant Thermal Comfort versus Poor Air Quality of Wooden Houses in the Highlands

Hermawan Hermawan, Jozef Svanjlenka*, Elina Mohd Husini, Annisa Nabila Arrizqi, Nasyiin Fagih, Sunaryo Sunaryo

Abstract: Humans need a comfortable and healthy home to carry out activities properly. Low-income people's homes in the Highlands have poor indoor air quality due to stoves
that produce smoke. People also use stoves as a heating tool to achieve thermal comfort. This study aimed to investigate thermal comfort and poor air quality in Wooden Homes
in the Highlands. The study used a mixed method. Qualitative methods were used to obtain data on the thermal comfort of occupants. Quantitative methods were used to obtain
data on indoor air quality. The study results showed opposing aspects between thermal comfort in people in the highlands and the fulfillment of clean and healthy air. The study
also created solutions for thermal comfort and clean air quality by simulating ventilation placement.
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1 INTRODUCTION

Energy waste is still an essential issue in all scientific
fields. Science must be integrated to find solutions to energy
problems. Zero-energy buildings are one solution to reducing
energy waste [1]. Various simulations of buildings to create
energy-free buildings are carried out using various methods
[2].

Investigations into building types have also been carried
out. One type of building that is thought to create thermal
comfort for its occupants is a vernacular building [3].
Wooden houses are one of the vernacular mountain houses in
Indonesia that have local wisdom in using fireplace [4].
Wooden houses are sustainable houses that use
environmentally friendly materials [5].

The culture of heating with traditional stoves in highland
houses creates a concept of kinship that makes it comfortable
for its occupants. The community is also thermally
comfortable with heating using traditional fire stoves. Fire
stoves produce smoke that can cause health problems for
residents. Traditional fire stoves are used by low-income
people who are forced to use fire stoves for cooking [6].

Thermal comfort is the user's perception of the
environment they live in. Perception is based on the
ASHRAE thermal sensation scale [7]. Climate variables in
thermal comfort are air temperature, main radiant
temperature, air humidity, and wind speed [8]. Clothing and
activities are personal thermal comfort variables that also
affect the thermal comfort of building occupants.

Temperature is one of the climate variables always
included in the discussion of thermal comfort and building
thermal performance [9]. The discussion of air humidity is
one set with the discussion of temperature because the two
variables are closely related [10]. Discussion of the two
variables in assessing the thermal performance of buildings
is something that cannot be left out and is an integral part of
assessing the thermal performance of buildings [11].

Discussions of thermal comfort can be done using the
Predicted Mean Vote (PMV) theory. The PMV parameter is
still used even though some researchers consider it lacking
[12]. PMV is known as an expanded and flexible theory of

thermal comfort. The difference between PMV and Actual
Mean Vote (AMV) makes researchers compare the two
aspects in many research objects [13].

Discussion of thermal comfort can also be seen using
Actual Mean Vote (AMV). Thermal comfort assessment with
AMV can create a thermal comfort prediction model [14].
Operative temperature is one of the variables discussed in
AMV. Operative temperature is obtained from the average
air temperature and average solar radiation temperature [15].

Thermal comfort in vernacular houses is attractive to
discuss with the local wisdom found in vernacular houses.
Research on thermal comfort in vernacular houses requires
higher accuracy because researchers must apply quantitative
and qualitative methods to obtain comprehensive results [16].

The indoor environment can be monitored by measuring
temperature, humidity, and particulate matter [17].
Measurements are made in outdoor and indoor spaces whose
results can be compared so that differences in air content are
found in outdoor and indoor spaces [18]. The interior space
can be measured from several types of space. The interior
space that has a large particulate matter (PM) value is the
kitchen [19]. Indoor space can be measured from several
types of spaces. Kitchens have a sizeable particulate matter
(PM) value [20].

One variable in thermal comfort is wind speed. The
content of substances in the air can affect the thermal comfort
of occupants and the air quality in the room [21]. Particulate
matter (PM) can be seen from measurements, including PM1,
PM2.5, and PM10 [22]. Investigations of room air quality
more often measure particulate matter using PM2.5 [23].

Temperature and PM2.5 measurements are also a
reference in determining the criteria for sick building
syndrome [24]. Temperature is related to indoor air quality,
measured based on PM2.5 content. Both variables are
essential things that affect the comfort and health of building
occupants.

Research into indoor air quality in wooden houses under
similar conditions in the European Union is characterized, for
example, by the works mentioned below. Research in Spain
discusses historical buildings that are considered to have
local wisdom such as wooden houses. Poor indoor air quality
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can be improved by retrofitting [36]. Research on wooden
houses in Denmark that discusses the positive aspects of the
sustainability of wooden houses [37]. Indoor Air Quality has
not been discussed comprehensively in this research.
Research in Chile discusses the presence of air pollution in
wooden houses when firewood is used by low-income
communities [38]. The research discusses particulate matter
(PM) 2.5 and has not discussed other PM. Another article
does not discuss indoor air quality of wooden houses
specifically but discusses the development of wooden house
fabrication which is included in bio-based materials.
Residential houses in Central and Eastern Europe are suitable
for developing bio-based material fabrication, one of which
is wooden houses [39].

Scientific developments that discuss indoor air quality
have been widely carried out using particulate matter content
variables. However, discussions of poor air quality
juxtaposed with users' thermal comfort have not been widely
carried out. Comparisons of the thermal comfort of
residential residents based on the highlands' heating culture
have also not been discussed from an architectural or
scientific perspective. The novelty of the research is the
discussion of the study of the culture of heating with poor air
quality so that solutions will be found to maintain the culture
and solve the problem of poor air quality in the highlands.
The results of the research will have a broad impact on
society in terms of maintaining local wisdom and creating
healthy homes. The solutions provided will impact the
community's happiness because they will create health and
comfort. The purpose of the research is to investigate the air
quality inside wooden residential houses associated with the
highlands' heating culture. The research will provide a
strategy for creating good air quality without eliminating the
existing culture.

2 METHODS

The study used a mixed method. Data was collected
through observations, interviews, and measurements in the
field.

2.1 Research Object

The study was conducted on one hundred wooden-
walled houses using traditional stoves (Fig. 1). The floor of
the building uses concrete and soil materials. The roof uses
zinc. The building is not too big, ranging from 21 to 45 m>.
The ventilation of the house tends to be closed because of the
cold climate in the highlands.

2.2 Data Collection

Observation collected data to obtain data on residential
house images consisting of room plans, elevations, and
perspective images. Photos of residential houses were taken
to complete the results of more detailed residential house
images. Interviews were conducted to determine the thermal
comfort felt by the residents of the house and the activities of
the residents. Air temperature, humidity, and particulate

matter (PM2.5) data were measured using a thermal
measuring device, and indoor air quality was assessed.
Measurements were carried out every a quarter of an hour in
one day starting from 06.00-21.00 western Indonesia time.
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Figure 1 Research Object 100 wooden houses

3 RESULTS AND DISCUSSION
3.1 "Geni" culture using traditional fire stoves

The highlands in Wonosobo Regency have a cold
climate, so people need heating. The lower middle class uses
traditional fire stoves to heat their homes. Most low-income
people work as farm laborers and have wooden houses. The
heating process using traditional fire stoves has been carried
out since ancient times and still persists today.

The heating process has become a culture of gathering
for highland people. Several areas in Wonosobo Regency call
the culture of gathering by lighting a fire the "geni" culture.
Several other areas call it the "genen" culture. The "geni"
culture is a place to gather while warming up. The "geni"
culture, initially only intended for warming up, has changed
into a social need for the community.

The "geni" culture is a place to discuss everything from
informal to formal. Informal discussions include daily
activities related to agriculture, personal problems related to
family life, and social relations problems. Formal
discussions, such as hamlet or village-level meetings, are also
sometimes discussed while warming up with a traditional fire
stove.

Observation results from 100 wooden houses that use
traditional fire stoves show that the traditional fire stove
functions primarily as a heating tool, while cooking is an
additional function. The traditional fire stove is used to cook
rice without using a magic jar. People often use the magic jar
to cook rice because it cooks faster. The traditional fire stove
is used more to boil water to make coffee. For people who
cannot afford to buy a magic jar, they will use the traditional
fire stove as the main cooking tool.

The traditional fire stove is placed in the kitchen with a
small table and chairs. A small table known as "dingklik" is
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used to put drinks and snacks. A small chair known as Several chairs in the kitchen are used as "ngendhong"
"jengkok" is used for residents of the house or guests who facilities.
visit the house to chat. People call chatting "ngendhong".

30
28
26
—_
<
i}
o
=
=
=
£
5 22
=3
£
&
£
<
18
16
14
SOV OVOWVMOVMOVOVWOWVWOVNOVOVWOVWODNOVWODVWOWLWODNODVNDNONDNO YD VOMOWVMONOWVODNOWYD
cmote-odtecaodTe o odfesaoTe T e oo ndTecaodTecodte oot o aTe
CE TN E XXX FTAFTRSSS S S D ddddd I I LI IR R ECECEEEELXLXRIRASS S S
Hour
e— ouse 1 e— House 2 e House 3 e— OUsC 4 e House 5 House 6 — FOUSC 7 House 8 House 9 House 10
—OUSC 1] —Ouse 12— em—House 13— em—House 14 s House |5 —emm— House |6 e House 17 House 18— eommmmm—ouse 19 — emmmm—House 20
— House 2]  e—Housc 22— em—Housc 23 e House 24 e House 25 s House 26 House 27 e House 28 House 29 House 30
—HOUuse 3] — HOusC 32— em—ousc 33— em— Housc 34 —m— HOUSC 35— em—OUSC 36— em— House 37 e Housc 38 House 39 esmmms House 40
e House 41 House 42 e House 43 oo House 44 — emm—House 45 —emm—House 46 — emm— House 47 — emm— House 48 House 49 House 50
House 51 House 52 House 53 House 54 ~ emmmmmmmm House 55 e House 56 e House 57 House 58 House 59 House 60
— House 6] —em— House (2 —e—House 63 —e—House 64 —em—House 65 —em— HOUSE 06 —em— House 67 House 68 House 69 House 70
s House 71 House 72 ~ e House 73 oo House 74 — emm—House 75 emm—ouse 76 — emmmm—House 77 House 78 House 79 House 80
House 81 essss House 82 House 83 House 84 e House 85 —emm—House 86 —emm—House 87 House 88 House 89 House 90
House 91 House 92 House 93 House 94 House 95 House 96 e House 97 House 98 House 99 House 100
Figure 2 Indoor Temperature
100,00
90,00
. 80,00
=
£
=
= 70,00
@
>
E=
2
&
60,00
50,00
40,00
SOV OMOWMONMOWVLODNONDNOWYDNOD v o o wn o nownmowno nownmowno nowmowvwownowvo
SnodenoaigenarenareioTen TewaT TemaTe TemaTe TemovIenoeTe
CEECHERNEEXLLLLRNANRNS S S S~ == A on <+ v v v v o ol S ] BRI RNANS S S S =
—==2==E== — = == - =225 = _———— = S22 Z22aaaaa
Hour
e— House | e—HoUsC 2 House 3 e— House 4 House 5 House 6 —House 7 —FOUSC § e—House 9 —House 10
—OUSC 1] e—Ousc 12— em— Housc 13 —em— House 14 e House 15 e House 16 e House 17 House 18 eommmmmm— House 19 — emmmmm—House 20
— House 21— eo—House 22 —em—House 23 e House 24 e House 25 e House 26 House 27 e House 28 House 29 House 30
e— House 3] emm— House 32 — em— House 33 — em—House 34 — emm—House 35 — emmmm—House 36 House 37 House 38 House 39 House 40
House 41 House 42 e House 43 — eos—House 44 — esm—House 45 — eom—House 46 — emm— House 47 — em— House 48 House 49 House 50
House 51 House 52 House 53 House 54 — e House 55 — ewm—House 56 — e House 57 — emm—House 58 — emm—House 59 e House 60
—HOUSE 6] e— T{OUSC 62 —e— Fousc (3 —em— HOusc (4 —e— OUSC 65 —em— OUSC 6 —e— Housc (7 —em—House 68 e House 69 e House 70
House 71 House 72 e House 73 o House 74 — emmm—House 75 — eom—ouse 76  emmmm—House 77 House 78 House 79 House 80
House 81 House 82 House 83 House 84 e House 85 — o Housc 86 — eom—Housc §7 — eom—House 8§8  emm—House §) — emm—House 90
House 91 House 92 House 93 House 94 House 95 House 96 ~ o House 97 — comm—House 98 — em— House 99 — emm— House 100

Figure 3 Indoor Relative Humidity
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Interview results from residents of the house explained
that residents feel warm and comfortable when they are in the
kitchen. The occupants feel calm, comfortable, and peaceful
in the presence of a burning stove. The occupants feel calm
in the presence of a burning stove because it indicates that the
occupants have food that can be eaten. The feeling of comfort
arises with the warming process due to the stove's heat. The
feeling of peace from the occupants occurs due to the
harmony with routine socializing. Problems can be resolved
when gathering in the kitchen by lighting the stove.

3.2 Air Temperature and Humidity

One hundred houses have similar air temperatures. The
lowest air temperature of 13.75 °C was obtained from house
59 at 21.00 (western Indonesia time). The highest air
temperature 0f 29.90 °C was obtained from house 37 at 13.15
(western Indonesia time). The average air temperature of one
hundred houses is 22.86 °C (Fig. 2). Comfortable air
temperatures in mountainous areas are around 24 °C,
indicating that people should still feel cold with indoor air
temperatures below mountain communities' comfortable
temperature [25]. People feel comfortable with the presence
of a fire pit as a heating device, coupled with a feeling of calm
and serenity, making the cold air temperature not too felt by
the house's occupants.

The humidity between one wooden house and another
shows similar results. The lowest humidity of 40% was
obtained from house 63 at 12.00 (western Indonesia time).
The highest humidity of 99.96% was obtained from house 60
at 18.30 (western Indonesia time) (Fig. 3). House 63 more
often uses traditional stoves, thus reducing the water content
in the room. Using stoves that produce smoke will make the
air in the home environment drier, resulting in the lowest
humidity. House 60 shows wet conditions with the floor still
made of soil. The water in the soil floor is higher than other
floor materials. The vegetation around house 60 is quite a lot
and will produce water vapor, thus making the surrounding
humidity high.

3.3 Particulate Matter (PM2.5)

Traditional stoves will produce smoke in the kitchen
(Fig. 4a). The distribution of smoke in each house is
different, but most of the smoke cannot escape smoothly
because ventilation is not available properly. Some houses
have kitchens with minimal ventilation so that the spread of
smoke reaches the family room and living room (Fig. 4b).
Highland communities cannot eliminate traditional stoves
with the "geni" culture, which is believed to create harmony
within the community. In addition, low-income communities
consider stoves to be cheaper than gas stoves. People can get
wood fuel for stoves from the forest. Taking wood for fuel is
known by the community as "repek".

Particulate matter in wooden houses with stoves can be
caused by several aspects, such as dust pollution from
wooden wall materials, smoke produced by the stove, and
dust from the dirt floor used. Smoke from traditional stoves

significantly increases PM2.5 values (Fig. 5). Other smoke
comes from motorcycle exhausts placed in the living room.

Figure 4 a) Smoke is coming out of the stove; b) Lack of ventilation in the kitchen

The highest value of particulate matter (PM2.5) in the
research object occurred in house 63 at 14.00 (western
indonesia time) at 426 pgrams/m’. A very high value for
PM2.5 occurred in house 63 due to smoke. Traditional stoves
in house 63 are more frequent because the occupants do not
have other cooking utensils, such as magic jars. The lowest
PM2.5 value occurred in house 59 at 12.45 (western
indonesia time) at 0.9 pgrams/m* because the traditional
stove was not used at 12.45 (western indonesia time). The use
of traditional stoves greatly affects the PM2.5 value. The
particle content originating from wooden wall materials or
dust from dirt floors is insignificant in affecting the PM2.5
value. Low-income people inhabit house 59. The average
PM2.5 value from one hundred houses is 62.11 pgrams/m?.
The average value remains higher than the minimum PM2.5
threshold of 40 pgram/m?. One hundred wooden houses used
as research objects had poor air quality regarding PM2.5
content.

Data analysis of the relationship between PM
(Particulate Matter) and temperature using visualization with
tecplot software. The relationship between air temperature
and PM2.5 in one hundred houses shows graphic variations.
Very high PM2.5 values occur in several houses throughout
the day, both when the temperature is 18.5 to 24 °C (Fig. 6a).
Several other houses show high PM2.5 values when the air
temperature is between 19 and 22 °C (Fig. 6b).

The average thermal variables of one hundred houses
from 06.00-21.00 can be seen in Fig. 7. Air temperature (Ta),
mean radiant temperature (MRT) and operative temperature
(To) show similar results. The variable values are between 20
and 30 °C. Relative humidity (RH) is seen between 60-80%.
Velocity is closer to still, so the value obtained is not more
than 0.1 m/s. Thermal sensation votes (TSV) have more
negative values because of the cold climate conditions.
PM2.5 (Particulate Matter) content of more than 50
pgram/m’ is higher than the maximum limit of PM2.5
content required of 40 pgram/m>. The clothing and activity
variables of the occupants are variables that are taken into
account in thermal comfort. Most occupants of buildings in
the highlands wear long-sleeved clothes, long pants for men,
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and skirts for women. The community also wears a special
head covering for men and a jilbab for women. The clothing
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3.4 Air Quality Improvement Strategy

Air quality improvement can be improved by improving
architectural elements so smoke can exit the room smoothly.
Clean air from outside that enters the room can push smoke
out of the room properly. Ventilation is one element that
needs to be optimized to create healthy and clean air
elements. Ventilation in the kitchen can be added by directing
smoke outside, but it can still warm the room. Creating an
Air Quality Improvement Strategy using Computational
Fluid Dynamic (CFD) Revit.

The kitchen of a wooden house has ventilation but is
often closed because of the cold climate in the highlands.
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Airflow is not free to escape through closed ventilation (Fig.
8a). Open ventilation will smooth the airflow even though it
cannot remove smoke in the room (Fig. 8b). Standard
ventilation with a size of around 60x40 cm cannot push
smoke out of the room.

Building improvements are needed to create thermal
comfort and health for building occupants. The building
envelope is one factor that needs to be improved to improve
the quality of the building [26]. Designing wooden
residential products is one solution to creating sustainable
buildings. Wooden houses need to be designed with a modern
model so that people are more interested in building those
[27].

Ventilation is an architectural element that determines
the air exchange in a room. Wooden houses in the highlands
use more windows that can be opened. Smoke from
traditional stoves will flow towards the window after rotating
in the room. Traditional stoves make the exchange of air in
the room (Fig. 4). The placement of existing windows needs
to be supplemented with other ventilation so that the airflow
becomes smoother. The cross-ventilation model will make
the airflow move more freely [28]. Effective windows in the
kitchen will improve kitchen performance and make the
house healthier [6]. The size of the windows in the kitchen
needs to be adjusted to the activities in the kitchen so that
more outside air enters the kitchen and can replace the hot air
produced by the kitchen [29]. Increasing air volume in the
room will create thermal comfort for building users [30].
Airflow and thermal comfort can be achieved with the cross-
ventilation model. Cross ventilation will create airflow that
can bring thermal comfort [31].
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Figure 8 a) Airflow in a room with closed ventilation; b) Airflow out through one open vent

The first alternative solution to overcome smoke is to add
a hole in the roof (Fig. 9a). Smoke does not move directly
towards the hole in the roof. Some smoke moves around in
the room, and some towards the hole in the roof. Roof
windows perform better than mechanical ventilation. The
roof window needs to be designed in such a way that it can
circulate air smoothly [32]. Roof ventilation can also lower
the air temperature, creating thermal comfort for users.
Airflow from roof ventilation can lower the temperature by
7% [33].

The second alternative is to make a chimney so that the
smoke can be directed out through the chimney. Using a

chimney to channel smoke out of the house has been
recognized as effective. A chimney can use solar energy [34].
The determination of the slope of the chimney needs to be
adjusted to the type of activity and airflow in the room [35].
Using chimneys for low-income people is quite difficult
because the cost of making chimneys is quite large. The
chimney design needs to be simple but highly effective. The
design can be made using zinc material from the teer place.
Several houses in the highlands owned by low-income people
use "blek," a used teer place, as an additional wall. The
chimney's slope can affect the smoke exit from inside to
outside the room.
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Figure 9 a) Addition of roof ventilation; b) Addition of a roof chimney.

4 CONCLUSION

Thermal comfort that is contrary to the fulfillment of
health in homes occurs in highland areas. Ventilation is one
of the important parts that needs to be created in order to be
a solution in creating healthy and energy-efficient homes.
The thermal comfort of residents of wooden houses in the
highlands is fulfilled by the "geni" culture that the highland
community has carried out for generations. Poor air quality
occurs in wooden houses with inadequate ventilation, so air
cannot circulate properly. The thermal comfort of the
occupants that has been met needs to be maintained, and
additional ventilation is needed so that airflow is smoother.

The strategy that can be done so that the culture of the
occupants can be maintained and good thermal comfort is
created by adding building elements to the kitchen. Improper
ventilation placement makes the smoke from the fireplace
unable to escape smoothly so that the placement and opening
of the ventilation need to be modified so that the smoke can
escape smoothly. Roof ventilation needs to be made so that
some of the smoke can escape through the roof hole. The
chimney needs to be made with a placement close to the
center of the smoke so that the smoke can exit the room
directly. The recommendation for further research is a
strategy for creating thermal comfort that can be connected
to sensors so that automation is created to create thermal
comfort without eliminating the culture that has developed in
society.
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