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Abstract

The indoor thermal environment has a significant impact on people”s physical
and mental well-being. To avoid health issues caused by an uncomfortable indoor space,
such as heatstroke in summer, an air conditioner (AC), as an active design is used in
the building. However, AC is the largest energy end use in buildings both in the
residential and non-residential sectors, which give a significant impact on the
environment, contributing to environmental issues such as climate change. To address
the environmental issues, it's essential to reduce energy consumption, while also
improving indoor thermal comfort such as adopting passive building design. In this
study, we focused on Doma and natural ventilation as passive design and conducted
actual measurements and simulations of residential buildings and educational facilities
in order to clarify the optimal placement of Doma and the environmental improvement
effects of natural ventilation and air conditioning, or a mixed mode that combines both.

In Chapter 1, the background and purpose of the research were elaborated. In
Chapter 2, literature reviews of related studies were sorted out. In Chapter 3, research
methods used in this thesis were described. The thesis consists of three main cores. In
Chapter 4, the indoor thermal environment was investigated in the residential sector,
as one of the biggest contributors to energy consumption. In this thesis, the Japanese
traditional house (Minka) was chosen considering its eminent natural environmental
control system in summer. Measurement and questionnaire were conducted to
investigate the secret of passive cooling of the Minka. The result showed that Doma
has a great influence on passive cooling in the Minka.

In Chapter 5, the indoor thermal in educational buildings classrooms after AC
installation to overcome heatstroke increase among students will be investigated. In
addition, this chapter also investigates the AC energy use (EU) changes in junior high
schools before and during the COVID-19 pandemic, when natural ventilation must be
integrated with AC to reduce airborne virus transmission risk with improving
ventilation in the buildings, while still considering the indoor thermal comfort. The
result showed that AC EU increased significantly during the pandemic when natural

ventilation is used together with AC.



In the first section of Chapter 6, the simulation of indoor air temperature
based on three Doma layouts was carried out as the continuation of passive cooling
design secret exploration based on the Chapter 4 findings. A simulation of the Doma
position was done to find the best position of the Doma for cooler indoor thermal in
the summer. The result showed that the air temperature in the rooms was lower when
the Doma is positioned on the south side. The idea of passive cooling secret in Japanese
Minka is brought to the design strategy in modelling of the simulation in later section
of Chapter 6. In this section, the simulation of a fully natural ventilated, air-
conditioned, and mixed mode ventilated classroom was carried out with some
independent variables, such as design strategies, AC set-point, air change per hour,
and ventilation pattern (continuous, intermittent, and based on outside air
temperature) as the continuation of energy-saving optimization based on the Chapter
5 finding. A fully natural ventilated room was simulated to examine the indoor thermal
comfort of the room, while an air-conditioned and mixed mode ventilated room was
examined to find the comparison of those AC cooling and heating loads when the AC
set-point was set to specify the indoor thermal comfort in the room. The result shows
that the idea of south side addition space, which is brought from previous simulation,
reduces AC cooling load in summer. The result also shows that indoor thermal comfort
in a fully natural ventilated room could not be reached regardless of the design
strategies, in the summer and in the winter. It also found that continuous mixed mode
ventilated room has higher cooling load than the air-conditioned room in the summer,
and extremely higher heating load in the winter. However, the cooling and heating load
in the intermittent mixed mode ventilated room was not too high as the continuous
mixed mode ventilation. It could be adapted when natural ventilation is necessary for
preventing airborne disease transmission. While for energy-saving strategy, based on
outside air temperature mix-mode ventilation can be adapted since it can be reduced
to 0.97 times of cooling and heating load in higher AC set-point in summer, and lower
AC set-point in the winter.

In Chapter 7, a discussion of the result and analysis of Chapters 4, 5, and 6
was expounded, and the conclusion of the thesis will be summarized and elaborated

with the problem statement and research questions.
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1.1. General background

1.1.1. Environmental issues, energy, and indoor thermal comfort

Energy is the economic and social development essential material basis [1].
However, the large number of energy consumption will significantly impact the
environment, contributing to various environmental issues such as climate change, air
pollution, and natural resource depletion. Energy production and consumption are
responsible for significant greenhouse gas emissions, contributing to climate change, a
global environmental issue. Climate change is causing rising temperatures, sea level rise,
and extreme weather. These events can have a significant impact on human populations
and health. Burning fossil fuels to produce energy is the primary cause of greenhouse gas
emissions, contributing to climate change. To address these environmental issues,
reducing energy consumption and decreasing the depletion rate of world energy reserves
and pollution of the environment have become essential [2]. Also, it has become an
important orientation of environmental policy worldwide to reduce emissions. Energy
efficiency measures such as building insulation, using energy-efficient appliances, and
public transportation can help reduce energy consumption and lower greenhouse gas
emissions. Taking action is essential to help mitigate the negative impacts of energy
consumption on the environment and ensure a sustainable future for future generations.

Environmental issues, energy, and indoor thermal comfort are interconnected
topics that significantly impact our daily lives. Energy consumption in buildings is one
of the major contributors to environmental issues, and it also affects indoor thermal
comfort. This essay will explore the relationship between these three topics and their
impact on our environment and well-being. Buildings are responsible for significant
energy consumption, accounting for approximately 40% of global energy consumption
and 30% of greenhouse gas emissions. Buildings’ energy consumption or demand is
predicted to grow worldwide in the following decades [3]-[5]. The energy used for heating
and cooling buildings comes from fossil fuels, which release carbon dioxide and other
harmful gases into the atmosphere, contributing to global warming and climate change.

Using energy-efficient building designs and technologies can help reduce energy
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consumption and mitigate the environmental impact of buildings. Passive building design,
which utilizes natural resources such as sunlight and wind to control the temperature
and ventilation inside a building, is a popular strategy for reducing energy consumption
in buildings. Incorporating renewable energy sources such as solar panels and geothermal
systems can also help to reduce reliance on fossil fuels.

Energy consumption also affects indoor thermal comfort. The indoor thermal
environment significantly impacts our physical and mental well-being. An uncomfortable
indoor temperature can lead to health issues such as dehydration, heatstroke,
hypothermia, and other health problems. Passive building design features can improve
indoor thermal comfort by regulating the temperature and ventilation inside a building.
These features include insulation, shading devices, natural ventilation (NV), and thermal
mass, which can help to maintain a comfortable indoor temperature and humidity level.
Environmental issues, energy, and indoor thermal comfort are interconnected and
significantly impact our daily lives. Energy consumption in buildings is a major
contributor to environmental issues and affects indoor thermal comfort. Passive building
design and using renewable energy sources can help reduce energy consumption and
mitigate the environmental impact of buildings while also improving indoor thermal
comfort. By prioritizing sustainable and energy-efficient building design, we can create a
healthier and more sustainable future for ourselves and the planet.

Backgrounded by this significant environmental issue, this thesis will focus on
indoor thermal comfort in some sectors in some change times based on human lifestyle
or behavior changes, which use passive-active hybrid design strategies and aim to assess

the impact on the occupants®™ thermal sensation and energy use.

1.1.2. Energy demand in residential sector and passive design strategies

As previously discussed, taking action might be important to help mitigate the
negative impacts of energy consumption on the environment. Passive design strategies
are considered to be one of the significant efforts to handle this issue in building design.
The high potential of buildings towards energy efficiency has drawn special attention to

the passive design parameters [6]. Passive design is an approach to building design that



maximizes natural heating, cooling, and ventilation to reduce the energy consumption of
a building. Studies show that residential buildings consume a considerable amount of
energy among other energy consumption sectors [7], consisting of 14 % of total energy
consumption in Japan [8|, 16.6 % in Canada (2017) [9], and 16 % in The U.S.(2021) [10].
Among different building subsectors, residential buildings comprised around 40 % of the
total building energy consumption [11].

Passive design is a set of principles and strategies that aim to create comfortable
and energy-efficient buildings without relying on mechanical heating or cooling systems.
The passive design takes advantage of natural phenomena such as sunlight, shade, wind,
and thermal mass to regulate the internal temperature of a building. Passive design
strategies include optimizing building orientation, designing for solar gain, using natural
ventilation, and incorporating thermal mass. These strategies can be used in any climate,
although the techniques will vary depending on the local climate and building materials.
Passive design strategies have been applied to residential sectors for many years. This
approach has been used in vernacular architecture for centuries, and it has become
increasingly important in modern architecture due to the growing concern for
sustainability and the need to reduce energy consumption. Vernacular architecture refers
to the traditional buildings and dwellings designed and constructed by local communities
using local materials and traditional building techniques. These buildings are often
adapted to the local climate and environment and utilize passive design strategies to
comfort the occupants. One of the fundamental principles of passive design in vernacular
architecture is using local materials. Local materials are often readily available, affordable,
and sustainable. In addition, they are adapted to the local climate and environment, and
they can be used to provide thermal mass, insulation, and shading.

Passive design strategies to provide satisfactory indoor thermal comfort were
applied in traditional buildings in hot climate regions [12]-[15]. n hot climates, buildings
may be designed to maximize shading and airflow, while in cold climates, thermal mass
and insulation are crucial. Another principle of passive design in vernacular architecture
is using natural ventilation. Ventilation is important in hot and humid climates where
indoor air quality can be poor, and cooling is necessary for comfort. Vernacular buildings

often use passive ventilation systems such as wind catchers, chimneys, and operable
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windows to provide NV and cooling. Passive solar design is also an important principle
of vernacular architecture. The passive solar design utilizes the sun's energy to provide
heating and lighting to a building. In hot and humid climates, passive solar design can
be used to provide shading to reduce heat gain, while in colder climates, it can be used
to provide solar gain to reduce heating requirements. By understanding and incorporating
these principles in modern architecture, we can reduce energy consumption, promote
sustainability, and create buildings that are adapted to the local climate and environment.

Japan's traditional houses, also known as Minka, have been known for their
passive design, which utilizes natural resources to create a comfortable living environment.
One of the key features of traditional Japanese houses is their use of natural materials
such as wood, paper, and clay. These materials have excellent insulation properties, which
help regulate the house's temperature and humidity. The houses are also designed with
large overhanging eaves and windows that can be opened or closed depending on the
weather, allowing for NV and airflow. Another important feature of traditional Japanese
houses is the use of shoji screens and fusuma sliding doors, allowing room configuration
and airflow flexibility. There is renewed interest in traditional Japanese houses and their
passive design features as people look for sustainable and energy-efficient building
solutions. Architects and designers are exploring ways to incorporate these traditional
design elements into modern buildings, creating a fusion of old and new. Traditional
Japanese houses are an excellent example of passive design, utilizing natural resources to
create a comfortable and sustainable living environment. Their design features, including
natural materials, flexible room configurations, and incorporation the surrounding
landscape, provide a blueprint for energy-efficient and sustainable building design. As we
face the challenges of climate change and energy consumption, traditional Japanese
houses offer a valuable lesson in how we can work with nature to create a sustainable
future.

The yearly average of the highest air temperature in the summer season in
Fukuoka, Japan, comes in August, reaching a mean temperature of 28.1°C and a daily
maximum temperature of 32.1°C, with 72% relative humidity, according to the Japan
Meteorology Agency's observed data from 1981 to 2010. Residential houses should be

planned using passive design as much as possible to achieve indoor comfort during this
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season, considering global environmental issues and reducing building energy
consumption. In addition to being a cultural inheritance with strong vernacular wooden
house characteristics, the traditional Japanese house (Minka) has been known to perform
well in the summer season during the old period. The good points of traditional Japanese
house characteristics are still being explored since the residents' lifestyle has transformed,
adapting to the modern lifestyle. In this thesis, Japanese Minka will be the focus of study
in Chapter 4. The main focus of this Minka investigation is to understand more deeply

the passive design strategies in Minka, especially in summer.

1.1.3. Increase of heatstroke among students

Extreme air temperature caused by urban heat islands in the summer leads
to thermal stress and causes an increase in the number of heatstroke patients in Japan
[16]-|18]. From May to September 2018, an extremely hot summer in Japan, the
number of emergency patients with heatstroke was 95,137 nationwide, of which 32,496
were hospitalized and 160 died [19], [20]. Figure 1.1.1 shows that residential is the most
common place for heat stroke occurrence. As shown in Figure 1.1.2, seniors take the
highest position of heat stroke patients. However, the number of children (7 to 18 years
old) who experienced heatstroke also increased from 7685 to 13192 in 2018 [20]. The
percentage of heatstroke occurrence by place shows that educational institution is not
over 10%. However, it might not be ignored since the extreme increase in 2018, and

children are the next nation"s generation, which should be paid attention seriously.
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Figure 1.1.1. Items by place of the heat stroke occurrence in Japan in 2018
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Figure 1.1.2. Number of people transported by ambulance by age group

In recent years, about 5000 cases of heatstroke have occurred every year in
Japan’s elementary schools, junior high schools, high schools, and other educational
facilities, exceeding 7000 cases in 2018 [21]. For this reason, the “Ministry of Education,
Sports, Science, and Technology, Japan (MEXT)” has allocated a special local grant for
“air-conditioning (AC)” equipment installation in school facilities [22|. As a result, AC
installation in typical classrooms is increasing rapidly in public elementary and junior
high schools in Japan nationwide, from 6.2% in 2004 to 93.0% in September 2020 [23].

This study investigates indoor thermal in residential, the most common place
where heat stroke occurs, and educational buildings, especially classrooms, to assess the
indoor thermal comfort for students to optimize learning performance and avoid
heatstroke. Not only the heatstroke issue, recent studies also find that many new school
buildings are failing to meet minimum comfort standards, leading to students’ low
productivity and the need for more air conditioning devices that consume more energy

[24].

1.1.4. Impact of COVID-19 (Corona Virus Disease 2019)

COVID-19 is a disease caused by a novel coronavirus named SARS-CoV-2. The
virus was first identified in Wuhan, China, in December 2019, and since then, it has
spread rapidly across the globe, leading to a pandemic that has affected millions of people.

The COVID-19 pandemic began to spread worldwide and Japan without exception at
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the beginning of 2020. The Japanese government confirmed the country's first case of the
disease on 16 January 2020 [16]. In Japan, from 3 January 2020 to 4:16 pm CEST, 3 May
2023, there have been 33,720,739 confirmed cases of COVID-19, with 74,542 deaths
(Figure 1.1.3) reported to WHO [17].

33,720,739

confirmed cases

Junzo

74,542

deaths

Figure 1.1.3. COVID-19 confirmed cases and deaths in Japan from January 2020 to
May 2023

The COVID-19 pandemic itself has brought positive environmental effects due
to movement restrictions and a significant slowdown of social and economic activities,
such as air quality improvement with a reduction in water pollution in different parts of
the world [25]. Lockdown caused by COVID-19 has resulted in 20-77% reductions in
emissions of nitrogen oxides, reduced by 16-60% in different cities, and emissions of CO»
were also reduced between 5 and 10% [26]. Besides the positive environmental effects,
some negative environmental effects in residential are necessarily reported as study and
work activities were done at home during the lockdown. The increase in electricity and
gas consumption due to the longer time spent at home during Work-From-Home (WFH)
needs to be underlined [27]. Some research found that the length of WFH time during
the pandemic lockdown affected an increase in energy consumption, especially from using
a home computer, internet, rice cooker, AC, and water needs in a household [28|. Further,
AC is a factor that has a significant negative effect on the increase in household electricity
consumption during the pandemic [29]. Study shows that AC can put enormous pressure
on electricity systems and drive emissions [30].

In other studies Chaloeytoy et al., 2022 found that switching to the online
learning mode significantly decreased electricity consumption in higher education

facilities in Thailand [31]. Samuels et al., 2021 also found that the impact of COVID-19
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on the EU of schools in South Africa results show a substantial reduction ranging between
30% and 40% during the hard lockdown [32]. Therefore, based on previous studies, the
negative environmental impacts of the pandemic on the household and the positive
environmental impacts in educational facilities during lockdown are found.

The COVID-19 pandemic has brought global attention to the importance of
indoor air quality, particularly the role of carbon dioxide (CO2) levels in indoor
environments. CO2 is a naturally occurring gas produced by human respiration,
combustion, and other natural processes. In indoor environments, high CO2 levels can
indicate poor ventilation, which can significantly impact human health and well-being.
Studies have shown that high COaz levels in indoor environments can lead to various
negative health effects, including headaches, fatigue, dizziness, and decreased cognitive
function. These effects can be particularly concerning in the context of the COVID-19
pandemic, as they can exacerbate the symptoms of the virus and reduce the body's ability
to fight off infection. The concentration of CO2 in indoor spaces depends on the number
of people in a room and the people's physical activity. The higher the CO2 concentration,
the higher the concentration of aerosols (microdroplets produced by breathing) that may
contain microorganisms, bacteria, and viruses, increasing the risk of disease transmission.
One potential explanation for the link between indoor COz levels and COVID-19 is the
impact of ventilation on viral transmission. Poor ventilation in indoor environments can
increase the concentration of viral particles in the air, making it easier for the virus to
spread from person to person.

The concentration of CO2 in indoor spaces is mainly affected by the ventilation
rate, which determines the amount of fresh air entering the space. When the ventilation
rate is low, CO2 levels can build up quickly, leading to various health problems. Recent
research suggests that high indoor CO2z levels may increase the risk of COVID-19
transmission. A study conducted in a hospital in China found that the risk of COVID-
19 transmission was significantly higher in rooms with higher CO2 concentrations. The
American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE)
established CO2 concentration standard guideline to reduce the risk of disease
transmission and recommends a maximum indoor CO2 concentration of 1,000 parts per

million (ppm) for spaces where occupants are engaged in sedentary activities, such as
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offices and classrooms. For spaces where occupants engage in physical activities, such as
gyms, ASHRAE recommends a maximum indoor CO2 concentration of 800 ppm. Other
organizations, such as the World Health Organization (WHO), recommend indoor CO2
levels below 1,000 ppm. The WHO recommends a range of 500-1,000 ppm for general
indoor air quality, with levels below 800 ppm considered optimal. To achieve these indoor
CO2 levels, ensuring adequate ventilation in indoor spaces is essential. It can be achieved
by using mechanical ventilation systems, such as air handlers or energy recovery
ventilators, or by simply opening windows and doors to allow fresh air to enter the space.
Additionally, using air purifiers or air cleaners can help remove harmful pollutants,
including COg, from indoor air.

The Japanese government issued a document on February 28th asking all
elementary, junior high schools, and high schools nationwide to temporarily suspend
classes from March 2nd, 2020, until the end of spring break 2020. Later, MEXT
announced a new guideline for the reopening of schools after spring break and another
new guideline for a temporary closure in the new school term as of March 24th, 2020.
This reopening of schools might be in line with the new study that found no evidence
that school closures in Japan caused a significant reduction in the number of coronavirus
cases [33]. MEXT established new regulations related to indoor ventilation for reducing
COVID-19 virus transmission in schools after reopening schools in April 2020.

In this thesis, Chapter 5.3, AC EU of several junior high schools will be
evaluated to grasp the environmental effects of the COVID-19 pandemic in educational
buildings when the lockdown is discontinued through massive data from several junior
high schools in Oita City and compared to AC EU before the pandemic, which is still
rarely investigated in other research studies. It will evaluate the AC EU when opening
ventilation regulations are enforced to decrease infectious disease transmission. This
regulation of NV is expected to impact the AC EU when the outside temperature affects
indoor comfort causing changes in the regular AC setting temperature. This study will
assess how the issue significantly affects AC EU changes. From this research result, it is
hoped that planners, engineers, and the government will be able to play an important
role in educational buildings, such as policy or regulation making, mechanical ventilation,

and AC equipment innovation so that energy conservation strategies can be made.
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1.2. Problem statement and research question

With the various backgrounds that have been described previously, many issues
need to be considered in achieving thermal comfort in a room. With the increase in
heatstroke and changes in lifestyle/time due to certain things, such as infectious diseases,
and their relation to energy, big questions arise about whether there are passive design
secrets or strategies reveal for energy-saving to overcome environmental issues and
changing time issues. In this thesis, the author will discuss indoor environmental
improvement in residential and educational building sectors with passive-active hybrid
design strategies as the main link. In this thesis, mechanical ventilation will not be
discussed. The scope of this study will be limited by the use of air conditioners and
natural ventilation.

Air conditioning systems are commonly used in many indoor environments,
particularly during the hot summer months. However, air conditioning can be energy-
intensive, leading to higher electricity bills and contributing to environmental problems
such as greenhouse gas emissions. One potential solution to this issue is optimizing
passive-active hybrid design strategies, such as the optimization of NV. This thesis
explores the potential benefits of this approach, particularly in terms of its effect on the
indoor thermal environment and air conditioning energy use.

NV uses outdoor air to cool indoor spaces by opening windows and doors and
using fans to increase air circulation. Air conditioning, on the other hand, involves using
a mechanical system to cool indoor spaces by removing heat and humidity from the air.
While these two approaches differ in their mechanisms, they can be used together to
create a more comfortable indoor environment and reduce air conditioning energy use.
The combination use of NV and air conditioning can improve the indoor thermal
environment by reducing the load on the air conditioning system. Using NV to cool
indoor spaces during cooler times of the day or mild weather conditions, the air
conditioning system can be turned off or run at a lower capacity. It can lead to a reduction
in energy use and lower electricity bills. Additionally, using NV can improve indoor air
quality by introducing fresh outdoor air into the space.

However, the combination of NV and air conditioning also has potential
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drawbacks. For instance, NV may not be effective during extremely hot or humid weather
conditions, which can cause discomfort to occupants. Additionally, NV may introduce
outdoor pollutants, such as pollen or particulate matter, into indoor spaces. Finally, the
effectiveness of the combined use of NV and air conditioning may vary depending on the
indoor environment, including factors such as the size of the space, the building
orientation, and the local climate. It is essential to consider the specific needs of each
indoor environment to optimize the combination use of NV and air conditioning. It may
involve a hybrid ventilation system integrating NV and air conditioning, such as a mixed-
mode ventilation system. In such a system, the air conditioning system is only used when
necessary, such as during extremely hot or humid weather conditions.

The combination of NV and air conditioning can provide several benefits,
including improving the indoor thermal environment, reducing air conditioning energy
use, and improving indoor air quality. However, it is essential to consider this approach's
potential drawbacks and optimize the ventilation and air conditioning system based on
the specific needs of each indoor environment. By using a hybrid ventilation system, it is
possible to create a more comfortable and energy-efficient indoor environment while also
promoting environmental sustainability. The problem that will be underlined in this
study is whether there are passive design secrets or strategies revealed, such as a passive-
active hybrid system, for energy-saving to overcome environmental issues and changing

time issues.

1.3. Aims and objectives

This study aims to grasp, analyze, and assess the integration of indoor thermal
environments, energy use, and passive-active hybrid design strategies comprehensively
with observation, measurement, questionnaire, and simulation methods, especially in
residential and educational building sectors. Passive design is the design in the building
using the climate and natural elements to get the optimum benefit for maintaining a
comfortable temperature and to reduce the independence on heating, cooling and lighting
mechanical systems [34]. While active design is a building design as the incorporation of

active devices or electricity to achieve comfortable building and uses technologies such
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as solar panels, heat harvesting systems or wind turbines to convert energy into electricity.

These systems are called “powered”, because they use electricity.

1.4. Novelty and contributions

There are numerous studies have been conducted in this field of study. In this
thesis, the novelty and contribution are explained in each sub-chapter. The research

contributes novelty to the fields of study for each sub-chapter is described in Table 1.4.1.

Table 1.4.1. Novelty and contribution

Chapter

Section

Novelty

Contribution

Chapter 4.
Indoor thermal
investigation of
traditional

house

2. A Comparative
Study on Similarity
and Differences of
Physical Characteristic
between Traditional
House of Japan and
Indonesia: Case Study
Minka Farmhouse of
Japan and West Java
Traditional House of
Indonesia

3. Architectural
Characteristic and
Natural Environment
Control System of
Japanese Traditional
House: Case Study
Traditional Houses in
Kitakyushu City,

Japan

4. Indoor thermal in
summer and indoor
natural daylight
measurement of
Japanese traditional
house; study case:

Machiya in Koyanose,

This study lays a
comparison of the
similarities and differences
between West Javanese
houses and traditional

Japanese houses.

This study mainly
examines the architectural
characteristic of traditional
Japanese houses and their
methods to control the
architectural environment,
which has a natural
environment control

system.

This study assesses the
exact indoor thermal
comfort in inhabited Minka
with modern lifestyle by
measuring the indoor
thermal parameters and

conducting hearing and

13

A preliminary outline of the
outcomes of the comparative
study is given. Special
attention is given to the
relation between the
traditional lifestyles of the
occupants and the reflection

of lifestyles in their rooms.

This preliminary outline of
the architectural
characteristic and natural
environment control system
analysis is given. This
research will be a basis for
the next study about the
traditional Japanese house
and its transformation for
adapting to the natural
environment. It might be
useful to whom aims is to
improve the architectural
environment.

This study found that the air
conditioner use period is low
because occupants feel
comfortable without an air
conditioner during summer.
Window and door opening

during the day may have



Kitakyushu, Japan

questionnaire regarding
thermal sensation and

window opening lifestyle.

substantial relation with
indoor thermal comfort. The
low radiation temperature of
Doma has influenced the
indoor temperature of
surrounding rooms during

the day.

Chapter 5.
Energy use and
indoor thermal
investigation of
educational

facilities

2. Energy-Use and
Indoor Thermal
Performance in Junior
High School Building
after Air-Conditioning
Installation with the
Private Finance

Initiative

3. Research on air
conditioning energy use
and indoor thermal
environment with
Private Finance
Initiative data
monitoring of junior
high schools before and
during the COVID-19

pandemic in Japan

4. Review on indoor
thermal comfort of AC
system and NV in the

university classroom

This study is the first
study done in the targeted
school after AC installation
with the PFI method with
the detailed position of the
measurement point to see
the air temperature and
relative humidity
distribution in each zoning
and point and assess
students” individual
thermal sensation and
airflow sensation in zoning
and position.

In this research, AC EU
will be evaluated to grasp
the environmental effects of
the COVID-19 pandemic in
educational buildings when
the lockdown is
discontinued through
massive data from several
junior high schools in Oita
City and compared to AC
EU before the pandemic,
which is still rarely
investigated in other
research studies. The
methodology of this
research used the PFI data
monitoring method, which
collects all AC EU data in
many junior high schools at
the same time, which is
never done in other
research.

The real indoor thermal
environment difference
between AC systems and
NV based on the
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These results further
contribute to the future of
the profound thinking of the
energy-saving strategy, such
as the AC setting
temperature, as one of the
major impacts of AC energy-
saving after AC installation
with the PFI method.

This study assesses how the
issue significantly affects AC
EU changes. The result of
this research can be expected
to become a reference for
future studies regarding AC
energy-saving and indoor
thermal comfort-related
investigation and become
valuable for new regulations
related to air conditioner
settings and operations for
the new normal during the
COVID-19 pandemic or
potential upcoming

outbreaks in the future.

Suggest using full NV at the
start of summer (June) or
when outside air temperature
below 30°C.



5. Review on indoor
thermal comfort of AC
system and NV in the

university classroom

measurement and TSV in
several years.

The result of this study can
be expected to become
useful for regulations for
thermal comfort and
infection spread prevention

in classrooms.

From the conclusions of this
research, it can be suggested
to use full NV at the start of

the summer season (June).

Chapter 6

environment simulation

in traditional Japanese

houses

1. Indoor thermal

The simulation of Doma's
position as one of the
passive cooling design
secrets in Minka has been
done comparatively. The
simulation of Doma's
position to compare other
rooms' air temperature is
never done in another

research.

It was found that the south
layout has the lowest living
room air temperature among
the three earth floor layouts
set in the simulation. This
could be a reference for
residential design to design
passive cooling for an energy-

saving strategy.

2. Effect of ventilation
patterns on indoor
thermal comfort and
air-conditioning cooling

and heating load using

simulation

Propose energy efficiency
solutions for AC cooling
and heating load by
examining different
parameters and ventilation
patterns in a simulated
classroom setting.

Contribute to the
identification of energy
efficiency solutions for AC
cooling and heating load in
classrooms and emphasize
the importance of considering
different objectives.

1.5. Thesis structure

The thesis is divided into three main parts. First is the introduction in Chapter

1, the literature review in Chapter 2, the methodology in Chapter 3, and the body of the

thesis that consists of Chapters 4, 5, and 6, and lastly, the discussion and conclusion that

is in Chapter 7. More specifically, this thesis consists of 8 chapters presented in Table

1.5.1.

Table 1.5.1. Thesis structure

Chapter

Content

Chapter 1. Introduction

This chapter provides background information on the topic, states the
research questions or hypotheses, and explains why the topic is important.
This chapter is divided into five parts. They are the general background,
problem statement, research question, aims and objectives, novelty and
contributions, and thesis structure. General background expounds five
significant backgrounds which strongly relate to this study. First is the

environmental issues, energy, and indoor thermal comfort, which is the
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basis of the background of this research. Second, is the background of
passive cooling in traditional houses, especially in Japan. This topic might
be important for this study as the well-known passive cooling in Minka
has been investigated in numerous studies. Third is the heatstroke issues
in residential and educational buildings, which are occurred in Japan
during hot summer. Fourth, the COVID-19 pandemic brought attention
to ventilation during a school lesson while air conditioning is still used to
reach indoor thermal comfort, leading to increased energy consumption.
Last is the different ventilation backgrounds for indoor space, such as
NV, full air conditioning, and mixed mode ventilation.

Chapter 2. Literature review

This chapter focuses on shorting any previous research conducted, the
current state of knowledge in indoor thermal comfort in residential and
educational buildings, and the ventilation operation type. First, this
chapter reviews the research on indoor thermal comfort in residential,
especially vernacular architecture in Japan and educational buildings, and
describes the main research methods used. Then the result and the gap

of the previous research are presented.

Chapter 3. Methodology

This chapter introduces the methodology and the object of the study used
in this research. The research method is divided into questionnaires, data
monitoring, and field measurement. At the beginning of this research,
some qualitative method was also conducted. The current status of the
indoor thermal environment in traditional Japanese houses and
educational buildings classroom are investigated. The energy use of air
conditioning in educational buildings is presented to see the impact of air
conditioning installation and the COVID-19 pandemic.

Chapter 4. Indoor thermal
investigation of traditional

house

This chapter explores the vernacular architecture and its natural
environmental control system. First, the author compares the similarity
between Indonesian vernacular house and Japanese vernacular house, as
Indonesia has a tropical climate, while traditional Japanese house is well-
known for their passive cooling in summer. This chapter provides actual
field measurements and questionnaires in Minka to find the secret of its

coolness in the summer season.

Chapter 5. Energy use and
Indoor thermal investigation

of educational facilities

This chapter focuses on the investigation of the educational building as a
target indoor space. First, the field measurement of indoor thermal
comfort in classrooms is investigated to assess the students’ comfort level
after air conditioner installation in junior high schools in Japan. Second,
the energy use of air conditioners of several junior high schools is
presented to see the energy before and during the COVID-19 pandemic,
while NV is used together with air conditioners. Third, the indoor thermal
comfort comparison between an air-conditioned room and an NV room
(without an air conditioner) is investigated in the university classroom is
investigated. Last, the indoor thermal and COg2 concentration levels in
the university classroom are investigated during the COVID-19

pandemic.

Chapter 6. Simulation

This chapter investigates the indoor thermal environment in traditional
Japanese house and the impact assessment of different ventilation

patterns on air conditioner cooling and heating load in classrooms. This
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simulation uses EnergyPlus with DesignBuilder interface software in
Japanese traditional house simulation and OpenStudio interface software
in a classroom simulation. In a traditional Japanese house, the three
Doma positions or layouts were simulated to find the most effective
position for lowering the surrounding rooms' air temperature. While in
classroom simulation, first, the simulation of a naturally ventilated (air
conditioning off) classroom is carried out; second, the simulation of the
air-conditioned classroom is performed; and third, the mixed mode (NV
and air-conditioned) ventilation in the classroom is simulated. The
dependent variable of the second and third parts is the cooling and

heating load. The mixed mode will be compared with only air-

conditioned.
Chapter 7. Discussion and This chapter provides an overview of the findings of the research. The
conclusions relation between these findings to the research questions or hypotheses

posed at the study's beginning will be explained. The comparison between
the findings and previous research will be discussed. It also presents a
summary of the situations covered in the previous chapter. This chapter
will describe the contributions and standing of each case's research in the
respective research Domains. In addition, this research's limitations and
recommendations will be discussed. This chapter also summarizes the
comprehensive research that was applied to a specific instance based on
the explanation provided previously, as well as each conclusion and

analysis.

Figure 1.5.1 illustrates the logic behind this thesis. The main idea is to
implement observation and investigation to answer the research question of whether
several approaches will lead to potential energy-saving or efficiency while indoor thermal
comfort still being achieved. Based on Chapters 4 and 5 findings, simulations were
performed and analyzed in Chapter 6. Based on the conclusion of sub-chapter 6.1, the
idea of the passive cooling design secret is brought to the simulation in sub-chapter 6.2.
The chapter's conclusion will answer the questions and reveal a deeper investigation of
the passive-active hybrid design approach, especially in residential and educational
building sectors, in the context of indoor thermal comfort and energy consumption.

Figure 1.5.2 illustrates the structure of this research, including the sub-chapter
explaining a more specific study. The diagram shows the sequence of the chapter where

the logic of this research is implemented.
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2.1. Indoor thermal comfort and energy consumption effects

Comfort is an individual's state of mind which is influenced by personal
differences in mood, culture, and other individual, organizational, and social factors [35].
Thermal comfort is “the condition of the mind in which satisfaction is expressed with the
thermal environment” defined by the American Society of Heating, Refrigerating and
Air-Conditioning Engineers (ASHRAE) [36]. There are six factors that shall be addressed
when defining conditions for acceptable thermal comfort based on ASHRAE. They are
metabolic rate, clothing insulation, air temperature, radiant temperature, air speed, and
humidity [37]. There are some standards that are established by a number of international
organizations regarding thermal comfort [38]. They are SET*, PMV, and WBGT. In this
study, the author will focus on the standard PMV by ISO to set the range of indoor
thermal comfort. There are three categories (classes) of acceptable Predicted Mean Vote
(PMV) divided by International Organization for Standardization (ISO) 7730:2005 as
ranging for existing buildings, which are -2 to +2 in class A, -0.5 to +0.5 in class B, and
-0.7 and +0.7 [39]. ISO recommends using standard class C to design spaces for acceptable
thermal comfort as a bare minimum. To reach indoor thermal comfort, the use of air
conditioning systems is common in many indoor environments, particularly during the
hot summer months.

One of the fundamental purposes of HVAC systems is to provide building
occupants with comfortable thermal conditions [36]. But many studies prove that energy
consumption from HVAC contributes a large percentage of energy consumption. In warm
climates regions, air conditioners (AC) have become increasingly popular with the
increase in population and income [40]. The use of AC and electric fans to stay cool

accounts for nearly 20% of the total electricity used in buildings [41].

2.1.1. Residential sectors

As mentioned in Chapter 1 about energy demand in the residential sector, there
are numerous related studies. Hu et al. [42] mentioned total urban residential cooling

energy consumption of electricity in China has increased by more than ten times over
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the last two decades. Hassan et al. [43] reviewed in their paper that HVAC systems,
lighting systems, and some heavy appliances are the major drivers that contribute to
residential energy consumption. By conducting a survey in Johor, Malaysia, and
calculating the yearly average electricity consumption for each appliance based on the
quantity, usage time, and electric capacity of each item, Kubota et al. [44] found that
AC is the biggest contributor with the highest electricity consumption of 1167 kWh.
Meanwhile, Zhou et al. [45] examined occupant behavior influence on the AC usage
energy efficiency pattern.

Based on the above-mentioned previous study, the AC usage has big impact on
energy consumption in residential sector. The occupant™s dependency on the AC usage
in residential could decrease if the natural ventilation as a passive design strategy can be
optimized to achieve indoor thermal comfort without AC usage. Researchers have
conducted numerous studies about natural ventilation optimization in residential sector.
Lee, Wai Ling [46] conducted a study that evaluated the influences of window types on
the ventilation performance of residential units. For instance, using CFD simulation and
wind-tunnel experiments, Hassan et al. [47] investigated the effects of window
combinations on building ventilation characteristics. Additionally, by CFD-based
programs, Evola and Popov [48] analyzed the wind-driven natural ventilation in buildings.
Wang et al. [49] conducted a study on naturally ventilated houses in China and showed
that residents who frequently went outdoors had a thermally acceptable temperature
range 6°C higher than those who went occasionally.

As previously discussed in Chapter 1, passive design strategies have been applied
to residential sectors for many years. This approach has been used in vernacular
architecture for centuries, and it has become increasingly important in modern
architecture due to the growing concern for sustainability and the need to reduce energy
consumption. Vernacular architecture refers to the traditional buildings and dwellings
designed and constructed by local communities using local materials and traditional
building techniques. One of well- known vernacular architecture which has
environmentally sustainable architecture is the traditional Japanese house, Minka.
Several researchers studied Minka as sustainable architecture, especially in the hot

summer. Yoshino et al. [50] conducted measurement and computer simulation in
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traditional Japanese houses to determine whether various features impact passive cooling.
It is indicated that the cooling technologies of traditional buildings, such as solar shading
by a thatched roof, decreases indoor temperature. The computer simulation revealed that
NV, solar shading by a thatched roof, and thermal mass by soil floor are effective for
cooling the interior. Ooka [51| conducted measurements to clarify the environmental
control of Japanese folk houses and evaluate the indoor thermal environment and its
sustainable devices, particularly the effect of mud walls, earthen floors, or reed roofs on
the indoor climate. The environmental control of a house improves the indoor climate in
summer. The evaluation of indoor climate in winter is considerably cold. It is supposed
that the residents had withstood the cold of winter through wearing and warming directly
from a fire pit or a brazier, etc. S. Hokoi and C. Iba [52] examined the potential of
reducing heating and cooling loads by conducting numerical analysis considering residents’
lifestyles in both summer and winter. It was revealed that by optimizing the times and
positions of opening and closing the windows and indoor partitions, the indoor air flow
could be adjusted from both thermal comfort (cooling in summer) and discomfort (cold
drafts in winter) perspectives, leading to improving the indoor environment without using
energy. Horsham and Kubota [53| investigated the effects of building microclimate on the
indoor thermal environment of traditional Japanese houses, focusing especially on the
shading effect of trees and the cooling effect of spraying water. It was found that the
semi-outdoor spaces acted as thermal buffers for promoting cross-ventilation and pre-
cooling to provide “warm but breezy” conditions to the surrounding indoor spaces. The
results showed that the surface temperature of semi-outdoor spaces can be reduced by
shading and water spraying, among which shading has prolonged effects, and water
spraying can reduce the surface temperature during peak hours and the following night.
Sdei [54] studied Japanese vernacular architecture to understand to what extent
a house with large opening surfaces, no thermal insulation, and very low environmental
impact can become a valuable shelter during cold winters and hot, humid summers with
thermal modeling and monitoring. It shows that a very bad insulated envelope with a
simple structure can become comfortable in Japan. The inhabitants, in fact, in winter,
do not heat the space enacting a nonrational use of energy, but rather they heat

themselves. When the outside temperature is low, and the inhabitants spend most of
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their time inside, they use small objects and thick clothes to heat their bodies. In the
summer, however, the house type allows a high ventilation rate and becomes comfortable
when the movable paper panels are completely opened. The very uncomfortable high
ambient temperature and relative humidity are, in this way, avoided. However, the use
of modern materials and a change in the occupant’s behavior and lifestyle modified the
traditional house that can perform today differently, overheats in summer, and require
artificial means to cool down the air. Perhaps there are two lessons for a more sustainable
and energy-efficient approach to modern domestic life in the East and the West. A
responsible occupant’s behavior that considers the weaknesses of a house type and acts
as a consequence can transform a badly insulated envelope into a comfortable place.
Adapting the house to a more modern lifestyle and using modern materials can
completely reverse the simple and beautiful way a traditional dwelling performs. Timber,
rice paper, and bamboo, as Japanese traditional house materials, have high thermal
transmittance. They offer very poor insulation compared to, for example, modern glass
fiber insulation material [55].

Rijal [56] clarified the comfort temperature and investigated the adaptive model
in Japanese houses by conducting the thermal comfort survey in 30 living rooms for
summer in the Kanto region of Japan. The result shows that the residents are highly
satisfied with the thermal environment of their houses and adapt to the hot environments
using adaptive behavioral actions such as opening the windows and using fans. The
comfort Rijal et al. [57] also investigated comfort temperatures and related behaviors in
Japanese homes by measuring the temperature in the living rooms and a thermal comfort
survey of residents, and a related window-opening behavioral survey over a full year in
the Gifu region of Japan. The residents were found to be highly satisfied with the thermal
environment of their houses. Significant seasonal differences were found in their comfort
temperatures. The results showed that comfort temperature changes varied with changes
in both indoor and outdoor climates. The window-opening behaviors were shown to be
related to both indoor and outdoor air temperatures. The adaptive model is highly
supported by this study of occupant perceptions and window-opening behavior.

The studies discussed in this literature review section highlight the significant

impact of air conditioning (AC) usage on energy consumption in the residential sector.
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However, researchers have explored the potential of natural ventilation as a passive
design strategy to reduce dependency on AC usage and achieve indoor thermal comfort.
Various investigations have been conducted on optimizing natural ventilation in
residential units, examining the effects of window types and combinations on ventilation
characteristics, and analyzing wind-driven natural ventilation in buildings. Additionally,
studies on traditional Japanese houses, known as Minka, have demonstrated the
effectiveness of cooling technologies such as solar shading and thermal mass in achieving
a comfortable indoor temperature. Furthermore, research on occupant behavior and
adaptive actions in Japanese homes has revealed the satisfaction and comfort experienced
by residents as they adapt to hot environments through window-opening behaviors. These
findings emphasize the importance of incorporating passive design strategies and
promoting responsible occupant behavior to enhance energy efficiency and sustainability
in modern residential architecture. Considering all the previous related studies on indoor
thermal comfort in the residential sector, especially in traditional Japanese houses, there
is still a gap in which what special features or occupants® behavior make a big impact
on passive cooling design in Japanese Minka. In this thesis, this gap will be deepened and
investigated in Chapter 4. A literature review of traditional Japanese house indoor

thermal environment is shown in Table 2.1.1.

Table 2.1.1. Literature review lists of residential houses

Researchers Location Operat Method Study content Findings
ion
type
Lee, Wai Hong Kong NV Simulation Evaluating the influences of The conclusions can provide
Ling, [38] window types on the useful information for building
ventilation performance of designers to make a residential
residential units in Hong building more naturally
Kong. On-site tracer-gas ventilated, and hence energy
experiments and conservation and comfortable.

measurements were carried
out in a case study
residential unit with side-

hung window.

Hassan et al. NV Simulation Investigation of effects of The CFD techniques can be

[47] window combinations on used successfully in the field of
ventilation characteristics thermal comfort investigation
for thermal comfort in with accepted results, which
buildings. can be used by

the architects and designer
engineering in their design of

buildings.
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Yoshino, et Japan NV Measurement

al.[50] and simulation

S. Hokoi and Kyoto, AC, Measurement +

C. Iba [49] Japan NV simulation

Hosham and Takehara, NV Measurement

Kubota [53] Japan

Sdei [54] Okayama,a NV Modeling and
nd Tokyo, Monitoring
Japan

Rijal [56] Kanto, NV Measurement
Japan

Rijal, et al., Gifu, Japan NV measurement

(57]

2.1.2. Educational buildings sector

Measurement and computer
simulation in traditional
Japanese house whether
various features have an
impact on passive cooling
The potential of reducing
heating and cooling loads by
conducting numerical
analysis considering
residents’ lifestyles in both

summer and winter.

Investigation of the effects of
building microclimate on the
indoor thermal environment
of traditional Japanese
houses, focusing especially
on the shading effect of trees
and the cooling effect of

spraying water.

Understanding what extent,
a house with large opening
surfaces, no thermal
insulation, and very low
environmental impact can
become a valuable shelter
during cold winters and hot,

humid summers.

In order to clarify the
comfort temperature and
investigate the adaptive
model in Japanese houses

Measuring the temperature
in the living rooms and a
thermal comfort survey of
residents and related

window-opening behavioral.

It is indicated that the cooling
technologies of traditional
buildings, such as solar
shading by a thatched roof,
decreases indoor temperature.
By optimizing the times and
positions of opening and
closing the windows and
indoor partitions, the indoor
air flow could be adjusted from
both thermal comfort and
discomfort perspectives,
leading to improving the
indoor environment without
using energy.

The surface temperature of
semi-outdoor spaces can be
reduced by shading and water
spraying, among which
shading has prolonged effects,
and water spraying can reduce
the surface temperature during
peak hours and the following
night.

In the summer, on the other
hand, the house type allows a
high ventilation rate and
becomes comfortable when the
movable paper panels are
completely opened. A
responsible occupant’s
behavior that considers the
weaknesses of a house type
and acts as a consequence can
transform a badly insulated
envelop into a comfortable
place.

The residents are highly
satisfied with the thermal
environment of their houses.
The residents adapt to the hot
environments using the
behavioral adaptive actions
such as opening the windows
and using fans.

The window-opening behaviors
were shown to be related to
both indoor and outdoor air

temperatures.

While in the previous section, a literature review in the residential sector has
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been expounded, especially in traditional Japanese houses, in this section, a literature
review in the educational building sector will be discussed. Thermal comfort in an
educational building, especially a classroom, has an important role in a student’s life as
it influences a student’s performance and well-being. Educational buildings are the special
types of buildings with the main goal of providing a favorable environment to optimize
teaching and learning performance [35], [58]-[60]. Classrooms in educational buildings
should have characteristics that provide a conducive environment to enhance the learning
process [59], [61]. Numerous studies suggest a strong correlation between classroom indoor
thermal environment and air quality in students’ performance and well-being [35]. Study
finds that there is a need for a separate set of different guidelines or standards for students
of different ages in different stages of their education [62]. MEXT and MHLW established
guidelines for indoor thermal comfort in classrooms based on international organization
standards. Regarding the temperature standard for School Environmental Sanitation
Standards related to indoor thermal comfort in classrooms, the desirable temperature
standard is from 17°C to 28°C [63], [64].

Singh et al. [62] in their review paper on thermal comfort progress studies in
classrooms over the last 50 years and way forward, found that at each educational stage
in the studied schools, students were highly unsatisfied with the prevailing indoor thermal
environment and preferred cooler temperature than the existing indoor thermal
environment. In primary school students, Liu et al [65] , found that overall learning
performance is highest when the indoor temperature is 1 °C lower than the comfort
temperature. It found that primary school classrooms' air temperature should be slightly
lower than office buildings to improve thermal comfort [66]-[68]. Liang et al. [69] found
that in the case of NV buildings, building orientation, floor plan layout, vegetation,
rooftop insulation, and shading play an important role in indoor thermal comfort. They
also found that students were more sensitive to solar heat gain through a window in
summer compared to that winter [69]. Singh et al. [60] explained that it is evident that
indoor air quality (IAQ) and indoor environment quality (IEQ) in schools affect the
performance of children and are directly related to ventilation type and rate. Lee et al.
[70] found that lightweight junior school buildings showed children were more sensitive

to higher temperatures and preferred cooler thermal sensations. However, based on the
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result of Giuli et al [70], found that lightweight junior school building showed that
children were more sensitive to higher temperature and prefer cooler thermal sensation.
However, based on the result of Giuli, et al. [71] study, primary school children might
seem not aware of environmental conditions because they never pay attention to such
kinds of aspects and passively accept indoor conditions because classroom conditions
depend mainly on teachers' preferences. Stazi et al. [72] , in their study, presented the
development of an automatic system for window openings based on thermal comfort and
indoor air quality correlations. The results show that students usually suffer poor TAQ
because of their adaptation to environmental exposure and their priority in satisfying
thermal perceptions. Consequently, indoor and outdoor temperatures are the main
driving factor for window opening and closing behaviors, while CO2 concentration is not
a stimulus.

Like primary schools, in secondary school students age, compared to adults,
students feel comfortable at low temperatures and prefer cool thermal sensations |73]-
[77]. Unlike primary school students, they can adjust by opening/closing windows and
switching on/off ceiling fans [62]. Kwok et al. [78] , carried out in the summer season in
Japan's warm and humid climate, found that students in classrooms found themselves
comfortable even outside the summer comfort boundaries but preferred cooler sensations.
Auliciems [73] , in 1969, carried out a study to evaluate the optimum conditions and
limits of thermal comfort in air-conditioned secondary school classrooms in the winter
season. This study concludes that 60% of children felt comfortable and satisfied in their
comfort zone. Another study also found that air-conditioned classrooms were cooling too
much, and students preferred 0.6 °C warmer [79]. Mumovic et al.[80] found that compared
to mechanical ventilation, hybrid ventilation system is much more effective because it
reduces cold draught feeling significantly.

In a university classroom as a target study, Zhang et al. [81] measured thermal
comfort in naturally ventilated classrooms with ceiling fans and concluded that It was
found that the PMV model prediction overestimated the students' sensitivity to the
operative temperature. In the case of University NV classrooms, outdoor environmental
conditions influence the preferred thermal environment in classrooms. Mishra and

Ramgopal [82] presented a comparative study of classroom learning performance between
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courses taught in naturally ventilated (NV) rooms and air-conditioned (AC) rooms.
Statistical tests were carried out to make pair-wise comparisons of students' performance,
and the results did not show a significant difference in performance for the courses
considered [82].

In conclusion, the literature review in the educational building sector emphasizes
the importance of thermal comfort in classrooms for students' performance and well-
being. Various studies have highlighted the correlation between the indoor thermal
environment, air quality, and students' satisfaction. Students have been found to prefer
cooler temperatures to the existing indoor environment, and their preferences vary across
different educational stages. Building orientation, floor plan layout, vegetation, insulation,
and shading are crucial for indoor thermal comfort. Additionally, the study indicates that
students' adaptive behaviors, such as window opening and closing, are influenced by
indoor and outdoor temperature conditions. Combining hybrid ventilation systems and
considering outdoor environmental conditions in classroom design are also important
factors. While students' thermal preferences may vary, their learning performance does
not show significant differences between naturally ventilated and air-conditioned
classrooms in university settings. Although there are numerous studies about indoor
thermal comfort in educational buildings, the impact of this indoor thermal comfort with
AC energy use study could have been deepened. Chapter 5 investigates the comprehensive
study about indoor thermal comfort in educational buildings and its impact on AC energy
use and changes time.

The literature review list is shown in Table 2.1.2
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Table 2.1.2. Literature review list of educational buildings research

No  Reference Location Type of Operation Method Content Finding
Building type
1 Mohamed, et al.,, UK Primary school — Heating measurement This study has presented field measurements for The results indicated that achieving
2021 [24] classroom season and two newly constructed schools in the UK’s appropriate ventilation was a challenge
non- Midlands; these schools have served as case for most classrooms because the original
heating studies for evaluating IAQ and providing a design of the schools precluded cross
season comfortable indoor environment. ventilation.
2 Wong and Khoo, Singapore Secondary Mechanica  Measurement To find out the thermal conditions in the A Comparison of the various methods of
2003 [74] school 1y + classroom, to investigate occupants’ perception assessing thermal acceptability showed
classroom ventilated questionnaire of the level of thermal comfort in classrooms, that they produce widely disparate
by fans and to determine neutral temperature, preferred results, with the Bedford scale giving the
temperature, and acceptable temperature range highest level of acceptability. Classroom
in the classroom occupants generally accepted cool
thermal sensations more readily than
warm thermal sensations.
3 Yun, et al, 2014 Seoul, Kindergarten NV Measurement Presents thermal comfort and relevant Found no difference in thermal sensation
[83] Korea + parameters for kindergarten children in naturally — between girls and boys were found but
questionnaire ventilated classrooms in Seoul, Korea. girls were more sensitive to higher
temperature than boys
4 Buratti and Perugia, University HVAC Measurement The analysis of thermal hygrometry comfort Questionnaire and experimental PMV
Ricciardi, 2009 Terni and classrooms + inside university classroom. The scope is data were also correlated to TO: higher
[84] Pavia, questionnaire analyzing possible simple correlations between values of questionnaire than
Italy experimental data and experimental surveys for instrumental PMV were obtained for the
moderate environments, such as university same value of TO.
classrooms
5 Katafygiotou Cyprus Secondary HVAC Measurement Assess the indoor thermal conditions during the It is confirmed that the indoor climatic
and Serfhides, schools + students’ lesson hours (AT and RH monitoring). conditions, specifically air temperature
2014 [85] questionnaire and relative humidity, are often
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unsatisfactory for the occupants. Mainly
during winter and summer, the majority
of users feel discomfort, and this, in most

cases, is verified by the measurements
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de Dear, et al.,
2015 [77]

Khedari, et al,
2000 [86]

Dias Pereira, et
al., 2014 [87]

Australia,

Bangkok,
Thailand

Beja,
Portugal

Primary and
secondary

schools

University

classroom

Secondary
school

classrooms

AC and Measurement
NV +

questionnaire

NV Measurement
+

questionnaire

NV Measurement
+

questionnaire

Define empirically the preferred temperatures,

neutral temperatures and acceptable temperature

ranges for Australian school children, and to
compare them with findings from adult

populations

The paper presents a ventilation comfort chart
developed under Thailand's climate and using
183 male and 105 female
college-age subjects were exposed to different

Thai volunteers.

thermal conditions to investigate air velocity's
effect on thermal comfort in ventilated ‘‘non-

conditioned’ spaces.

Measuring the environmental parameters air
temperature, relative humidity, CO2
concentration, and subjective surveys during the

regular class period
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from sensors. The temperature
differences between outdoor and indoor
spaces are low when the air conditioners
are not working, and this occurs since
the building is non-insulated.

An indoor operative temperature of
about 22.5°C was found to be the
students’ neutral and preferred
temperature, which is generally cooler
than expected for adults under the same
thermal environmental conditions.
Despite the lower-than-expected
neutrality, the school children
demonstrated considerable adaptability
to indoor temperature variations, with
one thermal sensation unit equating to
approximately 4°C operative
temperature.

To this end, commercial electric fans
were used to control the air velocity near
the subjects. The air velocity varied
between 0.2 and 3 m/s. Room conditions
varied between 26°C and 36°C, and 50—
80% RH Thermal sensation vote was
recorded through a questionnaire. The
PMV was used to determine the indoor
neutral temperature. This developed
chart could be used to design ventilation
systems for offices and classrooms.

The students found the temperature
range beyond the comfort zone
acceptable and revealed the occupants'
accommodation to CO2 exposure,

confirming the results obtained in other
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Mishra and
Ramgopla,, 2015
82]

Wang, et al,
2010 [49]

India University

classrooms
Harbin, residential
China

NV-+
AC

NV

Statistical test
of performance
and transverse
thermal
comfort
surveys
Assessment
survey and

measurement

Examine the effect of thermal comfort standard
followed PMV-based or adaptive thermal
comfort -on learning. Student learning
performance in AC and NV rooms was

compared.
Investigate human responses to the thermal

conditions in naturally ventilated residential
buildings in cold climate
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studies. Moreover, it was verified that
running on naturally ventilation mode,
CO3 concentration limits were highly
exceeded

Results did not show a significant
difference in performance for the courses
considered. It is concluded that the
ability and avenues to adapt may help
maintain long-term average performance
over a range of thermal environments.
The Harbin occupants in naturally
ventilated dwellings can achieve thermal
comfort by operable windows instead of

running air-conditioners



2.2. Research on the Covid-19 pandemic and its effect on energy use

2.2.1. Impact of lifestyle changes on home energy consumption during

pandemic

The author, with joint authorship, has done a study that aims to grasp the
lifestyle changes in residential buildings related to energy consumption since the
emergence of COVID-19 in Indonesia [29]. The authors conducted an online questionnaire
to collect data from more than 1,000 households domiciled in the five largest islands of
Indonesia, Sumatra, Java, Kalimantan, Sulawesi, and Papua. Firstly, the results of the
questionnaire, including the household’s basic information and lifestyle changes, were
summarized. It is found that more than 89% of families have implemented Work from
Home (WFH), affecting other lifestyle changes during the pandemic. Secondly, the
Multiple Regression Analysis (MRA) was conducted to find influential factors on
electricity use in residential housing. It was found that the number of family members,
the use of air conditioning, and the use of kitchen appliances significantly contributed to
the increase in electricity during stay homes. Thirdly, the characteristics and lifestyle
attributes are classified. Before the pandemic, the largest increase occurred in household
groups with middle to upper-average electricity consumption. Finally, the discussion
results are expected to encourage industry and policymakers to implement energy
monitors, especially regarding electricity use in residential homes. In addition, periodic
surveys of post-occupancy evaluations (POE) in households need to be implemented to
obtain detailed data in monitoring people’s lifestyle and energy use behavior. This study
can also be used as a report on energy performance in the residential sector to increase
awareness of energy savings and encourage the government to develop renewable energy
distribution. Especially to avoid an energy crisis due to disasters that force residents to
stay home during a pandemic.

In this literature study, electricity consumption is considered a parameter in
household energy consumption to reveal the occupant’s lifestyle and building
characteristics and any possibilities that change the consumption during the virus

outbreak in residential buildings. From this study, it can be concluded as follows.
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1. Based on the results in this paper, it was found that there is a significant shift of
factors affecting residential electricity consumption between the situation before the
pandemic and during the pandemic. In Java and Sumatra, the factors affecting
changes in electricity consumption during the pandemic are dominated by the lifestyle
related to the use of household appliances and attributes of the family. Meanwhile, in
Kalimantan, Sulawesi, and Papua, the influential factor is dominated by the quality
of the environment, both indoor and outdoor. Considering that Java is one of the most
populous islands in the world, as well as the location of the main cities of Indonesia,
the urban and economic development is also the most advanced compared to other
islands, followed by cities in Sumatra. It affects the level of convenience in owning
household appliances, but on the other hand, the sharp increase in energy consumption
must also become a concern. The application of dynamic pricing and energy
monitoring systems with IoT that can control people’s lifestyles on using appliances is
urgently needed in densely populated areas. Even so, cities outside Java also show a
trend to follow the development of developed cities in Java. Urban energy planning
infrastructure from renewable energy resources must be carried out immediately in
response to the fast population growth. Besides the equatorial, which is exposed to
sunlight every month, the archipelago, which is full of wind and sea, can be the
solution for renewable energy resources that can be distributed throughout the city,
suburban and rural areas.

2. Based on the increase rate, by island area, the average monthly electricity consumption
in Java (JW) was the highest both before the pandemic (653 KWh per household)
and during the pandemic (814 KWh per household), which is almost 4 times the
average electricity consumption of Kalimantan (KM), and more than two times the
national average electricity consumption in 2019 and 2020. According to National
Electricity Statistics (Gatrik, 2021), the national electrification ratio is still 99.2%,
with the highest is Bali (100%) and the lowest is East Nusa Tenggara with a ratio of
87.6%. If the ratio has reached 100% for all regions of Indonesia, the electricity
consumption rate, and the increase during the pandemic in other regions could be
equivalent to the average of Java and Bali. If the composition of electricity sources

still relies on natural oil and coal, the sustainability and resilience of the energy supply
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in Indonesia could be critical.

3. Based on the types of lifestyle changes obtained from the questionnaire results, it shows
that the residential building has turned into the center of all activities with the help
of the internet, which provides various options, one of them is by doing remote work.
In critical situations, from the analysis results, it was found that more than 90% of
households did WFH. On the one hand, the increase in energy consumption in
residential buildings is inevitable, but on the other hand, energy consumption in the
transportation sector is much lower. The electricity-based transportation system can
be a potential solution in the sudden crisis situation, making it possible to shift the
energy supply quickly to reduce the wider economic impact. It is estimated that even
though the pandemic is over, most people will continue to work remotely because they
are adapted to it. This moment is an opportunity for policymakers to go towards a
green economy and an opportunity for designers, industry, and architects to develop
green technology in residential architecture.

4. By matching the results of the regression analysis and data on the rate of increase in
household electricity consumption, it revealed the characteristics and information of
each household group which is useful for establishing regulations for classifying
household levels so that frequent electrical blackouts can be avoided. In addition, this
information is also useful for occupants to conduct simulations of their electricity
consumption and implement low-energy lifestyles related to the use of appliances. In
the near future, HEMS is also deemed necessary to be adopted in the residential
communities so that the need for electricity and the importance of energy savings
combined with the use of renewable energy can be achieved by the country with the
fourth largest population in the world.

5. Through this study, it can be confirmed that the use of AC in hot humid tropical
climates for room cooling, like in Indonesia, is indispensable. AC is also a factor that
has a significant positive effect on the increase in household electricity consumption.
From the results of this research, it is necessary to develop AC technology that can
adapt to conditions during a pandemic without reducing its efficiency because
ventilation is also a critical factor in avoiding virus transmission in the family or larger

groups. On the other hand, the use of kitchen appliances such as rice cookers, ovens,
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microwaves, and cooking stoves also indicate a significant lifestyle change during the
WEFH period. These results are different from similar studies conducted previously |7],
[88]-[92] where energy consumption is heavily influenced by building characteristics

such as floor area, building direction, and building construction year.

2.2.2. COVID-19 pandemic effects on educational facilities

Elementary, secondary schools, and higher education worldwide are affected due
to the COVID-19 pandemic. Thousands of school closures followed in a minimal period
to enforce social distancing measures. Educational institutions face surmounting
challenges in their planning, implementation, and assessment [93|. Although COVID-19
has significantly changed the educational building sector, there are still few studies about
how this pandemic has changed the energy use of educational buildings. Gui et al.[94]
disclose the energy use change under COVID-19 and identify the corresponding facilities
management strategies for future learning and teaching delivery modes under virtual
campuses. The results indicated that learning and administration activities became off-
campus during the pandemic, while research activities remained on campus. During the
COVID-19 academic year, 9,646,933 kWh of energy or around 24.88 kWh/m? of energy
use intensity was saved, accounting for 16% of the total energy use per academic year.
Gaspar et al. [95] assessed the impact of the COVID-19 lockdown on the energy use of
academic buildings, weather-adjusted energy use was compared before and during the
lockdown, including different levels of lockdown restrictions. The result shows that energy
consumption fell by 19.3% during the post-pandemic year, but the energy consumption
of academic buildings did not drop proportionally according to the buildings® occupancy.

Several researchers have done a few studies about how COVID-19 affects energy
consumption in the educational building sector. However, the studies are mainly focused
on the effects of when lockdown occurred. Research studies about COVID-19's effects
after school reopening, especially in Japan, are rarely conducted. The new regulation by
the Japanese government following WHO recommendation about having a high
ventilation rate in classrooms to avoid airborne virus transmission risk presumably has
significant impacts on AC energy use. MEXT recommends that schools or universities
open windows and doors during lessons to decrease CO2 concentration levels. It could
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deteriorate indoor thermal comfort when AC is turned on in the classroom. In this thesis,

Chapter 5, the effect of the COVID-19 pandemic on AC EU will be discussed.
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Chapter 3. Methodology

3.1. Methodology scheme

3.2. Data collection

3.3. Measurement

3.4. Hearing and questionnaire

3.5. Data observation, data monitoring, measurement and questionnaire schedule

3.6. Simulation
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3.1. Methodology scheme

This chapter explains the general overview of the methodology used in this
thesis, which will be implemented in more detail according to each given case in the
dedicated chapter. Figure 3.1.1 shows the methodology scheme of this thesis.
Quantitative methodology is generally used in this research. However, data observation,
survey, and interview were used in sub-chapters 4.2 and 4.3. Hearing and questionnaires
were used in sub-chapters 4.4, 5.2, and 5.4., while measurement was used in sub-chapters
4.4, 5.2, 5.3, and 5.5. Data monitoring was used in sub-chapters 5.2 and 5.3 with Private
Finance Initiative (PFI) data monitoring obtained from Oita Municipal City. The last
method was a simulation, used in sub-chapter 6.2 with DesignBuilder software and sub-

chapter 6.3 with OpenStudio software.

questionnaire

Sub-Chapter Methodology Analysis

Chapters.2 Data observation ————| Exploratory

Chapter 4.3

Chapter 4.4 Hearing and Comparison ]
WJ:

—»
_m : Measurement P Correlation
Chapter 5.4
PFIl data
m_ monitoring > Sensitivity
Chapter 6.2
Simulation | Rearession
Chapter 6.3 > 9

[
Figure 3.1.1. Methodology scheme
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3.2. Data observation

In Chapter 4.2, data collected by literature reviews and collect data from the
literature. While in Chapter 4.3, a field survey was conducted to collect photos of the

houses, and surrounding areas photos, and interviews with houses guide.

3.3. Hearing and questionnaire

3.3.1. Purpose

Conduct questionnaires and a hearing (interview) survey of the indoor thermal
comfort of traditional Japanese houses (Minka), junior high school, and university
classrooms. By conducting a questionnaire survey, we will determine whether residents
in Minka, students in junior high school and university, are satisfied with the indoor
thermal environment, whether there are points that need to be improved, and whether
the conditions of residents and students are being considered. There are several types of
questionnaires used in this study. It will be detailed and explained in each methodology

section in each chapter.

3.3.2. Contents

Table 3.3.1. Hearing and questionnaire contents

Contents Time
Hearing Housing Ownership of Electric fan, Ownership of -
(interview) Equipment AC
Lifestyle Frequently used room, rarely used -
pattern room, sleeping time, time spent in the
house
Individual Age, occupation, family structure -
Attributes
Questionnaire Daily Lifestyle  Air Conditioner and Electric fan daily 2015/8/17 — 2015/8/24
Pattern usage (00.00-24.00)

Window and door opening and closing
time

Watering Time

Indoor Thermal, Humidity, light, air flow, 2015/8/17 — 2015/8/24
Thermal comfort (16.00-18.00)
Amenity

Table 3.3.1 shows the contents of the hearing and questionnaire used in
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Chapter 4. The hearing (interview) was conducted once to clarify the housing
equipment, lifestyle pattern, and individual attributes. On the other hand,
questionnaire contents were recorded daily for AC and electric fan usage, window and
door opening or closing time, and Doma watering time. Habitants were asked to note
every lifestyle pattern mentioned. However, for indoor thermal amenities, habitants
were asked to answer Warm/Cold Sensation (WC), Humidity Sensation (HS), and
Comfort Sensation (CS). The scales and definitions of the sensation vote are described
in Table 3.3.2. The seven scales of thermal sensation vote are based on ASHRAE
standards [36].

In Chapter 5, students at junior high school and university were only asked
to answer the questionnaire shown in Table 3.3.2 without any interview occurring. The
university students were asked about the airflow sensation vote (AFSV) to understand

the airflow distribution in the classroom when AC was turned on/off and when NV

was on/off.
Table 3.3.2. Thermal comfort sensation questionnaire rate

Scale *IWCS *2HS *3CS *AFSV
-3 cold very dry very uncomfortable much too breezy
-2 cool dry uncomfortable too breezy
-1 slightly cool slightly dry slightly uncomfortable slightly breezy
0 neutral neutral neutral just right
1 slightly warm  slightly moist slightly comfortable slightly still
2 warm moist comfortable too still
3 hot very moist very comfortable much too still

*1L WCS: Warm/Cold Sensation *2 HS: Humidity Sensation *3 CS: Comfort Sensation ** AFSV: Air Flow Sensation
Vote

3.4. Measurement

3.4.1. Purpose and content

The purpose of the measurement is to clarify the actual situation in the

habitants' and students' activity space, whether it achieves a comfortable indoor

environment for the occupant in some different ventilation patterns, such as entirely

natural ventilated rooms, fully air-conditioned rooms without NV intervention, and

mixed mode ventilated rooms. An actual measurement survey was conducted to
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understand how the air temperature, relative humidity, air velocity, globe temperature,
and PMV differences occur and determine whether the indoor thermal environment in

the Japanese house and classrooms remains comfortable.

3.4.2. Measurement items
Measurement items used in this study are shown in Table 3.4.1. Detailed
measurement intervals, measurement days, and time in each sub-Chapter are shown in
Table 3.4.2. However, more details about the measurement will be explained in
each sub-Chapter. Some measurement instruments cannot record automatically, so the

data obtained by these instruments are limited. Those instruments are a spot-type

radiation thermometer, luminometer, and hot wire anemometer.

Table 3.4.1. Measurement items

No Meas. tools Image Measurement items

1 Thermo recorder Air temperature and
TR-72wf E relative humidity
TR-72U -

,,;*’ -

2 Globe thermometer Globe temperature

3 Spot-type radiation Material surface temp.

thermometer
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Luminometer Daylight factor

Hot wire anemometer Wind velocity

PMV anemometer PMV

Data logger Air temperature

Thermocouple Air temperature

CO2 recorder
TR-76Ui
TR-76Ui-S

CO2 concentration
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Table 3.4.2. Measurement items content

Measurement Measurement Measurement  Measurement
Chapter . Interval . )
items number Day Time point
4.4 1,2 15 min 2015/8/17 to 24 hours Figure 4.4.7
2015/8/24
3,4,5 2h 2015/8/17 and 11:30, 13:20,
2015/8/24 15:00
5.2 1,2 10 min 2019/8/27 to 24 hours Figure 5.2.3
2019/9/9
5.4 1,5,6,7,8 2 min 2018/06/25 15:03-15:32 Figure 5.4.4
(CASE 1)
1 min 2021,/07/05 15:13-15:48
(CASE 2)
5.5 9 1 min 2021/5/27 12:50-15:40 Figure 5.5.7
(2 h 50 m)
2021/7/30 30th,  08:50-10:30 Figure 5.5.8
2021 (1 h 30 m)

3.5. Private Finance Initiative (PFI) data monitoring

In this study, data monitoring is chosen as one of the research methodologies in
sub-chapters 5.2 and 5.3. The monitoring data is obtained from the government through
Private Finance Initiative (PFI) method. PFI is a method to provide efficient and
effective public services by utilizing private funds and know-how for the design,
construction, maintenance, and operation of public facilities and providing public services
under the private sector’s initiative [96]. Many local governments that have introduced
AC equipment through the PFI project are monitoring the AC equipment performance
by installing measuring instruments and collecting data. Oita City is an example of a
municipality introducing AC equipment using the PFI method. By September 2019, the
AC equipment installation rate for ordinary classrooms in public elementary and junior
high schools in Oita City reached 100% [97]. Monitoring is to check the performance of
new equipment, the operation of the equipment in schools, and check for defects. In order
to implement monitoring, equipment (meters) capable of measuring and weighing are
installed, and data are collected. The schools that have adopted the PFI method consume

less energy for cooling than other methods [98].
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The PFI method in Oita elementary and junior high schools only managed the
energy of the AC equipment for heating and cooling, while other energy consumption
management had been conducted before the PFI method was introduced in the schools.
It found that the AC EU was lower in schools where the PFI method was adopted than
in schools where the conventional or lease method was adopted [99].

In the Oita City PFI data monitoring project, several measures are being taken
to make effective use of monitoring related to the maintenance and management of air
conditioning. The monitoring implementation flow is shown in Figure 3.5.1. In order to
maximize the monitoring effect, multi-layered self-monitoring is carried out in advance
within the companies, and the general manager reports to the city. Primary self-
monitoring is reported by the person in charge based on regular inspections, defect reports,
etc. For secondary and tertiary monitoring, internal mutual monitoring is carried out at
the secondary level, and the general manager at the tertiary level confirms the content.
For temporary monitoring, if a problem cannot be resolved between maintenance and
management companies occurs, a review meeting will be held involving companies with

many achievements in PFI projects for school air conditioning equipment.

Oitacitymonitoring lllllllllllllll’
report ‘.‘
Tertiary General manager EEEEEEEEEEEEEEN ’

report "

Temporary PM monitoring s=ss===sagp Maintenance
work

when an issue occurs ‘.‘

Between companies-monitoring =sssssss=sp-

report ‘.‘

Internal-monitoring LEEEREREY =

Primary

Figure 3.5.1. Monitoring implementation flow

Figure 3.5.2 shows an image of the installation of the remote monitoring system.
In this project, a maintenance company will centrally manage data on each school's
energy consumption, usage, environmental load, etc., using a remote monitoring system.

There are two ways to utilize collected data. The first is the initiative by this PFI business
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group. The business group handles defects and improves operations based on monitoring
data. The second is the efforts by the target schools. Based on the energy conservation
proposals made by the project group, the data can be processed independently by the
target schools and used as materials for energy conservation education. Oita City has
been monitoring air conditioning data and energy consumption data at elementary and
junior high schools in Oita City since June 2018 through a PFI project. In this thesis, we
will analyze the collected monitoring data and grasp the actual situation of the learning
environment in the current school facilities and the transition of various data during the

spread of the COVID-19 pandemic.

elementary and .." %, elementary and
junior high school |[+* *s] junior high school
central remote central remote
control control

Figure 3.5.2. Installation image of remote monitoring system

3.6. Simulation

Simulation is used in sub-chapters 6.2 and 6.2 to assess the indoor thermal
environment of traditional Japanese house and the AC energy consumption of classrooms.

Table 3.6.1 shows simulation contents in each section.

Table 3.6.1. Simulation contents

Chapter Simulation Tools Interface Software Parameters
Software

6.2 EnergyPlus DesignBuilder Indoor thermal

6.3 EnergyPlus OpenStudio Indoor thermal,

cooling and heating
load
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EnergyPlus is the United States Department of Energy’s official building
simulation program, promoted through the Building and Technology Program of the
Energy Efficiency and Renewable Energy Office [100]. EnergyPlus is a widespread and
accepted tool in the community of the building energy analysis all over the world [101].
EnergyPlus is free of use and can be downloaded from the official website The EnergyPlus
software, which is used in both simulations, is a thermal simulation software tool that
analyzes building energy and the thermal load. The software tool simulates models for
heating, cooling, lighting, ventilation, other flows of energy, and water use [102].

The DesignBuilder software, as a graphic user interface (GUI) used in sub-chapter
6.2, is used for modeling various aspects of a building, such as building materials,
architecture, heating and cooling systems, and lighting systems. It can simulate different
types of building energy consumption for heating, cooling, lighting, appliances, domestic
hot water, etc [103]. This software also does not need any other software for modeling and
is easy to use. On the other hand, OpenStudio, used in sub-chapter 6.3, is a free GUI
software that uses SketchUp software for modeling, and its graphical applications include
the SketchUp Plug-in. It is a graphic energy modeling tool and includes visualization and
editing of schedules, loads, constructions, and materials, a drag-and-drop interface to apply
resources to spaces and zones, an HVAC system and design tool for service water heating,
and high-level results visualization [104]. The DesignBuilder was used in the sub-chapter
6.2 because it was easier to use without any other simulation to make modeling. However,
in sub-chapter 6.3, OpenStudio is used because it is free software, while DesignBuilder is
not free. Figure 3.6.1 shows the simulation flow of a traditional Japanese house, while

Figure 3.6.2 shows the simulation flow of a classroom.
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Chapter 4. Indoor thermal investigation of
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4.1. Chapter introduction

In this chapter, the indoor thermal environment was investigated in the
residential sector as one of the most significant contributors to energy consumption.
Japanese traditional house, known as Minka, was chosen considering its eminent natural
environmental control system in the summer season. At the beginning of this chapter, a
comparative study on similarities and differences in physical characteristics between
traditional Japanese houses and traditional Indonesian houses is observed. Indonesia, the
author's home country, is a tropical country with a hot humid climate. This comparative
study could be a preliminary study for understanding traditional country houses.
Although Indonesia and Japan are geographically and culturally distinct, there are
similarities in the forms of their traditional houses. By understanding the similarities and
differences between these two architectural forms, we can gain not only an appreciation
for the rich cultural heritage of each country but also a deeper understanding of their
natural control systems for the environment. From this thesis, it can be hoped that the
investigation of the passive cooling secret of Minka could be adopted in other countries
with hot humid climate, such as Indonesia.

In the next section, the architectural characteristics and natural environment
control system of traditional Japanese houses in Koyanose, Kitakyushu, are explored and
observed comprehensively. Besides indoor thermal comfort, other environmental control
systems are observed, such as natural light optimization. Furthermore, a measurement
and questionnaire were conducted to investigate the secret of the passive cooling of the
Minka. The parameters of the measurement for indoor thermal comfort were air
temperature, relative humidity, globe temperature, and air velocity. Besides the material
temperature was also measured for a better understanding of the fundamental factors of
passive cooling. Illumination of the rooms also becomes additional measurements to

explore the indoor environments of the Minka.
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4.2. A Comparative study on similarity and differences of physical
characteristic between traditional house of Japan and Indonesia: Case
study Minka farmhouse of Japan and West Java traditional house of

Indonesia

4.2.1. Introduction

The main reason for studying traditional houses generally is because they
provide ideas on how they created a character house, which is diverse in each country
with limited technology at that time to adapt to the climate, topography, geography,
and cultures. Of the diversity of each country’s character of house building, Japan and
Indonesia have some similarities in form that made the author desire to deepen the causes
related to it, while Japan and Indonesia have different backgrounds of the nation’s
character. Minka farmhouses and West Java traditional houses are chosen for the case
study because they have many visible equation forms. This study can be developed later
as a reference for any related research. A comparative analysis was made to establish
similarities and differences in physical characteristics in the two countries by investigating
the factors that affect the physical characteristic of houses.

Ttraditional Japanese house has developed and transformed in their physical
characteristics over time. In the prehistoric period, early dwellings were pit houses, where
the population was primarily hunter-gatherers with some primitive agricultural skills,
and changes in climatic conditions and other natural stimulants predominantly
determined their behavior. Yet from the Asuka period until the Edo period, the Japanese
house was influenced by Buddhism. The traditional Japanese house has been well-known
in the architectural imagination for over a century. Frank Lloyd Wright, for instance,
admired the spaces and materials of Japanese houses, writing, ‘The simple Japanese house
with its fences and utensils are the revelation of wood. Nowhere else may wood be so
profitably studied for its natural possibilities as a major architectural material [105].
However, in addition to the transformation of the Japanese house, there are some general
features and physical characteristics of traditional Japanese houses which is recently still
used. Raised-floor structures, for instance, began being used about the third century B.C.

and became established as the main form of dwellings as Shinto shrines but still represent
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an elemental part of Japanese culture today.

Minka farmhouse (Figure 4.2.1) is one of the Japanese traditional house types

which began established in the Heian period. It is traditionally built with simple materials

like bamboo, soil, and straw. It is formerly inhabited by farmers, craftsmen, and

merchants. Generally, the feature of Minka Farmhouse has a steep roof slope shape, post

and beam structure, and raised-floor structure for the main dwelling.

Above mentioned general features have also been discovered as the featuring

characteristics of traditional Indonesian traditional houses, especially from West Java

Province (Figure 4.2.2), whereas the characteristics of climate and culture of both

countries are different.

Figure 4.2.1. Minka farmhouse
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Figure 4.2.2. Sundanese Traditional Village
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Figure 4.2.3 shows a schematic analysis of this study. The main focus of this
study is on the comparison of physical characteristics and space formed between the
traditional Japanese house, Minka Farmhouse, for the case study and the traditional
Indonesian house, West Java Province, for the case study. This research will be done in
the following way: after an introduction, in section 4.2.2, this study provides an outline
of the basic characteristics of Japanese and Indonesian houses. This section begins with
analyzing the house placement configuration, form, and structure of both house types,
followed by the material features of both houses. The following section (4.2.3) contains a
comparison of some conceptual features that have been used to define characteristics of
traditional rooms in Japan and Indonesia. The first part of this section is devoted to a
comparison of user requirements. In the following part, spatial organization and
dimension are studied comparatively. The third part, the role of women in traditional
houses of Japan and West Java, Indonesia, is discussed, respectively. Finally, the
introversion and extroversion characteristics of the rooms and the reflection of climatic,
geographic, typography, cultural, and local material factors in Minka Farm traditional

house and West Java traditional house types are studied comparatively.

4.2.2. Basic characteristic comparison of Minka farmhouse and West Java
traditional house

Basic characteristic comparison can be analyzed by analyzing house placement
configuration, form and structure, and material and conceptual features. Analyzing house
placement configuration, form, structure, and material features requires analysis of a
house in terms of adaptability caused by climatic conditions and the physical nature of

the region.

4.2.2.1. House placement configuration

Laurel L. Cornell, in her paper, “House Architecture and Family Form: On the
Origin of Vernacular Tradition in Early Modern of Japan” [106] investigated the rural
vernacular house is portrayed as a single building located on a defined plot of land. In
her paper, she said that there was a good example is given in a map of the Suwa Domain

drawn early in the period, in 1664. Its author is unknown, but it is said the map was
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created for an incoming lord who was unfamiliar with the Domain. The map shows the
house clearly. Each house is a single, one-story rectangular structure, approximately two
bays by two dimensions. The outside walls are blank, except for one open bay, which
serves as an entrance through which the interior is visible. Each house is crowned by a
roof, most commonly of thatch, but a few shingle roofs are also visible. In the following
explication, she examined the phenomenon of a single house being associated with a
single-family seems to be a new one in the early modern period. This phenomenon of the
single house being associated with a single family is also found in West Java traditional.
While in another province in Indonesia, West Sumatra, the traditional house is habited
by many families (big families). Ria Intani T, in her journal “Konsep Tata Ruang Rumah
pada Masyarakat Kasepuhan Cicarucub” (Spatial House Concept on The Kasepuhan
Cicarucub) [107], investigated that in some villages in West Java, one house is habited
by one family or only three families at most.

Topography conditions in West Java province dominantly are slope area
because located in mountains or highlands. West Java's traditional society, Sundanese,
believes in soil contour position, named tonggoh and lebak. Tonggoh means up level, and
lebak means bottom level. The position of the traditional house is located in tonggoh,
while the bathroom is located separately from a house in lebak. Musholla, a place for
Muslims to pray (most Sundanese are Muslim), is near the bathroom or the water source.
The position of the Musholla near the water source is interpreted as water as a source of

life. (Figure 4.2.4).

A: Hill
B: Valley

C: Housing

D: Water Source
E: Bathroom

F: Musholla

Figure 4.2.4. Dualistic system in Up and Bottom level

On the other hand, the Minka Japanese traditional house existed in plains,

mountains, coasts, or towns, affected not only the plane types but also the village form.
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There are two types of villages in the plain area; those are dispersed type and house types
which are gathered in one place, stand close, and are surrounded by a moat so that they
can protect the village from the enemy outside. The first type of house was built distant
from each other to surround the house with groves to protect the building from the strong
wind, which was peculiar to the region. In mountainous regions, the ground was scraped
to obtain flat land because it was difficult to obtain wide spaces; the narrow and linear
plan types were preferred. On the coasts, fishing villages had been developed close to
harbors. [108] (Figure 4.2.5).

1§ -

Figure 4.2.5. Influence of topography on the houses [108]

4.2.2.2. Form and structure

The timber-framed structure was the most common method for housing
construction in Japan and Indonesia. The post and beam structure in Japan uses a system
of joinery. The beams that made up the wooden frame had interlocking joints. The
building™ s construction joints were likewise carved to fit without nails or screws. After a

typhoon or earthquake, the owner could simply hammer any loose joints back into place.
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This method is also applicated in West Java traditional houses. However, the reason is
that Sundanese at that moment believed that using nails, materials, and tools made from
metal had bad impacts on their lives (spiritual belief). General constructions of the house
use peg/wedge, hole, and ligament. [107]. Both countries® roof types have steep roofs to
fasten rainwater and snow in Japan to reach the ground to reduce the roof's weight. It
also prevents the thatch itself from getting too wet and beginning to rot.

Both types also have wide space under the roof to control the indoor
temperature in Indonesia (Figure 4.2.6), while in Japan, used as a substitute for the
chimney, smoke would rise into the area of this high and spacious roof (Figure 4.2.7).
The indoor temperature in most Indonesian traditional houses is also controlled by cross
ventilation. Veranda and overhang canopy can be found in these two types of houses,

which can filter sunlight and water.

Julang Ngapak Badak Heuay

Figure 4.2.6. Type of Roof in West Java Traditional House

The raised floor in the Minka farmhouse is used to decrease the humidity and
give air under the floor to get cooler in the summer. It also has a sunken heart or irori
for heating the home in the winter season or cooking food. Besides being used for reducing
humidity from the ground and prevent from dangers (animals, flood), the raised floor in
the West Java house also represented Sundanese beliefs (spiritual) which vertical division
space of the house represented the traditional social life process, life starts from nature,
and it denotes the bottom world while sky denotes the up world and human position is
in the middle word. They believe that they will achieve the perfection of
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transcendent.[109]. Thus, in West Java, houses are built on stilts with a 50 cm rise from

the ground.

= v .n'n éi.“:=' v‘.
el = SOV T 3

Figure 4.2.7. Various Type of Roof Structure in Minka Farmhouse [108]

‘:,

In West Java's traditional houses, stone or wooden post foundations are built
above the ground. It was established to prevent the effects of earthquakes. It also became
the reason Japan's traditional houses had foundation construction built above the ground,
as both countries are located in the "ring of fire" where tectonic earthquakes occur
frequently. But sometimes, in Minka farmhouses, the pillars rested on foundation stones
buried in the ground and were often carved to exactly fit the contours of the stone
without further fastening. It allowed flexibility in the structure so that in the event of an
earthquake, the house would slip from the stones but remain, for the most part, intact,

simply requiring to be replaced on top of the stones.

4.2.2.3. Material features

The reflection of different climate conditions of both countries created different
material features for housing though they still have similarities in some use of material.
For instance, the thatch used for the roof in most Minka farmhouses and West Java

house was chosen because easy to find as a local material. It has different thicknesses in
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each type because of its different functions. Particularly in Japan, the Minka farmhouse
was covered with thatch in order to protect the house from the cold weather. The
thatched roof in the Minka farmhouse is able to penetrate the smoke from the heater or
irori as a substitute for a chimney.

Bamboo or wooden frame was the method for the wall construction of Japanese
or Indonesian traditional houses. In Japan, this wall structure was covered by earth
plaster, while West Java's traditional house was covered by a bamboo chamber that can
penetrate the air to add wall ventilation. The bamboo chamber also became a
multifunction material in West Java's traditional houses. Besides for walls, it is also used
for ceiling and flooring material. This kind of material can bring coolness to indoor spaces.
Even though the flooring material in Minka houses is wooden, the use of tatami is popular

even today. It is traditionally made from rice straw [110].

4.2.3. A conceptual features comparison between Minka farmhouse and

West Java traditional house

4.2.3.1. User requirement

Agriculture, especially traditional dry rice cultivation (known as ladang), has
become traditional Sundanese people's primary way of life. Therefore, a place to save
paddy was needed. It was separately located near the kitchen.

The Minka farmhouse habitants work in agriculture, sericulture, animal
husbandry, and fishing. Garret became a space developed to keep the silkworm in the
house of a silkworm culture farmer, and the roof was cut to obtain the window for
ventilation and lighting. There are two styles of the house of the stockbreeders. They are
magariya and chumon-zukuri (Figure 4.2.8). In magariya, a stable was added to the main
space. It could avoid the restriction of the main space’s length beams, and it could be
sized freely. This style was built in the Central Part of Japan, while the chumon-zukuri
style was built in the North part of Japan chumon-zukuri was connected to the main area
with an aisle. This style was covered in a single structure roof that habitants could

directly go to stable from the main space without going out.
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Domal Living Doma/ Living

Work place space Work place| space
Stable Stable
(a) Magariya (b) Chumon-zukuri

Figure 4.2.8. Two styles of stockbreeder’s house [108|

T=5)

Goah/ Leuit, a place for
save the paddy.

Figure 4.2.9. A place for save paddy was built near the kitchen
Source: by Author (left), kompasiana.com/2010(right)

4.2.3.2. Spatial organization

The attention-grabbing resemblance between the houses of the two countries
can be seen in the house’s level difference from the ground where a house is built on a
stilt. The Minka farmhouse spatial organization consisted of residential spaces and
worked place called Doma [111]. Doma was un-boarded ground floor while the residence
spaces were raised higher than the Doma and boarded or covered with mattresses. It is
usually used as a workplace, service place, passageway, kitchen, and stable. Residence
spaces were for living spaces, such as a hall with irori, bedrooms, and a terrace. In these
spaces, the users do not wear any footwear.

This unique character was also found in West Java traditional houses where the
kitchen was un-boarded ground floor and had the same level as the ground while the

living spaces had raised floors and boarded with the flooring material. Users also do not
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wear any footwear in living spaces. This house provided a terrace and was directly
welcomed by the entrance to the main space, which in this space, users gather and do
activities together. Sundanese people do every activity on the floor because they think it
will be intimate when they do it together on the floor. In Sundanese culture, there was a
proverb, “Makan ga makan asal kumpul’, which means “no matter whether you eat or not
eat, the most important is gathering”. This proverb is reflected in their main room, the
terrace, and a kitchen where they do activities together, such as cooking, chatting, and
sometimes sleeping together on the floor in the main room. Doing daily activities on the
floor also occurs in Japan even today. Low ceiling height made them more comfortable
to do activities on the floor. When the West Java traditional house had a bedroom and
usually had a fixed bed, Minka farmhouses had rooms for sleeping, which can be flexibly
changed for another function because they had oshiire, a small section of the house (large
closets) used for storage in each room to put the bed mattress and stuff. They also did
not use many doors but sliding partitions called fusuma. It redefines spaces within a room
or acts as doors, portable and easily removed. That is why Japan House is well-known

for its flexibility.

KITCHEN
BEDROOM (WOMAN)

LIVING ROOM (WOMANZMAN)
BEDROOM (MAN)
VERANDAH

(a) West Java Traditional House (b) Minka Farmhouse
Figure 4.2.10. Two type of Spatial Organization in West Java Traditional House and

Minka farmhouse
Like West Java houses, bathrooms in Minka farmhouses usually were located
separately from the house. However, it was used communally, called sento. Bathrooms

and toilets sometimes were integrated into the main house.

4.2.3.3. Woman's role in traditional house of Japan and West Java

In philosophical review predictably influenced by Islam culture and Sundanese
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culture itself, a spatial organization in West Java's traditional house led to a dualistic
system that divided the house into two parts of authority. The front part is man's
authority, and the back part is woman's authority. Men had a higher hierarchy than
women, which can be noticeable in the placing of the man's room (bedroom) in the front
part while the woman's room and kitchen are in the back part of the house. Otherwise,
men in the non-urgent case should not go into the kitchen or goah (a place to save paddy)
because it is considered not good. Likewise, it also can be noticeable in a yard function,
which the front yard is for man's activities. It is planted with fruits or for drying the
paddy while in the backyard, and there was a draw well or fishpond for woman's activities
[107].

Contrary to the situation in West Java's traditional house, the domestic position
of an average Japanese woman was superior to that conceded to her sisters in Eastern
countries and there was perfect freedom in domestic and social life among Japanese males

and females enjoying each other’s society [112].

4.2.4. Conclusion

Residential architecture of the Minka farmhouse and West Java traditional
house share similar common approaches in having timber framed structure, joinery
system of posts and beams, steep roofing, raised flooring, steep roof, veranda and
overhang canopy, stone foundation or wooden post foundation built above the ground.
These common approaches were affected by both countries' climate, topography, and
other physical nature factors. However, they were also affected by Sundanese beliefs and
customs in West Java's traditional house case. Rooms in West Java traditional houses
by themselves are designed spaces that provide all requirements of daily life. It is also
valid for the Minka farmhouse that fulfills its function at the most appropriate level. The
floor is the most functional part of the traditional West Java and Japanese houses since
the basic activities of daily life (sitting, eating, and sleeping) are placed on the floor in
Japan.

There is an interesting common feature, but it has a contrast function between
dwellers of West Java traditional houses and dwellers of Minka farmhouses in their

reaction to the weather condition. While dwellers in West Java traditional houses use
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cross ventilation and wide space under the roof to control the temperature, dwellers in
Minka farmhouses use wide space under the roof to substitute for chimneys when using
sunken hearths fired (irori) in the winter season. The most substantial differences
between the Minka farmhouse and the West Java traditional house sit on the cultural
factors, in which spatial organization was influenced by the gender dualistic system and
house placement configuration was influenced by Sundanese beliefs, customs, and Islam
religion.

Finally, in light of the points mentioned earlier, it is clear that the Minka
farmhouse and West Java traditional house have many similarities regarding some
essential physical characteristics. However, the effects of motivation that lay behind those
characteristics are different from each other. They have been mainly influenced by

different religious thoughts and customs of their times.
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4.3. Architectural characteristic and natural environment control
system of Japanese traditional house: Case study traditional Houses

in Kitakyushu City, Japan

4.3.1. Introduction

The Tohoku earthquake, the Greatest East Japan Earthquake, and Tsunami in
March 2011 were bad enough to cause radioactive leaks at the Fukushima nuclear power
plant. Eleven of Japan's 50 nuclear reactors were closed immediately following the
earthquake. Japan's nuclear industry supplied a third of the country's electricity because
the growth of producing energy from nuclear fuel became a way of reducing Japan's
dependence on imports. At the same time, Japan has very few natural resources and
become the world's largest importer of LNG and coal. Since the closing of many nuclear
reactors in Japan after this earthquake, Japan Government has limited energy
consumption of electricity by conducting blackouts in many industrial, commercial, and
even residential areas several times. This phenomenon becomes a big issue of housing and
its environmental adaptation since the housing design influences the capacity to control
its environmental adaptation. Controlling the architectural environment in contemporary
houses in Japan tends to be reliant on scientific technology and a human being's
overconfidence in technology. However, high technology needs more energy consumption.
Technology can be a more complex method for solving architectural problems associated
with the environment.

Asian traditional houses are known for their capability to control the
environment sustainable manner. Reinforcing this, R. Shinta Priya, in her paper
“Comparing the thermal performance of the traditional and modern building in the
coastal region of Nagappattinam, Tamil Nadu” in the Indian Journal of Traditional
Knowledge [109], concluded that the traditional residential buildings are more thermally
comfortable than modern residential building in the same surrounding. Do-Kyoung Kim,
in his paper “The natural environment control system of Traditional Korean Architecture:
Comparison with Contemporary Korean Architecture,” concluded that traditional Korean
architecture has been based on the vision that it should coexist with nature and in

contrast, Korean temporary architecture ignores the natural surroundings and relies
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solely on contemporary technology, which consumes a great deal of energy [110].

Japan has a different climate from India and has its own architectural
characteristic of its traditional housing, even has the same climate as Korea. This study
mainly examines the architectural character of traditional Japanese houses and their
methods to control the architectural environment, which has a natural environment
control system. This paper first analyzes the basic form and structure of two traditional
houses, which have been selected to understand the essential architectural characteristic
of traditional bearing; the whole research aims to analyze the transformation of Japanese
housing. Then in the following section analysis of its natural environment control system

is then discussed.

4.3.2. Architecture characteristic of Japanese traditional house

Architecture characteristic is studied by analyzing basic form, structure,
material futures, spatial organization, and details. Two traditional houses in Kitakyushu
have been selected for the case study. Those are Takasaki Old Residence and Shimizu
Old Residence. They were located in Yahatanishi Ward, Kitakyushu City, Fukuoka

Prefecture.

* Shimizu Old Residence

* Takasaki Old Residence

Figure 4.3.1. Residences’ location on Kitakyushu, Japan

4.3.2.1. Basic form, structure, material futures of Japanese traditional house

Takasaki's old residence was constructed in 1835 as a house for merchants. Since
it is valuable as typical post-station architecture, it was designated as Kitakyushu city
cultural property in 1994. Afterward, this house was reconstructed with the same design
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and constructed with the former main structure with new structures addition to support
this house. Shimizu's old residence was built after a big fire occurred in this region in
1836. This house was formerly used for Lord Rest's place in their expedition from
Nagasaki to Tokyo. Even the hierarchy of both houses was used differently; we can see

the similarity of the basic form, structure, and material futures.

Figure 4.3.2. Column, beam, tie joining.

(Source: Measure and Construction of Japanese Home. 1985)

Table 4.3.1. Residences basic information

Takasaki Old Residence Old Residence

Hierarchy Merchant Tea House
Specified classification  City cultural property City cultural property
Construction year 1835 1836
Renovation year 1995-1997 1997-1999
Total land area (m?) 653,11 645,02
Total architectural 429,33 293,71
area (m?)
Floor level (m) 2,65 2,60
Height of house (m) Roof: 12,8 Roof: 10,5

Beam: 7,89 Beam: 6
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Figure 4.3.4. Shimizu house

Table 4.3.2. Structural Characteristic

Takasaki old residence

Shimizu old residence

Main structure
Roof
Wall
Floor

Foundation

Timber
Wood
Bamboo
Wood

Stone

Timber
Wood
Bamboo
Wood

Stone
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Table 4.3.3. Material features

Takasaki old residence

Shimizu old residence

Building envelope
Roof

Wall

Ceiling

Floor

Wood, soil, earth
Kawara
Earth

Exposed (wood structure)

Wood, tatami, cement (after

renovated)

Wood, soil, earth

Kawara

Earth

Exposed (wood & bamboo
structure)

Wood, tatami, earth/soil

bamboo straw soil/earth

Figure 4.3.5. Detail of wall section
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£

|
|
5
1

Figure 4.3.6. Raised Floor Construction Detail [112]

The timber-framed structure was the most common method for housing
construction in traditional Japanese houses, as seen in both houses. The post and beam
structure used a system of joinery. The beams that made up the wooden frame had
interlocking joints. The joints of the building were likewise carved to fit exactly without
using nails or screws. After a typhoon or earthquake, the owner could simply hammer

any loose joints back into place. Both houses have a steep roof to fasten rainwater and

snow to reaching the ground in order to reduce the weight of the roof.
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The form of both houses has different proportions between the first and second
floors. The second floor has a lower size than the first floor. The space on the second
floor of Shimizu's old residence was an under-the-roof space, which was used for people
to guard the Lord from upstairs. Building facades on the second floor were dominantly
made by massive walls. It is because in Takasaki's old residence, the dwellers were not
allowed to see Lord from the second floor, and they had to go downstairs kneeling Lord
when he passed the road, which is the main road of Lord's Expedition from Nagasaki to
Tokyo.

One of the traditional Japanese house characteristics is the structure of its wall
(Figure 4.3.5). They made bamboo for the structure and then covered it with earth mixed
with thatch. For the floor material, they usually covered their living space, which has
raised floor from the ground (Figure 4.3.6), with tatami mats made from rice straw. The
size of the room is typically measured by the number of tatami mats which are made in

standard sizes, with a length exactly twice the width, and an aspect ratio of 2:1 [112].

Figure 4.3.7. Pounding down foundation stone [111]

The foundation in traditional Japanese houses was made with no excavation
beneath the house. The upright beams rest directly without attachment upon single uncut
stones which have been pounded into the earth. The house was perched upon these stones,
with the floor elevated at least a foot and a half or two feet above the ground. (Figure

4.3.7) [111].
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Table 4.3.4. Structural characteristic

Takasaki Old Residence Shimizu Old Residence

\

Main
structure J
Timber
- “
Wood
|
Ny . g%
3 - m":,-
Lo b
Wall ¥
Bamboo Bamboo
Wood
Foundation - .
e T

Stone Stone

Material features of both houses come from local materials, such as cedar

wood, stone, bamboo, straw, and earth.
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Table 4.3.5. Material features

Takasaki Old Residence Shimizu Old Residence

Building
Envelope
Wood, soil, earth
Roof
Kawara Kawara
Wall
Ceiling
Exposed (wood structure) Exposed (wood &bamboo structure)
Wood, tatami, cement (after Wood, tatami, earth/soil
renovated)




4.3.2.2. Spatial Organization

Japanese traditional house’s spatial organization consisted of residential
spaces and worked place called Doma. Doma was un-boarded ground floor while
residence spaces were raised higher than the Doma and boarded or covered with
mattresses. It is usually used as a workplace, service place, passageway, kitchen, and
stable. Residence spaces were for living spaces like halls, bedrooms, and verandas. In
these spaces, users do not wear any footwear because people sit and do activities on

the tatami mats.

hai

doma

‘ doma

hall

Figure 4.3.8. Typical plan 1 (Takasaki old Figure 4.3.9. Typical plan 2 (Shimizu
residence) old residence)

The first plan given (Figure 4.3.10) is the first floor of Takasaki's old residence
after it was renovated. The solid black lines represent the wall that cannot be moved.
These walls have a modular system as a tatami mat module. Red lines represent shoji,
sliding doors that divide the outer and inner sides. It is flexible and makes a continuous
space between indoor and outdoor spaces. It made the connection between the house and
niwa or garden which transformed the concept of building and nature is unite. Blue lines
represent fusuma (Figure 4.3.12), a movable sliding partition consisting of light frames
of wood covered with the paper used for dividing the rooms. It runs along the track on
the upside called wwabuchi and bottom called shitabuchi (Figure 4.3.13). Both fusuma
and shoji make a room flexible because they can be removed and mounted. The brown

lines are also fusuma but covered by wood panel and paper. Doma and kitchen area was
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covered by cement and had the same level as the ground, while the living spaces, covered
with tatami and wood panel, had a different level (raised floor) from the ground. The
parlor and antechamber are the rooms for the tea ceremony. The veranda next to the
parlor is used for expanding space when tea ceremony guests vastly come, which is why

the veranda in this house is also covered by tatami.

scaur Tl *

Figure 4.3.11. Shimizu old residence floor plan
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Figure 4.3.12. Fusuma Figure 4.3.13. Shitabuchi

In Takasaki's old residence, the hall or front room was used for selling the goods
through suriagedo (a door can be moved up and down), and the Doma was used for
putting the goods. Formerly, the Doma floor material was made from soil/earth, but it
was made from cement after the renovation. There is tokonoma in the parlor and inner
parlor. Tokonoma is an alcove that has one or a half tatami mat size and is a step higher
than the rest of the room. It is the place to display kakiju (hanging scrolls), ikebana
(flower arrangement), and other art. The idea that the tokonoma is a sacred space was
begun by Buddhist priests, and even today, it is strictly forbidden to walk into or sit in
the tokonoma. The seat closest to the tokonoma is usually given to the most important

guest.

Figure 4.3.14. Lord /Daimyo in Jyoudan no ma

The second plan (Figure 4.3.11) is the first floor of Shimizu's old residence. The

floor material in the Doma of this house is still made of soil/earth even though it had

73



been constructed. In Shimizu's old residence, tokonoma was located in joudan no ma, a
room with a raised floor used for daimyo (territorial lords), bakufu (headquarters), or
senior officers. In joudan no ma (Figure 4.3.14), daimyo usually sat and had an assembly
with his officer or had a tea ceremony. Storage in the backyard has two floors, and it is
used for saving stuff. Both Takasaki and Shimizu's old residence has a water well in the

backyard and a wide niwa or garden.

Both houses have a veranda which was formerly sometimes used for expanding

seating places for people when they held tea ceremonies or parties.

4.3.3. Natural environment control system of Japanese traditional house

4.3.3.1. Double skin of doors

Both Takasaki and Shimizu's old residences have double skin of doors. The
outermost of the skin was made from wood that was used to protect from strong wind in
the winter season. It can be shifted and saved in a distinctive place (Figure 4.3.17) when
it is not used. This double skin is flexible. It can be used in the winter season and can be

removed in the summer season.
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Figure 4.3.15. Detail of double skin door
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Figure 4.3.16. Double skin door Figure 4.3.17. Space for saving doubles

skin door

4.3.3.2. Raising Floor

The living space of both houses has raised floor about 40 cm from the ground.
It makes wind play free beneath and makes the rooms colder in the summer season. It

also decreases the humidity from the ground.

4.3.3.3. Tatami mat as floor covered.

Tatami mat as a cover in living spaces has many advantages. Besides, it absorbs
moisture during periods of high humidity and naturally discharges the moisture when the
air is dry. These two- or three-inches thickness mats act as an insulator as well, keeping

the rooms cool in the summer and warm in the wintertime.

4.3.3.4. The Utilization of NV by cross ventilation

Traditional Japanese house usually has cross ventilation to flow the wind and
make the room colder in the summer. Cross ventilation is obtained by opening the shoji,
which separates the indoor and outdoor spaces. Because the house is dominantly closed

by shoji, it will ease the wind flow.

4.3.3.5. Eaves controlling amount of the sunshine and protecting the heavy rainfall.
Similar to Chinese and Korean architecture, traditional Japanese house has deep

eaves called Hisashi, which can play an important role in controlling the amount of

sunshine entering the building. It also protects the heavy rainfall. In Japan, the angle of
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the deep eaves is approximately 30°. The angle is related to the highest altitude of the
sun according to the seasons. The highest sun position in Fukuoka (rising and setting
times for the sun in 2012) is 79,8° in June 2012 at the summer solstice and 32,9° in
December 2012 at the winter solstice. From the relationships between the eave's depth
and the position of the sun (highest altitude), we can see that the eaves block the sunshine
or sun radiation in the summer but allow sunshine to enter a building in winter.
Accordingly, the eaves can closely control the amount of solar radiation, which is suitable

for every season.

™

m—

Figure 4.3.18. Eaves in veranda (section) Fiure 4.3.19. Paved spce raels)

altitude of the sun at the summer solstice

ﬁh about an angle of 79,8°: the highest

about an angle of
32,9°: the highest
altitude of the sun
at the winter
solstice

Figure 4.3.20. Function of the eaves in Japanese traditional

In Takasaki's old residence, paved space (gravels) under the eaves (Figure 4.3.19)

made for rainfall, which drops from the eaves to prevent splashing soil.
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4.3.4. Conclusion

By examining the architectural characteristic of and natural environment
control system of Japanese traditional houses, it is concluded that the houses are the
carrier for local climate, topography, and culture. It has been based on the concept that
architecture should coexist with nature. Many natural environment control systems were
used in traditional Japanese houses, including climate responding and using local
materials. These systems are all used and improved for hundreds of years and are suitable
for local climates. This research confirms the effects of these methods on improving the
indoor environment and human comfort. These methods should be improved by modern
technologies and used in modern residences.

By this preliminary outline of the architectural characteristic and natural
environment control system analysis, this research will be a basis for the next study about
the traditional Japanese house and its transformation for adapting to the natural
environment. It is hoped that this research will be useful to whom aims to improve the

architectural environment.
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4.4. Indoor thermal in summer and indoor mnatural daylight
measurement of Japanese traditional house; study case: Machiya in

Koyanose, Kitakyushu, Japan

4.4.1. Introduction

The yearly average of the highest air temperature in the summer season in
Fukuoka, Japan, comes in August, reaching a mean temperature of 28.1 °C and a daily
maximum temperature of 32.1° C, with 72% relative humidity, according to the Japan
Meteorology Agency's observed data from 1981 to 2010 (Figure 4.4.1) [113]. Houses
should be planned using passive design as much as possible to achieve indoor comfort
during this season, considering global environmental issues and reducing building energy

consumption.
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Figure 4.4.1. Yearly Average Air Temperature and Relative Humidity

In addition to being a cultural inheritance with strong vernacular wooden house
characteristics, the traditional Japanese house (Minka) has been known to perform well
in the summer season during the old period. The good points of Japanese traditional
house characteristics are still being explored since the residents' lifestyle has transformed.

This study aims to measure the indoor thermal environment and interior
illumination of the summer season and to explore the secrets of coolness and energy
savings related to the residents' modern lifestyle in Machiya, Koyanose, Kitakyushu,
specifically in the U house, a traditional Minka serving as the target. Moreover, in

addition to the purpose of conserving traditional Minka in Machiya, given the decrease
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in their number, the results of this study can be expected to become useful for energy-

saving architectural planning outside northern Kyushu, for example, in Southeast Asia.

4.4.2. Outline of the survey

4.4.2.1. Outline of the investigated house

The investigated house is located in Koyanose, Kitakyushu, Japan,
33°46'39.17"N 130°43'13.94" E (Figure 4.4.2; Figure 4.4.3). It is located in Nagasaki
Kaido, a road across Kyushu from Kokurato Nagasaki, used by a feudal lord in Edo
Period. There is a big river, called Ongagawa River, on the west side, about 80 meters
from the house.

The family structure of this house is seven people of two families; husband (78)
and wife (71) live on the first floor, and a couple with three sons live on the second floor

but also use the kitchen area on the first floor.

Figure 4.4.2. U house location
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Figure 4.4.3. U house front image

Table 4.4.1 shows the U house basic information. The U house, a 2-story house,
with a wood structure, which was originally constructed in 1865, has a 298 m? building

area and has been renovated two times, 1900, and 2005.

Table 4.4.1. U house basic information

Content Information
Location Koyanose, Kitakyushu
Building use Residential
Building area 298 m?
Construction year 1865
Renovation year 1900, 2005(Kitchen)
Structure Wood, 2-storey

|

East
Garden

| West Garden }

i, | T

Kitchen

Figure 4.4.4. U house floor plan
The U house floor plan (Figure 4.4.4) shows the number of interior photos
described in Figure 4.4.5.
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Figure 4.4.5. Interior and Niwa of U house

81



4.4.3. Methodology

4.4.3.1. Research flow

Explore the secrets of coolhess and

energy-saving

Target BUIldlng ‘ Machiya, Koyanose, Kitakyushu, Japan

|

Methodology Hearing and

Questionnaire

l

‘ Field measurement ‘

l
l

| Lifestyle Pattern |

Indoor thermal measurement
Interior llluminance
measurement

Building Characteristic
Investigation

r
|

Result and Analysis |

Conclusion ‘

Figure 4.4.6. Research framework

Figure 4.4.6 shows the research framework of Chapter 4.4. The methodology of

this study is divided into two parts, hearing and questionnaire investigation, and field

measurement investigation.

4.4.3.2. Hearing and Questionnaire Investigation

The hearing investigation comprised 3 questions contents, housing equipment
ownership, lifestyle pattern, and individual attributes such as age, occupation, and family
structure. The author also delivered 2 types of questionnaires to the occupant, those are

daily lifestyle and indoor thermal sensation. This questionnaire investigation was

concurrently executed by the owner during the course of field measurement.

Table 4.4.2. Hearing contents

Question Contents

Housing Equipment

Ownership of Electric fan, Ownership of Air Conditioner

Lifestyle pattern Frequently used room, rarely used room,

sleeping time, time spent in the house

Individual Attributes Age, occupation, family structure
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Table 4.4.3. Questionnaire contents

Question Contents Time

Daily Lifestyle Pattern Air Conditioner and 2015/8/17 —2015/8/24
Electric fan daily usage (00.00-24.00)
Window and  door
opening and closing
time
Watering Time
Indoor Thermal Thermal, Humidity, 2015/8/17 —2015/8/24
Amenity light, air flow, comfort  (16.00-18.00)

4.4.3.3. Field Measurement

The author carried out a survey to investigate building characteristics and the
indoor thermal environment of the house in the summertime. Measurement was
conducted from August 17th to August 24th, 2015. This preliminary study was conducted
on the first floor of the house, which is lived by two persons, husband, and wife.

Building characteristic investigation itself was carried out by examining the
house layout and materials and measuring the area, ceiling height, opening height, and
width of each room. The measurement is divided into two types of measurement; they
are all-day measurement which consists of air temperature, humidity, and radiation
temperature, and detailed measurement, which consists of material surface temperature,
daylight factor, wind velocity, and wind direction (Table 4.4.4). The position of the
measurement (Figure 4.4.7) was determined by room characteristics that can be seen
from the floor plan.

During the measurement, all windows and doors opened and closed according
to the occupant’s daily lifestyle. (Table 4.4.7). In the next section, the author will analyze
to clarify the relationship between buildings’ characteristics and prosperous thermal

environment combined with occupant’s lifestyles.
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e

Bathroom

West Garden

v
Figure 4.4.7. Measurement items
Table 4.4.4. Measurement contents
Meas. Item Meas. Tools Room Interval
All Day (1)Indoor air Small temp. O ~® 15 min
meas. temp. and and humidity -
humidity meter
(2) Globe Globe A ®, © 15 min
temperature thermometer
Detailed  (3) Material Spot-type ®, ®, © 20 min
Meas. surface temp. radiation
thermo-meter o
(4) Daylight Luminometer * 0,0,,®,9, 20 min
Factor @3),outside
(5) Wind velocity Hot wire 0,0,0,9,1 20 min
anemometer .
Table 4.4.5. Measurement schedule
8/17 8/18 8/19 8/20 8/21 8/22 8/23 8/24
All day O O O O O O O O
Meas.
Detailed O _ _ _ _ _ O
Meas.

84




4.4.4. Survey and analysis

4.4.4.1. Hearing and Questionnaire Analysis

According to hearing and questionnaire answers, the author found out the most
frequently used rooms are: Kitchen @), room number @, and room number ®.
Otherwise, the most rarely used rooms are room numbers ,®), and (. During the
daytime, the owner (husband) spends most time in room number @), and the wife spends
most of the time in room number #@(Kitchen). Room number 2 becomes a space for
sleep at night (21.30-05.30). The housing equipment was also figured out. The owner has
two electrical fans and 4 Air Conditioners, which are located in room numbers @O, @),
®, ©. Room numbers O and @ can be connected and become one spacious room,
used for a drinking party held once a year. It becomes the reason for the Air Conditioner
installation in both rooms. Besides the drinking party, room number (D is used for
praying, and room number 9 is used for reading or drinking tea. For the amenity
questions, the owner’s answer to the hottest room is room number 3, and the coolest
rooms are room numbers O, @, and Doma (®, @, D). The brightest room is room

number . The darkest rooms are room numbers (O, @), and ®.

Table 4.4.6. Hearing result

Question Contents Answers
Housing Electric fan 2
equipment
Air conditioner 4 (0,,2,9)
Daily Lifestyle Frequently used @, @,
room
Rarely used room ®, ©, ©
Sleeping time 21.30 - 05.00

Time spent is house  00.00 - 24.00 (wife)

Individual Age 78 y.0, 71 y.o
attributes Occupation Retired teacher
Family Structure 2 persons (1% floor), 5 persons (2"¢ floor)
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Table 4.4.7. Questionnaire result

Date AC Usage Time Electric Fan Window and Door Doma and Road
(Hour) Usage Time Opening Time Watering Time
(Hour) (Hour)
2015/8/17 00.00-0.30 (0.5), - 08.00-18.00 (10) -

18.00-18.30 (0.5)
2015/8/18 18.00-19.30 (1.5)  00.00-00.30 (0.5)  05.00-18.00 (13)  06.00(road),  17.00(west
garden)
2015/8/19 19.30-20.30 (1) 12.00-17.00 (5)  05.00-17.00 (12)  07.00 (road, west & east
garden), 08.00 (Doma)

2015/8/20  17.00-18.00 (1) 09.00-11.00 (1),  06.30-17.00 (10.5) -
13.00-17.00 (4)
2015/8/21  17.30-18.00 (0.5)  13.00-13.30 (0.5) 05.00-17.00 (12) -
2015/8/22  00.00-00.30 (0.5), 22.00-23.00 (1)  05.00-09.00  (4), -
22.00-22.30 (0.5) 15.00-18.00 (3)
2015/8/23 17.30-18.00 (0.5) 13.00-14.00 (1) 06.00-18.00 (12) 16.00  (Doma), 17.00
(road)
2015/8/24 - - 05.00-18.00 (13)  06.00 (road)

Figure 4.4.8 shows the questionnaire result of the window open/close schedule
and AC and fan usage period. It can be seen that AC was not frequently used. Windows

were open throughout the day.

0:00 06:00 12:00 18:00 24:00|
< >
17 August 2016 } I % I %
18 August 2016 r’ : I r " {
<>
19 August 2016 | I I‘ n I “r |
R — <+ >4
20 August 2016 : : : : {
> <>
21 August 2016 : I I I I
< >
>
22 August 2016 = : I : I
> <>
23 August 2016 : I I I I
24 August 2016 I I I I I
Open/close period < * Air conditioner usage period + * Fan usage period

Figure 4.4.8. Window open/close schedule, AC and fan usage period
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Table 4.4.8. Indoor Thermal Questionnaire Result

Date Time Thermal Humidity Comfort Air Flow Daylight
8/17 17.00 0 -1 0 1 1
8/18 17.00 1 0 1 1 2
8/19 16.00 0 -1 0 1 1
8/20 17.00 0 0 0 1 -1
8/21 17.00 1 -2 -1 1 0
8/22 18.00 1 0 0 -1
8/23 18.00 1 0 1 1
8/24 14.00 1 1 0 -1

Table 4.4.9. Indoor Thermal Sensation Parameter

Thermal Humidity Comfort Air Flow Daylight
3 Hot Very dry Very comfort Very light
2 Warm Dry Comfort Light
1 Slightly Slightly dry Slightly comfort Feel Slightly
warm light
0 Neutral Neutral Neutral Not feel Neutral
-1 Slightly cool  Slightly humid Slightly Slightly
uncomforted dark
-2 Cool Humid Uncomforted Dark
-3 cold Very humid Very uncomforted Very dark

Indoor Thermal Questionnaire Result (Figure 4.4.8 and Table 4.4.8) shows that
the owner evenly felt neutral in comfort and felt slightly comfortable on August 18" and

24th. In the meantime, the owner felt slightly uncomfortable on August 21st.

4.4.4.2. Field Measurement Analysis

4.4.4.2.1. Building Character Analysis

In order to analyze the room’s characteristics, the house plan is divided into
Zone A, Zone B, and Zone C. According to Figure 4.4.8 and Table 4.4.10, Zone A is a
set of rooms (room O, ®, @) whose floor height is about 50 cm above the ground and
has the floor covered by tatami. Rooms at Zone A are directly connected to the west
and east garden. Rooms @and (D have a balcony, while room & has no balcony. Zone
B is a set of rooms (room ), @), ®) that is not connected directly to the garden but

connected to the Doma. Rooms at Zone B have the same floor material and floor height
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level as Zone A. Zone C is a long-shaped Doma whose floor height is about 0-5 cm above
the ground and has concrete and soil floor material. Zone C is connected directly to the

road and backyard.

]
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GE?:;" f : : A )‘ West Garden | ]

Figure 4.4.9. House Plan Divided by Zone

Table 4.4.10. Rooms Characteristic Divided by Zone

Zone  Room Floor Floor Ceiling Opening (m2) Floor level
Material Area Height (m) (cm)
(m?)
15 2.5 9.36 50
A ® Tatami 8.56 2.0 3.59 50
©) 18.43 2.3 9.36 50
11 2.3 10.39 50
B Tatami 11.4 2.3 8.18 50
14 2.3 9.58 50
© Concrete& 29
C @ . 78 3.5 20
® sol 4.56-6.58

The floor area of Doma has the most spacious area and highest ceiling height
(room @) of the other rooms, while room & in Zone A has the smallest floor area and
lowest ceiling height. Doma has the widest opening area, and room @ also has the widest
opening area compared with other tatami-covered floor material rooms, while room &

has the smallest opening area.
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4.4.4.2.2. Indoor Thermal Analysis

Based on the temperature and humidity measurement result (Figure 4.4.10), the
maximum indoor air temperature reached 32.9°C at room ®and (4. The minimum
indoor air temperature was 24.5° C occurred at ©(Doma). According to the variance
data (Figure 4.4.13), @ and (@ have lower maximum temperatures than other rooms,
which reached 29.9° C. The average daily indoor temperature in this house is about
27.9° C throughout the measurement days. Figure 4.4.14 and Figure 4.4.14 show the
comparison of air temperature on August 22" and August 23', which is distinguished
by the door and window opening times during the day. Based on the result, a significant
difference between the two charts is the air temperature in rooms @O, @,®, ®, @, ®,
@ on August 23", which door and window were closed during the day is relatively lower
than in August 22", Humidity in room @O, @,®, ®, @, ®, @in August 23rd is
relatively higher than in August 22". It can be presumed that closing the door and

window hindered airflow, which can decrease humidity and increase the comfort level.
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Figure 4.4.10. Indoor and Outdoor Air Temperature and Humidity
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BAC use @ Electric fan use

Window & Window & Door Opened Window &
Door Closed Door
Closed

Using AC for 1 hour

On Using electric fan for

5 hours
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Figure 4.4.11. August 19th window and door opening schedule and AC or electric fan
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Figure 4.4.12. August 24th window and door opening schedule and AC or electric fan
use
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Figure 4.4.13. Indoor and outdoor air temperature variance
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Figure 4.4.14. August 22nd indoor and outdoor air temperature and relative

humidity
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Figure 4.4.15. August 23rd indoor and outdoor air temperature and relative humidity
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Figure 4.4.16. Air temperature on August 23rd divided by zoning.

Using hourly data on August 23", Indoor air temperature divided by zone is
shown in Figure 4.4.16. It indicates that the air temperature in room & from zone A is
higher between 14.00-18.00. It is the highest temperature among the other rooms. It also
indicates room @ has a lower air temperature than other rooms from zone A and B

between 14.00-18.00. It shows that air temperature in zone C is generally lower than in

zone A and B during the day and night. During the day from 14.00-18.00, it signified air
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temperature of the rooms in Zone A has a higher temperature than in Zone B and C.
According to Figure 4.4.17, room (® mostly has a lower globe temperature and air
temperature than room 9. It can be presumed that the low radiation temperature of
Doma has affected the air temperature at rooms in Zone B, which are relatively lower air
temperatures than rooms in Zone A. Based on Figure 4.4.17, it can be seen that on
August 21st, air and globe temperature in Doma (room ©) is higher than in Zasiki (room
©). According to the indoor sensational answer result, the owner, who mainly spends
time in rooms in zone B, felt slightly uncomfortable on that day, so it can be related that
uncommon condition in Doma has strongly affected the comfort level. Although the cause
of this phenomenon has not been discovered, it can be presumed that unusual activity

occurred in Doma on August 21st, which affected the global temperature.
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Figure 4.4.17. Air and globe temperature in room ©& (Doma) and room @ (Zasiki)
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Figure 4.4.19. Zone A and C air temperature on August 20th without watering.

Based on Doma air temperature after watering at Doma on August 23rddata
result shown by Figure 4.4.18, Air Temperature in Zone C averagely has decreased after
watering in Doma from 16:00. ATmean in Figure 4.4.19 shows the difference between the
average Air Temperature in Zone A and Zone C.

ATmean = (TO+TE+TO)-(TO+TD+T1®B) (4.4.1)
3
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Air temperature difference (ATmean) shows that Air temperature in Zone A
averagely has not decreased as much as in Zone C. Compared to data on August 20,
which has no watering activity, ATmean in both zones has no significant difference. It
can be concluded that watering activity in Doma can lower air temperature.

On hot and humid days, it is speculated that closing doors and windows will
impede airflow, reduce humidity, and improve comfort. Figure 4.4.20, Figure 4.4.21, and
Figure 4.4.22 show indoor air temperature by zone using hourly data from August 23rd.
Room (® in zone A has the highest temperature among other rooms during 14:00-18:00.
It also shows that room 2 experiences lower air temperatures between 14:00-18:00 than
the other rooms in zones A and B.

- - - Room @ (Zasiki) —a— Room D
s
/

32

30

28

26

Room AT(°C)

24

22

22 27
East garden (Niwa) AT (°C)

Figure 4.4.20. Temperature measurement results on August 23'd in Zone A
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Figure 4.4.21. Temperature measurement results on August 23rd Zone B
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Figure 4.4.22. Temperature measurement results on August 23rd Zone C

Figure 4.4.23 shows the average air temperature on August 23, which resulted
in Zone C's average air temperature being generally lower than Zones A and B during
the day and night. During the 06:00-18:00 hours with the doors and windows open, the

average air temperature in Zone A was found to be higher than in Zones B and C.
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Figure 4.4.23. Room air temperature average per zone with east Niwa air temperature
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4.4.4.2.3. lluminance measurement result and daylight Factor
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Figure 4.4.24. Illuminance measurement result

Figure 4.4.24 shows the illuminance measurement results. Based on Yahata
AMeDAS meteorological data, the hours of sunshine (h) on August 17 were 0.1-0.6 hours.
Also, on August 24, it rained lightly and the number of hours of sunshine (h) was 0.
Looking at each room, Room (@ reached the illuminance standard [114] for the general
(living room) as a tatami room, but it did not reach the illuminance standard for the low
table and the alcove. Room (@ achieved the illuminance standards for the general
(reception room and living room) at 11:00 and 13:00 on the 17th and at 11:00 and 13:00
on the 24th, and at 13:00 and 17th on the 17th. Room & achieved the standard of
general (living room and drawing room) and general (study) as a tea room, and achieved
the standard of entertainment and social gathering at 15:00 on the 17th. Room (®), which
is frequently used, has achieved the standard of a bedroom as a middle room and a
housework room. Room @3 (dirt floor) has a high ceiling and an upper window, so it
satisfies the general (study) standard, and the illuminance at 15:00 on the 17th is the
highest. Room D is a Buddhist altar room and meets only the bedroom standard.

Besides the illuminance measurement result, the daylight factor of the measured
rooms will be analyzed. The daylight factor is an indicator that indicates the possibility
of lighting, based on the ratio of the illuminance at the indoor measurement point to the

illuminance of the outdoors (all-sky illuminance) excluding direct sunlight, and the higher
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the value, the higher the evaluation. It aims to quantify the daylight allowed by a window,
as they express the potential illuminance inside a room in the worst possible scenario,
under overcast sky conditions when there is less exterior daylight [115].

\\*‘/qun \\\‘IIIQ:SU"
nght from & \ Light from

the sky the sky +
T except for direct except for direct
AT , sunlight sunlight

Daylight Factor ; ) = E X100 [%)]

Figure 4.4.25. Calculation of daylight factor
Daylight factor, the ratio of the light level inside to the light level outside the

house which is defined as:

DF — E/Esz 100 % (4.4.2)

E is illuminance due to daylight at a point on the indoor working plane, and
Es= simultaneous outdoor illuminance on a horizontal plane from an unobstructed
hemisphere of an overcast sky (3). Based on obtained data (Figure 4.4.26), on a sunny
day (August 17"), Doma (3 has the highest percentage at 11.00 and 13.00, and room
(® has the highest percentage at 15.00. Rooms ) and ® have a low percentage of
daylight factor among rooms (D,®),®,®), and @.

= (D Daylight fac. = ) Daylight fac.
® Daylight fac. Daylight fac.
= (9 Daylight fac. = @ Daylight fac.

11:00 13:00 15:00 11:00 13:00 15:00

8/17 8/24
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Figure 4.4.26. Daylight Factor at room @O, @, ®, ©, ©®

4.4.4.2.4. Wind Velocity
The wind velocity of rooms D, @), ®, and © is shown in Figure 4.4.29.. The

98



results show that room (3 had higher wind velocity on August 17th, mainly at 15.00
than other rooms. The August 24" wind velocity result shows that room @ has the
highest wind velocity at 13.00. Based on Yahata (AMEDAS) data, wind direction on
August 17 blew from NNE above 20 % (Figure 4.4.27). It is quietly related to the result
of the 17" wind velocity that showed room (3, which is located nearly in NNE in the

house plan, has the highest wind velocity.
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Figure 4.4.27. Wind Direction on August Figure 4.4.28. Wind Direction on August
17th 24th
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Figure 4.4.29. Wind Velocity at room @O, @, ©®, @

4.4.4.2.5. Material Surface Temperature

Figure 4.4.30 shows that the floor material surface temperature of Doma @3
(concrete, soil) generally has a lower temperature than wall and ceiling material on both
measurement days. Moreover, the ceiling material surface of Doma @ (wood) generally

has higher temperatures than the wall and floor. Besides, room ®and © floor, wall,

and ceiling material (wood) do not show significant temperature differences.
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material temp.

4.4.5. Conclusion

Figure 4.4.35. August 24th room ©

(Zasiki) material temp.

This study found that the air conditioner use period is low. Window and door

opening for long periods during the day may substantially relate to indoor thermal

100



comfort.

It can be concluded from owners feeling questioner which still feel comfortable
without an air conditioner during the day and only use it during sleeping time. From the
indoor temperature measurement result, room #@(Kitchen) has the highest temperature
during the day, followed by room . According to the characteristic room result, room
(® has the smallest size room, lowest ceiling height, and smallest opening size. Otherwise,
Doma (©,(,1)has the lowest temperature because it has the widest area, highest ceiling
height, and widest opening area.

The room @ has a lower temperature during the day than other tatami rooms.
Globe and air temperatures in Doma ® have lower temperatures than in room ©. It
can be concluded from the material surface temperature measurement that shows floor
material of Doma has a lower temperature than other rooms. The low radiation
temperature of Doma (zone C) has influenced the indoor temperature of rooms in zone
B during the day, which mostly has lower temperatures than other rooms in zone A. It
can be concluded that watering activity in traditional Japanese Minka, especially in
Doma, impacts decreasing the indoor air temperature.

The preliminary outline of this research can be concluded that one of the major
secrets of the coolness and energy-saving of Minka is Doma. In this study case, Doma has
a wide area of about 1/3 percent of the first-floor area. In addition, to conserving
traditional Minka in Machiya, this study can be expected to become useful for energy-
saving architectural planning outside northern Kyushu, for example, architectural

planning in Southeast Asia.
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4.5. Chapter conclusion

In conclusion, the first section of this chapter highlights the similarities and
differences between the residential architecture of the Minka farmhouse in Japan and the
traditional houses in West Java. Both architectural styles share timber-framed structures,
post and beam joinery systems, steep roofing, raised flooring, verandas, and stone or
wooden post foundations built above the ground. These similarities can be attributed to
climate, topography, and other physical factors in both regions. However, the West Java
traditional houses are also influenced by Sundanese beliefs and customs, resulting in a
spatial organization that caters to the requirements of daily life. In contrast, the Minka
farmhouse fulfills its function most appropriately. One interesting distinction between
the two dwellings is their response to weather conditions. Dwellers of West Java
traditional houses utilize cross ventilation and the space under the roof to control
temperature. At the same time, those in the Minka farmhouse use the wide space under
the roof as a substitute for a chimney when using heaters in the winter. The most
significant differences between the Minka farmhouse and West Java traditional houses
lie in their cultural factors. The spatial organization of the houses is influenced by a
gender dualistic system in Japan and by Sundanese beliefs, customs, and Islam religion
in West Java. These cultural influences shape the layout and placement configurations
of the houses. Overall, the architectural characteristics of the Minka farmhouse and West
Java traditional houses are influenced by physical factors and religious beliefs and
customs. The essay emphasizes the importance of coexistence with nature in traditional
Japanese houses. It highlights various natural environment control systems used in Japan,
which have been developed over centuries and are suitable for the local climate. The
research suggests that these methods should be further improved using modern
technologies and implemented in modern residences.

The next section of this chapter presents a preliminary outline of the
architectural characteristics and natural environment control systems in traditional
Japanese houses, specifically focusing on Minka. The research findings serve as a
foundation for future studies on transforming traditional Japanese houses to adapt to the

natural environment, intending to improve the architectural environment.
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Furthermore, this chapter presents findings related to indoor thermal comfort,
indicating that air conditioners usage is minimal in traditional Japanese houses. Indoor
thermal in the target measured house was achieved even though the use of Air
Conditioner is low. Window and door opening during the day may substantially relate to
indoor thermal comfort. Window and door openings play a substantial role in maintaining
indoor thermal comfort, and owners reported feeling comfortable without air conditioning
during the day, only using it during sleep for a very short time. The temperature
measurements reveal variations among different rooms, with the kitchen having the
highest temperature during the day, while the Doma exhibits the lowest temperature due
to its larger area, higher ceiling height, and wider opening area.

The study concludes that the watering activity, particularly in the Doma of
Japanese traditional Minka houses, has a significant impact on decreasing indoor air
temperature. The research suggests that Doma, with its wide area, is one of the significant
contributors to the coolness and energy-saving aspects of Minka. Additionally, the
findings have implications for energy-saving architectural planning in regions outside
northern Kyushu and can be useful for architectural planning in Southeast Asia.

The preliminary outline of the research highlights the significance of the Doma
in achieving coolness and energy-saving in Minka houses. The Doma, occupying
approximately one-third of the first-floor area in the studied case, is considered a
significant factor. Furthermore, the results of this study have potential applications in
energy-saving architectural planning beyond northern Kyushu, including regions like
Southeast Asia.

In summary, the essay emphasizes the potential of traditional Japanese houses,
particularly Minka, to adapt to the natural environment. The findings regarding air
conditioning usage, window and door openings, room temperatures, and the influence of
the Doma provide valuable insights for improving indoor thermal comfort and energy
efficiency in architectural design. The research lays the groundwork for future
investigations and can contribute to energy-saving architectural planning within and

outside Japan.
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9.1. Chapter Introduction

In this chapter, the educational buildings were the target of the investigation.
The educational buildings in Japan have an air-conditioner installed to prevent heat
stroke among students and optimize the learning process in schools by achieving indoor
thermal comfort. While in chapter 4, traditional houses as a target of investigation do
not operate the air-conditioner and only use NV, which can be categorized as a passive
design strategy, this chapter will explain, investigate, and evaluate rooms with air-
conditioner operated, which can be categorized as active design. In the 5.2 section, some
classrooms in junior high schools were chosen to be the target of the investigation as a
typical classroom with air-conditioner operated, which can represent most of the
classroom designs in Japan schools.

However, at the beginning of 2020, the COVID-19 pandemic spread and forced
schools and universities to obey the new ventilation system regulation, which regularly
opens the window and door for decreasing infectious disease transmission. It may raise
the question about how indoor thermal comfort would be achieved as air-conditioners
and NV are used together and how much energy use increases to achieve indoor thermal
comfort in classrooms. This investigation will be further analyzed in the 5.3 section. In
section 5.4, the difference between classrooms in university with full NV and with a
combination of NV and air-conditioner operated will be investigated. While in section
5.5, the CO2 concentration and indoor thermal environment in the air-conditioner-

operated classrooms with and without NV will be investigated.

Table 5.1.1. Japan academic year period

Japan Period Summer analysis Winter analysis

academic year

2018 FY Apr. 2018 — Mar. 2019  Jun. 2018 — Sep. 2018 Dec. 2018 — Mar. 2019
2019 FY Apr. 2019 — Mar. 2020  Jun. 2019 — Sep. 2019 Dec. 2019 — Mar. 2020
2020 FY Apr. 2020 — Mar. 2021  Jun. 2020 — Sep. 2020 Dec. 2020 — Mar. 2021
2021 FY Apr. 2021 — Mar. 2022  Jun. 2021 — Sep. 2021 Dec. 2021 — Mar. 2022

In this Chapter, Japan's academic year will be used to analyze AC EU and
indoor thermal environment. The description of Japan's academic year or Fiscal Year

(FY) and analysis period are shown in Table 5.1.1.
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9.2. Energy-use and indoor thermal performance in junior high school
building after air-conditioning installation with the Private Finance

Initiative

5.2.1. Introduction

Extreme air temperature caused by urban heat islands in the summer leads to
thermal stress and causes an increase in the number of heatstroke patients in Japan [116].
In recent years, about 5000 cases of heatstroke have occurred every year in Japan’s
elementary schools, junior high schools, high schools, and other educational facilities,
exceeding 7000 cases in 2018 [21]|. For this reason, the “Ministry of Education, Sports,
Science, and Technology, Japan (MEXT)” has allocated a special local grant for “air-
conditioning (AC)” equipment installation in school facilities [22]. As a result, AC
installation in typical classrooms is increasing rapidly in public elementary and junior
high schools in Japan nationwide, from 6.2% in 2004 to 93.0% in September 2020 [117].
As we know, buildings are one of the largest energy consumers across the world (Perera
et al., 2014), and “heating, ventilation, and air-conditioning (HVAC)” is the largest energy
end-use in buildings both in the residential and non-residential sectors [119]. Therefore,
growing AC use increases electricity consumption and impacts climate change. If the
energy source is not renewable, it contributes to the urban heat island effect and ambient
heat exposure [120]. There are numerous studies about AC “energy-use (EU)” in
residential and educational buildings. AC is a factor that has a significant positive effect
on the increase in household and educational building’s electricity consumption [29] [121]
[122]. In households in Asia, energy consumption increases with the popularity of air
conditioners [89]. Furthermore, studies about indoor thermal comfort in school classrooms
have also been conducted. The air quality and temperatures in classrooms are essential
factors in the learning process, and improving them should be highly prioritized [123].
One study indicated that some classrooms in the UK had experienced overheating for
more than 40% of school hours [24]. It found that indoor climatic conditions, measured
during a field study in naturally ventilated classrooms in Tokyo and Yokohama, did not

fall within the summer comfort thermal environments set by “The American Society of
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Heating, Refrigerating and Air-conditioning Engineers (ASHRAE)” 55-92. The conditions
cannot possibly please everyone’s boundaries, although, as expected, air-conditioned
classrooms did feel well within the comfort zone boundaries [78]. Based on the author’s
previous research, when the daily average outside air temperature is between 29 °C and
30 °C, the AC is turned on with a 24 °C setting temperature, and the indoor air
temperature in the classroom does not exceed the school hygiene standards of 28 °C, and
there is no significant risk related to heatstroke [124|. Another study also found that the
occupants of the classrooms could concentrate on studying more than before the
introduction of AC and showed a positive view toward installing AC in classrooms [98].

Various local governments in Japan have used the PFI method for AC
equipment maintenance projects in elementary and junior high schools. PFI is a method
to provide efficient and effective public services by utilizing private funds and know-how
for the design, construction, maintenance, and operation of public facilities and providing
public services under the private sector’s initiative [96]. It found that the AC EU was
lower in schools where the PFI method was adopted than in schools where the
conventional or lease method was adopted [99]. Many local governments that have
introduced AC equipment through the PFI project are monitoring the AC equipment
performance by installing measuring instruments and collecting data. Oita City is an
example of a municipality that is introducing AC equipment using the PFI method. By
September 2019, the AC equipment installation rate for ordinary classrooms in public
elementary and junior high schools in Oita City had reached 100% [117]. However, the
AC equipment installation using the PFI method in Oita Junior High School, as a target
building, was completed years after the school was built, and the school building was not
planned with space designed for AC equipment. Two pieces of AC equipment were later
installed in each class under the ceiling next to the window. Thus, it is predicted that
there will be air temperature distribution differences based on position in the classroom.
The PFI method used in this study only managed the energy of the AC equipment for
heating and cooling, while other energy consumption management had been conducted
before the PFI method was introduced in the schools.

In this research, the AC EU data monitoring from one year will be evaluated to

determine the amount of EU after AC equipment is installed with the PFI method. In
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addition, the impact of the AC operating time and AC setting temperature will also be
considered when determining the EU. Furthermore, the government set a recommended
temperature for the AC setting, which is 28 °C in the summer (cooling) and 20 °C in the
winter (heating), to optimize the energy-saving strategy [64]. Therefore, this research will
investigate the AC setting temperature to determine if the recommended AC setting
temperature value is retained. In addition to analyzing the AC EU, this paper will also
evaluate the indoor thermal comfort in typical classrooms by position and zone. Zones
will be divided into three: the “perimeter zone (PER)”, which is near windows; the “center
zone (CNT)”; and the “interior zone (INT)”, which is near the corridor. It is necessary to
examine these zones based on a previous study that states overheating occurs due to
solar gains through large windows, as the result of providing daylight in classrooms, high
levels of thermal insulation, and air sealing the building envelope, resulting in discomfort
and reducing student performance [58|. This research result is hoped to be a reference for
AC energy-saving strategies, AC layout installation, and seating positions to optimize
indoor thermal comfort. In addition, the results of this research are further hoped to
contribute to low-carbon building design technology development to attain a sustainable

urban city.

5.2.2. Methods

The research framework is shown in Figure 5.2.1. This study examines
interactive relationships among three methods: experiment or actual measurement,
questionnaires, and PFI monitoring data. This research used sensitivity analysis to
compare those three research methods. AC EU will be examined by analyzing PFI
monitoring data obtained from Oita’s municipal office. All PFI data obtained from Oita’s
municipal office include only the AC management data for cooling and heating. The
monitoring data analysis period for the AC EU analysis is from April 2019 to March 2022
since Japan’s school academic year starts in April. In addition to the AC EU, the AC
operating times and AC setting temperature will be analyzed with sensitivity analysis
using the PFI monitoring data. The AC operating times are calculated as the average
per room, while the AC EU is the total energy use in all classes. The measurement of the
AC EU with the PFI method is conducted with an internal system installed in each piece
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of AC equipment from the AC purchase plan stage for monitoring implementation, and
all data will be collected. In addition, the system also measures suction air temperature
returning to the AC equipment for air-conditioning control. The AC indoor unit suction
temperature utilizes the temperature output from the built-in thermistor to the AC
indoor unit inlet (suction port) for the air-conditioning control system. In this research,
this suction air temperature, which is positioned at AC level (2,8 m), will be called “Air
temperature with PFI”. This suction air temperature monitoring data will be used for the
indoor thermal comfort analysis compared to the actual air temperature measurement
and PFI monitoring data results. Figure 5.2.2 shows the inside of a typical classroom of
Oji Oita Junior High School (Figure 5.2.2a) and the position of the measurement item,
TR-72NW (Figure 5.2.2b).

Energy-use and indoor thermal performance in junior
high school building after “air-conditioning (AC)”

installation with the “Private Finance Initiative (PFI)”
I

Target:
Oji Junior high school, Oita Prefecture

PFI data monitoring: Actual field measurement: Questionnaire:
* AC”energy-use (EU)” ||+ “air temperature (AT)” e “thermal sensation vote
» AC operating time »  “relative humidity (RH)” (TSV)”

+ Suction air

temperature (Air temp.
with PFI)

“air flow sensation vote
(AFSV)”

+ AC setting ||+ Measurement point analysis | |+ Seating position
temperature » “Perimeter (PER)”, “Center analysis
(CNT)”, “Interior (INT)” * PER, CNT, INT zone
zones analysis analysis

[
Method:
Sensitivity analysis

Conclusion

Figure 5.2.1. Research framework

This paper will use field measurements to evaluate indoor thermal performance
in each point of measurement and zone (Figure 5.2.3). The measurement item used in
this research was the air temperature and relative humidity recorder, TR-72NW (Figure

5.2.2b), with a measurement range of 0 to 55 °C, 10 to 95%RH, and an accuracy of

109



+0.5 °C, £5%RH (at 25 °C, 50%RH) [125]. The actual measurements were conducted in
the summer of 2019 in Oji Junior High School’s air-conditioned classrooms located in
Oita City, Japan. The school’s number of typical classrooms in 2019 was 20, and in 2020,
the number was 21 while the total number of students in 2019 was 558 students, and in
2020, the total number was 583 students [126] [127]. The actual thermal sensation and
airflow sensation questionnaires were also distributed to derive the subjective evaluation
of the thermal comfort of students in each seating position. The thermal sensation vote
questionnaire value complies with the PMV method value on a discrete seven-point scale

by ASHRAE [37].

(a) Inside a typical classroom of Oji Oita (b) The position of the measurement
Junior High School item, TR-72NW.

Figure 5.2.2. Field measurement condition

The indoor thermal comfort analysis will be divided into four parts, including
field measurement results, zone correlation, a comparison between the field measurement
result and PFI monitoring data result, and a questionnaire. Figure 5.2.3 shows the
measurement points and zoning in each classroom. The plan was divided into three zones:
PER, CNT, and INT. Points O, @), and @ represent the INT. CNT is represented by
points ®, @, and @, while points @, ©®, and & represent PER. The measurement
height of points O, @, ®, @, @, and @ are 70 cm, point is 10 cm, while points
@, @, and ® are 100 cm. The interval of this measurement was 10 min. Point is
measured to assess the thermal comfort in the classrooms and whether it causes

temperature stratification.
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Figure 5.2.3. Measurement points and zoning.

The measurement and questionnaire period are shown in Table 5.2.1. The
measurement time for the analysis was data from 08:00 to 16:00. The analysis target
period was only 4 days, considering the weather, where sunny days were chosen, and the

questionnaire was distributed on only one day.

Table 5.2.1. Measurement and questionnaire distribution period.

Actual Measurement Questionnaire
Measurement Period Analysis Target Period Period
27 August 2019-9 September 4-6 September 2019, 9

4 September 2019
2019 September 2019

The type of AC equipment used in Oji Junior High School is an "air source heat
pump (ASHP)". Oji Junior High School installed an "electric heat pump (EHP)" and
"liquefied petroleum gas (LPG)" system for the AC system. AC EU, in power
consumption (kWh) and gas (LPG) consumption (m?), was determined using the PFI
method that collected only AC EU and not any other energy use. AC EU is calculated
from the primary data obtained in kWh (electric) and m? (gas) and converted to GJ with

each heat source conversion (unit calorific value), which are shown in Table 5.2.2. The
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formula to convert power consumption to energy consumption (crude oil equivalent) is
kWh x unit calorific value. The Enforcement Regulations of the Law Concerning the
Rational Use of Energy stipulate the numerical value for converting electric power into

energy consumption. The unit calorific value for daytime electricity is 9.97 MJ /kWh [128].

Table 5.2.2. Unit calorific value [128].
“Electric Heat Pump (EHP)” "Liquefied Petroleum Gas (LPG)”
9.97 MJ/kWh 100.47 MJ /m?

5.2.3. Results

5.2.3.1. Oita city climate
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Figure 5.2.4. Oita City from April 2019 to March 2022 monthly AT and RH

The climate of Oita Prefecture, located in the northeastern part of the main
island of Kyushu, Japan, generally belongs to the warm and temperate summer rain type
heavy rain climate. Oita City, the target school location in the central part of Oita
Prefecture, has 1800 mm or less annual precipitation [129]. The weather in the winter is
relatively good [130]. Table 5.2.4 shows the monthly average air temperature and relative
humidity in Oita City from April 2019 to March 2022. The peak of the summer was in
August at 27.1 - 27.2 °C, while the peak of the winter 2020 and 2021 was in January at
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6.7 - 7.7 °C, and the peak of the winter 2022 was in February at 5.9 °C. Based on the
monthly climate parameters in Oita City, schools start to use AC regularly from June to

September in the summer and from December to March in the winter.

5.2.3.2. AC Energy-Use Data Result
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Figure 5.2.5. Oji Junior High School’s AC EU and AC operating time (2019 - 2021 FY)

This research analyzes AC EU by totaling the data, and AC operating time is
analyzed by averaging the data per room. Based on the school’s yearly total AC EU and
the average AC operating time per room from April 2019 to March 2022 (Figure 5.2.5),
the AC frequently operates from December to March in the winter season and July to
September in the summer. Figure 5 shows that the AC EU in September 2019 (61.1 GJ)
was 1.6 times the AC EU in July 2019 (37.8 GJ) and 3.1 times the AC EU in August
2019 (19.6 GJ). The AC EU in August was not high, considering the summer holiday
that month. There was an extreme escalation of the AC EU in the 2020 FY and 2021
FY data, considering the COVID-19 pandemic outbreak that happened during that time,
which led to high AC EU due to a combination of AC and NV.

In August 2020, the AC EU was irregularly high compared to June, July, and

September. This was caused by the summer holiday abolishment in August to substitute
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lockdown and online lessons in March 2020 due to the pandemic outbreak [121]. The AC
EU from June to October 2021 was highly escalated compared to 2020. The AC EU
escalation in October 2021 was caused by longer AC operating times. The AC EU from
June to September 2021 was higher than in 2020, even though the AC operating times
are not significantly different. Figure 5.2.6 shows that this occurred because the AC
setting temperature in the summer of 2021 was lower than in 2020. Opening windows
and doors to lower the CO2 concentration levels below 1000 ppm to prevent virus
transmission [131] [132], as a school protocol, also affects the indoor thermal environment,
which leads to a lower AC setting temperature in the summer. Based on the author’s
previous research result, the CO2 concentration will be high and exceed 1000 ppm after
30 min when smoke exhaust windows are closed in the classroom of a discussion-type
class with 419.9 m3? volume area and a total of 55 people [133].

Even though the AC operating time from December 2019 to February 2020 was
high, the AC EU in these months was not as high as in the summer. It can be presumed
that the AC setting temperature greatly impacted this AC EU difference in the summer
and winter. The recommended value for the AC setting temperature in classrooms, as
given by the government, is 28 °C (cooling) in the summer and 20 °C (heating) in the
winter to optimize the energy-saving effect [64]. Nonetheless, the AC setting temperature
in the summer may not meet the recommended value (Figure 5.2.6). The AC operating
times in the winters of 20202021 and 2021-2022 were longer than the winter of 2019-
2020 because of the COVID-19 pandemic, which requires longer AC operating times 2 h
before and after occupancies as recommended by “Federation of European Heating,
Ventilation and Air Conditioning Associations (REHVA)” and ASHRAE [134]. Figure
5.2.6 shows that in the winter season, except in January to March 2022, the AC
temperature is set under 20 °C, which still meets to government AC setting temperature

recommended value.
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Figure 5.2.6. Oji Junior High School’s AC setting temperature (2020-2022)

During winter, the Oita Prefecture has more sunshine hours than other
Prefectures in Kyushu [135] and is known to have warmer weather in the winter than
Northside Prefectures in Japan. This made the “coefficient of performance (COP)” of the
heating mode in the winter higher than the cooling mode in the summer. During the
heating mode, the higher the outdoor air and the lower the AC setting temperature, the
higher COP. Similarly, during the cooling mode, the temperature lift is minimized, and
COP is maximized if coldness is distributed at the warmest possible temperature and the
heat is rejected at the lowest possible temperature [136]. The COP difference between
the heating mode and the cooling mode in Oita could be the cause of the AC EU difference
between the summer and winter even though the AC operating time in the winter was
higher than in the summer. Another assumption is that internal heat generation, such as
people's heat generation, in the winter has more impact on heating the indoors, which
causes a lower AC setting temperature than the government-recommended value of the

AC setting temperature at 20 °C.
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5.2.3.3. Summer Indoor Thermal Comfort Result

5.2.3.3.1. Field Measurements Result
o “Air Temperature (AT)” measurement result

The analysis period of measurement is from September 4th to 9th. The outdoor
air temperature and relative humidity are shown in Figure 5.2.7. Figure 5.2.8 — Figure
5.2.10 show the air temperature data results for classes A, B, and C. All the data in
points ® and @ (PER) were excluded because the sun radiation exposure on the
measurement instruments caused extremely high temperatures. Based on the three graphs
of data results, it can be seen that point & had the highest temperature, while point
had the lowest temperature. It can be assumed that point & was located near the
window (PER), while point was located in the center zone, coinciding with the
position of the AC wind blow. Based on Figure 5.2.8, Figure 5.2.9, and Figure 5.2.10,
there were oscillatory behavior or hunting phenomena from day 1 to day 4 of the
measurement period in each class. There were some small-range hunting phenomena and
some wide-range hunting phenomena. The small-range hunting phenomena can be
presumed to be because the door and window were occasionally opened. The wide-range
hunting phenomena indicate that there were some discontinuations in AC use within
these ranges. Hence, the outdoor air temperature affected the indoor air temperature,
which caused AC adjustment due to the differences between indoor and outdoor air
temperatures. This oscillatory behavior is determined to be one of the common HVAC
system disturbances, which control the AC setting temperature and suction air
temperature at about 1.5—2 °C. This may happen because of the outdoor temperature

changes, or the occupancy of the rooms being conditioned [137].
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Figure 5.2.8. Summer air temperature for class A

The air temperature result for class A (Figure 5.2.8) shows that the indoor air
temperature in the classroom was unstable from time to time. Some points reach an air
temperature above 30 °C, and point sometimes reaches an air temperature below
23 °C. There are six periods of time when the air temperature reaches 28 °C to 30 °C
within this measurement period. It can be predicted that the high air temperature was

caused by turning off the AC.
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Figure 5.2.9. Summer air temperature for class B

Similar to the class A result, Figure 5.2.9 shows that the air temperature in
class B was also unstable. However, there was only one period of time when the air

temperature reached 28 °C to 30 °C within this measurement period.
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Figure 5.2.10. Summer air temperature for class C

Figure 5.2.10 shows the air temperature result for class C, which is more similar
to the result for class A, in which the air temperature reached 28 °C to 30 °C about six

times within this measurement period.
Based on MEXT, the comfortable temperature range in classrooms for all

seasons is 18 °C to 28 °C [138] [139]. However, in this research, the indoor thermal comfort
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ranges from 25 °C to 28 °C in the summer. This lower limit (25 °C) is based on the school
environmental hygiene standards revision, which stated that the most desirable
conditions for learning, which do not place a physical or psychological burden on students,
are 18-20 °C in the winter and 25-28 °C in the summer [139]. The lower limit of the
range above 18 °C in the summer is for the AC energy-saving strategy consideration. In
this study, the "Predicted mean vote (PMV)," a standard method to measure indoor
thermal comfort de-scribed by ASHRAE Standard 55, could not be calculated, which is
a limitation of this re-search. This experiment did not measure other parameters, such
as PMV or globe temperature and air velocity, due to the complex sensor installation
and restraining teaching and learning activities intervention required to measure the
other parameters. Therefore, the air temperature and relative humidity were measured
using small-size measurement items, which did not interfere with students' activities.
However, in this study, as previously mentioned, the air temperature range, 25 °C to
28 °C, is considered the comfort range and is based on the revision of the school's
environmental hygiene standards [139]. Further-more, it was also obtained from
acceptable Predicted Mean Vote (PMV) by the "International Organization for
Standardization (ISO)" 7730:2005 as range for existing buildings between —0.7 and +0.7
[39]. The calculation data assumed to determine the range standard with an acceptable

PMYV by the ISO are shown in Table 5.2.3.

Table 5.2.3. PMV calculation parameters and assumption values

PMV Calculation Parameters Assumption Values
Metabolic rate 1 met (58.2 W/m?)
External work 0.0 W/m?
Relative humidity 60% (obtained from averaged RH measurement data)
Clothing insulation 0.5CLO
Air velocity 0.2 m/s
Radiant temperature Equal to air temperature

The PMV calculation result [140] [141] [37] for a lower limit air temperature of
25 °C is PMV —0.65 with PPD 13.86%, and for an upper limit of 28 °C is PMV +0.6
with PPD 12.44%.

Figure 5.2.11 shows the air temperature percentage in each range. The total

average air temperature percentage of each range is shown in Figure 5.2.11a. It shows

119



that point & (PER zone) had the highest percentage of air temperature above 28 °C,
25.5%, while point had the highest air temperature below 25 °C, 26.7%. Point 3
had the highest air temperature comfort range (25728 °C), 84.2%. Similar to the total
average result, the air temperature percentage (Figure 5.2.11b—d) shows that the highest
comfort range of air temperature in each class was at point @), and the smallest comfort
range of air temperature was at point 8. Point @ data in class B (Figure 5.2.11c) could
not be acquired due to measurement error. Point & data in class C (Figure 5.2.11d),
which was successfully obtained only on September 4th due to setting measurement error

results, has an extremely high percentage of air temperature above 28 °C, 62.8%.
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Figure 5.2.11. Summer air temperature comfort range percentage

o “Relative Humidity (RH)” measurement result

High humidity increases the risk of heat stroke, so paying attention to humidity
is necessary. In this section, relative humidity is analyzed using psychometric charts.
Figure 5.2.12, Figure 5.2.13, and Figure 5.2.14 show the psychometric charts for each
class. There are two standards for relative humidity. One is the “Japan School
Environmental Hygiene Management Standard (JSEHMS)”, which ranges between 30
and 80% for an acceptable comfort relative humidity range in the classroom [139]|. The
other is the “Building Environmental Sanitation Control Standards (BESCS)”, which

ranges between 40 and 70% for an indoor acceptable comfort relative humidity range
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[139] [142]|. Figure 5.2.12, Figure 5.2.13, and Figure 5.2.14 show that almost all data
(above 90%) are within the JSEHMS comfortable range of 30 to 80%. However, in this
psychometric chart analysis, the air temperature will also become a factor of the com-

fort range.
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Figure 5.2.12. Summer psychometric chart for class A
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Figure 5.2.13. Summer psychometric chart for class B
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Figure 5.2.14. Summer psychometric chart for class C

Although the air temperature comfort range is discussed previously in the air
temperature analysis, in this analysis, the summer comfort range percentage will be
analyzed with air temperature and relative humidity data using the psychometric chart.

Figure 5.2.15 shows the comfort range percentage based on the JSEHMS, while
Figure 5.2.16 is based on the BESCS. The summer comfort range result based on the
JSEHMS (Figure 5.2.15) shows similarity to the summer air temperature comfortable
range previously discussed since the relative humidity range is quite wide, from 30 to
80%. For the total average data, point had the smallest percentage of relative
humidity and air temperature comfort range based on the JSEHMS (Figure 5.2.15a) and
BESCS (Figure 5.2.16a). On the other hand, point @& had the highest comfort range
percentage for the total average data based on the JSEHMS and BESCS. This likely
happened since point @ is near the door, which is occasionally opened so that the airflow
from the door affects the relative humidity. Point & is the point in the perimeter zone
and was above 70% comfort based on the JSEHMS (Figure 5.2.15b, ¢) and above 65%
comfort based on the BESCS (Figure 5.2.16b, c¢) except for class C (Figure 5.2.15d, Figure
5.2.16d). Data for point & in class C supplied in the graph is only from September 4th.
However, it will not be further analyzed due to the lack of data on other measurement
days. Meanwhile, data point @ for class B is not supplied because no data were obtained

on any measurement days due to measurement error.
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Figure 5.2.15. Summer comfort range percentage based on the JSEHMS.

INT

@ & ®© &® @ 6 ©

PER

0 50 100 0 50 100 0 50 100 0 50 100

(a) total average (b) class A (c) class B (d) class C
Figure 5.2.16. Summer comfort range percentage based on the BESCS.

5.2.3.3.2. Perimeter, Center, and Interior Zone Correlation

The air temperature comparison between the PER, CNT, and INT zones in
the summer is shown in Figure 5.2.17a, Figure 5.2.18a, and Figure 5.2.19a. There is a
limitation in this analysis since points ® and (D, which are the points in the PER
zone, were directly affected by direct solar radiation; thus, point & is the only point
in the PER zone that is analyzed. Based on Figure 17a, the air temperature in the
PER zone was higher than in the INT zone. Figure 18a shows that the air temperature
in the PER zone was higher than in the CNT zone, while Figure 5.2.19a shows that
the air temperature in the INT zone was higher than in the CNT zone. This indicates
that air temperature in the PER zone was affected by solar radiation that came through

the window.
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Meanwhile, the CNT zone had the lowest temperature caused by the AC



position in-stalled above the PER zone which blew the wind directly on the CN'T zone.
Figure 5.2.17b, Figure 5.2.18b, and Figure 5.2.19b shows the relative humidity
correlation between the PER, CNT, and INT zones in the summer. The Figures show
no significant difference in relative humidity be-tween the PER, CNT, and INT zones,
yet Figure 5.2.19b shows that the relative humidity in the CNT zone was slightly
higher than in the INT zone. Therefore, it can be assumed that the doors were opened
occasionally, which decreased the humidity in the INT zone.

The Pearson correlation of the PER-CNT-INT zone is shown in Table 5.2.4.
The air temperature Pearson correlations were on average under 0.9 except for class A
in the PER-CNT and CNT-INT zone, while all relative humidity Pearson correlations

were above 0.9. This indicates typical air temperature differences between the zones.

Table 5.2.4. Pearson correlation of the PER-CNT-INT zone.

Air temperature Relative humidity
PER-INT Class A 0.888 0.933
Class B 0.829 0.976
Class C 0.754 0.959
PER-CNT Class A 0.909 0.948
Class B 0.775 0.963
Class C 0.857 0.980
CNT-INT Class A 0.955 0.973
Class B 0.886 0.966
Class C 0.891 0.957

5.2.3.3.3. Field Measurement and PFI Monitoring Data Comparation

As monitoring data for indoor air temperature in classrooms, air temperature
data is collected with the PFI method, which is the suction temperature returning to the
AC equipment for air-conditioning control. The AC indoor unit suction temperature
utilizes the temperature output from the built-in thermistor to the AC indoor unit inlet
(suction port) for the air-conditioning control system. This suction temperature sensor is
placed in each AC indoor unit at a level about 2.8 m from the floor. In this analysis, this

suction temperature is named “air temperature with PFI”.
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Figure 5.2.22. Average AT, AT with PFI, AC setting temp. of class C
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Figure 5.2.20, Figure 5.2.21, and Figure 5.2.22 show the average air
temperature, air temperature data collected with the PFI method, and the AC setting
temperature in the summer. Since the air temperature data collected with the PFI
method and the AC setting temperature data were hourly, the measurement data
results, which had 10 min intervals, were averaged to hourly data in this analysis. The
AC setting temperature in the classrooms mostly were not kept at the government-
recommended value of 28 °C in the summer to optimize the energy-saving effect [64]
because the AC setting temperature in the summer was mostly under 28 °C in each
class based on the monitoring data result. This lower AC setting temperature is

strongly assumed to cause high AC EU in summer.
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The air temperature data collected with the PFI method (AC suction air
temperature) were higher than the air temperature data result caused by the position of
data reader sensors in the AC equipment, which were 2.8 m high. The AC setting
temperature data in each classroom was unstable and related to the air temperature
measurement data. Figure 5.2.23a, Figure 5.2.23b, and Figure 5.2.23c shows the
correlation of the average air temperature and air temperature data collected with PFI.
The simple regression equations were y = 0.9054x + 4.1817, R? = 0.6956 for class A, y
= 1.0785x — 0.8725, R? = 0.7518 for class B, and y = 1.0529x — 0.1239, R? = 0.7606 for
class C. Since the R? value was above 0.6, it can be said that there is a high correlation
between the measured temperature and the air temperature data collected with the PFI
method.

Figure 5.2.24 shows the outdoor and indoor air temperature differences in each
classroom. The difference is from —1.2 °C to 7.5 °C, with a higher difference mostly
reached after 11:00 to 15:00. September 9th had the highest outdoor—indoor air
temperature difference due to a high outdoor temperature on September 9th compared

with the other days (Figure 5.2.7).

8.0

70 =@=Class A Class B Class C
60 )

5.0 ﬁ 2 M -

4.0
3.0

2.0 .
1.0 f i '
(0.0) (

Outdoor - indoor AT difference (°C)

-1.0 [ ]
-2.0
COO00DOD [coooococoo |[coooocooo |[cooooooo
SO D IO OO oooSD [©oocoocooeS
BFIO—AANANIF [OROANNRIW [ O—ANANF D [FO—AN® F
SO A~~~ SO~~~ SO~ A OO A~

o
=~
n
(o}
S
[en)
A
95}
e}
S
[en)
P
95}
e}
S
[am)
P
92}
(o}
S

Figure 5.2.24 . AT difference between outdoor and indoor AT

Figure 5.2.25 shows that the air temperature difference between the air
temperature actual field measurement data and the air temperature data collected with

PFI is about 0.2 °C to 3.1 °C. The air temperature actual field measurement data are the
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air temperature average data of points O, @, @, @, ®, ®, and @, with 70 cm and
100 c¢m height of the measurement items, while the air temperature data collected with

the PFI method is the suction temperature in the AC level height (2.8 m).
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Figure 5.2.25. AT difference between actual air temperature field measurement data

and air temperature data collected with the PFI method in the summer season
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Figure 5.2.26. Average air temperature distribution per level measurement (10 cm, 70

cm, and 280 cm) in each classroom.

On the other hand, Figure 5.2.26 shows the air temperature distribution by the
measurement levels of 10 ¢cm, 70 cm, and 280 cm. The 10 cm measurement level is
obtained from point data, and the 70 cm measurement from point @ data, which is

located in the middle of the room and might be considered representative of average room
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air temperature. The air temperature data shown in the graph are averaged data from
September 4th to 9th at 08:00-16:00. However, data for the 10 cm level in class C are
the average air temperature data from September 9th, 12:20, to the end of the
measurement. This arose because the measurement item in point in class C had failed
to measure on September 9th from the beginning to 12:10. Based on the air temperature
distribution result, the difference between the air temperature at the 70 cm level and the
10 cm level did not exceed more than 1 °C. Therefore, it can be stated that there is no
extreme temperature stratification. However, the average air temperature difference
between the 280 cm level and the 70 cm level exceeds more than 1 °C. This is not only
caused by the high position but also caused by the position of the AC above the southern
windows, which is the warmest side in the room, and caused by solar radiation effects.
The air temperature difference between the suction air temperature at the 280 cm level
and the room temperature at the 70 cm level does not necessarily affect the thermal
comfort of the high position of the suction measurement level, which is not the level of
the learning activities. However, this AC suction air temperature is also used for indoor
air temperature data monitoring. Therefore, if indoor thermal monitoring in schools with
the PFI method without actual measurement is conducted, this temperature difference
be-tween the PFI air temperature monitoring data and the actual field measurement

results must be considered.

5.2.3.4. Questionnaire result

The TSV and “air flow sensation vote (AFSV)” questionnaires were distributed
on 4 September 2019. In this research, September could represent the entire summer
period be-cause the rainy season lasts from the beginning of June to mid-July, while
August is the summer holiday. Furthermore, when the questionnaire was conducted, the
students were asked to fill out the questionnaire as they generally felt about their indoor
thermal sensation in the last seven days prior to 4 September 2019. In addition, the
outdoor air temperature on this day reached above 30 °C after 11:00 (Figure 5.2.7), which
fitted to the standard of the summer climate. Therefore, it could represent a sunny day
at the peak of summer. The TSV and AFSV scales and definitions are shown in Table
9.2.5.
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Table 5.2.5. Questionnaire scales and definitions.

“Thermal Sensation “Air Flow Sensation
Definition Definition
Vote (TSV)” Scale Vote (AFSV)” Scale
3 hot 3 much too still
2 warm 2 too still
1 slightly warm 1 slightly still
0 neutral 0 just right
-1 slightly cool -1 slightly breezy
-2 cool -2 too breezy
-3 cold -3 much too breezy

Figure 5.2.27 shows the summer TSV color and scale distribution result per
seating point, while Figure 5.2.28 shows the summer AFSV color and scale distribution
result per seating point. Figure 5.2.29 shows the summer average air temperature per
measurement position. All these TSV, AFSV, and summer average air temperature data
were collected on 4 September 2019. The color of the images shown in Figure 5.2.27
defines the hotness and coolness that students felt; the bluer the color, the colder the
thermal sensation; the more orange the color, the hotter the thermal sensation.
Meanwhile, the color of the images shown in Figure 5.2.28 defines the airflow breeziness;
the bluer the color, the breezier airflow, and the more orange the color, the more airflow
was not felt. Based on the TSV color and scale distribution result per seating point in

each classroom shown in Figure 5.2.27a—c, there are only a few students who felt hot and

mostly felt neutral.
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The distributions of airflow sensation (Figure 5.2.28a—c), which has a dominant
bluish color, show that more students felt the airflow than students who did not feel

airflow sensation in the classroom.
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Figure 5.2.29. Summer average air temperature

The average air temperature data per class on September 4th, shown in Figure

5.2.29, has some blind spots. Some are eliminated because of the extremely high air
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temperature in the PER zone in the front and middle rows (measurement points (D and
®), which is caused by the direct solar radiation effect from the measurement items
installation error. The other is point @ in class B due to the recording data failure.

Table 5.2.6 shows the average TSV and AFSV per row and zone. Based on the
average per row and zone result of the TSV in class A, the highest TSV was near the
window. On the other hand, the lowest ASFV average per zone was in the PER zone,
and the second row from the window for the lowest ASFV average per row means that
students who sat in that zone felt air flow stronger than in the other zones. Based on the
average per row result of TSV in class B, the highest TSV was the third row near the
corridor, and the aver-age per zone result of the TSV shows that the INT zone had the
highest TSV scale. Figure 5.2.29(b) shows that the air temperature in the INT zone is
slightly higher than in the CNT zone. It can be said that the AC airflow blew directly to
the CNT zone, which made the air temperature in CNT lower than in the other zones,
and the AFSV in the CNT zone was lower than in the other zones.

On the other hand, the highest AFSV average per zone scale result was in the
PER zone, and the first row from the window for the highest AFSV average per row
scale means that students who sat in that zone did not feel air flow as strong as in the
other zones. However, similar to class A, the second row from the window had the lowest
AFSV average per row. It can be presumed that this position is near the AC equipment
that blows air directly to that position. Based on the average per-row result of the TSV
in class C, the highest TSV was in the PER zone. Figure 5.2.29(c) shows that the air
temperature in the INT zone is slightly higher than in the CNT zone except for the back
row. Therefore, it can be said that the AC airflow blew directly to the CNT zone, which
made the air temperature in CNT lower than in the other zones, and the AFSV in the
CNT zone was lower than in the other zones. On the other hand, the highest AFSV
average per zone scale result was in PER zone, and the first row from the window for the
highest AFSV average per row scale means that students who sat in that zone did not
feel air flow as strong as in the other zones. In terms of the differences from other classes,

the third row from the corridor had a minor AFSV average per row.
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Table 5.2.6. The average of TSV and AFSV per row and zone

TSV AFSV
Row ! Zone 2 Row ! Zone 2

0.4 -0.2

0.2 -1.5
0.0 -2.8
-0.4 -0.8

Class A -0.2 -1.2
0.0 -1.6
0.0 0.4

-0.2 0.1
-0.4 -0.2
-0.3 0.5

-0.6 -0.9
-1.0 2.3
-0.5 -2.0

Class B -0.1 -1.8
0.3 -1.7
0.0 -0.8

0.0 -1.2
0.0 -1.6
0.0 0.3

0.0 0.0
0.0 -0.3
-0.2 -1.5

Class C -04 -1.8
—0.7 —2.0
—0.2 -1.0

-0.2 -0.8
-0.2 -0.6
0.1 —0.1

-0.1 -0.8
-0.3 -1.8
-0.4 -1.4

Total average -0.2 -1.6
-0.1 -1.8
-0.1 -0.5

-0.1 -0.6
-0.2 -0.8

I Four rows from left to right are window seats to corridor seats. 2 Three zones from left
to right are PER, CNT, and INT.

Figure 5.2.30a shows the summer TSV results in each classroom. Students on
average answered 0 for TSV, which is “neutral”, while students who felt “slightly cool”
and “cool” were higher than those who felt slightly warm and warm. On the other hand,
the AFSV result shows (Figure 5.2.30b) that more students felt “neutral” to “too breezy”
than students who felt “still” to “too still”. This indicates that the classrooms had airflow

which might have come from the AC or corridor.

136



Class C 3 8 19 4
Class B I 2 9 16
Class A 7 18 5
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
m3wm2p-1200:1m2 m3
(a) TSV summer questionnaire result per classroom.
Class C - 12 8 2 6 1 2
Class B _ 13 7 1 1
Class A _ 3 7 1
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
E3m-20-1 0 1 253
(b) AFSV summer questionnaire result per classroom.

Figure 5.2.30. Summer questionnaire result

Figure 5.2.31 shows the correlation between the field measurement result and

TSV. The indoor thermal comfort range percentage (based on BESCS) and TSV

correlation are shown in Figure 5.2.31a. Data on the indoor thermal comfort range

percentage based on the BESCS are derived from the average data of the three classrooms

on September 4, 2019, when the TSV questionnaire was distributed. The TSV data in

this graph are the three classrooms averaged values calculated from the average of four

seat positions TSV near each measurement point. It shows that point has the smallest

TSV value (—0.5) and is correlated to the thermal comfort range percentage based on the

BESCS, which has the smallest comfort range percentage (47.6%).
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Figure 5.2.31. Correlation between the field measurement result and TSV

On the other hand, Figure 5.2.31b shows there is no significant correlation
between the nine points of the one-day average temperature in the three classrooms and
the thermal sensation vote of the students present around each measurement point. The
simple regression equation was y = 0.3522x — 99.6118 and R? = 0.13. Since the R? value
is 0.13, it can be said that there is a slight correlation between the measured temperature
and thermal sensation. This simple regression equation is a positive correlation in which
the thermal sensation increases as the measured temperature rises. However, it cannot

be a strong argument due to the small value of R2.
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5.2.4. Discussion and limitations

The AC EU monitoring data results show that the AC EU in the summer was
higher than in the winter. Annually, July following September had the highest AC EU
in 2019 and 2021, while in 2020, August had the highest AC EU. The AC operating time
result in the summer season shows that the longer the AC operates, the higher the AC
EU. However, the longest AC operating time annually was in December, following
February, with a lower AC EU compared to the summer season. It can be claimed that
in addition to the AC operating time, the AC setting temperature influenced the AC EU
in the summer. From the monitoring data result, the AC setting temperature in the
targeted classrooms was lower than 28 °C, which is the government’s recommended value
for the AC setting temperature [64]. AC COP in the winter season in Oita City, which
is not extremely cold during the winter, also tends to be higher than in the summer,
which is caused by this different result in the AC EU in these two seasons. There was
high AC EU escalation in 2020-2021 and 2021-2022 because of the COVID-19 pandemic.
The school protocol to open windows and doors regularly during a lesson to prevent virus
transmission affects the indoor thermal environment, leading to longer AC operating
times in the summer and winter and lower AC setting temperature in the summer.

Based on the indoor air temperature analysis result, the highest comfort range
per-centage of air temperature in each class was at point @), 84.2% of the total average,
and the smallest comfort range percentage of air temperature was at point @), 61.2% of
the total average. The total average summer comfort range percentage with the
psychometric chart analysis based on the JSEHMS and BESCS also found that point 3
has the highest comfort range (JSEHMS: 8C%; BESCS: 73.8%) and point has the
smallest comfort range (JSEHMS: 60.5%; BESCS: 47.6%). The total average comfort
range percentage between the air temperature analysis and psychometric chart analysis
based on the JSEHMS does not have significant differences because the JSEHMS has a
looser range of relative humidity ranging from 30 to 80%. However, the psychometric
chart analysis based on the BESCS has a different percentage smaller than the JSEHMS.
Therefore, it can be concluded that most points have a high comfort range percentage
but point has a small indoor thermal comfort range based on the BESCS, which is

less than 50 % and should be underlined. Point also has more air temperature results

139



below 25 °C than above 28 °C, and thus it can be claimed that this point is colder than
it should be. The indoor thermal comfort range percentage and TSV correlation result
also show that TSV average value at point has the smallest TSV value of —0.5. It is
correlated to the indoor thermal comfort range percentage based on the BESCS of point
on the day when the TSV questionnaire was conducted, with the smallest percentage
of 31.3%. Point (8, which has the smallest range of indoor thermal comfort percentage,
has a higher percentage of air temperature below 25 °C than the other points. From the
TSV value and air temperature result, it can be claimed that the AC makes the room
colder than it should be at this measurement point.

Deepening knowledge about zoning is a promising action to achieve many
HVAC system design goals that can positively impact the labor of the designers of these
types of systems [143|. This research finds that the PER, CNT, and INT zone correlations
show an air temperature difference pattern in each zone. The PER zone has the highest
air temperature, followed by the INT zone, and the CNT zone has the lowest air
temperature. This also confirmed the TSV and AFSV results, which found that the
average TSV in the CNT zone had the lowest value. The CNT zone low air temperature
is caused by the airflow of AC, which is strengthened by the result of the average AFSV
value in CNT being the lowest compared to the other zones (Table 5.2.6). Point ),
which is the measurement point in the PER zone, had the highest percentage of air
temperature above 28 °C than other points. It can be claimed that the PER zone in the
summer had a higher temperature than the other zones. To decrease direct solar radiation
in the PER zone area, a typical classroom in al-most every junior high school has curtains
as solar shielding. However, direct solar radiation still penetrates, and closing the curtains
does not necessarily eliminate the effects of solar radiation.

As mentioned in the air temperature result, the PMV is not measured or
calculated during the measurement time due to the complexity of measurement items
installation. However, this research has conducted a questionnaire distribution to assess
the students' thermal sensation, which has the range of the sensation that complied to a
PMV value from —3 (cold) to +3 (hot), as shown in Table 5.2.5. Based on the summer
TSV result, although students mostly felt "neutral", students who felt "slightly cool" and

"cool" were higher than those who felt "slightly warm" and "warm". Therefore, it can
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be claimed that an AC setting temperature lower than 28 °C in the summer can affect
the subjective thermal sensation felt by students. Therefore, it is suggested that the
government recommended AC setting temperature for classrooms in summer, at 28 °C
[64], should be kept as close as possible and not much lower than 28 °C to promote AC
energy-saving in the summer. In addition, the indoor air temperature had a high
difference from the outdoor air temperature (Figure 5.2.23a), which can lead the heat
shock, which is generated from zonal temperature differences [144]. However, the research
on the maximum value standard of the air temperature difference between outdoor and
indoor, which is acceptable for young students’ health, has not been progressing. This
could be an important future issue to be further investigated.

Although this research did not measure air velocity as one of the thermal
comfort parameters, the AFSV questionnaire was distributed to assess the air velocity
subjectively from students’ senses. The AFSV result shows that more students felt
“neutral” to “too breezy” than students who felt “still” to “too still”. In addition, as defined
in Table 4, the air velocity assumption value to determine the PMV value and air
temperature comfort range, 0.2 m/s, might be considered to correspond to this AFSV
questionnaire result.

The limitation of this research in indoor air temperature and relative humidity
is the measurement errors that occurred in some measurement items. The measurement
items at points ® and (@ in each classroom are excluded due to directed exposure to
solar radiation. The measurement item at point @ in class B had measurement failure
from the beginning to the end of the measurement times. The measurement item at point
® in class B had measurement failure from September 5th to 9th. The last is the
measurement item at point in class C, which failed to measure on September 9th
from the beginning to 12:10. The other limitation is the accuracy of TR-72NW, as the
measurement item, £0.5 °C £5%RH (at 25 °C, 50%RH). The energy consumption in the

AC unit limitation is the uncertainty of the AC units’ capacities and COP.

5.2.5. Conclusion
Based on the sensitive analysis study, we can conclude the following;:

(1) It found that the AC EU in the summer was higher than in the winter, even though
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the AC operation time in the winter was slightly higher than in the summer. In
addition, it was found that the AC EU excessively increased from 2020 to 2022
compared to 2019 because of the impact of the COVID-19 pandemic.

It found that in addition to the AC operating times, the AC setting temperature
had a great impact on the AC EU.

Based on the comfort range percentage and questionnaire result, each classroom
achieved indoor thermal comfort.

It found that point had the smallest indoor thermal comfort percentage and
had more percentage of air temperatures below 25 °C, which is colder than the
comfort range temperature.

The CNT zone had a slightly colder temperature than the other zones, which was
caused by airflow from the AC.

It found that most students felt “neutral”, and the total number of students who
felt “slightly cool” and “cool” was more than the students who felt “slightly warm”
and “warm”.

Similar to the measurement result, the total average TSV result found that students
who sat near point felt colder than at other points. It can be claimed that the
AC directly affected thermal comfort to this point.

It found that the PER zone had the highest percentage of air temperature above
28 °C, and thus it can be claimed that thermal comfort in the PER zone was hotter
than in the other zones. This is confirmed by the result of TSV in classes A and C,
which had the highest TSV value.

It also found that students who sat in the CNT zone felt colder and more breezy

air than in the other zones.

These results further contribute to the future of the profound thinking of the energy-

saving strategy, such as the AC setting temperature, as one of the major impacts of AC

energy-saving. Based on the measurement result and questionnaire result, the classrooms

generally have reached a comfort thermal range in each classroom in the summer, except

at point @), due to the low AC setting temperature (below 28 °C). To optimize the

energy-saving strategy, it is suggested to maintain the AC setting temperature
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recommendation by the government in the summer (28 °C). However, it will be a major
consideration for indoor comfort if the AC is set to 28 °C in the summer. The challenge
of finding the midpoint of the indoor thermal comfort with a lower AC EU, especially in
summer must still be considered. These findings also show that the seating layout, AC
layout, and AC setting temperature must be considered to achieve indoor thermal

comfort and promote AC energy-saving.
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9.3. Research on air conditioning energy use and indoor thermal
environment with Private Finance Initiative data monitoring of
junior high schools before and during the COVID-19 pandemic in

Japan

5.3.1. Introduction

AC installation project is increasing rapidly in public schools in Japan
nationwide, from 6.2% in 2004 to 93.0% in September 2020 [117|. Therefore, various local
governments in Japan have used the PFI method for monitoring AC equipment’s
performance by installing measuring instruments and collecting the data in elementary
and junior high schools’ AC installation projects. PFI is a method to provide efficient
and effective public services by utilizing private funds and know-how for the design,
construction, maintenance, and operation of public facilities and providing public services
under the private sector’s initiative [96]. The schools that have adopted the PFI method
consume less energy for cooling than other methods [98]. Oita City is an example of a
municipality introducing AC equipment using the PFI method. By September 2019,
Oita’s AC equipment installation rate for ordinary classrooms in public elementary and
junior high schools in Oita City has already reached 100% [97].

After one and a half years of AC equipment installation in schools in Oita City,
the COVID-19 pandemic spread worldwide and in Japan at the beginning of 2020. Due
to an emergency state in Japan, MEXT asked Japanese schools to close from March 2nd
temporarily, and most of the schools have already reopened as of June 1st [23] concerning
learning performance reduction. This learning or working performance was also confirmed
by a previous related study which stated that the largest decrease based on the number
of feedbacks related to the concentration of work during Work from Home (WFH)
resulted in 61% of total respondents [27]. When offline work or class reperform, the
potential risks of disease transmission can be mitigated by ventilation with sufficient
outdoor air and effective airflow patterns strategy [134]. Building environmental hygiene
management standards of the Japan Ministry of Health, Labour and Welfare (MHLW)
state that indoor CO2 concentration should not pass 1000 ppm to prevent the spreading

of infectious disease [145]. It is also confirmed by the author’s previous research, which
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stated that CO2 concentration would exceed 1000 ppm after 30 minutes when windows
are closed without NV in a 419.9 m? volume area classroom with 51 students with a
discussion-type class [133]. Thus, based on the government new regulation, that
ventilation is necessary even when an AC is used to avoid virus transmission [146], lessons
are being conducted in combination with AC and NV at schools during the pandemic.
AC and NV combination are expected to bring new concerns about AC EU and the
indoor thermal environment. Window and door opening for a long period during the day
may substantially affect indoor thermal comfort [147]|. In the author’s previous research,
the questionnaire result of thermal comfort sensation in the classroom with the AC turned
on and the door remaining open was “slightly uncomfortable” [124]. Therefore, besides
evaluating AC EU, this research study aims to evaluate the indoor thermal environment
in Oita City junior high schools before and during the pandemic.

The COVID-19 pandemic itself has brought positive environmental effects due
to movement restrictions and a significant slowdown of social and economic activities,
such as air quality improvement with a reduction in water pollution in different parts of
the world [25]. Lockdown caused by COVID-19 has resulted in 20-77% reductions in
emissions of nitrogen oxides, reduced by 16-60% in different cities, and emissions of CO2
were also reduced between 5 and 10% [26]. Besides the positive environmental effects,
some negative environmental effects in residential are necessarily reported as study and
work activities were done at home during the lockdown. The increase in electricity and
gas consumption due to the longer time spent at home during WFH needs to be
underlined [27]. Some research found that the length of WFH time during the pandemic
lockdown affected an increase in energy consumption, especially from the use of a home
computer, internet, rice cooker, AC, and water needs in a household [28]. Further, AC is
a factor that has a significant negative effect on the increase in household electricity
consumption during the pandemic [29]. Study shows that AC can put enormous pressure
on electricity systems and drive emissions [30].

In other study, Chaloeytoy et al., 2022 found that switching to the online
learning mode significantly decreased electricity consumption in higher education
facilities in Thailand [31]. Samuels et al., 2021 also found that the impact of COVID-19

on the EU of schools in South Africa results show a substantial reduction ranging between
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30% and 40% during the hard lockdown [32]. Therefore, it can be concluded that based
on previous studies, the negative environmental impacts of the pandemic on the
household and the positive environmental impacts in educational facilities during
lockdown are found. In this research, AC EU will be evaluated to grasp the environmental
effects of the COVID-19 pandemic in educational buildings when the lockdown is
discontinued through massive data from several junior high schools in Oita City and
compared to AC EU before pandemic, which are still rarely investigated in other research
studies. This study evaluates the AC EU when opening ventilation regulations are
enforced to decrease the infectious disease transmission. This regulation of NV is expected
to impact the AC EU when the outside temperature affects indoor comfort causing
changes in the regular AC setting temperature. This study will assess how the issue
significantly affects AC EU changes. From this research result, it is hoped that planners,
engineers, and the government will be able to play an important role in educational
buildings, such as policy or regulation making, mechanical ventilation, and AC equipment

innovation so that energy conservation strategies can be made.

9.3.2. Methodology

The research framework can be seen in Figure 5.3.1. The research used
sensitivity analysis through comparative correlation for data analysis before the pandemic
when AC was operated without NV and during the pandemic when AC and NV were
used together. The data results from multiple time dimensions such as annual, summer,
and winter will be analyzed to evaluate the AC EU. However, this study focused on the
summer and winter seasons from 2018 to 2021 and compared two cases in each season.
CASE 1, summer data before the pandemic, will be compared to CASE 2, summer data
during the pandemic. Meanwhile, CASE 3, winter data before the pandemic, will be
compared to CASE 4, winter data during the pandemic.
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PFI Data Monitoring

Evaluating the AC energy use and indoor thermal performance in classrooms before
and during COVID-19 pandemic

Target:
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Figure 5.3.1. Research framework

Two main subjects to be analyzed are AC EU and indoor thermal environment.
All the AC EU data were obtained from PFI data monitoring. All the PFT data used in
this study were obtained from Oita’s municipal office. Many local governments use the
PFI method for monitoring, which means checking the performance of equipment in
schools and its defects. In order to maximize the effectiveness of monitoring, multi-layered
self-monitoring is carried out within the business, and the general manager reports to the
city [148].

Table 5.3.1 shows the target junior high schools in Oita City, Japan, with
different heat sources of AC equipment, which are Electric Heat Pumps (EHP), LP Gas
Heat Pumps, and City Gas Heat Pumps (GHP). Regarding AC EU, the amount of gas
used (flow rate) by the Gas Heat Pump (GHP) is measured using a gas meter with a
pulse transmission function. The amount of electricity EHP uses is measured using a
watt-hour meter with a pulse generator and an integrated watt-hour meter. The type of
AC equipment used in these target schools is Air Source Heat Pump (ASHP). A typical

ASHP uses a vapor compression cycle with an evaporator, compressor, condenser, and
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expansion valve [149]. ASHP is a heating system with many advantages, such as having
relatively stable performance and energy-saving potential [150]. Its energy efficiency is
affected by several manipulative inputs, including compressor capacity, evaporator,

condenser fan speeds, and suction superheat [151].

Table 5.3.1. Junior High School Name List

Junior High ) ) Number of Class
School Heat Source AC installation
School Name 2018 2019 2020 2021
A Oji JHS GHP LP Gas June, 2018 18 20 21 22
B Harukawa JHS GHP LP Gas June, 2018 15 16 16 15
C Jonan JHS GHP City Gas June, 2018 13 13 13 15
Oita West
D GHP City Gas June, 2018 15 15 15 15
Secondary School
E Takio JHS GHP LP Gas June, 2018 31 31 29 29
F Minamioita JHS GHP City Gas June, 2018 27 25 23 25
G Uenogaoka JHS EHP June, 2018 17 17 18 18
H Joto JHS EHP June, 2018 19 21 21 20
I Akeno JHS GHP City Gas July, 2018 23 23 23 23
J Tsurusaki JHS GHP LP Gas July, 2018 23 24 23 24
K Daito JHS GHP LP Gas July, 2018 33 34 36 40
L Toyo JHS GHP LP Gas July, 2018 13 13 13 15
M Wasada JHS GHP LP Gas July, 2018 15 16 16 16
Wasadahigashi
N GHP LP Gas July, 2018 17 17 18 18
JHS
(0] Wasadanishi JHS ~ GHP City Gas July, 2018 10 12 11 11
Wasadaminami
P GHP LP Gas July, 2018 18 19 19 19
JHS

Q Ozai JHS GHP LP Gas July, 2018 28 28 30 32
R Sakanoichi JHS GHP LP Gas July, 2018 20 20 22 22
S Hetsugi JHS GHP LP Gas Aug, 2018 8 8 9 9
T Yoshino JHS GHP LP Gas Aug, 2018

U Takenaka JHS EHP Aug, 2018 3 3 3 3
A% Handa JHS GHP LP Gas Aug, 2018 13 13 13 14
W Kozaki JHS EHP Aug, 2018 3 3 3 4
X Saganoseki JHS EHP Aug, 2018 4 4 3 3
Y Notsuharu JHS GHP LP Gas Aug, 2018 4 4 4 4

EHP: Electric Heat Pump, GHP: Gas Heat Pump, JHS: Junior High School

The measurement of the AC EU with the PFI method is conducted with an
internal system installed in each AC equipment from the AC purchase plan stage for
monitoring implementation, and all data will be collected. The system also measures
suction air temperature returning to AC equipment for air conditioning control. The AC

indoor unit suction temperature utilizes the temperature output from the built-in
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thermistor to the AC indoor unit inlet (suction port) for the air conditioning control
system. This research assumes this suction air temperature to be indoor air temperature
positioned on the AC level. It is necessary to recall that the actual indoor air temperature
will be slightly lower than the suction temperature since AC level higher than the seating

position.

Figure 5.3.2. Inside typical classroom

Figure 5.3.2 shows the image of a typical classroom in Junior High Schools in
Oita City. Two AC equipment are installed below the ceiling next to the windows. The
height of AC equipment is about 2.8 m from the floor.

Table 5.3.2 shows the available data used for this study in each case derived
from Oita City, generally daily average data. The daily data is necessary for
comprehensive analysis throughout the day during summer and winter seasons. However,
the average hourly data necessary for indoor thermal environment analysis is available
only for August 2018, July to August 2020, and January to February 2020, and only
available in schools A, B, C, D, E, G, and H. It is necessary to evaluate the indoor
environment based on average hourly data to see changes in air temperature over time
wide range because the temperature will change based on time variations. The hourly
data is also essential, especially for AC setting temperature in summer before and during
the COVID-19 pandemic because, in daily data, the AC setting temperature before the
COVID-19 pandemic in summer is not available. Due to the lack of hourly data in winter,

hourly data in summer will be used as an example for hourly analysis data.
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Table 5.3.2. Available data derived from Oita City

AC Room AC
Year AC Other ) . ) PFI measurement
CASE . operating air setting . .
Period EU * EU* . analysis period
time temp. temp.
CASE1 2018FY O X O X X Jun- Sept 2018*
Aug 2018**
(summer)
2019 FY O O O O Jun- Sept 2019*
CASE 2 2020 FY o o O o O Jun- Sept 2020*
Jul-Aug 2020**
(summer)
2021 FY O X O O O Jun- Sept 2021*
2018 FY X Dec 2018 - Mar 2019*
CASE 3 © © © © . o
(winter) 9019 FY o o o o o Dec 2019 - Mar 2020
e Jan-Feb 2020+*
CASE 4
. 2020 FY O X O O O Dec 2020 - Mar. 2021%*
(winter)

*Daily average data, ** Average hourly data

Table 5.3.3. Heat source conversions [90]
EHP LP Gas City Gas
9.97 MJ/kWh 100.47 MJ /o 46.05 MJ/m®

The AC operating times are averagely calculated per room. AC EU is calculated
from primary data obtained in kWh (electric) and m3(gas) and converted to GJ with

each heat source conversion which is shown in Table 5.3.3.

5.3.3. Results

5.3.3.1. Monitoring result
5.3.3.1.1. Yearly monitoring data

The climate of Oita City, located in the northeastern part of the main island of
Kyushu, Japan, generally belongs to the warm and temperate summer rain type heavy
rain climate. Oita City, the target school location in the central part of Oita Prefecture,
has 1800 mm or less annual precipitation. On the other hand, the weather in winter is
relatively good [152]. Figure 5.3.3 shows the monthly average air temperature in Oita
City from 2018 to 2021. The peak of summer is in August, from 27.1 to 29.3°C, while the
winter peak is in January, from 5.5 to 9.1°C. Based on the monthly climate parameters

in Oita City, schools start to use AC regularly from June to September in summer and
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from December to March in winter.
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Figure 5.3.4. Comparison of annual EU of junior high schools in Oita City

Figure 5.3.4 shows a result of monthly EU comparisons of all schools from
October 2018 to September 2019 and from October 2019 to September 2020. AC EU is
the air conditioning’s EU data (generally in classrooms) collected using the PFI method.
Other’s EU is EU that is not collected using the PFI method, such as electricity for
lighting, computers, air conditioners (small amount and not installed in classrooms)
installed before the PFI project, and other appliances. All EU decreased by 50.8% in
March, April, and May 2020 compared to 2019, which occurred due to the COVID-19
emergency state in March, and the school was temporarily closed from March to May
2020. From June to September 2020, there was a significant change in AC EU from the

151



previous year. AC EU in June increased 2.7 times, July 2.2 times, August 4.7 times, and
September 1.3 times from the previous year. August had the most significant change in
AC EU, caused by summer holiday elimination due to substitute classes for the school
closure from March to May 2020.

18,000 m Other’s energy use m AC energy use

16,000
14,000
S 12,000
10,000
8,000
6,000
4,000
2,000
0

Energu use

2019 FY 2020 FY 2018 FY 2019 FY

Summer Winter

Figure 5.3.5. Total junior high schools® EU in summer and winter in Oita City

Based on the data result of the EU in summer, the total other’s EU from June
to September 2019 and 2020 remained constant (Figure 5.3.5). Otherwise, the AC EU in
the summer of 2020 FY increased from 2813.6 GJ to 6489.4 GJ, which implies 2.3 times
increase during the pandemic when AC and NV are used together. Therefore, it indicates
the pandemic only affects the AC EU not the other™s EU due to door and window opening
regulations during the class. On the other hand, EU data result in winter (Figure 5.3.5)
shows that the total EU from December to March and other’s EU in 2019 FY slightly
declined. Therefore, it can be presumed that it occurred as the state of emergency was
declared in March, and the school was temporarily closed in March 2020. On the other
hand, the AC EU in 2018 FY and 2019 FY in winter season remained constant,
considering reopening schools had not occurred at the beginning of 2020.

From the yearly monitoring data result, it is discovered that AC EU during
pandemic increased, while other’s EU was commonly stable. It can be stated that the
pandemic caused energy-saving deterioration and negative environmental effects by AC

EU escalation in educational buildings.
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Figure 5.3.6. AC EU and operating time (yearly)

In this research, AC EU is analyzed by totaling the data, yet AC operating time
is analyzed by averaging the data per room. Figure 5.3.6 shows all schools’ yearly total
AC EU and the average AC operating time per room in each school data monitoring
from October 2018 to September 2020. It indicates that ACs frequently operate from
December to March in winter and June to September in summer, which will be partly
discussed in the next section. Compared to 2019 and 2021, AC EU in August 2020 was
significantly higher than in other years. It is thought to have occurred since there was no
summer holiday in August 2020 to substitute for the school closure from March to May

2020.

5.3.3.1.2. Summer AC Energy Use and indoor thermal environment

Based on AC EU during summer (Figure 5.3.7), total AC EU in the summer of
2019 slightly increased from 2018 because not all schools had AC equipment installation
in 2018. In the summer of 2020, all schools’ total AC EU significantly increased 2.3 times
from 2019. Total AC EU in summer 2021 FY of all schools raised 2 times from 2019 FY
yet decreased 0.9 times from 2020. This escalation in 2020 FY happened due to the AC

EU increase in August 2020, as declared in the yearly monitoring data analysis.
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Figure 5.3.7. Total summer AC EU (all school) and total average AC operating time

Table 5.3.4 shows the total AC EU and AC operation time in CASE 1 and 2.
The total average AC EU in CASE 2 was 5616.2 GJ, 2 times CASE 1 (2813.5 GJ). While
the total average AC operation time in CASE 2 was 361.3 hours, which means 1.4 times
from CASE 1 (254.6 hours). The AC EU and AC operation time average in CASE 1 were
only from 2019 since the AC installation for some schools in 2018 had not completed. In
addition, the AC EU and AC operation time average in CASE 2 were only from 2021 FY
since there was unregular situation in 2020 FY when there was no summer holiday in
August. It indicates that during the pandemic, AC EU and AC operating times
increased significantly. The AC EU escalation that occurred in CASE 2 compared to
CASE 1 was correlatively affected by AC operating time escalation. It is proved that

when AC and NV are used together, it takes a longer AC operating time to reach indoor

comfort.
Table 5.3.4. Total AC EU and AC operation time
Total AC . Total AC operation .
CASE Comparison . Comparison
EU (GJ) time (h)
CASE 1 (2019 FY) 2813.5 9 254.6 14
CASE 2 (2021 FY) 5616.2 361.3 '

In this study, schools T, U, W, X, and Y were excluded from the per school
analysis considering the total number of students and classrooms were smaller than other
schools, which can be affected by lesser generation heat from people.
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Figure 5.3.8. CASE 1 AC EU per school

mmmm AC energy use == AC operating time mmmm AC energy use === AC operating time
30 70 £ 3 00 =
S 5 600 5§ 25 600 &
g - =
S 20 00 g 820 e
5 7]
‘_% 15 400 a§) ‘—§15 400 q§)
; 300 ‘é, = 300 ‘é,
— o —
:c; 10 200 ® :)10 200 8
L [ L 8_
Q o 100 & o 100 8
< 3 < Q
0 0 < 0 0 <
ACEGI KMORQS ACEGI KMORQ S
School School
(a) 2020 FY (b) 2021 FY

Figure 5.3.9. CASE 2 AC EU per school

Figure 5.3.8 show the average AC EU per classroom based on each school’s data
in CASE 1. Meanwhile, Figure 5.3.9 show the average AC EU per classroom based on
each school’s data in CASE 2. Each school’s data are the average AC EU per classroom
from June to August. AC EU in CASE 1 (2018) (Figure 5.3.8a) shows that schools A to
H had higher AC EU than other schools. It is thought to occur due to the period
installation differences in each school which refers in Table 1. In CASE 1 and CASE 2,
school F had the highest AC EU.

On the other hand, school H had the lowest AC EU and AC operation time in
CASE 1 (2019) and CASE 2. Figure 5.3.8 and Figure 5.3.9, show that the AC EU before
and during the pandemic increased significantly in each school. However, Figure 5.3.8b

and Figure 5.3.9b show that even though there are schools with no significant AC
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operating time escalation, the AC EU still increased significantly. It indicates another

factor for AC EU escalation, which can be presumed to be AC setting temperature change.

Table 5.3.5. Comparison of AC EU and AC operating time in summer

AC EU (GJ) AC operating time (hours)
School  CASE 1 CASE 2 _ CASE 1 CASE 2 _
Comparison Comparison
(2019 FY) (2021 FY) (2019 FY) (2021 FY)
A 133.2 350.3 2.6 250.4 400.2 1.6
B 145.7 212.2 1.5 432.3 377.5 0.9
C 106.1 238.5 2.2 325.9 440.6 1.4
D 84.6 177.8 2.1 180.9 319.9 1.8
E 254.2 418.5 1.6 368.8 378.8 1.0
F 251.1 397.0 1.6 342.8 412.0 1.2
G 95.3 327.5 3.4 235.2 434.7 1.8
H 71.4 199.1 2.8 118.2 217.6 1.8
I 168.3 411.4 2.4 253.7 445.1 1.8
J 163.5 300.9 1.8 264.3 332.6 1.3
K 195.8 406.9 2.1 284.8 397.3 1.4
L 72.3 151.8 2.1 171.3 267.5 1.6
M 127.5 211.2 1.7 282.0 334.4 1.2
N 114.4 252.1 2.2 219.6 394.3 1.8
(0] 65.5 109.9 1.7 173.4 238.7 1.4
P 151.6 248.3 1.6 277.8 384.9 1.4
Q 225.7 357.0 1.6 274.3 401.1 1.5
R 119.4 245.4 2.1 215.1 383.8 1.8
S 39.6 104.1 2.6 156.8 308.3 2.0
\% 119.7 237.7 2.0 327.1 440.8 1.3

Table 5.3.5 shows the comparison of AC EU and AC operating time in each
school before and during the pandemic in summer season. 2019 and 2021 are chosen for
analysis, considering that in 2018, all schools had not completed the AC installation, and
August 2020 had no summer holiday, which is a rare condition. The result shows that
school G had the highest AC EU escalation in 2021, which is 3.4 times higher than in
2019. School S had the highest AC operating time escalation during the pandemic in
2021, with two times escalation compared to 2019. Contrary to other schools, total AC
operating time in school B had decreased 0.9 times in 2021 compared to 2019, and school
E generally remained stable.

Figure 5.3.10 shows the AC EU and AC operating time escalation correlation

in summer. The simple regression equation was y = 0.4512x + 0.5592 and R? = 0.5404.
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Since the R? value is 0.5404, it can be said that there is a correlation between the AC
EU and AC operating time. It indicates that the higher the AC operation time, the higher
AC EU escalation becomes. However, since the R? value is smaller than 0.9, it can be
assumed that other factors influence the AC EU besides AC operating time, which might
be AC setting temperature. In this study, the relation between AC setting temperatures
and AC EU in summer could not be analyzed well because we lacked the AC setting
temperature data before the pandemic (2019). Summer AC setting temperature will be

analyzed and discussed in hours data analysis of 5 selected days.
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Figure 5.3.10. AC EU and AC operating time escalation correlation in summer

The indoor thermal environment is collected by the PFI method with an AC
suction temperature sensor, which is positioned inside the AC indoor unit. It is assumed
that the actual indoor air temperature will be cooler from these results in summer and
winter because the AC is positioned at 2.8 m high. The analysis is divided into two
categories. First is all data analysis from June to September 2019 to 2021 with daily
average air temperature. The second is five days of data selected on weekdays and sunny
days with hourly average air temperature from 10:00 to 15:00 in summer 2018 and 2020.
This analysis is considered necessary to investigate the indoor thermal environment in
the peak of summer with high outside air temperature and during lesson time. Even
though AC generally operates from 08:00 in the morning, the data used in this analysis
is from 10:00. It is considered not only to reduce the influence of air temperature in the
morning, which tends to be colder but also because, at this time, the indoor air
temperature at this hour is considered to be stable with students present.

The air temperature range in summer analysis was divided into three parts, air
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temperature below 24.5°C, between 24.5 to 28°C, and above 28°C. In this study, 24.5°C,
to 28°C, would be considered the comfort range. The range was obtained from acceptable
Predicted Mean Vote (PMV) by International Organization for Standardization (ISO)
7730:2005 as ranging for existing buildings between -0.7 and +0.7 (ISO 7730, 2005).
Calculation data assumed to determine range standard with acceptable PMV by ISO are
as follows:

Metabolic rate: 58.2 W/m? External work: 0.0 W/m? Relative humidity:
70%; Clothing: 0.4 CLO; Air velocity: 0.1 m/s; Radiant temperature: equal to air
temperature. PMV calculation result of air temperature 24.5°C for a lower limit is -0.68,
and 28°C for upper limit is +0.75 [140], [141]. For CASE 2, the air velocity assumedly
did not increase significantly and did not exceed 0.2 m/s and the relative humidity in
CASE 2 is also assumed to be higher than in CASE 1 due to outside relative humidity
influence. Considering these two differences in justification, in this research, the

comfortable air temperature range of CASE 1 is the same as CASE 2.
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Figure 5.3.11. Summer average outside air temp. and relative humidity
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Figure 5.3.12. Summer total indoor air temp. percentage and AC operating time

In the summer season, the average outside temperature obtained from The
Automated Meteorological Data Acquisition System (AMeDAS) of Oita City [153]
(Figure 5.3.11) is generally similar from 2019 FY to 2021 FY. From total indoor air
temperature analysis (Figure 5.3.12), the percentage of air temperature between 24.5 to
28°C is relatively high, which can be claimed to be comfortable before and during the
pandemic. Referring to the AC operation time result of CASE 1 and 2, there was a rising
number of hours in CASE 2. Thus, it can be assumed that to gain indoor thermal comfort

during the pandemic, AC was operated longer than before the pandemic.
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Figure 5.3.15. CASE 2 Indoor thermal environment result (2020 and 2021 FY)

Based on CASE 1 (2019 FY) (Figure 5.3.14) and CASE 2 (2020 FY) (Figure
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5.3.15a) indoor thermal environment results, generally, the air temperature above 28°C
is smaller than in CASE 2 (2020 FY) (Figure 5.3.15a) even though the AC operating
time in CASE 1 is less than in CASE 2. It can be assumed that operating air conditioning
and NV coincidingly caused indoor thermal quality deterioration. Figure 5.3.14 shows
that school K had the highest comfort range in CASE 1 (2019 FY), while Figure 5.3.15
shows that school Q had the highest comfort range in CASE 2 in 2020 FY and 2021 FY.
Figure 5.3.13 shows the AC setting temperature in CASE 2 2020 FY and 2021 FY.
Generally, the AC setting temperature in 2021 was lower than in 2020. It can be assumed
that the high percentage of indoor air temperature above 28°C in 2020 was caused by
higher AC setting temperature. AC setting temperature in classrooms as the
recommended value by the government is 28°C in summer to optimize the energy-saving
effect (MEXT, 2012). This recommended value could not be maintained during the
pandemic when AC was used combined with NV. Due to the lack of AC setting
temperature daily data before the pandemic (2019 FY), AC setting temperature
comparison between CASE 1 and CASE 2 will be discussed in hourly data analysis.
Derived from summer indoor air temperature daily data analysis from June to
September, all target schools reached indoor air temperature comfort range before and
during the pandemic. During the pandemic in 2020, indoor air temperature reached the
comfort range obtained from longer AC operation time than before the pandemic, and in

2021 AC temperature was set lower than 2020.

Table 5.3.6. Days selection for hourly data analysis

CASE (Year) Day 1 Day 2 Day 3 Day 4 Day 5
CASE 1 (2018 FY) 7/9 7/10 7/11 7/12 7/13
CASE 2 (2020 FY) 8/3 8/4 8/5 8/6 8/7

Days selection for hourly data analysis is shown in Table 5.3.6. This data
analysis is only available for Schools A, B, C, D, E, G, and H since the other school data
for hourly data is unavailable. These days were selected due to consecutive weekdays and
based on the sunny weather for optimal analysis.

Even though the month of hourly data monitoring was different, Figure 5.3.16
shows that both periods outside air temperature and relative humidity were generally the

same based on AMeDAS Oita City [153|. Figure 5.3.17 shows that the average AC
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temperature setting in CASE 1 is higher than the AC temperature setting in CASE 2. Tt

is thought that during the pandemic, the AC is used together with NV, which leads to

AC leakage so that the AC is set to a lower temperature to reach indoor thermal comfort

in the classrooms. Therefore, the AC setting temperature recommended value by

government, 28°C [64], [154], could not be maintained in CASE 1 and CASE 2. But in

CASE 1, the AC setting temperature was closer to the recommended value. From this

result, it can be proved that during the pandemic, AC setting temperature was lower

than before the pandemic. It is confirmed that besides AC operating time, lower AC

setting temperature affects the AC EU escalation during the pandemic in summer.
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Based on CASE 2 (2020) indoor air temperature percentage (Figure 5.3.19), the

percentage of indoor air temperature above 28°C in schools A, B, C, and school H is
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lower than in CASE 1 (2018) (Figure 5.3.18). However, schools D, E, and G are higher
than in 2018. School G had the highest air temperature percentage in the comfort range
in CASE 1 (2018), yet in CASE 2 (2020), school G had the lowest air temperature in the
comfort range. School D AC temperature in CASE 2 was set lower than in CASE 1, but
it shows the deflation of indoor thermal comfort from 66.9% to 49.5%. It also happened
at school E, which shows the deflation of indoor thermal comfort from 73.0% to 57.3%.
Therefore, it can be claimed that even though the AC temperature in CASE 2 was set
lower than in CASE 1, it could not increase indoor thermal comfort in schools D, E, and

G in hourly data analysis.

m-~24.5°C 24.5°C~28°C 28°C~ © AC setting temp.
100% 28
2 <& 40.9 222 243 928
S gow | 274C O 335 5270 © 2
g 270 2638 V210 95 o
S 60% |43 26.3 O251 g
S 62.6 78.8 % o
S 40% 75.7 =
g 67.4 24 3
g 59.1
g 47.2 2
= 20% 37.4 23 <
< 25.7
0% S 22
A B C D E G H
School
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Figure 5.3.19. CASE 2 (2020 FY) indoor thermal environment

Figure 5.3.20 shows five days of averaged indoor air temperature by hours CASE
1 (2018 FY), and Figure 5.3.21 shows five days of averaged indoor air temperature by
hours in CASE 2 (2020 FY). CASE 2 (2020 FY) result is within the comfortable range
from 10:00 to 12:00 except for G school, but many schools exceed 28°C after 12:00. G
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school (Figure 5.3.19; Figure 5.3.21) had extreme difference results from other schools,
presumably affected by unrecognizable causes, so G school can be overlooked in this

analysis.
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Figure 5.3.20. CASE 1 (2018 FY) indoor air temp. by hour
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Figure 5.3.21. CASE 2 (2020 FY) indoor air temp. by hour

Table 5.3.7 shows a comparison of AC operating hours per classroom. Figure
5.3.20 and Table 5.3.7 show that the factor that made schools A, B, C, and H not in the
comfort range compared to other schools is the AC operating hours. The temperature in

the classroom of those schools, probably became high because of the short AC operating
time in CASE 1.

Table 5.3.7. AC operating time (h) per classroom

CASE (Year) A B C D E G H Average
CASE 1

27.2 28.3 33.1 33.0 374 45.1 25.1 32.7
(2018 FY)
CASE 2

454 41.2 47.9 35.6 47.0 46.2 32.1 42.2
(2020 FY)

Based on five days of indoor air temperature hourly data analysis during the
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peak summer season with high outside temperature, AC temperature was set lower during
the pandemic and AC operation time was longer than before the pandemic. Based on the
result of school D, E, and G, where the AC operating time is similar in CASE 1 and 2,
it can be claimed that AC setting temperature affected the AC energy use and indoor air
temperature comfort in summer during the pandemic when AC and NV are used together.
This hourly average data analysis result strengthened daily data analysis that previously
discussed. However, in the hourly data analysis, longer AC operation time and lower AC
setting temperature could not significantly improve indoor air temperature due to
combination of NV and AC as shown in Figure 5.3.19, which many schools had not reach
more than 70 % of air temperature in comfort range.

School G had indoor thermal quality deterioration in the peak summer season

during the pandemic, whereas AC temperature was set lower than before the pandemic.

5.3.3.1.3. Winter AC Energy Use and indoor thermal environment

Data used for the winter analysis is monitoring data from December 2018 to
March 2021. Based on the total winter AC EU and average AC operating time (Figure
5.3.22), there is a significant increase from CASE 3 to CASE 4. The increase in AC EU
is from 1888.4 GJ in 2019 FY to 3549.8 GJ in 2020 FY, which means 1.9 times escalation
during the pandemic. Moreover, AC operating time raised from 300.5 hours in CASE 3
(2019 FY) to 438.5 hours in CASE 4. It indicates a 1.5 times escalation from the previous
year. There is a slightly declining in AC EU in March 2020 compared to March 2019,
and AC operating time declined from 2019 to 2020. It is thought to be an impact of

schools™ closure from March to April in the early of the COVID-19 pandemic.
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Table 5.3.8. Total AC EU and AC operation time
Total AC Average AC Compa- Total tAC Averag.;e A(-j Compa-
CASE Year EU per CASE | operation operation time |
EU (GJ) rison . rison
(GJ) time (h) per CASE (h)
2018 1816.3 365.4
CASE FY ' ’
1852.4 333.0
3 2019
FY 1888.4 1.9 300.5 1.3
CASE 2020
3549.8 3549.8 438.5 438.5
4 FY

Table 5.3.8 shows the total AC EU and AC operation time each year and the
total average in CASE 3 and 4. The total average AC EU in CASE 4 was 3549.8 GJ,
which means 1.9 times from CASE 3, 1852.4 GJ. The total average AC operation time
in CASE 4 was 438.5 hours, which means 1.3 times from CASE 3, 333 hours.
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Figure 5.3.24. CASE 4 (2020 FY) AC EU
Figure 5.3.23a and b show AC EU per room based on each school’s data in
CASE 3. Meanwhile, Figure 5.3.24 shows AC EU per room based on each school data in
CASE 4. Data in each school are total AC EU from December to March. Figure 5.3.23a
shows that schools P, J, V, and L had higher AC EU in CASE 3 (2018 FY) than other
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schools, while school G, followed by school H, had the lowest AC EU. In CASE 3, school
G had the lowest AC EU, while in CASE 4, school H had the lowest AC EU. In CASE
4, school C had the highest AC EU. Figure 5.3.23b and Figure 5.3.24, show that the AC
EU before and during the pandemic increased in each school. However, Figure 5.3.23b
and Figure 5.3.24 show that even though there are schools with no significant AC
operating time escalation, such as school P and S, the AC EU still increased significantly.
It indicates another factor for AC EU escalation, which can be presumed to be AC setting

temperature change.

Table 5.3.9. Winter comparison AC EU, AC operating time, and AC setting temp.

ACEU (GJ) AC operating time (h) AC setting temperature (°C)
School CASE3  CASE4 CASE3  CASE4 ~ CASE3 CASE4 Temp.

(2019 (2020 OMPE 9019 2020 P o019 (2020 diff

FY) FY) rson FY) FY) FY) FY)  (°C)
A 75.1 182.1 2.4 239.0 532.0 18 192 194 0.2
B 73.1 115.6 1.6 376.1 116.6 1.1 19.7 20.8 1.1
C 82.2 195.9 2.4 273.4 607.0 2.2 20.1 21.3 1.2
D 61.7 125.5 2.0 176.9 306.1 1.7 21.1 22.1 0.9
E 138.0 254.8 1.8 387.0 460.9 1.2 20.4 22.3 1.9
F 102.7 254.4 2.5 277.6 416.1 15 20.1 21.0 0.8
G 38.1 157.3 41 199.0 454.2 2.3 19.4 20.2 0.7
H 59.5 103.8 1.7 146.4 236.8 1.6 19.8 20.2 0.5
I 17.7 192.5 1.6 265.3 132.4 1.6 20.2 20.7 0.5
J 178.8 236.7 1.3 313.6 405.3 1.3 23.3 23.3 0.0
K 119.4 280.3 2.3 319.5 650.3 2.0 19.6 20.4 0.8
L 105.1 111.8 1.1 211.4 221.1 1.0 24.0 228  -12
M 60.1 90.9 1.5 256.9 406.0 1.6 20.3 20.3 0.0
N 87.4 165.2 1.9 389.2 517.7 1.3 19.6 20.7 1.1
0 41.9 59.7 1.4 192.1 319.0 1.7 20.2 198 04
P 97.1 163.7 1.7 327.7 389.5 1.2 21.3 23.5 2.2
Q 106.5 227.9 2.1 336.9 164.4 14 19.7 20.2 0.5
R 96.5 162.0 1.7 341.4 433.7 1.3 19.3 20.1 0.8
S 24.3 107.1 1.4 196.7 363.8 1.8 19.7 23.7 40
\ 97.4 132.8 1.4 479.4 518.8 1.1 20.4 21.1 0.7

Table 5.3.9 shows the comparison of AC EU, AC operating time, and AC setting
temperature in each school before and during the pandemic in winter season. 2019 FY
and 2020 FY are chosen, considering that the AC setting temperature data in 2018 FY
are unavailable. The result shows that school S had the highest AC EU escalation in
CASE 4, which is 4.4 times the escalation compared to CASE 3. School G had the highest
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AC operating time escalation in CASE 4, which has 2.3 times escalation compared to
CASE 3. School L had the lowest EU escalation in CASE 4, which is 1.1 times compared
to CASE 3, and total AC operating time in school L remained the same before and during

the pandemic.
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Figure 5.3.25. AC EU and AC operating time escalation correlation in winter
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Figure 5.3.26. AC EU escalation and AC setting temp. difference correlation in

winter

Figure 5.3.25 shows the AC EU and AC operating time escalation correlation
in winter. The simple regression equation was y = 0.2836x + 0.955 and R? = 0.4367.
Since the R2 value is 0.4367 it can be said that there is a correlation between the AC EU
and AC operating time. It strongly indicates that the higher the AC operation time, the
higher AC EU escalation becomes. Since the R? value is smaller than 0.9, it can be
assumed that other factors influence the AC EU besides AC operating time, which might
be AC setting temperature. Based on AC EU escalation and AC setting temperature
difference between CASE 4 (2021 FY) and CASE 3 (2020 FY) correlation result (Figure

5.3.26), there is slightly correlation which is shown with regression value y = 0.7603x -

169



0.7401 and R? = 0.375. It indicates that the higher the AC setting difference temperature,
the higher AC EU escalation becomes.

Unlike summer indoor thermal environment analysis, all the data for winter
analysis is daily average data because the hourly data is only available for January to
February 2020, before the pandemic. Hourly Data for winter during the pandemic have
not yet been obtained from Oita city. Therefore, all data analysis is from December 2018
to March 2021 with daily average air temperature.

The air temperature range in winter analysis was divided into three parts, air
temperature below 20°C, between 20°C to 25.5°C, and above 25.5°C. In this study, 20°C
to 25.5°C would be considered the comfort range. The range was obtained from acceptable
PMV by ISO 7730:2005 as ranging for existing buildings between -0.7 and +0.7 (ISO
7730, 2005). Calculation data assumed to determine range standard with acceptable PMV
by ISO are as follows:

Metabolic rate: 58.2 W/m?; External work: 0.0 W/m? Relative humidity:
65%; Clothing: 1.0 CLO; Air velocity: 0.1 m/s; Radiant temperature: equal to air
temperature. PMV calculation result of air temperature 20°C for a lower limit is -0.79,
and 25.5°C for upper limit is +0.74 [140], [141]. For CASE 4, the air velocity assumedly
did not increase significantly and not exceed 0.2 m/s. The cloth value in CASE 4 is also
assumed to be adjustable. Considering these two differences in justification, in this

research, the comfortable air temperature range of CASE 3 is the same as CASE 4.
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Figure 5.3.27. Winter average outside air temperature

170



mm below 20°C mmm 20°C to 25.5°C
above 25.5°C - =< - AC operation time

_100% 700.0
IS
et 600.0
o 80% &
£ 500.0 :
[}
[} o=

60% -3
g 0 400.0 g
a2 =

300.0

= 40% 5
- [o)
4 200.0 5

20%
g =" 100.0 ™
E
= 0% 0.0

2018 FY 2019 FY 2020 FY
CASE 3 CASE 4

Figure 5.3.28. Winter total indoor air temp. percentage and AC operating time

In the winter season, the average outside temperature obtained from Oita City
AMEDAS (JMA, 2022) (Figure 5.3.27) is generally similar from 2018 to 2021. From total
indoor air temperature analysis (Figure 5.3.28), the percentage of air temperature
between 20°C to 25.5°C in CASE 3 (2018 FY) was relatively lower than in CASE 3 (2019
FY) and CASE 4 (2020 FY). Both AC operation times in CASE 3 (before the pandemic)
were generally the same, yet the air temperature percentage between 20°C to 25.5°C is
different. Considering the limitation of AC setting temperature data in 2018 FY, it cannot

be predicted the cause of air temperature percentage difference in 2018 FY and 2019 FY.
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Figure 5.3.29. CASE 3 indoor thermal environment 2018 FY
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Based on CASE 3 (2018 FY) (Figure 5.3.29a) air temperature percentage result,
school J, followed by school P, had the highest percentage of air temperature comfort
range. Figure 5.3.29b shows that in CASE 3 (2019 FY), school L had a 0.1% air
temperature below 20°C, followed by school J with a 0.9% air temperature below 20°C.
It can be assumed that school L and J AC setting temperatures in CASE 3 (2019 FY)
were higher than the other schools in 2019-2020 (Figure 5.3.31). School L, as previously
discussed, had the lowest AC EU escalation and maintained AC operating time. It proved
to be caused by the high AC temperature setting in CASE 3 (2020 FY) compared to
other schools. In CASE 4 (Figure 5.3.30), schools J and L had the highest percentage of
indoor air temperature comfort. School B in CASE 3 (2018 FY) had the lowest indoor
air temperature comfort percentage, 13%, followed by school S, 25%. In CASE 3 (2019
FY), school S had the lowest percentage of indoor temperature comfort, 15%. School S’s
indoor air temperature comfort percentage increased in CASE 4 (Figure 5.3.30). It
occurred as the AC setting temperature in CASE 4 raised to 23.7°C (Figure 5.3.31). It
also can be claimed that AC EU escalation during the pandemic in School S was caused
by the significant AC setting temperature difference before and during the pandemic.
Referring to Figure 5.3.31, the average AC temperature setting in CASE 3 was lower
than the AC temperature setting in CASE 4, except for school J, which generally had
the same AC setting temperature, and schools L and O, which had higher setting
temperature than in CASE 4.

School P and S, as mentioned before, the AC EU was significantly increased
even though the AC operation time was not significantly increased. Figure 5.3.31 shows
that AC setting temperature in school P and S were increased significantly, 2.2°C in
school P, 3°C in school S. Corresponding to previously discussed comparison in Figure
5.3.26 and Table 5.3.9, it is proved that the other factor of AC EU escalation is the
higher AC setting temperature in winter. AC setting temperature in classrooms as the
recommended value by the government is 20°C in winter to optimize the energy-saving
effect [64], [154]. However, this recommended value could not be maintained during the
pandemic. It is thought that during the pandemic, the AC is used together with NV,
which leads to AC leakage so that the AC is set to a higher temperature to reach indoor

thermal comfort in winter.
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Based on winter indoor air temperature data analysis, all target schools’ daily
average data had reached the air temperature comfort range before and during the
pandemic. AC temperature during the pandemic was set higher than before the pandemic.
Moreover, AC operation time during the pandemic was longer than before the pandemic.
Therefore, we can claim that raising AC setting temperature and longer AC operation
time when AC and NV are used together is practical to reach indoor thermal comfort in

the winter.

5.3.4. Discussion

In the summer, AC EU increased 2 times from 2813.5 GJ to 5616.2 GJ, and AC
operation time increased 1.4 times from 254.6 hours to 361.3 hours. In the winter, AC
EU increased 1.9 times from 1852.4 GJ to 3549.8 GJ, and AC operation time increased
1.3 times from 333 hours to 438.5 hours. We observed the increase of AC EU during
pandemic when lockdown is discontinued. Conversely, energy consumption reduction
during the hard lockdown in South Africa was found [32].

The result further showed that AC operation time increased 1.4 times during
the pandemic in summer from 254.6 hours to 361.3 hours and 1.3 times in winter from
333.0 hours to 438.5 hours. This result might be in accordance with the recommendations
in building readiness and reopening guidance offered by the American Society of Heating,
Refrigeration, and Air-Conditioning Engineers (ASHRAE) to operate AC, including
exhaust fan and outside air damper to provide flushing 2 hours before and post
occupancies [134], [155].

This research found that the combination of AC with NV affects the AC setting
temperature during the pandemic. AC setting temperature recommendation by the
government to optimize the energy-saving effect, 28°C in summer and 20°C in winter,
could not be maintained during the pandemic. In essence, this paper is not recommending
the combination of AC with NV to maintain energy-saving. However, when buildings
have been vacated due to the outbreak, it is recommended to keep the ventilation system
running [134] because safety and healthiness should be put in the first place, and it is
also essential to provide an acceptable indoor environment as much as possible [156].
Therefore, other strategies could be implemented to decrease the potential risk of disease

174



transmission. For example, the Personalized Ventilation (PV) system could be a good
strategy because it has advantageous attributes of ensuring indoor air quality and thermal
comfort [157] and has a great application prospect of avoiding virus transmission [158].
However, PV system or other strategies should be investigated further in educational
facilities to determine whether it is implementable. In addition, heat tubes and cool tubes
that use underground heat and cold, as passive system for NV to reduce the operating
energy of air conditioning, which have been verified for operational performance in many
cases of building [159], could be the adopted as a strategy to reduce direct outside air
ingress which causes thermal discomfort in summer and winter.

Based on the indoor environment results of daily data analysis, AC setting
temperature affected the AC EU and indoor air temperature comfort in the summer and
winter during the pandemic when AC and NV are used together. Based on the indoor
environment result on hourly data analysis, CASE 2 (2020) result is within the
comfortable range from 10:00 to 12:00 and exceeds 28°C after 12:00 in summer. This
result could be a reference for a by-time window opening strategy to maintain AC energy-
saving without lowering AC setting temperature. Tang et al., 2021 simulated the window
opening factor for the assessment of whether the ventilation can adjust the indoor
environment with or without AC in March with the comfort zone between 20.8°C to
26.8°C and in May with the comfort zone between 22°C to 28°C [160]. This simulation
could be investigated further with a comfort zone between 24.5°C to 28°C in summer and
20°C to 25.5°C in winter to assess the window opening factor as an energy-saving strategy

in schools.

5.3.5. Conclusion

Based on the comparative analysis study, we can conclude as follows:
(1)  During the pandemic, AC EU and AC operating time in summer and winter have
increased significantly.
(2) AC operation time and AC setting temperature affected AC EU escalation during
the pandemic when AC is used and combined with NV.
(3) Study proves that indoor air temperature comfort during the pandemic was reached
from longer AC operation time, lower AC setting temperature in summer, and
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higher AC setting temperature in winter than before the pandemic and caused AC
EU escalation.

(4) We can claim that the pandemic brought an energy saving deterioration in
educational facilities, leading to negative environmental effects when ventilation is

combined with AC in the classroom to avoid virus transmission.

Further, the result of this research can be expected to become a reference for
future studies regarding AC energy-saving and indoor thermal comfort-related
investigation and become valuable for new regulations related to air conditioner settings
and operations for the new normal during the COVID-19 pandemic or potential upcoming
outbreaks in the future. In addition, improved mechanical ventilation system technology
is expected to be adopted to maintain the CO2 concentration in the room without having
to open windows and doors, while indoor thermal comfort remains to be reached for
energy conservation. Furthermore, it is necessary to develop AC technology in which
efficiency remains high and can adapt to conditions when AC is necessarily perforce

combined with NV.
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9.4. Review on indoor thermal comfort of air conditioning system and

natural ventilation in the university classroom

5.4.1. Introduction

Due to the climate crisis and the decline of ongoing environmental issues, energy
sufficiency has become a crucial concern in sustainable development in many countries,
including Japan. Summer in Japan lasts from June to August, with extreme humidity
levels after and daytime temperatures often higher than 30°C. In order to gain indoor
comfort during the summer season, classrooms in schools or educational buildings should
be planned by passive design as much as possible to decrease energy building use
considering the global environmental issue. When the air conditioner (AC) unit system
is usually used to get comfort levels for optimizing students® learning performance, it
causes high energy use in the school.

The University of Kitakyushu Hibikino Campus, as a target building, has some
developing systems to maximize natural energy, which is expected to reduce energy use.
Although it has a passive design approach, an air conditioner is still actively used during
the summer, starting from the last third of May.

This research aims to review indoor thermal comfort in The University of
Kitakyushu classroom with an AC system and with natural ventilation (NV) system in
the summer season. From the author's previous research, window and door opening in
long periods during the day may have substantial relation with indoor thermal comfort
[147], so this research will emphasize the difference between air conditioner use and full
NV. The research results are expected to become useful for energy-saving implementation
in educational buildings and/or for ventilation method reference for indoor thermal

comfort in university classrooms.

5.4.2. Outline of investigated building.

The investigated building is The University of Kitakyushu Hibikino Campus,
located in Kitakyushu City of Fukuoka, Japan, which was selected as an environmental

model city in 2002. The University of Kitakyushu's second campus is located in Hibikino,
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in the academic zone called Kitakyushu Science and Research Park. In Kitakyushu
Science and Research Park, various efforts to efficiently supply the energy and water
required for education and research activities while considering the environment.
Specifically, The University of Kitakyushu aims to reduce the environmental load. It is
actively developing a system to maximize natural energy, such as light, wind, and heat,
and to use water and energy without waste. One of the efforts to efficient the energy is
NV. In particular, a "Solar Chimney" is installed on the roofs of the north and south
buildings and promotes NV by utilizing the chimney effect of solar heat and the incentive
effect of outside wind. In addition, the outside air for the air ventilation system is taken
in from the underground cool-pit (Figure 5.4.2), pre-cooled in summer, and pre-warmed

in winter.
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Figure 5.4.2. Cool pit/warm pit and solar chimney

The University of Kitakyushu Hibikino Campus (Figure 5.4.1) has two main
buildings: the north and south sides. Each building is a four-story and double-loaded
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corridor with a long axis in the east-west direction. In the north building, several
courtyards/light gardens that open from the 1st to the 4th floor are designed to maximize
natural light entering the building. The target measurement building is the Northside
building. The measurement classroom is located on the first floor near the courtyards on
the north side of the building. The total area of this classroom is 116.64 m? (10.8 x 10.8
m) with a 3.6 m ceiling height. There are exhaust smoke windows facing north and facing

the courtyard or light garden (Figure 5.4.3).
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Figure 5.4.3. Target building floor plan
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Figure 5.4.4. Measurement point
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(A), and globe temperature (@)
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Mechanical ventilation

AC outlet

Figure 5.4.5. AC duct and mechanical ventilation in N113

Figure 5.4.6. Exhaust smoke windows in N113

5.4.3. Research methodology

The method examines indoor thermal comfort in a classroom with different
ventilation systems: AC and NV, by conducting actual field measurements and students’

thermal sensation questionnaires.

5.4.3.1. Actual experimental measurement

Actual experimental measurements were conducted in the summer season, on
June 25th, 2018 (CASE 1), and on July 5th, 2021 (CASE 2). Every CASE had two modes
of measurement: AC system mode and NV mode. When AC system mode measurement
was conducted, the air conditioner was turned on, all entrance doors were closed (except
CASE 2), and all exhaust smoke windows were closed. Entrance doors in CASE 2
remained open since it was conducted during the COVID-19 pandemic, following
university regulations to open all the entrance doors in every classroom while conducting
offline lectures. When the NV mode measurement was conducted, the air conditioner was
turned off, and all the entrance doors and exhaust smoke windows were open. The air
conditioner outlet itself (ducting) was located above the entrance door and installed along
the south wall (Figure 5.4.4 and Figure 5.4.5). The air conditioner setting for both cases
was different, CASE 1 was set up to 24°C, and CASE 2 was set up to 26°C. In both
CASEs and modes, the mechanical ventilation was turned on. The mechanical ventilation

brings the outside air through the cool pit. The measurement data types in this research
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are air temperature, relative humidity, PMV, wind velocity, and globe temperature. The
measurement point in the N113 classroom is shown in Figure 5.4.4. In CASE 1, the air
temperature was measured with a thermocouple (Figure 5.4.7d) on point X to X, while
in CASE 2 was measured with a thermo-recorder (Figure 5.4.7¢) on point e to X.
Thermocouple could not measure relative humidity, so the relative humidity in CASE 1
was measured with a thermo-recorder only on point . Thermo-recorders and wind
velocity anemometer were put on the table with 75 cm heights. PMV sensor,
thermocouple, and globe thermometer were installed 100 cm from the floor. Interval in
CASE 1 was 2 minutes interval which obtained 3 AC system mode data and 3 NV mode

data, while interval in CASE 2 was a 1-minute interval which obtained overall 36 data.

Table 5.4.1. Measurement items

CASE 1 CASE 2
Date 2018/06/25 2021/07/05
) 15:03715:07 ~
Time _ 15:13715:48
15:28715:32
Interval 2 min 1 min
Total data each
. 6 36
meas. mstrument
AC temp. setting 24°C 26°C
Total people 27 51
Meas. point ®@-® DO-©
Thermo recorder, PMV,
Thermocouple, PMV |

Meas. instrument

Entrance door

Anemometer, Globe thermometer

closed

Anemometer, Globe
thermometer

opened
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(a) globe temperature (b) wind anemometer (c) PMV sensor

‘U e

(d) data logger of thermocouple (e) thermos-recorder

thermometer

Figure 5.4.7. Measuring instruments

5.4.3.2. Questionnaire investigation
Questionnaire investigation comprised 3 thermal sensation questions,

warm /cold sensation, humid sensation, and comfort sensation.

5.4.4. M eteorological conditions during the actual measurement period

The graphs of air temperature and wind velocity during the actual measurement
period from AMeDAS meteorological information in Yahata, Kitakyushu, are shown in
Figure 5.4.8. On June 27, 2018, the air temperature during measurement time was
around 29.3°C to 30.2°C. On July 5™, 2021, the air temperature was near 32°C and was
coming down to 30.8°C. The wind velocity on June 27, 2018, was steady at around 5
m/s with north north-west wind direction. On the other hand, wind velocity on July 5%,

2021, was relatively higher, from 8 to 10 m/s with west wind direction.
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Figure 5.4.8. Meteorological Condition

5.4.5. Actual survey results and consideration

5.4.5.1. Room air temperature

-~
0
~

Wind Velocity (m

Based on CASE 1 average air temperature measurement result for AC system

mode (Figure 5.4.9), air measurement in point (Dhas the minimum temperature,

following points @ and ®. It can be presumed that points @ and @ were located

under the air conditioner outlet (duct). The average air temperature result for NV mode

in CASE 1 (Figure 5.4.10) shows that air temperature was raised from 26.3°C to 26.7°C.

There is no significant difference related to the seat position because the result shows

that every point has almost the same air temperature. Air temperature measurement
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results in CASE 1 for both the AC system and NV mode show (Figure 5.4.9 and Figure
5.4.10) that the average value of the room temperature was still in the range of 17°C -
28°C, which is the room temperature standard for classroom based on Japan School

Environmental Hygiene management standards [132].
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Figure 5.4.9. CASE 1 AC system average air temperature
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Figure 5.4.10. CASE 1 NV average air temperature
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Figure 5.4.11. CASE 2 AC system average air temperature
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Figure 5.4.12. CASE 2 NV average air temperature
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Figure 5.4.14. Outside-inside (NV) air temperature difference

Figure 5.4.15. Condensation at mechanical ventilation outlet in CASE 2

CASE 2 average air temperature measurement result for AC system mode
(Figure 5.4.11) shows that similar to CASE 1, points O, @, @, and have lower air
temperatures than other points. CASE 2 measurement results for the AC system (Figure
5.4.11) show that air temperature was 26.6°C to 27.6°C, which was still in range for
classroom temperature standard based on Japan School Environmental Hygiene
management standards4. Yet, the relative humidity is not within the standard range.
The air temperature result in CASE 2 for NV mode (Figure 5.4.12) shows that air
temperature was raised from 28.1°C to 29°C. There is also no significant difference in the
seat position because the result shows that every point has almost the same air
temperature.

Based on Figure 5.4.14, the air temperature difference measurement results of
the AC system and NV mode show that CASE 2 has a higher air temperature difference
than CASE 1. It can be presumed that it occurred because of some Air Conditioner

leakage considering the entrance doors in CASE 2 remained open. Besides another
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unknown cause, it also can be presumed that Air Conditioner leakage caused higher
outside-inside air temperature difference as well in CASE 2 (Figure 5.4.15). Condensation
at the mechanical ventilation outlet in CASE 2 also occurred during AC system mode

measurement, which became an issue because it wet some parts of the floors and tables.

5.4.5.2. Relative humidity
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Figure 5.4.16. Psychrometric chart

Figure 5.4.17 and Figure 5.4.18 show the result of RH and wind velocity in both
cases. Both CASEs results show that the relative humidity was decreased in NV mode.
The relative humidity results of the CASE 1 measurement during AC system mode and
NV mode, which can be seen in the psychrometric chart Figure 5.4.18 and Figure 5.4.16,
are still in the range of Building Sanitation Law standard, 40% to 70% [145], which is set
as an appropriate range of relative humidity in the building. On the other hand, CASE
2 results for both modes (Figure 5.4.16) show that relative humidity is not in the range
of the Building Sanitation Law standard, 40% to 70%. In some points in CASE 2, relative
humidity was under 80%, which is the upper limit of the room relative humidity standard
for classrooms based on Japan School Environmental Hygiene management standards4
can be found. Despite it being in the range of the Japan School Environmental Hygiene
management standards for relative humidity, the air temperature itself exceeds the limit
standard, so all the results in CASE 2 are not in the comfort range based on Japan School
Environmental Hygiene management standard or Building Sanitation Law standard.

When the temperature is high, and the humidity is high, the risk of heat stroke increases,
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so it is necessary to pay attention to the humidity.

5.4.5.3. Wind velocity

Based on Figure 5.4.17, there was no significant difference between the AC

system and NV mode measurement result in CASE 1 for wind velocity, while in CASE 2

(Figure 5.4.18), wind velocity was raised from 0.05 m/s to 0.25 m/s. It is presumed to

have occurred because of the high outside wind velocity (Figure 5.4.8b).
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Figure 5.4.17. CASE 1 RH and wind
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5.4.5.4. Questionnaire
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Figure 5.4.18. CASE 2 RH and wind

velocity

Table 5.4.2. Thermal comfort sensation questionnaire rate

*IWCS *2HS *3CS
-3 cold very dry very uncomfortable
-2 cool dry uncomfortable
-1 slightly cool slightly dry slightly uncomfortable
0 neutral neutral neutral
1 slightly warm slightly moist slightly comfortable
2 warm moist comfortable
3 hot very moist very comfortable

*1 WCS: Warmth/Cold Sensation
*2 HS: Humidity Sensation
*3 CS: Comfort Sensation

Table 5.4.2 shows the thermal comfort sensation questionnaire rate used for this

research. Based on warm/cold sensation questionnaire results (Figure 5.4.19), in CASE

1, there are 59% of students feel “neutral,” and 26% of students feel “slightly cool” when
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AC turned on. However, the number of students who felt “slightly warm” increased to
30%, and those who felt “slightly cool” decreased to 5% when AC was turned off. In
CASE 2, 50% of students felt “slightly warm,” and 28% felt “hot” when AC turned on.
When AC turned off, the number of students who felt “hot” raised to 45%, yet the number
of students who felt “humid” decreased from 43% to 33% when AC turned off. It is
assumed to be occurred due to high wind flow.

Based on thermal comfort sensation questionnaire results (Figure 5.4.20), in
CASE 1, the number of students who felt “comfortable” raised from 22% to 32% when
AC was turned off. On the other hand, there are no significant thermal comfort sensation
differences between AC turned on, and AC turned off in CASE 2, which is even “slightly

uncomfortable” and “uncomfortable”.
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Figure 5.4.19. Warm/cold sensation and humid sensation
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Figure 5.4.20. Thermal Comfort sensation

5.4.5.5. PMV
Figure 5.4.21 shows the PMV result of CASE 1 and 2. PMV result shows that
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the PMV in CASE 1 slightly raised from 0.12 to 0.34 after AC was turned off. However,
the PMV value in NV mode is still under 1.00, which is still in the " neutral " range
based on ASHRAE 55 [37]. The PMV in CASE 2 also raised from 1.15 to 1.59 after AC

was turned off.
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Figure 5.4.21. PMV CASE 1 and CASE 2

5.4.5.6. WBGT

WBGT (Wet Bulb Globe Temperature) is calculated from the measured values

to evaluate the risk of heat stroke. In this research, WBGT indoor was calculated using

formula (5.4.1) proposed by B. Lemke et al., 2012 [161], where Tpwb and ea calculation

was calculated using formula (5.4.2), (5.4.3) proposed by Bernard et al., 1999 [162]
summarized by Carter et al., 2020 [163].

WBGTid =0.7 Tnwb+0.3Tg ........ ( )

Tnwb=Ta-C(Ta-Tpwb).........cccecueee. ( )

Tpwb=0.376+5.79ea+(0.388-0.0465¢a) Ta ....... (5.4.3)

ea=(RH/100)"x (0.6107exp[17.27Ta/(Ta+237.3)])" .... ( )

Where,

WBGTid: Wet bulb globe temperature Indoor
Tnwb: Natural wet bulb temperature

Tpwb: Psychometric wet bulb temperature [C|
Ta: Room temperature [C]

ea: Ambient vapor pressure

The calculated WBGT of the two measurements is shown in Figure 5.4.22.
WBGT in CASE 1, in both modes, was under 25°C, which was in “caution” (Table 5.4.3).
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Although the heat store risk level is not high, it is stated that with WBGT of above 21°C,
there is the danger of fatal accidents due to heat illness, so caution is advised, and water
replenishment should be promoted during exercisel0. It also can be seen that in CASE 1
WBGT result, WBGT for AC system mode was slightly higher than WBGT for NV
mode. It happened because relative humidity from air conditioning to NV is significantly
decreased because of the rising wind velocity in NV mode measurement that blow from
the north. On the other hand, WBGT in CASE 2 in both modes was 25.8°C to 26.8C,

which was generally in the “warning” range.
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Figure 5.4.22. WBGT

Table 5.4.3. Heat stroke risk guidelines (WBGT)

Temperature Standard (WBGT) Danger
Above 31°C Danger
28-31C Severe warning
25-28°C Warning
21-25 Caution
Under 21 Almost safe

5.4.6. Conclusion

From this research, we conclude as follows:
1. When the daily average outside air temperature is between 29°C to 30°C, with the air

conditioner temperature is set to 24°C, with all entrance door and exhaust smoke
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windows closed, and the air conditioner turned off with all entrance doors closed and
all exhaust windows opened, indoor air temperature in the classroom does not exceed
the school hygiene management standard of 28°C. It also can be concluded that the
PMV value in AC system mode or NV mode will be “neutral,” which is equal to the
thermal comfort sensation questionnaire results. Moreover, there is no significant risk
related to heat stroke with all the above-mentioned conditions.

2. When the daily average outside air temperature is between 30.8°C to 32°C with high
relative humidity, with the air conditioner temperature is set to 26°C, with all entrance
doors opened and exhaust smoke windows closed, indoor air temperature in the
classroom does not exceed the school hygiene management standard of 28°C. The
results of the PMV and thermal comfort sensation questionnaire also show that it is
in the “slightly uncomfortable” range. Moreover, heat stroke risk was found with all
the above-mentioned conditions, which is in the “warning” range.

3. Opening the entrance door in both the AC system and NV mode (CASE 2) made a
higher air temperature difference between AC on and off mode and between outside-
inside air temperature caused by Air conditioner leakage compared with CASE 1.

4. The air temperature on the south side, which is under the air conditioner outlet, is

lower than the north side, which is near the windows.

From the conclusions of this research, it can be suggested to use full NV at the
start of the summer season (June). Yet because of the COVID-19 pandemic, entrance
door opening regulation may influence indoor thermal comfort in the classroom; this

suggestion should be investigated in further research.
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5.5. COy concentration and indoor thermal comfort of different

classrooms during new normal in the University of Kitakyushu

5.9.1. Introduction

COVID-19, which was first discovered in Wuhan, China, in 2019, has brought
changes in various sectors, including education. Due to the COVID-19 cases outbreak
that entered Japan between January 15 and February 10, 2020, Japan's central
government has declared a state of emergency with new restrictions imposed in several
prefectures. Based on Article 25 Paragraph 1 of the University Establishments Standards
of Correspondence order of MEXT, Japan (updated: July 27, 2020) [164], after taking
into account the implementation status of the 2020 year classes and students™ condition
and wishes, comprehensively considering the status of local infections, the size of
classrooms, the number of students, educational effects, it is recommended (depends to
local infection situation) to conduct face to face class implementation method if it is
deemed appropriate to conduct a face-to-face class after taking infection control measures.

The University of Kitakyushu, located in Kitakyushu City of Fukuoka, which
was selected as an environmental model city in 2008 [122], adjusts to the possibility of a
new normal when the COVID-19 state of emergency is declared in Kitakyushu or when
the COVID-19 cases declined. The University of Kitakyushu made regulations based on
the level of COVID-19 status, which is when the state of emergency is declared, theory
classes must be conducted online, yet experimental and practical classes can be conducted
face to face. When the state of emergency is revoked, in principle, every class is conducted
face-to-face [165]|. Based on The University of Kitakyushu's first semester 2021 regulation
[166], the classroom entrance/exit doors must be fully open or slightly open, and open
windows to ventilate once every 30 minutes if the weather is good. This regulation is
related to building environmental hygiene management standards of the Japan Ministry
of Health, Labour and Welfare standard that stated indoor CO2 concentration standard
level should not pass 1000 ppm [167]. Even the opening window regulation is once every
30 minutes, yet the regulations are not implemented correspondingly by this time.

Indoor air quality is believed to become an effective way to decrease the spread

of infectious diseases, including COVID-19. Excess CO2 level increases the risk of
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spreading infections, hence keeping CO2 as low as possible in rooms optimizes the
protection from infection spreading, which can be provided by optimal use of ventilation
[168]. From the author's previous research, window, and door opening in long periods
during the day may have substantial relation with indoor thermal comfort [147|. However,
a significant amount of door and ventilation openings may reduce thermal comfort
because of the Air-conditioning leakage.

Based on the results of student questionnaires who run online classes, although
the time at home increases, students feel that their productivity and learning performance
has decreased [27]. Thus, the face-to-face classes in the new normal with optimal indoor
air quality with indoor thermal comfort observation must be considered. This study
evaluates CO2 concentration level and indoor thermal comfort in two classrooms with
door and ventilation opening regulations. This study conducted experimental
measurements in the spring and summer seasons at The University of Kitakyushu. The
method used in this study is to measure CO2 concentration, air temperature, and relative
humidity. The research results are expected to be a reference for the optimal application

of regulations for thermal comfort and infection spread prevention.

5.9.2. Outline of investigated building.
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Figure 5.5.1. Target building floor plan
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(¥*1: Measurement target N113 classroom, %2: Measurement target N107 classroom)

The target university, The University of Kitakyushu Hibikino Campus (Figure
5.5.1), has two main buildings: the north and south sides. Each building is a four-story
and double-loaded corridor with a long axis in the east-west direction. The north building
has several courtyards in the corridor. The actual measurement classrooms were located

on the north side of the building on the first floor. The target measurement building is
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the Northside building, which is facing corridor and courtyard on the south side and a
wide wood deck with a roof on the north side. Both classrooms have one double door,

one single door, and several smoke exhaust windows.

9.9.3. Methodology

5.5.3.1. Field measurements

Temperature, humidity, and CO2 were measured on different days and times in
two classrooms with the same total area, N113 and N107. N113 measurement was
conducted in the spring season, May 27 2021 (the emergency state was declared), where
the air conditioner was turned off, and only mechanical ventilation was activated. N107
measurement was conducted in the summer season, July 30", 2021 (the emergency state

was revoked), where the air conditioner and mechanical ventilation were turned on.

Figure 5.5.3. Measurement in N10
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Class type in both classes was different when measurements were conducted.
Class N113 was an experimental class in which discussion was allowed, while class N107
was a theoretical class where discussion was not allowed. Both classrooms’ entrance doors
were opened when the measurement was conducted. The measuring instrument used in
this research was CO2 Recorder TR-76Ui (Figure 5.5.4). The smoke exhaust windows
were opened when the COz2 concentration level in the classroom was increased. One smoke
exhaust window size is 0.5 x 1.8 m. The total number of smoke exhaust windows (Figure
5.5.6) is 6, so the total area of smoke exhaust windows opening is 5.4 m? in each classroom.

AC outlet type in both classrooms is shown in Figure 5.5.5..

Figure 5.5.5. AC Outlet

_EE!

Figure 5.5.6. Smoke Exhaust Windows
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Figure 5.5.8. N107 seating positions and measure point.

The measurement points are shown in Figure 5.5.7 and Figure 5.5.8. The
installation height of the measuring instrument was 75 cm (table height). The
measurement interval for each data logger was 1 minute. The N113 measurement time
was 2 h 50 m in the afternoon, while the N107 measurement time was 1 h 30 m in the
morning (Table 5.5.1). Smoke exhaust windows in both measurements were set to open
before the class began. When the class began, N113 at 13:00 and N107 at 09:00, smoke

exhaust windows were closed, but the entrance doors remained open.
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Table 5.5.1. Measurement item

Room N113 N107
Volume [m?] 419.9 419.9
Total people 55 51
Class type Experimental class & Theory
discussion
AC off On (25.5°C)
Meas. point - ® D -®
Meas. day May 27t 2021 (Spring) July 30t 2021 (Summer)
Meas. time 12:50-15:40 (2 h 50 m) 08:50-10:30 (1 h 30 m)

5.5.3.2. Meteorological conditions during the actual measurement period
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Figure 5.5.9. Meteorological condition

The air temperature and wind velocity graphs during the actual measurement

period from AMeDAS meteorological information in Yahata [113], Kitakyushu, are shown
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below. On May 27th, 2021, the air temperature around measurement time was 20°C to
22°C. On July 30th, 2021, the air temperature rose steadily from 28.2°C to 31.5 °C.
Although wind velocity on May 27th was faster than on July 30th, the wind direction on

both days was generally the same, which is from the west side.
5.9.4. Field measurement results and analysis

5.5.4.1. Carbon dioxide concentration analysis

Based on the CO2 concentration measurement result in the N113 classroom
(Figure 5.5.10), the CO2 concentration level exceeded 1000 ppm at measurement points
@), @, and ® after around 40 minutes measurement started, 30 minutes after all smoke
exhausts windows closed, while another CO2 concentration at other measurement points
is under 1000 ppm. According to the N113 seating positions distribution map (Figure
5.5.7), denser students were seated in these 3 points than in other positions. After 130
minutes after the measurement started, the smoke exhaust windows in N113 were opened.
It can be seen from the graph that CO2 concentration drastically declined to 450-550
ppm.

Based on the N107 CO:2 concentration result (Figure 5.5.11), the COq
concentration level did not exceed 1000 ppm at all measurement points, so the smoke
exhaust windows were closed from class began until finished. It can be presumed that
CO2 concentration in this classroom was not high because the class type when

measurement conducted was theory class which is discussion or talk is not allowed.
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Figure 5.5.10. N113 CO2 concentration.
199



~=CO: point CO: point @ ~~CO: point ®

1200 T CO:point® CO: point ®
—'1100 +
g
&1000 T
o 900 -+ ACON,
= WINDOW
ié» 800 - &DoOR
OPEN
§ 700 ~
S 600 + ,
O APV AC ON, WINDOW CLOSED, DOOR OPEN
O a0 oo e TP mreeprrrrred e
300

8:45
8:55 T
9:05 T
9:15 7
9:25 T
9:35 T
9:45 T
9:55 T
10:05 T

Figure 5.5.11. N107 COz2 concentration.

5.5.4.2. Room air temperature and relative humidity analysis

Both N113 and N107 air temperature measurement results show (Figure 5.5.12
and Figure 5.5.13) that the average value of the room temperature was still in the range
of 17°C-28°C, which is the room temperature standard for classrooms based on Japan
School Environmental Hygiene management standards. According to the N113 air
temperature result (Figure 5.5.12), after the smoke exhaust windows opened, the air
temperature was down by 3°C. N113 measurement, which was conducted in the spring
season, the relative humidity result shows (Figure 5.5.12) that the average value of the
relative was still in the range of 30%-80%, which is the room relative humidity standard
for classrooms based on Japanese school environmental hygiene management standards
[132]. The measurement result of relative humidity in N113 measurement shows that
after the smoke exhaust windows were opened, the relative humidity was increased but
still in the range of the standard. On the other hand, N107 measurement, which was
conducted in the summer season, the relative humidity result shows (Figure 5.5.13) that
the relative humidity result in point 3 was above 80%, which is the upper limit of

Japanese school environmental hygiene management standards [169].
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Figure 5.5.12. N113 Air temperature and relative humidity.
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Figure 5.5.13. N107 Air temperature and relative humidity.

Although the relative humidity results of the measurements are still in the range
Japan school environmental hygiene management standards, the relative humidity results,
especially in N107 (summer season), are looser than the Building Sanitation Law standard,
which can be seen in the psychrometric chart Figure 5.5.14, 40% to 70% [138] is set as
an appropriate range of relative humidity in the building. When the temperature is high
and the humidity is high, the risk of heat stroke increases, so paying attention to the

humidity is necessary. The risk of heat stroke will be discussed in "5.5.5.2. WBGT".
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Figure 5.5.14. Psychrometric chart of indoor humidity distribution. (x: N113, A:
N107)

5.9.0. Analysis with secondary data

5.5.5.1. Ventilation volume
By using the measured CO2 concentration, the ventilation volume rate is
estimated. The ventilation volume rate was calculated using the following formula derived
by Seidel [170].
Mn

Q=g x10° (5.5.1)

Where,

Q: Ventilation volume rate [m3/h]

M: CO2 exhalation rate [m3/h * person]
n: total people in room [people]

C: Indoor CO2 pollutant

C0: Outdoor CO2 concentration

CO2 concentration data was used for calculation when the window was closed.
Based on JIS A1406, 1974 [171], CO2 exhalation rate (M) based on energy metabolism
rate during “seated office work” is 0.0129-0.023 [m3/h], and during “slow walking” is 0.023-
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0.033 [m3/h]. In this calculation, the type of class in N113 was experimental and
discussion class, CO2 exhalation rate used is 0.023, while the type of class in N107 was

theory class, CO2 exhalation rate used is 0.016.

Table 5.5.2. Ventilation volume rate

Class N113 N107
Date May 27th , 2021 July 30th, 2021
Time 13:00-14:51 09:00-10:30
Q [m?/h] 250.6 2516.7
Q" [m3/h « person] 45.6 49.4
Frequency |Times/h| 6 6

From the calculation result (Table 5.5.2), both class ventilation volume rate is
almost same when the CO» exhalation rate is categorized by different energy metabolism

rate.

5.5.5.2. WBGT

WBGT (Wet Bulb Globe Temperature) is calculated from the measured values
to evaluate the risk of heat stroke. In this research, WBGT indoor was calculated using
formula (5.5.2) proposed by B. Lemke et al., 2012 [161], where Tpwb and ea calculation
was calculated using formula (5.5.3), (5.5.4) proposed by Bernard, 1999 summarized by
Carter et al., 2020 [161].

WBGTid —0.67 Tpwb+0.33 Ta (5.5.2)

Tpwb—0.376+5.79e,+(0.388-0.0465¢,) Ta (5.5.3)
RH 17.27Ta

eo=(rac) x (0.6107exp [-2]) (5.5.4)

Where,

WBGTid: Wet bulb globe temperature indoor
Tpwb: Psychometric wet bulb temperature [°C]|
Ta: Room temperature [°C|

ea: Ambient vapor pressure
The calculated WBGT of two measurements is shown in Figure 5.5.15 and
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Figure 5.5.16.. WBGT in N113 during measurement in the spring season was under 21°C,
which was in the “almost safe range” (Table 5.5.3). On the other hand, WBGT in N107
during measurement in the summer season was 22.6 °C-23.9 °C, which was generally in
the caution range. Although the heat store risk level is not high, it is stated that WBGT
of above 21°C, there is the danger of fatal accidents due to heat illness, so caution is

advised, and water replenishment should be promoted during exercise [172].
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Figure 5.5.16. N107 WBGT.
Table 5.5.3. Heat stroke risk guidelines (WBGT)
Severe . . Almost
Danger . Warning Caution
warning safe
Temperature Under 21
Above 31°C  28-31°C 25-28 °C 21-25°C oC

Standard

5.5.6. Conclusion

From this experimental measurement results, we conclude as follows:

1. By analyzing wind direction on both days when measurement occurred, and the
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ventilation volume rate calculation in both conditions are the same with different
CO2 exhalation rates based on energy metabolism rate, it can be concluded that
CO2 concentration will be high and exceed 1000 ppm after 30 minutes when
smoke exhausts windows are closed in the discussion type of class in the

classroom with 419.9 m? volume area and a total number of people 55.

2. It also can be concluded that in a classroom of theory class (talking or discussion
is not allowed) with a 419.9 m3 volume area and a total number of 51 people,
the CO2 concentration in the classroom with opened doors and closed windows

do not exceed 1000 ppm.

3. When the daily average outside air temperature is close to 30°C, the air
conditioner is turned on with the temperature setting of 25.5°C and all entrance
doors opened, the indoor air temperature in the classroom does not exceed the
school hygiene management standard of 28°C in the summer season. Yet, humid
and relative humidity was mostly higher than the Building Sanitation Law

standard for indoor thermal comfort.

4. When the daily average outside air temperature is close to 30°C, the air
conditioner is turned on with a temperature setting of 25.5°C and all entrance

doors opened; WBGT in the classroom is above 21°C, which is in the “caution’

range.

From this study result, we suggest opening smoke exhaust windows to control
CO2 concentration in the discussion type of class. For the principal, strictly prohibiting
talking in the classroom can be suggested. However, if it is impossible due to the class
type, it is recommended to open the windows from the beginning until the finish or at
least every 30 minutes. Although it is not necessarily dangerous because there is no
exercise activity in the classroom, hydration during class, especially in the summer, is
suggested to prevent heat stroke illness. The result of this study is likely to become useful

for regulations for thermal comfort and infection spread prevention in classrooms.
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5.6. Chapter conclusion

In conclusion, the sensitive analysis study provides several key findings. Firstly,
it reveals that the energy usage (AC EU) of air conditioners in classrooms was higher in
the summer compared to the winter, despite slightly longer AC operation times in the
winter. The study also identifies a significant increase in AC EU from 2020 to 2022 due
to the impact of the COVID-19 pandemic. Additionally, the study highlights the
significant influence of AC setting temperature on AC EU. It further establishes that
most classrooms achieved indoor thermal comfort based on the comfort range percentage
and questionnaire results, except for a specific point (point ®) with a lower indoor
thermal comfort percentage and a higher percentage of air temperatures below the
comfort range.

Furthermore, the study reveals that the CNT zone had a slightly colder
temperature than other zones due to the airflow from the AC. Most students reported
feeling "neutral," with more students feeling slightly cool or cool than those feeling
slightly warm or warm. The measurement results align with the students' feedback,
indicating that students sitting near point felt colder than those in other areas,
emphasizing the direct impact of the AC on thermal comfort at that point. The PER
zone had the highest percentage of air temperatures above 28°C, indicating hotter thermal
comfort compared to other zones.

Considering these findings, the research highlights the importance of energy-
saving strategies and the AC setting temperature as a significant factor in AC energy-
saving. It recommends maintaining the AC setting temperature recommended by the
government during the summer (28°C) to optimize energy-saving. However, the challenge
lies in balancing indoor thermal comfort and lower AC energy usage, particularly in the
summer. The study emphasizes the need to consider seating layout, AC layout, and AC
setting temperature to achieve indoor thermal comfort while promoting AC energy-saving.

The comparative analysis study concluded that during the pandemic, AC EU
and AC operating time significantly increased in both the summer and winter seasons.
The study confirms that AC operation time and AC setting temperature played a crucial
role in the escalation of AC EU during the pandemic when combined with natural
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ventilation (NV). It further establishes that the pandemic resulted in a deterioration of
energy-saving measures in educational facilities, leading to negative environmental effects
when ventilation is combined with AC in classrooms to prevent virus transmission.

The research results are expected to serve as a reference for future studies on
AC energy-saving and investigations related to indoor thermal comfort. They also hold
value for developing new regulations concerning air conditioner settings and operations
during the COVID-19 pandemic or potential future outbreaks. Additionally, the study
suggests the adoption of improved mechanical ventilation system technology to maintain
CO2 concentration indoors without the need to open windows and doors, while still
ensuring indoor thermal comfort and energy conservation. Furthermore, it emphasizes
the necessity of developing AC technology that remains efficient and adaptable to
conditions requiring the combination of AC with NV.

From the experimental measurement results, several conclusions can be drawn.
The research shows that when specific conditions are met, such as certain temperature
settings, closed entrance doors, and opened exhaust smoke windows, the indoor air
temperature in classrooms does not exceed the school hygiene management standard of
28°C. Indoor thermal comfort in university classrooms without AC (corridor in south and
wood deck on north side) and using only natural ventilation is still achieved in the
summer season when the outside air temperature is under 30°C. It can be recommended
that AC is not necessarily operated when the outside air temperature is under 30°C. It
also indicates that the thermal comfort sensation questionnaire results align with the
predicted mean vote (PMV) values, with no significant risk of heat stroke under the
mentioned conditions. However, under higher outside air temperatures and humidity
levels, certain adjustments in temperature settings and the opening of entrance doors
become necessary to maintain indoor air temperature within the comfort range. In these
cases, the thermal comfort sensation falls into the "slightly uncomfortable" range, and
the risk of heat stroke increases, requiring caution.

The study highlights the impact of different configurations on air temperature
distribution in classrooms, with the south side (under the AC outlet) exhibiting lower
temperatures compared to the north side (near the windows). It suggests implementing

full natural ventilation at the start of the summer season but acknowledges that
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pandemic-related regulations on opening entrance doors may affect indoor thermal
comfort and should be further investigated. Study also concludes that classrooms with
windows and doors closed in discussion type of class caused the increase of CO2
concentration level to exceed 1000 ppm. Opening the window every 30 minutes can
decrease COa2 concentration levels significantly to decrease airborne virus transmission
risk.

In conclusion, the experimental measurements emphasize the importance of
ventilation strategies and proper temperature settings to maintain indoor air quality and
thermal comfort. They recommend specific actions such as opening smoke exhaust
windows in discussion-type classes and considering strict rules against talking during such
classes. Hydration during classes, particularly in the summer, is also suggested to prevent
heat stroke. These findings contribute to regulations for thermal comfort and infection
spread prevention in classrooms, and further research should focus on achieving indoor

thermal comfort while using AC in combination with natural ventilation.
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Chapter 6. Simulation

6.1. Chapter introduction.

6.2. Indoor thermal environment simulation in traditional Japanese house.

6.3. Effect of ventilation patterns on indoor thermal comfort and air-conditioning
cooling and heating load using simulation.

6.4. Chapter conclusion.
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6.1. Chapter introduction

Chapter 6 explores and deepens the passive cooling secret of the traditional
Japanese house from Chapter 4 findings through simulation of the Doma position, and
also explores the comparison of various ventilation patterns in classrooms and their effect
on AC heating and cooling loads from Chapter 5 findings. This chapter is divided into
two main sections: first, an indoor thermal environment simulation in a traditional
Japanese house; second, a simulation regarding ventilation patterns pertaining to the
heating/cooling loads of air conditioning systems in the classroom. In the first section,
indoor air temperatures in three Doma positions or layouts in traditional Japanese house
were simulated to find the best Doma position for a passive cooling design strategy. And
the finding of the first section of the simulation will be brought for the design strategy

idea of the second section of the classroom simulation.

6.2. Indoor thermal environment simulation in traditional Japanese

house

6.2.1. Overview

In Chapter 4 conclusion, Doma is considered to impact significantly decreasing
the surrounding rooms’ indoor air temperature. In the existing building (U house), Doma
is positioned on the North side of the house. The orientation or position of Doma
presumably could change the indoor air temperature in every room in the house. In this
sub-chapter, three layouts of Doma will be simulated to compare indoor air temperature
in each room based on the position of Doma. However, the rooms that will be analyzed
are only rooms @, &, ®, and @ (Zasiki). The indoor air temperature simulation result
will be expected to be useful for passive cooling design strategy, not only in the residential

house but also in other building sectors.
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6.2.2. Methodology
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Figure 6.2.1. Simulation flow

Figure 6.2.1 shows the flow of the simulation. A simulation was performed using
DesignBuilder, using the U house, which is the object of actual measurement. The
DesignBuilder software, as a graphic user interface (GUI), is used for modeling various
aspects of a building, such as building materials, architecture, heating and cooling
systems, and lighting systems, and it can simulate different types of building energy
consumption for heating, cooling, lighting, appliances, domestic hot water, etc [102]. This
software also doesn't need any other software for modeling and is easy to use. Assuming
that the placement of the cold heat source is significant for the thermal environment plan,
we changed the placement of the soil floor in Zone C to improve the thermal environment.
As shown in the floor plan of Figure 6.2.2, three different Doma layouts are considered
on the first floor of U House; the north position as an existing position, the east position,
and the south position. Figure 6.2.3 shows the existing floor plan of U house with room
numbers. In these three layouts, only the Doma position is re-positioned, but the position

of each room is the same as the existing layout.
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Figure 6.2.3. U house floor plan with room numbers

Table 6.2.1. Simulation contents

Conditions

Contents

Structure/number of floors Wooden, 2 stories

Ceiling height
Total floor area

Main room area

Floor
Roof
Wall

QOutside weather

1st floor: 2.5m, 2nd floor: 2.4m

298 m?

Doma: 78 m?, tatami room @: 18.4 m2, room @:
11 m2 room ®: 8.5 m?2, room ®: 14 m?

Doma: Sanwa clay, Rooms (D—({9): Boards

Kawara 5 cm

Doma: clay wall, room (D—@: wooden fittings 3cm

Yahata AMeDAS, Kagoshima EnergyPlus
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Table 6.2.1 show the calculation conditions. Figure 6.2.4 shows the comparison
between outside air temperature measurement results and outside air temperature
simulation results as a validation. Figure 6.2.5 shows a comparison between the measured
values and simulation results in room (@ (Zasiki) in the existing condition (Doma in the

north side position).
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Figure 6.2.4. Outside AT measurement result and simulation result comparison
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Figure 6.2.5. Zasiki AT measurement result and simulation result comparison

6.2.3. Simulation results
Looking at the simulation result of the room © (Zasiki) air temperature
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(Figure 6.2.6), the southern layout has the lowest temperature. Looking at the Doma air
temperature results (Figure 6.2.7), there is no significant difference between each
arrangement, but it can be seen that the south arrangement has a lower temperature
than the other arrangements during the daytime. It can be seen that the air temperature
in room @ (Figure 6.2.8) is higher in the east arrangement than in the other
arrangements, and the temperatures in the south and north arrangements are almost the

same.
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Figure 6.2.6. Zasiki room air temperature
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Figure 6.2.7. Doma air temperature
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Figure 6.2.8. Room @ air temperature

Based on the variation in air temperature result in room @ (Figure 6.2.9), the

south layout has the lowest maximum, average, and minimum temperatures.
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Figure 6.2.9. Zasiki air temperature variation based on Doma position.

Looking at the air temperature results for rooms @, ®, ®, and @ (Zasiki)
for each arrangement (Figure 6.2.10, Figure 6.2.11, Figure 6.2.12), the air temperature
for rooms @ and in zone B is lower than for rooms @ (Zasiki) and room & in the

northern layout. This is the same trend as the actual measurement. Looking at the air
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temperature results for the east layout (Figure 6.2.11), the air temperature in tatami
room (9 (Zasiki) is lower than room during the day, and higher than rooms 2 and 5
at night. It can be seen that the air temperature in room @ is lower than that in room
© (Zasiki). Also, looking at the results of the east layout, the air temperature in rooms
@ and ® tends to be higher than in the north layout. The air temperature of the south
layout (Figure 6.2.12) is different from that of the north and east layouts, and the air
temperature in room & during the daytime is 30°C or less, and the air temperature in
rooms @), ®, and tatami room @ (Zasiki) is 29°C or less. Thus, in the south layout,
the air temperature in each room can be kept lower than in the north layout or the east
layout. In the summer, the dirt floor on the south side of the house becomes a source of
cold heat and an interference space for load reduction, and it can be understood that it

has the effect of lowering the overall room air temperature.
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Figure 6.2.10. Air temperature result per room when Doma in North position
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Figure 6.2.11. Air temperature result per room when Doma in East position
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Figure 6.2.12. Air temperature result per room when Doma in South position

Based on the result of air temperature difference between north side and east of
south side of Doma layout (Figure 6.2.13 and Figure 6.2.14), south side of Doma layout
can decrease surrounding rooms’ air temperature from 0.1 to 1.3°C during the day (Figure
6.2.14)while east side of Doma increase room @ and air temperature during the day
from 0.2 to 0.9°C and extremely increase all the rooms air temperature from 0.8 to 1.6°C

in the early morning (Figure 6.2.13).
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Figure 6.2.14. AT difference between north side and south side of Doma layout

6.2.4. Conclusion

It was found that the south layout has the lowest living room air temperature

among the three Doma layouts set in the simulation.
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6.3. Effect of ventilation patterns on indoor thermal comfort and air-

conditioning cooling and heating load using simulation.

6.3.1. Introduction

This sub-chapter will assess the impact of different ventilation patterns on air
conditioner cooling and heating load using simulation. Global warming has been an
important issue for many parties to focus on reducing high energy consumption and costs
as much as possible with many strategies. Heating, ventilation, and air-conditioning
(HVAC) systems contribute of about 40-60% of the total energy consumption of the
building sector [173]. One of the passive design strategies to decrease HVAC energy use
is using as much natural ventilation (NV) as possible when the outdoor temperature is
not extremely high or low. Besides the passive design strategy, ventilation is essential for
good indoor air quality maintenance for human health. Enhancement of NV was
considered a key measure for a safe and healthy indoor space, and NV was prioritized
over mechanical ventilation, and special measures should be taken with mechanical
ventilation (filters, higher rates, etc.) [174]. The study also shows that ventilated windows
can be used to significantly reduce the energy demand for cooling and/or heating and
improve the indoor comfort performance for occupants depending on the season [175],
[176]. However, using only NV in extreme hot and cold weather without air conditioners
is known to be impractical, as achieving indoor thermal comfort would be difficult. Based
on previous studies, some NV techniques can improve indoor thermal comforts, such as
Trombe walls, double skin fagade, solar chimneys, solar walls, wind towers, wind catchers,
and wing walls, which can adjust the indoor temperature, drop a couple of degree Celsius
is summer, and increase a couple of degree Celsius in winter, and also reduce cooling and
heating energy [173].

Besides energy consumption and indoor thermal comfort issues, HVAC and NV
have become important components to discuss as the COVID-19 pandemic began to
spread at the beginning of 2020 worldwide, which has brought important issues for
providing the best environmental conditions with good indoor air quality in the rooms to
minimize virus transmission. Studies showed that the coronavirus disease can be

transmitted via airborne [177]-[180]. REHVA (Federation of European Heating,
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Ventilation, and Air Conditioning Associations) and ASHRAE (American Society of
Heating, Ventilation, and Air Conditioning Engineers), recommended preventive
measures for reducing the airborne disease transmission risk [181]-[183]. The reduction
of infection probability was evaluated in different environments as a function of the
increase in ventilation rate ensured by HVAC systems [183]. In naturally ventilated
buildings, the use of CO2 concentration can be used as an indicator of the infection
probability. Although this method may present some limitations, to ascertain whether
ventilation is sufficient and to ensure proper ventilation, based on the Ministry of
Education, Sports, Science, and Technology, Japan (MEXT) it is possible to measure
CO2 concentration level as a guideline for ventilation with the standard for school
environment hygiene is 1500ppm, and Japan government's new coronavirus infectious
disease countermeasures subcommittee says that 1000ppm or less is desirable for
restaurants that assume eating and drinking without masks [184], [185]. Some studies
also recommended keeping indoor CO2 concentration below 1000 ppm to reduce airborne
transmission [131], [138], [186]. The NV appliance is considered to be sufficient to reduce
the CO2 concentration level. However, the air conditioner is favorable to use to achieve
indoor thermal comfort in the hot and cold seasons. The combination of air conditioners
and NV has been introduced in the pandemic era to reduce airborne disease transmission
risk while keeping room in the thermal comfort range. However, there is evidence to
suggest that there is excessive energy loss through uncontrolled or unnecessary air
infiltration [187]. Study shows that air conditioner energy use in junior high schools
increased 2 times in summer and 1.9 times in winter during the pandemic compared to
air conditioner energy use before the pandemic [121]. It occurred because to reach indoor
thermal comfort in a room with an air conditioner on and also with NV, the air
conditioner temperature during the pandemic was set lower in summer and higher in the
winter than before the pandemic [121].

By the above issues related to the air conditioner energy use and NV, this
research aims to assess NV's impact on air conditioner cooling and heating load using
simulation when NV is used together with an air conditioner. Difference ventilation
patterns will be simulated in this research to assess the impact of each ventilation pattern

on the cooling and heating load in the room. Besides, this study will assess different
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design strategies, which as additional space on the south side as a passive design strategy.
This idea comes up from Chapter 4, finding that Doma has a significant impact as a
passive cooling design strategy. Doma in the south side as simulation result in sub-chapter
6.2 will be adapted in this sub-chapter through additional space design in the south side
simulation. This research result is not limited to the COVID-19 issue, but it applies to
other airborne diseases, so it can be a reference for NV operation patterns when the air
conditioner is on in the future. NV is a passive design strategy to decrease air conditioning
energy use. However, in the extremely hot and cold season, air conditioners must still be
operated to achieve thermal comfort in the room. Indoor thermal comfort will be difficult
to be achieved if NV is used simultaneously in a full air conditioning operating room. For
the last three years, the regulation of combining NV and air conditioning has been set to
prevent disease transmission risk due to the COVID-19 outbreak in 2020.

There are two major objectives in comparing each mixed-used ventilation pattern
to fully air-conditioned without NV intervention. First is when NV is necessary for
reducing airborne virus transmission risk. Second is when NV is used as a strategy for
energy-saving issues, which has to be addressed, and reducing airborne virus transmission
risk is not the issue. This study aims to assess the impact of NV on indoor thermal
comfort and the cooling and heating load of air conditioning systems using simulation.
Simulation allows users and designers to understand the interrelation between design and
parameters, and the result is more energy conscious with a better comfort level attained
throughout [188]. A simulation model was developed using EnergyPlus software with an
OpenStudio interface to analyze the impact of NV on the cooling and heating load of a
classroom. The model was calibrated using measured data from an existing building
located in Oita City

The results of this study are expected to be a reference for determining strategies
for various needs when it is necessary to combine NV and air conditioning without
causing a drastic increase in energy consumption. The results of this research are also
hoped to be useful for reducing AC energy consumption in extremely hot and cold

weather with some strategies of NV application in full AC-operated rooms.
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6.3.2. Methodology

This research has two parts of the methodology. First is the field measurement of
COz2 level and calculation of the air change per hour in the elementary classroom during
the COVID-19 pandemic when NV is used together with an air conditioner. In this part,
the CO2 concentration level will be analyzed along with air change per hour in several
measurement times. The result of the air change per hour will become the reference for

the second part of the methodology.
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Figure 6.3.1. Research framework

The second part is the simulation of the cooling and heating load of the different
ventilation patterns in the junior high school classrooms using the building energy
simulation program EnergyPlus with energy graphical interface software, OpenStudio,
and 3D Google Sketchup for modeling. EnergyPlus, a building energy modeling (BEM)
software, is used to evaluate the energy consumption of buildings, which is relatively
applicable with an excellent correlation between actual data compared to other energy
simulation software, and have various weather data set [189]-[191]. The OpenStudio
application is a graphic energy modeling tool connected to 3D Google Sketchup for
modeling, and EnergyPlus is an energy simulation tool. Schedules, loads construction and
materials, HVAC setting, and selection can be edited in OpenStudio, and it has a high
level of results of visualization [192].
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The research framework of the simulation can be seen in Figure 6.3.1. The actual
monitoring data will be compared to the simulation data to validate the simulation. In
many studies, energy monitoring data and BEM coordination were demonstrated to be
complementary [189]. Actual monitoring data are obtained from Private Finance
Initiative (PFI) monitoring data collected by the Oita Municipal office, which collected
air conditioner energy use data in several junior high schools in Oita City, Japan, from
2019 to 2021. The school selected for this validation is Joto Junior High School which

uses Electric Heat Pump for the air conditioner system.

Independent variables
/ Ventilation pattern (VP) \
VP1: AC off, natural ventilation on (08:00-16:00), 6 ach, no min, no max
VP2: AC on, natural ventilation off (08:00-16:00)
VP3: AC on, natural ventilation on min 10°C, max 35°C (08:00-16:00)
VP4: AC on, natural ventilation on/off’ per hour, no min, no max (08:00-16:00)
VP5: AC on, natural ventilation on min 18°C, max 28°C (08:00-16:00)
Q,Pﬁ' AC on, natural ventilation on, no min, no max (08:00-16:00) j Dependent variable
" Design strategies (DS) N
DSa: one corridor, no insulation, single glazing
DSb: one corridor, insulation, pair glazing
DSc: double corndor, no insulation, single glazing
\DSd: double corridor, insulation, pair glazing ) Cooling Load
4 AC set point (ASP) ™ Heating Load
Summer | Winter
ASP(1): 24°C | 24°C
ASP(2): 25°C | 23°C
ASP(3): 26°C | 22°C
ASP(4): 27°C | 21°C
\_ ASP(5): 28°C | 20°C J
4 Air change per hour (ach) )
2 ach
4 ach
6 ach
\_ 8 ach Y,

Figure 6.3.2. Independent and dependent variable scheme

In the validity of simulation data, AC energy use from PFI data monitoring is
compared with AC energy use of simulation results with daily average AC operating
times and air room temperature in each classroom. The AC energy-use is electric power
data used for AC (kWh). On the other hand, the output of the simulation result for new
ventilation pattern is cooling load (kWh) and heating load (kWh). New parameters for
simulation are divided into 4 independent variables, which are shown in Figure 6.3.2.
Dependent variables in this simulation are the cooling load for the summer season and

the heating load for the winter season. The final results aim to evaluate the impact of
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different parameters, such as ventilation patterns, design strategies, AC set-point, and
air change per hour (for ventilation patterns 2 to 6), on the AC cooling and heating load.

The ventilation patterns (VP) parameter approach is divided into 3 parts, first is
entirely naturally ventilated without an air conditioner, VP1, the second is the air-
conditioned room without NV, VP2, and the last is mixed mode ventilation, which means
a combination between an air conditioner and NV, VP3 to VP6. VP3, VP4, VP5, and
VP6 differences are the NV schedule time and minimal and maximal outdoor
temperatures. While VP3, VP5, and VP6 have NV continuous operation, VP4 has an
intermittent operation, which is closed and open per hour. All the cases from VP2 to
VP6 have air conditioners in continuous operation from 08:00 to 16:00. Considering the
Oita weather data is not available in EnergyPlus weather data, the weather data used
for this simulation is Kagoshima weather data, which is considered to have the closest
climate data to Oita City. The summer simulation period is from June to September
2019, while the winter simulation period is from January to March 2019 and December

2019.

6.3.3. CO5 concentration level measuring data result

The classroom plan and CO2 measurement item position are shown in Figure
6.3.3. The balcony is the open area on the south side, while the corridor is a closed area
on the north side, the main access to the classroom. First, using the measured CO2
concentration, the ventilation volume is estimated, and the ventilation situation is
grasped and evaluated. The formula used to estimate the ventilation volume is derived
from Formula (6.1)[193]. Equation (6.1) is the indoor pollutant concentration t hours
after the start of pollutant generation when the indoor pollutant concentration is
completely uniform diffusion. Measurement tool was determined in point (D because it

won’t get in the way of student learning activities.
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Figure 6.3.3. Classroom floor plan and CO2 measurement item position (D)
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Where,

C: Indoor contamination concentration [kg/m3|
Cy: Indoor concentration before pollution [kg/m?|
Cr: Outside air concentration [kg/m?|

M: Amount of pollutants [m3/h]

Q: Ventilation volume [m?/h]

V: Room volume [m?]

Assuming that the concentration in the room before the occurrence of
contamination is equal to the concentration in the outside air, the concentration of
contamination C in the room increases with time, becomes a constant value when t =

oo, and is expressed by the following equation [193].

C=Q+% (6.2)

Solving this for the ventilation volume yields the following equation, which is
used to estimate the ventilation volume. Formula (6.1) and (6.2), indoor contamination
concentrations [kg/m3], and the amount of pollutants [kg/h| have been shown to be mass
units. However, formulas (6.3) and (6.4), indoor contamination concentrations [m?/m?|,
and amount of pollutants [m?/h] show the volume or capacity unit. The reason for the

change of the unit is that the measurement tool used in this experiment is using ppm

(m3/m?) as the CO2 unit.
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m-n
c—C,

Q - X100 (6.3)

Where,
m: Amount of pollutants generated per person [m?/h/person]

n: Number of people in the classroom [people|
C: Indoor contamination concentration [m?/m?3|

Cy: Indoor concentration before pollution [m3/m?3|

However, the indoor concentration (=outside air CO2 concentration) before the
pollution occurred was 410 ppm, and the number of people in the classroom was 36. The
period used for calculation is shown in Table 6.3.1 and Figure 6.3.4. We checked the time
zones during which classes were held in the classrooms and calculated the average

concentrations during periods when there was little change.

m = 1.601x 107#(60.63 x Ap X Met X Cyq X C,) (6.4)

Where,

m : Amount of pollutants per person [m?/h/person]
Ap : Body surface area [m?]

Met : Energy metabolic rate [-]

C. : Ratio of basal metabolic rate

C, : gender factor (male: 1.00 female: 0.73)

In addition, regarding the amount m of pollutants, the source of carbon dioxide
in the classroom is the people in the classroom. Therefore, the amount of carbon dioxide
exhaled is estimated by referring to formula 6.4 in "Estimation of carbon dioxide

concentration of occupants for ventilation measurement").

Table 6.3.1. Ventilation volume

, C, c M Q Q E
Day /time )

(pm)  (ppm)  (w¥/h)  (w¥/h)  (mi/h/person) (ach)
9/8 10 : 30-15 : 00 959.5 561.3 15.6 3.12
9/9 11 : 00-13 : 00 656.6 1454 40.4 8.08

410 0.36

9/10 12 : 30-14 : 00 840.3 833.6 23.2 4.63
9/11 10 : 30-11 : 30 904.6 725.1 20.1 4.03
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Figure 6.3.4. CO2 concentration level and ventilation calculation time range

Table 6.3.1 shows the calculation results. However, E is the ventilation
frequency. During the measurement period, the ventilation volume on September 8, when
the carbon dioxide concentration was the highest, was 561.3 m3/h, and the ventilation
rate per hour was 3.12 times/h, higher than the residential standard of 0.5 times/h.
However, the ventilation volume per person is 15.6 m3/h/person. This value is lower than
the generally required ventilation volume of 20-30 m3/h/person, and it cannot be said
that the ventilation situation is good. On the other hand, the ventilation volume on
September 9, when the ventilation volume was the highest, was 1454 m3/h, and the
ventilation volume per person was 40.4 m?/h/person, indicating good ventilation
condition. On the other two days, the ventilation volume was 20 m?/h/person or more,
and there was no problem. As mentioned above, it is presumed that the wind inflow was
obstructed on September 8, and it was confirmed that good ventilation conditions could

not be maintained on such a day.
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6.3.4. PFI data monitoring and validation
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Figure 6.3.5. Data monitoring and simulation comparison in summer
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Figure 6.3.6. Data monitoring and simulation comparison in winter

Figure 6.3.5 shows the comparison between PFI data monitoring and validation

from the summer of 2019 to 2021. Meanwhile, Figure 6.3.6 shows the comparison between

PFI data monitoring and validation in winter 2018-2019 to 2020-2021. It can be seen that

in the summer of 2020 and winter from December 2020, there is AC energy use increase.

Besides the longer AC operation times, it is caused by the lower AC setting temperature

in summer and higher AC setting temperature in winter. Based on the author's previous

study, it occurred due to window opening regulation recommended by Japan government

regarding airborne virus transmission risk prevention during the COVID-19 pandemic,

which required temperature control to achieve indoor thermal comfort in classrooms [121].

The lower AC setting temperature in summer and higher AC setting temperature in
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winter is to control room air temperature, which is highly affected by hot outside air
temperature in summer and cold outside air temperature in winter.

The naturally ventilated period is difficult to be simulated since the ventilation
rate, air velocity, and air change per hour data are absent. For the validity of the AC
energy-use data, NV is set in OpenStudio with an average of 6 air changes per hour from
June 2020 in summer and from March 2020 in winter (during the COVID-19 pandemic).
Adjustment of air change per hour is also carried out to match with actual monitoring

data.

6.3.5. Modeling

The simulation modeling is divided into two models, one is for single corridors,
and the other is for double corridors. Simulation modeling A (Figure 6.3.7) has two
thermal zones, thermal zone 1 is the classroom, and thermal Zone 2 is the north corridor.
Simulation Modeling B (Figure 6.3.8) has three thermal zones, thermal zone 1 is the
classroom, thermal zone 2 is the north corridor, and thermal zone 3 is the south corridor.
This south corridor is an additional space for seating or a lounge. This idea comes from
the Chapter 4 findings, which Doma in the south side could be the best position to
decrease air temperature in the summer. The PFI data monitoring for validating the data
from the school, which has similar modeling to modeling A, which only has one corridor

on the north side.

Thermal Zone 1 Thermal Zone 2

Figure 6.3.7. One corridor (DSa and DSb)
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Thermal Zone 3 Thermal Zone 1 Thermal Zone 2

Figure 6.3.8. Double corridor (DSc and DSd)

Table 6.3.2. Design Strategy list and materials

DS DSa DSb DSc DSd
) one corridor, double double
. one corridor, . . . .
Design . ] insulation, corridor, no corridor,
no insulation, ) . ] . ]
strategy double glazing  insulation, insulation,

single glazing . . .
single glazing double glazing

Exterior wall 1N Stucco, 1IN Stucco, 8IN 1N Stucco,
1N Stucco, 8IN 8IN, Wall Concrete HW  8IN, Wall
Concrete HW  Insulation Insulation
Concrete HW Concrete HW
. Clear 3mm Clear 3mm Clear 3mm, air Clear 3mm, air
Exterior
. 13mm, clear 13mm, clear
window
3mm 3mm

GO0la 19mm gypsum board, F04 wall air, GOla 19mm gypsum
board

Interior floor F16 Acoustic tile, F05 Ceiling air, M11 100mm lightweight concrete
Interior ceiling M11 100mm lightweight concrete, FO5 Ceiling air, F16 Acoustic tile

Interior wall

Interior Clear 3mm
window
Interior door G05 25mm wood

One of the parameters or independent variables in this simulation is design
strategies. Table 6.3.2 shows the design strategy list and the description of detailed
materials of each design strategy. There are four design strategies (DS), DSa, DSb, DSc,
and DSd. DSa and DSb have one corridor, while DSc and DSd have double corridors.
The difference between DSa and DSb or DSc and DSd is the wall insulation and double

glazing for outdoor windows. Table 6.3.3 shows the characteristics of each zone.
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Table 6.3.3. Thermal zone characteristics

Lighting
People per .
. . . . watts per Air
Thermal Dimension Height  Window floor space
Space type . space floor  loop
zone (m) (m) facing area
(people/m?) area HVAC
e (W/m?)
South
1 Classroom 8x10 3 (one 0.47 13.562527 On
corridor)
2 Corridor 2x10 3 North 0.100212 4.843760 -
Corridor 1.5x10 3 South 0.100212 4.843760 -

The HVAC system in this simulation used the air loop package rooftop heat
pump (Figure 6.3.9), with Coil Cooling DX Single Speed 1 Rated coefficient of
performance (COP) 4, Coil Heating DX Single Speed 1 COP 4, and fan with 0.9

efficiencies.

Supply Equipment
Demand Equipment

Figure 6.3.9. HVAC system (air loop package rooftop heat)
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6.3.6. Energy efficiency with design strategies and different ventilation

patterns

6.3.6.1. Ventilation Pattern (VP) 1

Ventilation pattern (VP) 1 is an entirely natural ventilated room simulation. In
this simulation, air change per hour is 6 ach. Summer design day is considered a summer
peak day, August 28th. In comparison, winter design day is considered a winter peak,
December 21st. For the analysis of indoor thermal comfort, the air temperature comfort
range in the school classroom is 18°C to 28 °C based on the Ministry of Education, Culture,

Sport, Science and Technology Japan (MEXT). Table 6.3.4 shows the Case names of

VPI1.
Table 6.3.4. Case name of VP1
Case name Ventilation pattern and design strategy
Case la VP1, DSa
Case 1b VP1, DSb
Case 1c VP1, DSc
Case 1d VP1, DSd
= = =Qutside air drybulb air temperature e Case la indoor air temperature
Case 1b indoor air temperature Case 1lc indoor air temperature
=@ Case 1d indoor air temperature
35
34
:G 33
@ 32
£ 3
~
2. 30
=
£ 29
R
< 28
27
26
o O O O O O O O O O O O O O O O o o o o o o o 9
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Figure 6.3.10. Summer design day

Figure 6.3.10 shows the result of the summer design day simulation. It shows
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that Case 1b has the highest air temperature during the day. While Case 1c has the
lowest air temperature during the day. It indicates that a double corridor has a great
impact on reducing air temperature on a hot summer day. However, wall insulation and
pair glazing windows, conversely, make air temperature higher than a room without wall
insulation and pair glazing windows. Presumably, trapped hot air in the gap of the glazing

and the insulation itself during the night caused higher temperatures during the day.

Table 6.3.5. PMV calculation parameters and the assumption values

PMV Calculation Parameters Assumption Values
Metabolic rate 58.2 W/m?

External work 0.0 W/m?

Relative humidity 70%

Clothing 0.4 CLO

Air velocity 0.1 m/s

Radiant temperature equal to air temperature

The indoor air temperature comfort range will be analyzed. The range of air
temperature in summer is divided into three ranges, below 24°C, between 24 to 28°C, and
above 28°C. The indoor air temperature comfort range was obtained from acceptable
Predicted Mean Vote (PMV) by International Organization for Standardization (ISO)
7730:2005 as ranging for existing buildings between -0.7 and +0.7 [39]. Calculation data
assumed to determine range standard with acceptable PMV by ISO are shown in Table
6.3.5.

PMYV calculation result of air temperature 24.5°C for a lower limit is -0.68, and
28°C for an upper limit is +0.75 [140], [141]. Since, in OpenStudio software, the range of
24.5°C is difficult to be calculated, 24°C is considered as a lower limit of indoor air

temperature comfort range in this study.
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m above 28°C
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summer

Figure 6.3.11. Summer indoor air temperature range percentage

Based on the result of summer indoor air temperature range percentage (Figure
6.3.11), DSc and Dsd have the highest percentage of air temperature comfort range, while
DSa has the smallest percentage of air temperature comfort range. Although DSc and
DSd have the same percentage of air temperature comfort range, the air temperature
above 2°C in DSc is higher than in DSd. It indicates the DSd has a great design for the
summer season to increase the air temperature comfort range and decrease the hot
temperature in the room. It is caused by the corridor in the South, which blocks the solar
radiation from the South in the summer season. Although Figure 6.3.11 shows that the
number times of indoor air temperature between 24 to 28°C is higher than indoor air
temperature above 28°C, it should be underlined that the total number of times is within
24 hours, not only during the day or when the classroom is occupied but unoccupied
times also calculated. This becomes the limitation of this study since the simulation could
not calculate zone temperature only when the room is occupied.

Figure 6.3.12 shows the air temperature result on the winter design day. It
shows that Case 1b has the highest air temperature, followed by Case 1d, Case la, and

Case lc. Different from the summer simulation result, in winter, double corridor has a
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bad impact on receiving heat to keep the room warm. Solar radiation from the South is
applicable to receive heat optimally in the winter. Thus, the corridor on the South side

blocked the solar radiation from the South.
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Figure 6.3.12. Winter design day
Based on the result of the winter indoor air temperature comfort range (Figure
6.3.13), DSb has the highest percentage of air temperature comfort range, while DSc has

the smallest percentage of air temperature comfort range.
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Figure 6.3.13. Winter indoor air temperature range percentage
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6.3.6.2. Ventilation Pattern (VP) 2

Ventilation pattern (VP) 2 is the simulation of a fully air-conditioned room
without NV. There are 20 cases in summer and 20 cases in winter based on the design

strategies and AC set-point.
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Figure 6.3.14. VP2 cooling load in summer
1,200
mJan mFeb mMar m Dec
f§\1,000
= 800
.=
& 600 .
o0
£ 400 || o
-~
5 11 m B
=200 =N = = -
0
E D B R|B DB R|B BB R|B BB B|B BB R
A AR~ AlA AR~ QA AA~AAQIAAAAIR A AA
24 23 22 21 20

Design strategies
AC set-point (‘C)

Figure 6.3.15. VP2 heating load in winter

Figure 6.3.14 shows the cooling load in each case. It can be seen that wall
insulation and pair glazing windows just have a small effect on decreasing the cooling

load in summer. This small effect also only be seen in AC set-point 24°C and 25°C, while
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in AC set-point 26°C to 28°C, on the contrary, wall insulation and pair glazing windows
have affected by increasing cooling load in the summer. To see this circumstance, effective
thermal insulation plays an important role in the reduction of cooling and heating load
so that the wall insulation or pair glazing type selection could be adjusted and studied
more.

Based on the VP2 simulation result in the winter (Figure 6.3.15), DSb in AC set-
point 20°C has the most minor heating load. Unlike summer, wall insulation and pair
glazing window have a significant impact on decreasing the heating load in winter. The
rising heating load spike can be seen in DSc when the corridor on the South side blocks
a significant amount of solar radiation in winter, which is wanted by occupants to reduce
the heating energy load. As is known, indoor thermal may be impacted by solar radiation
transmitted through windows. The south-facing room, in the winter season, a southern-
facing window introduces sunlight to form a sun patch inside the room [194], and the
impact of the solar radiation mainly concentrates on the near-window zone, and its scope

will vary with the latitude of the location [195].

=@ Qutdoor Air Drybulb Temperature (°C) THERMAL ZONE 3 Air temperature (°C)
35
.30
e
~ 25
g
=]
EZO
8 15
S
£ 10
<E5
o - T T+ + —+ T+ T+ T+ T+ T+ T T T T T T 1T T T T 7T
O O O O O O O O 0O O O O 0O 0O 0O O O OO o oo o o o o
OO0 00 Q0000000000000 O OO O o o o
AN M T IO O™~ 0O O d N M I W O™~ O 1 N M O
D e I B B I I R B IR B O\ A o I o VI o\
Time

Figure 6.3.16. Thermal zone 3 (south side corridor) winter air temperature in DSc, VP2

Figure 6.3.16 shows the winter air temperature of thermal zone 3 in DSc and
VP2. Thermal zone 1 and 3 had no AC on. The result shows that the additional room or
south corridor (thermal zone 3) from 08:00 to 19:00 has air temperature in the
comfortable range (18-25°C) without an AC. Even though Figure 6.3.15 shows that the

south corridor increases the classroom™s AC heating load in the winter, the south corridor
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or additional room in the south has comfortable air temperature in the winter during the

day without AC.

6.3.6.3. Mixed mode ventilation patterns
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Figure 6.3.17. Cooling load comparison between mixed mode and VP2 in summer

Figure 6.3.17 shows a cooling load comparison between mixed-mode ventilation

patterns and air-conditioned rooms without NV, VP2. It can be validated that the higher

the air change per hour, the higher the cooling load increase, and the higher the AC set-

point, the lower the cooling load increase. However, in VP5, where NV is used when

outside air temperature is between 18°C to 28°C, the cooling load is not increased

significantly; instead, the cooling load is decreased in AC set-point 27°C and 28°C. Based
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on these comparisons, the design strategies also influence the cooling load increase. DSa
has the smallest cooling load increase, followed by DSb, DSc, and DSd, with the highest

cooling load increase.
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Figure 6.3.18. Heating load comparison between mixed mode and VP2 in winter

Figure 6.3.18 shows a winter heating load comparison between mixed mode and
VP2. Compared to the summer season, mixed mode and VP2 in the winter season, the
heating load is much higher than the cooling load increase. VP3 (Figure 6.3.18a), VP4
(Figure 6.3.18b), and VP6 (Figure 6.3.18d) show that DSb, has the highest heating load
increase compared to VP2, while DSc has the lowest heating load increase compared to
VP2, followed by DSa in VP3 and VP6. On the other hand, in the use of intermittent
NV, VP4, DSd has a lower heating load increase than other design strategies. Figure
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6.3.17(d) shows that the heating load in DSb has an extreme increase, from 5.33 to 9.46
times in 8 air changes per hour. It means that the use of pair glass and wall insulation,
which significantly impact the energy saving in DSb, has become impractical when NV
is used together with an air-conditioner. In the VP5 case, when NV is used based on the
outside air temperature range (18°C to 28°C), the heating load is not changed from VP2
because in the winter, outside air temperature is commonly under 18°C, which causes NV

is not used in this case.

6.3.7. Regression analysis

Table 6.3.6 shows the value of each independent variable. Value 1 is considered
the lowest value of the cooling and heating load results, and value 5 is considered to have

the highest cooling and heating load.

Table 6.3.6. Independent variables and the value

Independent variables Value

VP2

VP3

Ventilation Pattern (VP) VP4
VP5
VP6
DSa
DSb
DSc
DSd
ASP1
ASP2
AC set-point (ASP) ASP3
ASP4

ASP5

0 ach

2 ach

Air change per hour (ach) 4 ach
6 ach

8 ach

[\

Design Strategy (DS)

T b W N HIHFHE N W bk O N W |0t H W

240



6.3.7.1. Summer regression analysis

Table 6.3.7. Analysis of variance 1 of cooling load in summer

Degree .
. . . Observed variance o
of Fluctuation Dispersion . Significant F
ratlo
freedom
Regression 4 26624874 6656218 1803.434 4.1E-225
Residual
335 1236437 3690.857
error
Total 339 27861311

Table 6.3.7 and Table 6.3.8 show the analysis of the variance of cooling load in
summer. The predicted formula for regression analysis of summer simulation is shown in

formula (6.5).

Table 6.3.9 shows the correlation of each independent variable in summer. ASP
has the highest correlation value, while VP has the smallest correlation value. It indicated
the AC set-point has a strong influence on energy efficiency. However, the difference in

the ventilation pattern of NV has no significant correlation with energy efficiency.

Table 6.3.8. Analysis of variance 2 of cooling load in summer

Lower Upper Lower Upper
. . . Standard . . . .
Coefficient t P- value limit limit limit limit

error
95% 95% 95.0%  95.0%

ZZEEEL 51.15532  14.02409 3.647675 0.000307 23.56805 78.74169 23.56895 78.74169
VP 6.058303 2.259833 2.680863 0.007707 1.613052 10.50356 1.613052 10.50356
DS 41.63068 2.946925 14.12682 7.17E-36 35.83387 47.42749 35.83387 47.42749
ASP 186.157  2.329749 79.90429 3.3E-220 181.5742 190.7397 181.5742 190.7397
ach 65.92199 2.682538 24.57448 5.82E-77 60.64525 71.19873 60.64525 71.19873
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Table 6.3.9. Correlation of each parameter for cooling load in summer

Parameters Correlation
Ventilation pattern (VP) 0.0582
Design Strategy (DS) 0.162595
AC set-point (ASP) 0.919672
Air change per hour (Ach) 0.287117

Predicted formula for regression analysis of summer simulation:

51.15532 + 6.058303 VP+41.63068 DS+186.157 ASP+65.92199 ach (6.5)

Figure 6.3.19 shows the simulation and prediction value correlation of cooling
load in summer. The simple regression equation was y = 0.9556x + 39.41 and R? =
0.9556. Since the R? value is 0.9556, it can be said that the simulation cooling load result

is highly correlated to the prediction value of the cooling load.
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Figure 6.3.19. Simulation and prediction value correlation of cooling load in summer

6.3.7.2. Winter regression analysis

Table 6.3.10 and Table 6.3.11 show the analysis of the variance of heating load
in winter. The predicted formula for regression analysis of summer simulation is shown
in formula (6.6). Table 6.3.12 shows the correlation of each independent variable in winter.
VP has the highest correlation value, while DS has the smallest correlation value. It
indicated that different ventilation patterns can influence the energy loss and energy
efficiency for the use of NV. However, the different design strategy has no significant

correlation for energy loss or energy efficiency for the use of NV.
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Table 6.3.10. Analysis of variance 1 of heating load in winter

Degree of ) . . Observed variance
Fluctuation Dispersion . Significant F
freedom ratio
Regression 4 58132896 14533224 327.7092 2.1E-114
Residual
335 14856555 44347.92
error
Total 339 72989451
Table 6.3.11. Analysis of variance 2 of heating load in winter
Lower Upper
. Standard Lower  Upper o o
Coefficient t P- value | . o limit limit
error limit 95% limit 95%
95.0%  95.0%
Intercept
. -711.466 48.61247 -14.6355 7.62E-38 -807.09 -615.842 -807.09 -615.842
coefficient
VP 187.4686 7.833384 23.932 1.68E-74 172.0598 202.8774 172.0598202.8774
DS 10.95949 10.21509 1.072873 0.2841 -9.13431 31.0533 -9.13431 31.0533
ASP 171.4661 8.075738 21.23225 5.47E-64 155.5805 187.3516 155.5805187.3516
ach 135.266 9.298629 14.54688 1.69E-37 116.9749 153.5571 116.9749153.5571

Table 6.3.12. Correlation of each parameter for heating load in winter

Parameters Correlation
Ventilation pattern (VP) 0.627116
Design Strategy (DS) 0.026446
AC set-point (ASP) 0.523363
Air change per hour (Ach) 0.416959

Predicted formula for regression analysis of winter simulation:

-711.466 +187.4686 VP-10.95949 DS+171.4661 ASP+135.266 ach (6.6)
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Figure 6.3.20 . Simulation and prediction value correlation of cooling load in winter

Figure 6.3.20 shows the simulation and prediction value correlation of cooling
load in summer. The simple regression equation was y = 0.7932x + 864.71 and R? =
0.7898. Since the R? value is 0.7898, it can be said that the simulation heating load result

is correlated to the prediction value of the cooling load.

6.3.8. Simulation in hot humid region

The prediction of the AC cooling load for different design strategies is also
investigated in hot, humid regions. Acknowledging the comparative study of traditional
Japanese houses and West Javanese (Indonesia) houses done in Chapter 4, indoor thermal
environment and AC cooling load simulation of the different design strategies in hot,
humid regions are also considered. The weather data used in this simulation is from
Singapore, a hot, humid country. A hot, humid region is a geographical area characterized
by high temperatures and high levels of humidity throughout the year without the winter
season. The differences between this simulation and the previous simulation are the
location, weather data, and building exterior materials, which depend on the climate zone.

Figure 6.3.21 shows that in fully air-conditioned classroom without NV
intervention (VP2), design strategies double corridor with wall insulation and pair glass

could decrease AC cooling load.
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Figure 6.3.21. Ventilation pattern 2 simulation result in hot humid climate region

6.3.9. Discussion

Based on this result, the study proposes energy efficiency solutions by comparing
the impact of different parameters on AC cooling and heating load. In the present
simulation, we analyzed three different ventilation patterns used in the classroom as a
target simulation. First, an entirely natural ventilated classroom without an air
conditioner is simulated to assess indoor thermal comfort as a dependent variable with
90% occupancy in the room. It shows that indoor thermal comfort could not be reached.
Second, the fully air-conditioned classroom without NV intervention and the mixed-used
ventilated classroom have been simulated to assess the cooling and heating load. Design
strategies, air change per hour setting, AC set-point, and ventilation patterns using a
time-based window opening schedule and outside air temperature are the basic
parameters used in this simulation. We hypothesize that these parameters have strong
correlations to the cooling and heating load. However, the present simulation results show
that some parameters do not give a strong correlation to the cooling and heating load.
Design strategies, as one of the parameters for cooling and heating load, have a higher

correlation in the summer season than in the winter season. Two different layout plans,
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as a design strategies approach, reveal different results for energy-saving strategies.
Double corridor type, in which one of the corridors is placed on the south side, gives a
benefit in the summer season in terms of energy-saving due to blocking solar radiation
from the south side. Besides the indoor thermal comfort benefit in the summer, the
corridor or space on the south side could be architecturally functional as an additional
study area or meeting area, not necessarily functioning as a corridor, while the corridor
on the north side could be generally used as the corridor. On the other hand, this type
of corridor has declined indoor thermal comfort in the winter, so it needs more energy to
reach indoor thermal comfort in the winter. Moreover, in a fully air-conditioned room
without NV intervention, the wall insulation and pair glazing design strategies in the
summer slightly deteriorate indoor thermal comfort when the AC set-point is higher than
27°C so that the cooling load little higher than in the classroom without the wall
insulation and pair glazing in this AC set-point. Meanwhile, in an AC set-point under
27°C, the cooling load of a room with wall insulation and pair glazing is slightly lower
than the room without it. In mixed mode ventilation patterns, in all AC set-point cases,
wall insulation and pair glazing slightly deteriorate indoor thermal comfort in the
classroom. This case is different in heating load result in the winter season, which shows
that this wall insulation and pair glazing has a strong influence on the energy-saving
strategy due to the lower heating load caused by this design strategy.

As already stated in the introduction, there are two major objectives in
comparing mixed-mode ventilation and fully air-conditioned cooling and heating load.
VP3, VP4, and VP6 are mixed-mode ventilation patterns for reducing airborne disease
transmission risk, while VP5 is mixed-mode for energy-saving-related issues. The cooling
and heating load results can be interpreted depending on which issue to be addressed.
Following the hypothesis, the cooling and heating load in VP6 is the highest of all other
mixed-mode ventilation patterns. VP6 is the mixed-mode ventilation pattern in which
NV is used throughout the day regardless of the outside air temperature. The increase of
heating load in VP6, compared to VP2, is extremely high, near to 10 times VP2 in the
highest AC set-point (24°C), 8 ach, and DSb design strategy. While the increase of cooling
load in VP6 compared to VP2 is not too much different from the increase of cooling load

in VP3 compared to VP2. VP3 and VP5 are the mixed mode ventilation patterns based
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on outside air temperature. Based on the present simulation results, VP5 is the lowest
increase in cooling load and no change in heating load compared to VP2 from all other
ventilation patterns. It could be a good energy-saving strategy in the summer season, in
AC set-point above 26°C. However, this ventilation pattern could not be considered a
good strategy for reducing airborne disease transmission risk in the peak of summer and
winter. The peak of summer could be underlined since the outside air temperature in
June tends to be not higher than 28°C, so this VP35 ventilation pattern could be applied
for both energy-saving and health-related issues. Based on the simulation result of VP4,
this ventilation pattern is the best strategy for reducing cooling and load in an effort to
reduce airborne disease transmission risk issues. Based on the author’s previous study, it
was found that COgz concentration would exceed 1000 ppm after 30 minutes when
windows are closed without NV in an occupied classroom with a discussion-type class
[133]. While in VP4, the window opening pattern is per hour, it considers attaining in
reducing airborne diseases transmission risk with the higher air change per hour. Based
on the CO2 concentration level measurement result (Table 6.3.1), air change per hour 8
is the most appropriate for reducing CO2 concentrations to 656.6 ppm. Air change per

hour under 3 is considered undesirable due to CO2 concentration levels near 1000 ppm.

In summary, this study can be concluded as follows:

1. Indoor thermal comfort in the naturally ventilated occupied classroom without an
air conditioner during the day (08:00-16:00) could not be reached regardless of design
strategies.

2. AC set-point has the highest correlation value for the cooling load in summer, while
the ventilation pattern has the highest correlation value for the heating load in winter.

3. In an effort to reduce airborne disease transmission risk issues, cooling and heating
load in ventilation pattern based on window opening schedule, one hour close, and
one hour open, VP4, is lower than the ventilation pattern based on outside air

temperature, VP3, and ventilation pattern regardless outside air temperature, VP6.

4. Ventilation pattern window opening when the outside air temperature is between
the range 18 to 28°C (VP5) slightly can reduce the cooling load in the summer when

the AC set-point is above 26°C for an energy-saving strategy.
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There is no change found in heating load between a fully air-conditioned classroom
without NV intervention (VP2) and a classroom with a ventilation pattern window
opening when the outside air temperature is between range 18 to 28°C (VP5) in
winter.

A design strategy with double corridors on the north and south sides can reduce the
cooling load in an air-conditioned classroom without NV intervention and mixed-
mode ventilation in summer. On the other hand, this design strategy deteriorates
indoor thermal comfort in the winter season regardless of the ventilation pattern.
In hot humid region, design strategies with double corridor, wall insulation, and pair

glass can reduce AC cooling load.
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6.4. Chapter Conclusion

The traditional Japanese house simulation results indicate that the south layout
has the lowest living room air temperature among the three Doma layouts studied. This
finding provides further insights into the thermal characteristics of the different layouts
and their implications for residential comfort.

In conclusion of simulation regarding various ventilation patterns in the
classroom, the study aimed to propose energy efficiency solutions for AC cooling and
heating load by examining different parameters and ventilation patterns in a simulated
classroom setting. The results revealed several key findings.

Firstly, a fully naturally ventilated classroom without an air conditioner failed
to achieve indoor thermal comfort, indicating the need for alternative solutions.
Simulations were conducted for a fully air-conditioned classroom without natural
ventilation (NV) intervention and a mixed-mode ventilated classroom to assess the
cooling and heating load.

Design strategies, air change per hour setting, AC set-point, and ventilation
patterns based on time-based window opening schedule and outside air temperature were
considered as parameters. These parameters were hypothesized to strongly correlate with
the cooling and heating load. However, the simulation results demonstrated that some
parameters did not correlate strongly with the load.

Design strategies showed a higher correlation with the cooling and heating load
in the summer than in the winter. Two different layout plans were explored as design
strategies, revealing varying results for energy-saving strategies. The double corridor
layout, with one corridor on the south side to block solar radiation, proved beneficial for
energy-saving in the summer but decreased thermal comfort in the winter, requiring more
energy to achieve indoor thermal comfort.

In a fully air-conditioned room without NV intervention, the design strategies
of wall insulation and pair glazing slightly compromised indoor thermal comfort in the
summer at AC set-points higher than 27°C, resulting in a slightly higher cooling load
compared to a room without these strategies. However, at AC set-points below 27°C, the

cooling load of a room with wall insulation and pair glazing was slightly lower. In mixed-
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mode ventilation patterns, wall insulation and pair glazing slightly deteriorated indoor
thermal comfort in all AC set-point cases.

The comparison between mixed-mode ventilation and fully air-conditioned
cooling and heating load focused on two major objectives: reducing airborne disease
transmission risk and energy-saving. VP3, VP4, and VP6 were ventilation patterns aimed
at reducing airborne disease transmission risk, while VP5 targeted energy-saving. The
results varied depending on the objective.

VP6, which employed NV throughout the day regardless of outside air
temperature, showed the highest cooling and heating load among the mixed-mode
ventilation patterns. The increase in heating load in VP6 compared to VP2 was extremely
high, nearly ten times higher in the highest AC set-point, air change per hour (8 ach),
and DSb design strategy. The increase in cooling load in VP6 was not significantly
different from the increase in VP3 compared to VP2.

VP5, based on outside air temperature, resulted in the lowest increase in cooling
load and no change in heating load compared to VP2 among all ventilation patterns.
This ventilation pattern could be a good energy-saving strategy in the summer at AC
set-points above 26°C. However, it may not effectively reduce airborne disease
transmission risk during the peak of summer and winter. Notably, in June, the outside
air temperature tends to remain below 28°C, making VP5 applicable for both energy-
saving and health-related issues.

VP4, with a window opening pattern per hour, emerged as the best strategy for
reducing cooling and heating load while addressing airborne disease transmission risk.
Previous studies found that CO2 concentrations in occupied classrooms could exceed 1000
ppm after 30 minutes without NV. In VP4, the higher air change per hour aimed to
reduce airborne disease transmission risk. The simulation results indicated that an air
change per hour of 8 was the most suitable for reducing CO2 concentrations to 656.6 ppm,
while an air change per hour below 3 was considered undesirable due to CO2
concentrations nearing 1000 ppm.

Additional space on the south side of the classroom succeeds in making the AC
cooling load decrease in the summer season. This approach is obtained from Chapter 4

findings that show Doma, as a passive cooling design secret in traditional Japanese Minka,
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could be more implacable to decreasing surrounding rooms' air temperature if it is located
on the south side. From the Chapter 6 simulation result, it can be stated that this passive
cooling design strategy approach can be applied in other types of buildings, such as
classrooms and offices.

In summary, the study's findings contribute to identifying energy-efficiency
solutions for AC cooling and heating load in classrooms. The results emphasize the
importance of considering different objectives, such as energy-saving and health-related
issues when selecting ventilation patterns. The VP4 ventilation pattern, with a window
opening pattern per hour, emerged as the most effective strategy for reducing cooling and
heating load while addressing airborne disease transmission risk. These insights can
inform the design and operation of classrooms to optimize energy efficiency and indoor

thermal comfort while ensuring a healthy environment for occupants.
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Chapter 7. Discussion and conclusions
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Indoor thermal comfort has a significant impact on the physical, psychological,
and productivity of indoor occupants. It is a complex topic [196] that caught the attention
of researchers and investigators to address the issues related to the indoor thermal
environment. This thesis introduces several methods for investigating indoor thermal
comfort in residential houses and educational buildings. In this study, indoor thermal
environment investigation in residential is focused on the summer season or hot climate
area, while in the educational buildings, energy use and indoor thermal comfort will be
investigated both in summer and winter.

In Chapter 4, the indoor thermal environment becomes the main parameter of
the study to understand passive design strategies and other factors that contrive passive
cooling design in traditional Japanese houses. Some studies found that passive design
strategies to provide satisfactory indoor thermal comfort were applied in traditional
buildings in hot climate regions [12]-[15]. In the first section of Chapter 4, the preliminary
study of traditional Indonesian houses and Japanese traditional house comparison was
expounded. Indonesia has many traditional houses based on the regions. In this study,
the West Java traditional house was chosen as it has the most similar physical
characteristic to the traditional Japanese house. Based on the result of the study, the
traditional Japanese house (Minka) and West Java traditional house have many
similarities in terms of some basic physical characteristics, but the effects of motivation
lay behind those characteristics are different from each other that they both have mainly
been influenced by different religious thought and customs of their times. This study will
be related to the next section of Chapter 4, which study on passive cooling design in the
summer season in Japanese Minka investigated, as Indonesia is a tropical country with
hot weather throughout the year, which could benefit the indoor thermal investigation
on Japanese Minka. Firstly, in Chapter 4.3, the more detailed Japanese Minka physical
characteristics and its natural environment control system were discussed. However, this
is only a preliminary study, and the target houses were the Kitakyushu reservation houses
with no occupants living there. To specifically assess indoor thermal comfort in the
traditional house, an inhabited house was investigated since one of the factors of indoor
thermal comfort is based on human body elements, and in this study, the human sense

of thermal was investigated by conducting occupants' thermal sensation questionnaire
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method. Based on the indoor thermal environment measurement and questionnaire
results in the summer, the house becomes comfortable due to airflow, which comes by
opening the window or the movable paper panels during the day. The Doma becomes a
great influence on surrounding rooms to lower the indoor air temperature. The housing
material, such as wood, mortar, and ground in Doma, also offer a great impact on globe
temperature.

In Chapter 5.2, the indoor thermal comfort in a classroom after AC installation
was examined by actual field measurement. The indoor air temperature distribution per
zone and point was questioned because the AC installation was done long after the
building was constructed, without the planning stage. The indoor thermal comfort
assessment was analyzed using the air temperature range, 25 °C to 28 °C, and the school's
environmental hygiene standards [63]. Furthermore, it was also obtained from acceptable
Predicted Mean Vote (PMV) by the "International Organization for Standardization
(ISO)" 7730:2005 as the range for existing buildings between —0.7 and +0.7 [39]. It was
also analyzed by comparing each zone and points from measurement, TSV, and AFSV
results. The results show that indoor thermal comfort in the classrooms was achieved.
However, there is a point that the air temperature is averagely lower than other points.
This point is in the center zone in the classroom's front row. These measurement results
also align with TSV and AFSV results, which show “slightly cool” at this particular point.

Human behavior is an important factor in the indoor thermal comfort design of
indoor spaces. In this study, human behavior has been discussed in every chapter and
proven to be related to indoor thermal comfort, energy use, and indoor air quality. The
Window opening schedule, discussed in Chapter 4.4, as one of the occupants” lifestyles,
has proven to be one of the passive cooling secrets in traditional Japanese houses. In
Chapter 5.4, human control of AC use effect indoor thermal comfort in the university
classroom. Based on this chapter result, students still feel “neutral” in thermal sensation
vote when AC was turned off and only used NV. However, this result depended on the
outside air temperature. With the predicted outside air temperature below 28°C, using
only NV without AC will be best. It can be executed in June. Universities in Japan
usually begin to operate AC in June for the summer season. However, from this study

result, it is unnecessary to run AC from June while the outside air temperature is under
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28°C.

In Chapter 2, people’s preference for residential occupant lifestyle changes was
discussed due to an unnormal situation, in this case, during the COVID-19 pandemic, as
we called the new normal. Changes in residential*s occupants’ lifestyle due to the global
pandemic, which impacts energy consumption, has been discussed. Not only in the
residential sector, The COVID-19 pandemic, as a global pandemic, also opened up
opportunities for every country to upgrade its educational regulation and transfer its
attention to emerging technologies, which benefit energy-saving for sustainable buildings
without neglecting any human indoor comfort, which is an important factor for
optimizing a learning performance. In Chapter 5.5, the experimental study on CO2
concentration level was conducted during the pandemic. The result shows that human
activity, such as talking or discussing, will increase CO2 concentration level, likewise
window or door opening as raising ventilation rate decrease CO2 concentration level. The
indoor air temperature result in this study also shows that there is no specific indoor
thermal environment deterioration when AC has turned on at 25.5°C AC setting
temperature with the window and the door opened to increase CO2 concentration level.
From the result, it is also suggested to open smoke exhaust windows to control CO2
concentration in the discussion type of class. For the principal, it can be suggested to
strictly prohibit talking in the classroom, but if it is not possible due to the class type, it
is recommended to open the windows from the beginning until finish or at least every 30
minutes.

Notwithstanding that disease transmission can be minimized by lower CO2 is
still questioned, the study in Chapter 5.3 focuses on the AC EU changes due to NV
intervention in air-conditioned classrooms to decrease airborne transmission of COVID-
19 risk. The result shows that AC EU during the COVID-19 pandemic has significantly
increased 2 times before the COVID-19 pandemic. The results indicate that the AC
setting temperature adjustment to achieve indoor thermal comfort in mixed mode
ventilation (when AC is used and combined with NV) has significantly impacted the
increase of AC EU. The study also proves that indoor air temperature comfort during
the pandemic was reached from longer AC operation time, lower AC setting temperature

in summer, and higher AC setting temperature in winter than before the pandemic and
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caused AC EU escalation. We can claim that the pandemic brought an energy-saving
deterioration in educational facilities, leading to negative environmental effects when
ventilation is combined with AC in the classroom to avoid virus transmission. Based on
Chapter 5.3 result, education institutions need to grab the opportunity to strengthen
their evidence-based research, provide accessible physical and mental health-related
services, and make the regulation responsive to the needs of the changing times related
to students” thermal comfort and energy-saving approach.

In Chapter 4, the focus was on investigating the Japanese Minka house as a
target of natural environmental control system and passive cooling design strategy. In
the first section, the residential architecture of the Minka farmhouse in Japan with
traditional houses in West Java comparison has been expounded. Both the Minka
farmhouse and West Java traditional houses shared common features such as timber-
framed structures, post, and beam joinery systems, steep roofing, raised flooring, verandas,
and stone or wooden post foundations. The next section of Chapter 4 emphasizes the
importance of coexistence with nature in traditional Japanese houses and highlights the
natural environment control systems used in Japan, which have evolved over centuries
and are suitable for the local climate. The study suggested further improving and
implementing these methods using modern technologies in contemporary residences. The
research findings provided a foundation for future studies on transforming traditional
Japanese houses to better adapt to the natural environment and improve the
architectural environment. The chapter also presented insights into indoor thermal
comfort, with minimal use of air conditioners in traditional Japanese houses. Window
and door openings played a significant role in maintaining comfort, and the study
suggested that these findings could be applied to energy-saving architectural planning in
Southeast Asia.

In Chapter 5, the focus shifted to analyzing energy usage and indoor thermal
comfort in classrooms, particularly during the COVID-19 pandemic. The study revealed
that energy usage of air conditioners in classrooms was higher in summer despite slightly
longer operation times in winter. The pandemic significantly impacted increasing energy
usage and highlighted the role of AC setting temperature in energy consumption. Most

classrooms achieved indoor thermal comfort, except for specific points that exhibited
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lower comfort percentages and higher percentages of air temperatures outside the comfort
range. The study identified variations in thermal comfort among different zones within
the classrooms, with the CNT zone being slightly colder due to AC airflow and the PER
zone experiencing hotter thermal comfort. The research emphasized the importance of
energy-saving strategies, AC setting temperature, and proper ventilation to achieve
indoor thermal comfort while reducing energy consumption. It recommended maintaining
the AC setting temperature recommended by the government during the summer to
optimize energy-saving. The study also concluded that the pandemic had negative effects
on energy-saving measures and highlighted the need for improved mechanical ventilation
systems to ensure both thermal comfort and energy conservation without compromising
indoor air quality.

In the first section of Chapter 6, by taking advantage of the Doma's great indoor
environment impacts, discussed in Chapter 4, the simulation of indoor air temperature
based on the Doma position was examined. The results indicated that the solution of
Doma repositioning to the South side was the most appropriate case for decreasing indoor
air temperature in surrounding rooms in the hot summer season. However, this study
could be further investigated to understand how the Doma reposition to the other side
impacts indoor air temperatures on cold winter days. As a passive cooling design strategy,
the indoor thermal environment measurement of Japanese Minka was only conducted in
the summer season, which was in line with another study result that found the
inhabitants in winter do not heat the space enacting a non-rational use of energy, but
rather they heat themselves [54], [55]. When the outside temperature is low and the
inhabitants spend most of their time inside, they use small objects and thick clothes to
heat their bodies. Positioning Doma on the south side becomes an idea to be brought to
the next section of the classroom's simulation as the new passive design strategy, adding
additional space on the South side of the classroom. The simulation in the classroom with
some design alternatives and ventilation patterns aims to assess which is the most
appropriate case that can be adopted in terms of energy-saving strategy with optimized
indoor thermal comfort during normal situations and a global pandemic with specific
provisions in needs. Simulation of indoor thermal environment and AC cooling and

heating with different design strategies and different ventilation patterns will be
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compared. There are two major objectives in comparing each mixed-used ventilation
pattern to fully air-conditioned without NV intervention. First is when NV is necessary
for reducing airborne virus transmission risk. Second is when NV is used as a strategy
for energy-saving issues, which has to be addressed, and reducing airborne virus
transmission risk is not the issue. This study aims to assess the impact of NV on indoor
thermal comfort and the cooling and heating load of air conditioning systems using
simulation. The results also show that the indoor thermal comfort in the naturally
ventilated occupied classroom without an air conditioner during the day (08:00-16:00)
could not be reached regardless of design strategies. Simulations were conducted for fully
air-conditioned classrooms without natural ventilation and mixed-mode ventilated
classrooms, considering various parameters such as design strategies, air change per hour,
AC set-point, and ventilation patterns based on time and outside air temperature. In an
air-conditioned classroom, the AC set-point has the highest correlation value for the
cooling load in summer, while the ventilation pattern has the highest correlation value
for the heating load in winter. To reduce airborne disease transmission risk issues, cooling
and heating load in the ventilation pattern based on the window opening schedule, one
hour close, and one hour open, is lower than the ventilation pattern based on outside air
temperature and ventilation pattern regardless of outside air temperature. A ventilation
pattern window opening when the outside air temperature is between 18 to 28°C range
can reduce the cooling load in the summer when the AC set-point is above 26°C for an
energy-saving strategy. No change is found in the heating load between a fully air-
conditioned classroom without NV intervention and a classroom with a ventilation
pattern window opening when the outside air temperature is between 18 to 28°C in winter.
The study found that design strategies showed a higher correlation with cooling and
heating load in the summer than in winter. Different layout plans had varying effects on
energy-saving strategies, with the double corridor layout beneficial for energy-saving in
summer but compromising thermal comfort in winter. Wall insulation and pair glazing
slightly affected indoor thermal comfort and cooling load. The study compared different
ventilation patterns and their impact on energy consumption and airborne disease
transmission risk. The effort to make additional room (double corridor) on the south side

of the classroom may increase the cost of building construction and maintenance. The
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deterioration caused by this design strategy in the winter season might be considered
unprofitable. However, this design strategy is not only used for classroom' thermal
comfort advantages, but this additional space could have functioned architecturally as a
new or additional activity room for students or teachers, such as a discussion room,
meeting room, or relaxing room. A design strategy with double corridors on the north
and south sides can reduce the cooling load in an air-conditioned classroom without NV
intervention and mixed-mode ventilation in summer. On the other hand, this design
strategy deteriorates indoor thermal comfort in winter regardless of the ventilation
pattern.The problem that is underlined in this study, as we explained before in Chapter
1, is will the application of ventilation, air conditioning, and mixed-used ventilation in
indoor spaces will answer indoor thermal comfort problems and environmental problems
with energy-saving strategy, together with changing times in normal and new normal

people lifestyle with optimal results. This research draws the following conclusions as

follows:

1. Air conditioning in Japanese Minka is not necessarily used in the summer season,
as indoor thermal comfort is averagely achieved with only a window/door
opening schedule and Doma watering.

2. Natural ventilation has a significant impact on achieving indoor thermal comfort
in Japanese Minka in the summer season.

3. Doma, as one of the architectural elements in Minka, has a great impact on
decreasing the surrounding room's air temperature.

4. The best position of Doma to decrease the air temperature of rooms in Minka
in the summer season is in the South side.

D. Even with natural ventilation can reduce air conditioning energy use in Japanese
Minka classrooms without air conditioning, the only use of natural ventilation
could be harmful to students' health because it is far from achieving indoor
thermal comfort in hot and cold seasons.

6. Indoor thermal comfort in classrooms has been achieved after the AC installation
project.

7. Indoor thermal comfort in the classroom without an air conditioner and using

only natural ventilation is still achieved in the summer season when the outside
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10.

11.

12.

13.

air temperature is under 30°C. The AC usually begins to be operated in June.
From this result, it can be recommended that AC is not necessarily operated
from June when the outside air temperature is relatively under 30°C.
Classrooms with windows and doors closed in discussion type of class caused the
increase of CO2 concentration level to exceed 1000 ppm.

Air-conditioned classrooms with continuous natural ventilation intervention
deteriorated indoor thermal comfort and caused AC energy use to increase
significantly due to AC setting temperature adjustments during the COVID-19
pandemic.

Space addition on the south side of classrooms can be a passive design strategy
for the summer season. Besides the indoor thermal benefit, it can function as a
new seating space or lounge space architecturally.

The use of natural ventilation in air-conditioned occupied classrooms in summer
and winter significantly increases AC cooling and heating load.

The use of natural ventilation when the outside air temperature is between 18
to 28 °C can decrease the AC cooling load in summer when the AC set-point is
higher than 26°C.

The intermittent use of natural ventilation per hour can lower the rise of AC
cooling and heating load compared to continuous natural ventilation. It can be
an option when natural ventilation is needed to decrease airborne disease

transmission risk.
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