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ABSTRACT

Pollution in developing countries is generally much worse than in developed
countrtes, and 1s caused by the widespread use of poor quality machines both
industrial and in motor vehicles. Obviously, motorised vehicles are a major source of
today's pollution. Motor vehicle emissions, whether gases, particulate matter or noise,
can all be dangerous. Particulate matter, especially very fine particulates, 1s the major
concern of this thesis, which considers their capacity for penetrating deep into the
lungs and developing slowly to cause noticeable illnesses.

Low-income people who live within the city centre are the most exposed to
traftic pollution whether on the move or indoors. Low cost housing, whether self built
or provided by government or private sectors, often exposes occupants to both lack of
thermal comfort and pollutant intruston from adjacent street traffic.

Houses in warm-humid regions depend on large openings and through
ventilation for thermal comfort. Openings allow air pollution and noise to penetrate
these houses easily, thereby affecting the health, comfort and well-being of residents.
Closing all openings and changing from natural ventilation to air conditioning i1s not
however a practical solution for low cost housing.

This study explores the effect of boundary fences, vegetation, and detailed
opening design in reducing the penetration of airborne particulates and noise into the
living spaces of typical low-cost urban houses. The experiments carried out for this
study include computational simulation, manual calculation and field experiments.

The research indicated that there are feasible and practical solutions to the
reduction of fine particulate matter and street noise in such housing by using solid and
massive barriers combined with vegetation and a specific window type. Solid and
massive barriers were constructed to slow the progress of the pollutants by reduction
of wind speeds on approaching obstructions. If the wind slows down enough, this
eftectively 'holds' the pollutant in place. In this case, the deposition surface was
provided by vegetation with dense foliage. The surface of the vegetation was
predicted to deposit particulate matter effectively, which would then be washed away

naturally by rains. Some types of leaves were studied to find the relationship between
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the physical characteristics of leaf surfaces and their ability to deposit particulate

matter. Before entering the living spaces, the particulate matter then encounters

further obstruction by jalousie windows thus reducing its concentration.
The solid and massive fence also created an acoustic shadow and noise was

then further reduced by the jalousie windows. The resulting indoor noise level was

found to be closer to the proposed Indonesian standards of 45 dBA.
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CHAPTER 1
INTRODUCTION

The environment, especially the condition of the air, is one of the key
determinants in the health of population [WHO/UNEP, 1985]. People know that low
air quahty will impair their health. However, it is difficult for people to control air
quality. For people living in urban areas, air pollution has been a continuing problem,
particularly since the industrial revolution. Increasing numbers of motor vehicles has
brought even worse conditions. More recently, vehicles in particular have brought not
only air pollution but also sound pollution.

Initially, air pollution usually affects human respiratory systems, but later 1t can
cause other illnesses which are indirectly connected to respiratory systems. The types
of air pollution are various, from gases and liquid drops, to invisible solid particles
which can penetrate and be deposited deep down in the respiratory tracts of the body
and cause chronic ilinesses.

Traffic, especially motorised vehicles, also creates sound pollution. However,
people tend to ignore this unseen pollution. They are aware of noise as an occasional
annoyance or disturbance. The effect of noise on human emotions ranges from
negligible, through annoyance and anger, to psychological disruption [Nilsson, 1993].
Physiologically, noise can vary from harmless to painful and physically damaging (the
most common are decreasing hearing ability at earlier ages and tinitus).

There are several ways to minimise noise and air pollution, such as minimising
the use of motorised vehicles and of manufacturing/industrial machines, or the use of
zoning, whereby residential and road or industrial zones are physically separated.
Sometimes, in developed countries as well as in developing countries, it is very
difficult to apply such strategies. This is because most cities have grown chaotically. It
might be possible to persuade people to use breathing masks and hearing protection to
protect them when directly exposed to traffic, but it is not reasonable to expect people
to protect themselves in this way within buildings. Therefore, unless pattern of traflic

use can be changed, the best solution seems to be to protect buildings from both air

and sound pollution.
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One design problem in building in tropical countries is the conflicting need for
natural ventilation and for noise and pollution prevention. In addition, even though the
openings provide a satisfactory level of air changes per hour for natural ventilation,
the quality of the air is well below requirements. Houses, especially low cost houses,
in tropical climates mostly depend on the use of natural ventilation in maintaining
indoor health and comfort. The outdoor air supplied into the house will remove the
concentration of CO, accumulated indoors resulting from breathing and burning
activities such as cooking for maintaining health. The air supplied should also be
adequate to remove smells resulting from indoor activities such as sleeping and
cooking and to cool occupants skin for comfort.

It 1s more difficult for people with low incomes who live in low cost housing
to reduce pollution, especially noise, when the building materials are of poor quality
and in bad repair. No known method of window treatment that allows adequate
natural comfort ventilation will serve to quieten high levels of street noise to the
extent desirable for bedrooms, wards in hospital, nursing homes, or rooms used for
reading or studying [Fitzmaurice, 1939]. For better sound insulation, 1t may be
necessary to have the ventilator separate from the window, or, where a high standard
1s required, mechanical ventilation may be necessary [BRE/CIRIA Report, 1993]. A
solution by using specific louvre (jalousie) windows with absorbent lining over the
surfaces may reduce outdoor noise levels [Thomas, 1996]. However, the cost of the
absorbent linings is likely to be far too high for low cost housing, and the insulation

values given by this material are still insufficient to provide the desired attenuation.

1.1 Pollution in hot humid developing countries

Most urban buildings in tropical counties experience a conflict between natural
ventilation requirements and pollution prevention. Uncomfortable indoor conditions
are experienced in low cost urban housing in tropical developing countries, since cost
does not permit the installation of artificial ventilation system in order to improve the
indoor environment. Therefore, a study that seeks the possibility of how low cost

housing could improve their poor conditions by natural means is important.

-
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This study explores the possibility of using vertical building elements to do their
task as pollutant barriers. The exploration is based on earlier studies into air and
sound pollution.

One growing city in Indonesia, Yogyakarta, was chosen as a case study.
Yogyakarta’s environmental and physical conditions are similar to other growing
Indonesian cities and are considered to be similar to other growing cities in other hot

humid developing countries.

M —— L TS "'"‘I-,,..F
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Figure 1.2. Jawa Island; Yogyakarta is shown in red.
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Aspects of Yogyakarta which are fairly representative of cities of this type are
as follows:

1. The city is growing chaotically therefore it is difficult to keep polluted areas and
residential areas, in which occupants need to be protected from pollution,
separate.

2. There are many housing areas adjacent to busy street traffic within the city centre.

3. Low cost housing is one of the urban problems, and in most cases provides
insufficient facilities and uncomfortable indoor environments.

4. Pollution is mostly generated by street traffic, which consists of a wide range of
vehicles, from traditional bicycles to diesel passenger cars.

5. The weather conditions of the city are typical of a hot humid climate.

All the above aspects are also experienced by most growing cities in Indonesia.

Figure 1.3 and 1.4. Left: traditional vehicles, and right: two stroke motorcycles are
common private transport in Yogyakarta and other growing cities in Indonesia.

All the above conditions bring most Indonesian cities a serious problem with
regard to pollution. Earlier studies indicated that the level of both air and noise
pollution in Indonesian cities is high. In 1997, the United Nation Environment
Program (UNEP) described Jakarta as the third most polluted city in the world, after
Mexico City and Bangkok [Kompas, November1997]. The following tables give more

details of pollution levels in two Indonesian cities.

1. Jakarta [Kusmaningrum, 1997/1998]:
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to 1c | 40% was = 0.15 ppm
| within the city centre | 37% was 0.15 ppm> n >0.10 ppm

_ _ 23% was <0.10 ppm |

NOy In residential areas | 10 % was > 0.05 ppm 0.05 ppm
= within the city centre | 90% was < 0.05 ppm ]

Total In residential areas | Vary: from 2.5% to 45.5% of the 260 pg/m?

Suspended | within the city centre | measurements were above 260

Particulate ]__ g pg/m? |

Table 1.1. Concentrations of some pollutant types i J akarEa, Indonesia
(Source: Kusmaningrum, 1997/1998)

2. Bandung [Kompas, 14 May1997]:

0.05 opm
Hydrocarbon 0.24 ppm
Particulate matter 260pg/m’ 400 pg/m®

Table 1.2. Concentrations of some pollutant fypes in Bandung, Indonesia
(Source: Kompas, 14 May 1997)

Types of pollution vary, so the first important step before conducting the
research is to determine the type of pollutants concerned. These pollutants are the key
issues of this study. Hence, the building design most likely to reduce pollutants while

also allowing natural ventilation must take account of the specific pollutants found in

Yogyakarta.

1.2 Issues

Some issues that create problems in housing, especially low cost housing in a
hot-humid developing country are as follows:

1. Population increases, which has a detrimental effect on the standard of housing.
This can be explained as follows. When population rises rapidly, the obvious result
1s more unemployment and thus more poverty, which in most cases will encourage
people to live in slum areas. Alternatively even if they live in a house, the house
will be insufficient to provide the desired indoor thermal comfort.

2. The increase in air pollution as a result of using motorised vehicles, in particular

motorcycles and diesel engines.

3. The increase in environmental noise as a result of using motorised vehicles.
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4. Low-income families who cannot afford artificial ventilation (air conditioning/AC)
to provide more comfortable indoor environment, as the use of air conditioning

will help to cool air and to control temperature and humidity as required.

1.3 Problems

Indonesian low-income families have not yet addressed any formal complaints
in regard to air and sound pollution to the government. However, this does not
indicate that there are no problems. It may be that the low-income groups do not
understand the risks, and even if they do, they do not know how to avoid them or
they cannot afford the solutions.

Creating openings for buildings in hot-humid developing countries presents
several architectural problems. This research focuses on one of these problems: how
to create a perceptible environmental improvement for single-story low cost houses by
reducing particulate matter from the outer environment whilst also considering
thermal comfort and noise issues.

Particulate matter pollution has been chosen for the following reasons:
I. Most research carried out in Indonesia has dealt with gaseous pollutants
| Department of Public Works, Indonesia, 1997/1998];

2. Diesel-engine vehicles are common in Indonesia and thus produce more
particulates compared to other countries [EPA, 1982];

3. In many Indonesian cities, asphalt streets in poor condition are common. These
Create more particle pollution [EPA, 1982].

4. Particulates have been shown to be seriously damaging to human health [Source
& Inhalable Particulate Potential Health Impacts, 1998]

This study also focuses on noise because:

I In developing cities of this region, in contrast to large established cities, the ratio
of motorcycles to cars is significantly higher. Motorcycles create high levels of
noise [White, 1982], therefore they create more nuisance;

2. Diesel vehicles, which are common in Indonesia, are also sources of specific noise
[White, 1982];

3. It appears likely that the noise problem can be solved together with the particulate

problem.
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1.3.1 Research Aims

This research 1s based on some assumptions which underpin the research

objectives of the thesis. These assumptions are:

1. Building design (i.e. house) affects the indoor concentration of polilutants from

adjacent street traffic.

2. 1t 15 possible to explore the ability of vertical building elements (e.g. walls,
windows, fences, etc.) to provide prevention from pollutants whilst also providing
natural ventilation.

3. The exploration of how building elements can reduce particulate matter and noise
1s more effective when physical behaviour of the pollutants are considered.

The aims of this research are to provide guidance for designing low cost
housing in hot humid and polluted developing countries (referring specifically to
Yogyakarta, Indonesia) that will create a perceptible indoor environmental
improvement. This is to be achieved by:

* Prowviding sufficient air supply for comfort cooling by using natural ventilation;

* Reducing particulate matter as much as possible; (both fine and coarse particles
are concerned, but the major concern is fine particulate matter with a diameter less

than 10 um that has the greatest health effects);

* Reducing indoor noise levels (which in Chapter 13 are typically identified to be 60
dBA) by at least 10 dBA better than existing reduction (i.e. 10 dBA, refer to

Chapter 13). In most cases this might still put the indoor noise above the

Indonesian proposal of 45 dBA.

This guidance is to be developed at little extra cost.

1.4 Importance of the research

Because most of the research into reducing particulate matter has been done
from a science or engineering perspective, the results are, most of the time, either in
the form of mathematical models or in the form of technical devices. Hence, they are
not particularly relevant to the question of how building design can be improved as

regards the intrusion of particulate matter. Therefore, the results of research
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developed by scientists or engineers are required to be in a form that architects and
developers can more easily implement their concepts in the design.

Most of the studies into reducing noise have also been carried out for non-
domestic buildings, which in most cases are only intermittently occupied compared to
domestic buildings. Therefore, the advice related to noise insulation for those non-

domestic buildings needs to be extended to the conditions found in low cost domestic

buildings.

1.5 Limutation of the research

As a research subject, pollution covers an enormously wide area and
comprises a huge range of factors. The pollutant itself includes gaseous, particulate,
liquid and sound components. Pollution research covering all these types and all their
effects on human beings requires an extremely long research time and a vast research
team. Therefore, given the constraints on this investigation, it is mostly focussed on
two types of pollutant, i.e. particulate matter and noise. As the present author i1s an

architect, the particulate matter and noise reduction concepts will be directly related

to the building design, which in this case is for low cost housing.

1.6 Research Methodology
Based on several related studies, the investigation has followed the following

major working steps:

I. Identifying the general condition of low cost housing in a chaotically growing city
(1.e. Yogyakarta) and its relation to traffic pollution.

2. ldentifying the general weather conditions in a hot humid climate and the demand
tor air ventilation rates to be supplied within buildings to achieve thermal comfort.

3. ldentitying the concentration of particulate matter and noise levels within the city
centre, which are necessary to determine the pollution levels. The data on
pollutant levels are provided by both secondary data and primary data, which are
important when published data for the chosen city is not available.

4. ldentifying the nature and behaviour of particulate matter and noise in hot humid

weather conditions and seeking possible design solutions for vertical building

elements given these conditions.
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5. Determining the most appropriate detailed design of vertical building elements in
order to minimise the intrusion on particulate matter and noise into living spaces,
and thus leading to design propositions.

6. Carrying out a computational simulation to provide data for indoor thermal

comfort (ventilation flow rates) and data of particulate matter dispersion within

the suggested design.

7. Carrying out a manual calculation to predict noise reduction values provided by

the suggested vertical building elements.

8. Carrying out field experiments, to give indications as to how the suggested
designs will reduce particulate matter and noise in real conditions, particularly
since a computational simulation cannot represent the real condition of the
proposed vertical building elements (vegetation and specific window types). There
were two major field experiments taken within two different periods of time. The
first experiment was mostly to explore the effects of porous and solid fences and
some types of windows to be compared with louvre windows. The second
experiment explored different types of vegetation and examined and compared
fully opened windows and louvre windows in relation to their ability to deposit
particulate matter.

9. Analysing the field experiments and computational simulations to provide a

summary of all the research steps, which then leads to the final design guidance

for low cost housing in hot humid climates with natural ventilation and particulate

matter and noise reduction.

1.7  Wrting Methodology

This thesis consists of five parts. In part I, the major issue, the assumptions on

which this thesis are based, the aims, and methodology of the research are identified.
Part II which contains four chapters describes the present condition of low cost
housing in Yogyakarta and its relation to pollutant sources and provides general
information on the uncomfortable weather, the concentration of particulate matter, the
level of noise and the standards to be met. Part III contains three chapters which
discuss the possibilities of particulate matter and noise attenuation by using vertical

building elements. The fourth part of this thesis describes the design propositions for
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vertical building elements and how the suggested vertical building elements are
predicted do their task in real conditions. The five chapters of Part IV discuss the
design propositions, the calculations of how the suggested design provides indoor
ventilation flow rates, and how the design propositions of vertical building elements
(fence, vegetation and openings) compared to the current design may reduce
particulate matter and noise. The last part, Part V, defines the final guidance for
building low cost housing and identifies the indoor thermal comfort, particulate matter

concentration and noise levels within the suggested housing design. Issues requiring

further research are also discussed within this part.
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PART Il

RECENT CONDITIONS TO BE MET WITH THE STANDARD
OF THERMAL COMFORTS AND POLLUTANT STANDARDS

CHAPTER 2 TRAFFIC POLLUTION AND LOW COST HOUSING IN
INDONESIA

CHAPTER 3 THE UNCOMFORTABLE CLIMATE

CHAPTER 4 PARTICULATE MATTER CONCENTRATIONS

CHAPTER 5 NOISE LEVELS



CHAPTER 2
TRAFFIC POLLUTION AND LOW COST HOUSING IN INDONESIA

One of the most complicated problems experienced by developing countries
1s urban housing. In hot-humid developing countries, where high levels of ventilation
are required for indoor comfort, this problem is compounded by environmental
problems such as the increase of air and sound pollution resulting from development.
Closing or minimising the number of windows, which might reduce pollution
intrusion, is not a practical solution for buildings with natural ventilation located in
this region. Some hot/warm-humid developing countries face similar problems to

Indonesia. It is thus useful to compare their conditions.

2.1 Low cost housing in general with comparison to other countries
2.1.1 Singapore

Singapore, a small country very close to Indonesia, 1s also one of the hot-
humid countries. However, with a higher gross national income than many South
East Asia countries, Singapore is probably no longer a developing country. With
quite a high population and high density in the city centre, the problem of urban
housing can be solved more readily. At least, based on their modern life styles, 1t 1S
not difficult to move people into multi-storey houses where they can also install air

conditioning for their comfort [Singapore, 1995/1996].

2.1.2 Malaysia

Malaysia, a nearby developing country, which has a similar climate,
faces a similar urban housing problem to Singapore or Indonesia, in particular for the
low and middle classes. Many of the poor live in shacks in squatter settlements.
About a quarter of the population of most Malaysian cities consists of squatters and
about a third -including the squatters-have inadequate housing. The Malaysian
government and their university experts have proposed solving the problem by
providing low-cost housing either single storey or multi-storey houses [Osman,

1991]. However, some experts have suggested that low-cost housing in Malaysia still
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has several negative factors [Osman, 1991]. These negative factors are exacerbated

by traffic-generated air pollution and noise. The analysis is:

e of development :
e of buildings : low rise flat

floorarea: minimal
comfort level : DOOT

matenal ; cheapest range
poor quali
low quali

can be improved (minimum)
Table 2.1 Malaysian low cost housing conditions
(After O. Osman, 1991)

Figure 2.1. An example of Malaysian low cost housing
(After M.Ramli and NMD. Noordin, 1993)

2.1.3 Cuba and Venezuela

Another warm-humid developing country with temperature and humidity
ranges to Indonesia is Cuba. The Cuban government provides single storey low-cost
housing for low and middle-income families in the city of Havana. One example is
Quinta Palatino. All the single storey houses are designed to permit cross-ventilation

by using patios, supported by a three-metre ceiling height for climatic reason [Fry,
1956].

Venezuela 1s also a warm-humid developing country with similar housing
problem faced by other developing countries. The Venezuelan government provided
multi-storey low-cost housing for low and middle-income families. An example is
low-cost housing in Pamona which consists of six types of houses including duplex
and simplex apartments. Material used for these houses is light-weight brick

conforming to the traditional building style of Venezuela [Fry, 1956].
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Figure 2.2. Low cost housing in Havana, Cuba
(After M. Fry, 1956)

Figure 2.3. Low cost housing in Maracaibo, Venezuela
(After M. Fry, 1956)

2.2 Indonesian low cost housing

As 1n other developing countries, economic conditions, population and space
are the basic housing problems in Indonesia. Although several programmes have
been successful 1n solving demographic problems such as transmigration and family
planning, most Indonesian cities have slum areas where many city dwellers live.
Many condominiums, apartments and luxury houses are built, but these are for high-

income groups who can afford to purchase them either as homes or as an investment.
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Developers prefer to build luxury houses, which will give greater profits than will the

low cost housing designed for the poor.

By way of improving housing conditions, the government has laid down
regulations to build houses 1n urban areas. The ratio must be 6:3:1. Six simple low-
cost houses, three middle-cost houses, to one luxury house. This approach seems
sensible. However, sometimes people face a difficulty in distinguishing the
specifications of low-cost housing. In Indonesia, low-cost housing is defined as
houses built specifically for low-income groups (called rumah sederhana and rumah
sangat sederhana). In this context, government or private developers provide houses

which low or middle-income groups can purchase with fixed term credit.

2.2.1 Location

There are two possible locations for low cost housing: the city boundary or
the city centre. Currently, the city boundary is the preferred area for building this
type of housing, because for a similar price, 1t ofters house with a larger area which
can be utilised for garden. However, sometimes the people who have been living in
slum areas 1n the city centre do not want to be moved to the city boundaries. They

preter to live in the city centre within a short distance of their work place, even

though this means smaller houses.

2.2.2 Design

Each low cost housing unit is about 21 m? or 36m? in floor area, whilst that
for middle income groups is about 54 m2 Most are single storey houses and several
are multi-storey called rumah susun or flats. However, it is not easy to move people

to multi-storey buildings, as by culture and tradition, they prefer to live and socialise

at ground level.
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Figure 2.4. Common Indonesian low cost housing: plan, elevation, and section

A problem which sometimes occurs in low cost housing design 1s the design
itself which maybe either too simple or too complicated for poor people to live in.
For example, developers/designers do not provide enough space for clothes to dry in
the sunshine or put the toilet and washing area within the house while the
householders prefer to have it outside. These disadvantages can then encourage

people to recreate slum conditions within their new houses.

2.2.3 Building materials

Low-cost housing materials are usually local materials which are readily
found in Indonesia, such as light red brick or heavier grey brick, timber, cement,
stone, sand, etc. These types of matenal are sufficient for building materials.
However, in the process of building, the quality 1s sometimes reduced by
unscrupulous developers.

Brick 1s the most common walling material in Indonesia. Many developers,
because of the cheaper total cost, choose the heavier grey brick. Another material is

timber or multiplex that can be used for internal partitions. Sometimes brick and
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timber or bamboo 1s mixed, for example half of the walls use brick and the rest use
timber/bamboo. This then reduces the total cost of a house. However, this type of
house 1s less resistant to environmental conditions such as rain, air and sound

pollution (due to leakage of the woven bamboo). Nowadays, this type of building s

less common.

Timber frames are used to create the shape of the traditional roof, which is
then finished with clay tiles. The shape 1s usually triangular with lower angle of 30°
or 35°. The use of the triangular shape and clay tiles is sufficient for natural
ventitlation and sound/noise reduction. Some low cost housing uses asbestos or zinc
as the roof covering, with an angle of 20°r 25°. Compared to the clay tile roof

asbestos or zinc material provides less natural ventilation and lower sound insulation,

particularly in the rainy season when the sound of rainfall is noisier as it beats on the

surface of the roof

Windows and doors usually have timber frames and timber panels or timber

frames and glass panels. Common window styles to be used in Indonesian low cost

housing are presented in Figure 2.6.

side-hung top-hung moveable glass jalousie

Figure 2.5. Common window styles in low cost housing

2.2.4 Infrastructure and utilities

The infrastructure and utilities provided for low-cost housing are simpler than

tor other types of housing. They comprise local sewage links to city sewers and

above ground structure for electricity. Plumbing is provided for clean and dirty

water, either from wells or main pipes.

CHAPTER 2 TRAFFIC POLLUTION AND LOW COST HOUSING IN INDONESIA 16
DESIGN SOLUTIONS FOR NATURALLY VENTILATED HOUSES IN A HOT HUMID REGION
WITH REFERENCE TO PARTICULATE MATTER AND NOISE REDUCTION

., MEDIASTIKA, 'WIVERSITY OF 3TRATHLYDE, GLASGOW



2.3 Low cost housing in Yogyakarta

Yogyakarta area is approximately 3,185.81 km? with a population of
approximately 3,185,384, The city centre area is about 420 km?, with a population of
about 1,115,500 [Kantor Statistik Yogyakarta, 1996]. Some self-built low-cost
houses are located in the heart of the city. This type of housing has encountered
many problems as the city has grown.

Old or new houses located in the city centre are unable to escape from the
excesses of city development, such as air and noise pollution. With light low-cost
material and limited space between house and street, occupants of low cost housing
in the city centre encounter lack of ventilation rates and pollution intrusion from the

adjacent street traffic. As was observed during field trials the indoor noise level i1s

approximately 60 dBA (refer to Chapter 13), which i1s 15 dBA higher than the indoor
noise standard proposed by the Indonesian government. Realising this and the
limitations on space, starting in the 1980°s the government determined to build new
housing on the city boundaries. However, this merely solves part of a huge problem.

Since housing has begun to be located on the city boundaries, it has brought
other city facilities such as schools, offices and shops with it. In other words, only
moving the residential area to the city boundaries cannot prevent air and noise
pollution. Over the last ten years, both air and noise pollution have risen rapidly and
seem unlikely to slow down in future. For this reason, detailed planning and detailed
design are very important for simple buildings like houses, especially when people
spend most of their work and leisure time at home.

Indonesians very rarely consider designing and building their houses in
advance to reduce pollutants, especially related to particulate reduction and acoustic
design. It 1s commonly believed that advanced design in acoustics is important only
for buildings like auditoriums, broadcasting studios, etc., but not for houses. Low
wages and limited education place them in the position of passive recipients of
houses designed by government or private developers from whom they are asked to
purchase. Whereas one might expect houses built by government/private developers

to perform better than self-built houses, there is no evidence suggested that this 1s the

Casc.
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Indonesian houses, especially in Yogyakarta still respect traditional values,
i.e. room arrangement, roof style, etc. People prefer to live in single storey houses;
hence, there are no multi-storey houses in Yogyakarta. Most houses still use natural
ventilation and, if it is found that they use air conditioning, it 1s merely for one or two
rooms, such as the bedroom or the living room, not for the whole house and it 1s also
only found in luxury houses.

From the above description, it is clear that windows and other openings are
very important for low-cost houses, both for ventilation and for access. In fact, the
windows/openings, which have been designed for conventional houses, need to be

improved by seeking possibilities for reducing pollutants and still permitting airflow

for natural ventilation.

Figure 2.6. and 2.7. Low cost housing in Yogyakarta

Figure 2.7 and 2.8 shows typical low cost housing in Yogyakarta that usually have
floor areas of approximately 21 m? or 36 m?. These are the two types of house which
are the main concern of this study. Later in this thesis, these types of house are

simplified to house types A (21 m?) and B (36 m?).

2.4 Road traffic and buildings
2.4.1 Road traffic

Transportation has existed since the earliest human society, from the simplest
means (feet) to the most sophisticated (motorised vehicles). As populations have
grown, as well as their needs, transportation has become an important factor in
everyday life. This can easily be seen in busy Indonesian metropolitan cities, where
most of the people live in suburbs and work within the city centre. Every morning
and afternoon the streets swarm with humanity: people are moving either in private

vehicles or by public transport. Road traffic then becomes the essence and heart of
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city living. The high densities of traffic combined with indisciplined driving usually
causes traffic jams.

An understanding of traffic flow characteristics and factors affecting their
variation 1s usetul to evaluate the performance of the traffic for planning, evaluation
and other purposes. Traffic flow characteristics comprise volume, composition of
traffic (type of vehicles), time, classification of the street, type of service (commuter
travel, recreational and other seasonal travel, etc.), and type of geometric design

(control of access, separation of opposing traffic, number of lane, intersecting areas,
etc.)[Baerwald, 1965].

2.4.2 Road traffic and buildings

Since streets give access to buildings, it is difficult to separate the two. Even
when located in a very remote area, a street is always an access to a building. Streets
will not create environmental problems for the inhabitants as long as they comply
with governmental standards. But this seems practicable only in rural areas. In a
crowded city, buildings will always be close to streets with all their attendant

problems. Urban traffic pollution is the major concern of those who live and work in

this environment.

2.4.3 Indonesian road traffic

Traftic jams occur in the centres of Indonesia's major cities, particularly
during working hours. Sooner or later, this problem will be experienced by other
growing cities, as most cities have grown chaotically with poor street conditions,

such as:

I. Street length and width being insufficient for the rapidly increasing number of

vehicles (high density),
2. Poor street surface conditions, hence slow-moving vehicles;

3. Poor vehicle conditions, hence slow-moving vehicles and obstruction of other

vehicles from moving;

4. Indisciplined driving;
These poor conditions bring many disadvantages for buildings adjacent to the street,

especially if the buildings are used for offices or houses. In Indonesian cities, there

are still many houses located close to busy street traffic. This can be understood
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when the space s very limited and there 1s not enough space to build more streets to

accommodate the increasing number of vehicles and not even enough to create any

distance between street and housing.

BU,%eb/TmLkb. ”13% - 0%

middle speed (30-40 km/h)
diesel emissions L
Private Cars 32% 40%

high speed ( 40-50 kmv/h) both | high speed ( 30-40 km/h)
asoline and diesel emissions | both gasoline and diesel emissions

Motorcycles 41% 144%,
high speed (50-70 km/h) high speed (50-60 km/h)
_ | gasoline emissions gasoline emissions
Bikes and other|14% 16%
traditional vehicles | very low speed very low speed

~ | no emissions nO €missions

Table 2.2, Examples of type of vehicles and tratfic charactenistics in Yogyakarta
representing other Indonesian middle cities

(Source: DLLAJ, Yogyakarta, 1993)

2.5 Air pollution
2.5.1 Air pollution

The most obvious pollution resulting from the use of mechanical vehicles is
air pollution. Sometimes it 1s difficult to determine whether or not air 1s

contaminated. The addition of any substance will alter to some degree the physical

and chemical properties of clean air. Such a substance could thus be considered an
air pollutant. It means that if there is addition of any substances to the pure
composition of clean dry air (Table 2.3), air pollution will occur to some degree
[Stoker, 1972]. However, pollutants are usually classified as only those substances
which are added in amounts sufficient to cause a measurable effect on humans,
animals, vegetation, or even materials. Such substances may occur as gases, liquid

droplets, solid particles, or as mixtures of these forms [Stoker, 1972].

Major
| Nitrogen (N,) 78.09 %
Oxygen (O,) 20.95 %
Argon (Ar) 0.93 %
Carbon dioxide (CO,) 0.032 %
Minor : + 0.002 %

Ncon, Helium, Methane, Krypton, Hydrogen, Nitrous oxide
arbon monoxide, Xenon, Ozone, Ammonia, Nitroge
dioxide, Nitric oxide, Sulphur dioxide, Hydrogen sulphate

Table 2.3. Composition of clean dry air (After HS. Stoker, 1972)
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There are five major substances that can cause air pollution:

- carbon monoxide (CO)
- nitrogen oxides(NO,)

- hydrocarbons (HC)

- sulphur oxides (SO,)

- particulates

To see how these major pollutant types cause air pollution, 1t 1s useful to find which
source sends the largest amount of pollutants into the air. Data compiled from the
USA Environmental Protection Agency, the USA commission for air quality 1ssues,

gives the major sources of air pollution in Table 2 4.

Transportatlon 42 00% 4 40% | 8. 00% 0. 37% 0.26% 55 00%

Fuel combustion 030% | 3.80% | 023% | 10.00% | 2.50% | 16.80%
(Stationary sources) _ 4 |

|Industnal processes 4.30% l 0.07% | 2.00% 2.20% 4.90% | 13.50%
Solid waste disposal 2.70% | 0.15% | 0.07% 0.11% 1.30% | 4.30%
_Mlscellaneous 6.20% | 0.15% | 2.60% 0.10% 1.30% | 10.40%
Total weight of each 55.50% 8.60% 12.90% 12.80% 10.20% |100.00%
pollutant | ~

Table 2.4. Pollutant source in USA (Source: EPA, 1973, 1982, 1986)

From Table 2.4, it can be seen that transportation generates approximately 50%
source of pollution in the USA. The highest percentage of pollutant type from the
entire pollution source 1s CO, followed by Hydrocarbon (HC), SO and particulate
matter. In other countries, where the degree of industrialisation and fuel combustion
differs from the USA, transportation is still likely to be the major source of pollution,

since transportation has become so essential in most advanced and developing

countries.

2.5.2 Particulate Matter

It 1s obvious from Table 2.4 that pollutants mostly come in gaseous form.
However, it should not be assumed that gas pollutants are the only pollutants to be
constdered. Small, solid particles and liquid droplets, collectively called particulates,
are also present in the air in great numbers, and at times they constitute serious
pollution problems. Pollution effects caused by particulate matter range from

nuisance when deposited on surfaces to respiratory illnesses. Deposited ambient

CHAPTER 2 TRAFFIC POLLUTION AND LOW COST HOUSING IN INDONESIA 21

DESIGN SOLUTIONS FOR NATURALLY VENTILATED HOUSES IN A HOT HUMID REGION
WITH REFERENCE TO PARTICULATE MATTER AND NOISE REDUCTION

7. MEDIASTIKA, UNIVERSITY OF STRATHCLYDE, GLASGOM



particles are usually generated by coarse particles commonly called dust. More fine
particulate matter, particularly with a diameter of less than 10 um can penetrate

down into respiratory system to cause chronic illnesses. Currently, people are more
concerned with fine particulate matter due to its severe health effects. However, this
does not mean that coarse particles should be disregarded. Dust and odour are two
main causes of complaint about air pollution [Vallack and De Shillito, 1998]}
Unfortunately, there are no international standards or guidelines for deposited dust,
whilst there are standards of total suspended particulate matter or more specifically
standards for fine particles which allow analysis of their ambient conditions more
readily whether or not they satisfy the standards [Vallack and De Shillito, 1998].
Based on the composition, particulate matter 1s divided into:

- must: composed of suspended liquid droplets

- smoke: composed of fine soot particles produced by combustion

- fumes: condensed vapours of both metallic and organic substances

- dusts: resulting from the mechanical break-up of solid matter

2.5.3 Indonesian particulate matter and the standards

As described in Chapter 1, in 1997, the United Nation Environment Program
(UNEP) determined Jakarta as the third most polluted city in the world after Mexico
City and Bangkok [Kompas, November1997]. This indicated that pollution in
Indonesian cities has already become a serious problem among other serious
problems experienced by Indonesia in the last few years. The level of pollution in
two Indonesian cities as presented in Chapter 1, which are copied in the following

tables, give more detail descriptions regarding particulate matter concentrations in

those cities.

. Jakarta [Kusmaningrum, 1997/1998]:

Pollutants Locations Facts Indonesian
of measurements Standards

Adjacent to traffic | 40% was 2>0.15 ppm 0.05 ppm
within the city centre | 37% was 0.15 ppm> n 20.10 ppm
23% was <0.10 ppm )
NOx In re31dent1al areas | 10 % was > 0.05 ppm 0.05 ppm

90% was <0 0S ppm

| lTable 2 5 Concentratlons of partlculate pollutants n Jakarta Indonesm T
(Source: Kusmaningrum, 1997/1998)
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2. Bandung [Kompas, 14 May1997]:

Concentration
measured adjacent to
traffic within the city
centre of Bandung

Indonesian
Standards

Pollutants

NOx 1 o _ 0.10 ppm
H.Y drocarbon | O2dppm | 10t04J0 PP _
T 260pgi | 400 pghw

Table 2 6 Concentratlons of partlculate pollutants in Bandung, Indonesm.
(Source: Kompas, 14 May 1997)

The above tables show that the level of particulate matter pollution in two major
Indonesian cities is high and exceeds the Indonesian standard of particulate matter
concentrations. These are probably higher compared to particulate matter
concentration in growing cities. Unfortunately, data of particulate matter
concentrations in other cities 1s not available. However, it is postulated that without
serious attempts to reduce it, soon the concentration of particulate matter in other

large or growing cities will increase to levels expertenced in Jakarta and Bandung,

particularly if poorly maintained vehicles and diesel vehicles remain in common use.

2.6  Sound pollution
2.6.4 Sound pollution

Another effect of using motorised vehicles is sound pollution. As mentioned
above, most people do not perceive sound pollution as dangerous, especially people
in developing countries with limited knowledge. Most people regard this sound
pollution as at most a source of annoyance during their working/studying and leisure

time. However, this pollution should be regarded as highly detrimental to human
health 1n the long term.

There are of course standards for noise pollution, especially for those who
live close to noisy areas, such as industrial areas, train stations, airports, highways,
etc. The standards may vary from one country to another, as can be seen in Table 2.7

(measured within the buildings).

laboratories, hospitals | - | - | 55dB(A -
residences. schools >

it | soma -
commercial buildings 45-50 dB(A 60 dB(A 55 dB(A

Table 2.7. Noise standard 1n selected countries (Source: Chunmif, 1977 and Watkins, 1981)
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2.6.5 Indonesian noise conditions and the Indonesian standards

The main source of noise 1n cities 1s road traffic. No other single noise 1s of
comparable importance [White, 1982]. Such a finding 1s not surprising, as the
number of automotive vehicles in comparison with other machines 1s huge. The
vehicles used in Indonesia are extremely varied, from the simplest and most
traditional such as bicycles to diesel trucks and buses. In most Indonesian cities
(excluding Jakarta) the use of two-stroke motorcycles is much common than cars.
So, although the noise from heavy vehicles 1s less, high noise levels come from
motorcycles. Some motorcycle companies design mufflers which create a very high
noise level, and unfortunately, these are very much in use, especially amongst
Indonesian teenagers. Thus, it i1s not surprising that the noise level i1s much higher
compared to that in many developed countries. In 1987 the Indonesian government

attempted to improve this situation by determining guidelines as follows:

1. Statements of Chairman of Diminishing Disease and Healthy Housing
Environmental Programs no 70 I/PP.03.04.LP, which describes the affect of noise on
human comfort and feasible attempts to eliminate noise.

3. Regulation of Minister of Health of Indonesia no 718/Menkes/Per/Xl/ 1987, which

also describes the affect of noise on human comfort and feasible attempts to

eliminate noise

4. Proposal of Minister of Environment of Indonesia describing noise standards (as can
be seen 1n Table 2.8), vibration standards, radiation standards, and odour standards.

Maximum noise (dBA) suggested for specific areas are

C offices, dept. stores 50 60

D industries, railways/busstations | 60 | 70 |

Table 2.8. Noise zoning 1n Indonesia (Source: Indonesian Noise Regulation, 1987)

In reality, the above standards are difficult to achieve. Indonesians regard
noise only as nuisance and accept the noise conditions as parts of their everyday life.
Most of them have not yet aware of noise as factors that could impair their health.
Theretore, the increase of noise and air pollution is difficult to prevent, as many
Indonesians seem not to care about noise problems or are not inclined to comply with

the standard. To give a general idea of the Indonesian noise levels, whilst the detail
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noise levels in the reference city (Yogyakarta) will be presented later in Chapter 5,
data on noise levels taken in some Indonesian cities in 1994 is presented below
(Table 2.9). The measurements were carried out by The Physic Engineering Team of
the Bandung Institute of Technology, Indonesia. From this data, it can be seen that
the average noise levels in these cities were high. In these noise conditions, to
comply with the standard, the building envelopes should at least provide noise
attenuation of approximately 15 dBA to 25 dBA, which is difficult to achieve with

lightweight materials and the many openings commonly found in Indonesian

housing.

- laboratoncs h051tals 35 dB (A) 45 dB (A) 60-70 dBA

B | residences, schools 55 dB (A) 60-70 dBA
 C | offices, dcgt stores ~50dB(A) | 60dB (A) 65-75 dBA
D | industries, railways/bus stations | 60 dB(A) | 70dB (A) 80 dBA - more

Table 2.9. Noise zoning in Indonesia and the real field conditions
(Source: Physic Engineering Team of Bandung Institute of Technology, Indonesia, 1994)

From the above facts, it can be seen that the task of designers is made greater

as long as actions for reducing noise at source are not taken. If the source of noise is
not reduced, the only practicable alternative is to protect the occupants of building. In
the Indonestan low cost housing case, it 1s then important for designers to find design
solutions for building envelopes which offer noise attenuation of approximately 15

dBA to 25 dBA by using local and low cost materials.

2.7 Conclusion

The data presented in this Chapter shows that the pollution levels of particulate
matter and noise in major Indonesian cities exceed the standards, and sooner or later,
will impair human health. The data of these types of pollutant within growing cities
1s not currently available, but are presumably lower than those in the major cities.
However, attempts to reduce these types of pollutant within growing cities are
important, since pollution levels here will increase to levels experienced in major
cities, especially when the newest EPA (Environment Protection Agency, USA)
standard for particulate matter of 150 pg/m3/24 hours (earlier standard was 260
ng/m?/24 hours) 1s used.
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CHAPTER 3
THE UNCOMFORTABLE CLIMATE

We must begin by taking note of countries and climates in which homes are to be

built if our design for them is to be correct. One type of house seems appropriate for Egypt,
another for Spain... One still different for Rome .... it is obvious that design for homes ought

to conform to diversities of climate. (Vitruvius [cited in Lechner, 19911])

Clhimate 1s one of the most sigmficant factors to be considered in designing
buildings, besides activities and cultures. Thus, buildings always have their own styles,
which depend - in part- on the place where they are built. For example buildings in
tropical countries have a different style from buildings 1n moderate climates, especially

if they use natural conditions to maintain comfort [Lechner, 1991].

3.1 The climate of Indonesia

Indonesia 1s a tropical country which lies between latitudes 6°N and 11°S. This
position creates a hot climate throughout the year. As an archipelago, rainfall is quite
high, so that humidity levels are also higher compared to surrounding continental
countries. Hence, Indonesia has a hot-humud climate. Below are the details of

Indonesia's climate.

3.1.1 Monsoon

Indonesia has two seasons during the year. They are the dry season that
usually occurs between June and September, and the rainy season of December to
March. In the dry season, the wind blows from Australia, containing little water, and
thus creates the dry season. In the rainy season, the wind blows from Asia and the
Pacific Ocean and contains a considerable amount of water. These two seasons

change every half-year after passing through transitional seasons in April-May and

October-November.
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3.1.2 Temperature and humidity

In general, the annual temperature lies between 18°C-31°C. Some places have
more extreme temperatures, like Semarang which in June can be as low as 16°C and
Palu which reaches 35°C in November. At low altitudes (seashore) temperatures are
around 28°C and at high altitudes (plateau) temperatures are around 23°C. The daily
temperature range i1s greater than the annual temperature range. Relative humidity 1s
high, varying from 60% to 90%. In the hottest monsoon, the weather 1s hot and
humid (almost wet) and in the coolest monsoon the weather is still hot and humid.
High humidity means little evaporation. When high temperature and high humidity
occur at the same time, the process of natural cooling by perspiration is decreased

[McMullan, 1992], hence the skin becomes sticky and uncomfortable.

3.1.3 Rainfall and wind

The winds from Asia bring the rainy season in Indonesia but, as a country of
1slands, rain can happen at any time outside the rainy season (although 1t 1s quite rare),
so that Indonesia has quite a high annual rainfall of over 2500 mm. The daily average

(with regional variation) is about 25mm to 30mm in the rainy season and 0.35mm to

1Imm in the dry season. Wind velocity during the rainy season is usually slightly

higher.

3.1.4 The weather of Yogyakarta
Although, in general, the weather in Yogyakarta (altitude 114m/342 feet) is
typical of the region, it is important to explore the weather of Yogyakarta to provide

data for considering the design requirements. Table 3.1 shows weather data from the

most recent year available, 1994/1995. This data represents the general conditions
because there have been no significant variation in recent years, as can be seen from
the data collected by the Bureau of Meteorological and Geophysics in the last 20
years [Dinas Navigasi Udara, Adicucipto, Yogyakarta, 1995]. Data presented in
Table 3.1 1s the average of daily conditions during each month measured at altitude of
350ft (116.7m) in a built environmental condition. Average maximum and minimum

daily temperatures are given.
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303

Dall average) min 241 23, 7 23. 4 241 22.0 23 1 | 23. 7
[Humidity®s | 77 | 70 | #5 | 88 | 88 | 87 | 84 | 83 | 86 | &3 | 80 | 78 |32
Windm/s Average| 2 [ 151 15| 1 J15[1s[i1s] 1 [15]15]1S] 15} 15
Most of angle [ 210 | 120 | 210 | 210 | 210 | 210 [ 210 | 120 | 120 | 120 [ 180 | 180 | -
Rainfallmm [ 11[32]90[197]218}106]77]09]52]07] 0 j0005] -

Table 3.1. The weather of Yogyakarta in 1994/1995
(Source: Dinas Navigasi Udara, Adicucipto, Yogyakarta, 19935)

3.2 Climate, health and human comfort

The thermal comfort of human beings is affected by many physiological
mechanism of the body and may vary from person to person. Factors affecting thermal
comfort are differentiated in two aspects [McMullan, 1992]:

e Personal variables which consist of activity, clothing, age and sex.
e Physical variables which consist of air temperature, surface temperatures, air
movement and humidity.

The human body maintains an energy balance with its environment to maintain
the normal body temperature of 37°C. This process needs a relatively narrow range of
climatic conditions. (i.e. temperature, humidity, wind speed, etc.) which i1s called the
comfort zone. The comfort zone may differ from one region to another, as this is
determined by climatic factors, activities, and clothing. Difterent activities need
different environmental conditions to maintain comfortable levels. Therefore, detailed

studies of climatic factors are important in order to create the preferred conditions for

a particular activity, whether by natural or artificial means.

3.2.1 General factors
Several factors which relate air quality to health and human comfort are
temperature, materials/particles content (toxic gases, dust, etc.), velocity, and

direction. All of these factors have their own limits for maintaining health and

providing human comfort.

3.2.1.1 Air temperature
When people discuss temperature, they usually mean the air temperature
which surrounds them (ambient temperature). Life can exist only within a relatively

small range of temperatures. Each species has definitive hmits and thrives only within
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this narrow range. Many species have ways of extending their range in association
with deep body temperature. Most mammals and especially humans, maintain constant
deep body temperature- a process known as homeostasis. To do this, it is necessary to
exactly balance the total heat exchange of the body so that the amount lost to the
ambient environment equals the amount gained. Man has a normal deep body
temperature of about 37°C [Egan, 1975]. Figure 3.1 shows examples of a deep body

temperature caused by extended periods of overheating or overcooling from a wide

range of environmental conditions.

bODY TEMPERATURE  EXAMPLES BOOY REACTIONS
I._:J l43.3"”'C BRAIN DAMAGE _
J r—
| — | PASS ouUT BODY COOLED
T To0 gLAULY
[ NIRUSEOUS FEELING (OVERHERTING)

_ |37.7°C SWEATING PEBGING
il 3700 STRTE OF PRSIC MEALTH

SHIVERING AND a0
GOOSEBUMPS

4 TREATMENT FoRk I [ '\
!*32.2“C EXPOSURE RERUIRED

. LOBSE UER OF
SPEECH

b '26.6°C RUNPED-UP AND

4854 RIGID poDY CoOolLED
o | TOO RAPIDLY

S (eVEIRCOOLING)
IRREVERSIBLY CoLD

FOR MoST SITUATIONS
21°C .

ol 15.5°C  LowesT TEMPERATURE
WITH RECOVERY

Figure 3.1. Human body temperature
(After Egan, 1975)
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3.2.1.2 Maternals and particles content

The material content of the air, usually termed air quality, 1s the composition
of the air itself. The natural content of air 1s a mixture of O,, N,, H,O, with the
addition of pollutants such as CO, NOy, and particles (dust, ash, etc.). As a standard,
humans need Oz for respiration. Fresh air contains about 21% O, and 0.04% CO.
while expired air contains about 16% O, and 4% CO,. The added pollutants attect
health if their levels are higher than those specified by the standard, and reduce human
comfort when they produce odour. Another component of air, which affects human
comfort, 1s H,O (i.e. the moisture content in the air). People commonly associate
relative humidity with human comfort. Relative humidity is the amount of moisture in
the air compared to the maximum amount that can exist at a given temperature
without condensation. There is no particular relative humidity that will induce human
comfort not also associated with air temperature. This means that for a particular

temperature, there 1s also a particular level of humidity needed to maintain human
comfort. However, 1n association with temperature, humidity only affects bodily heat

loss by evaporation. This will be most important at higher air and surface

temperatures where radiation and convection heat loss are less effective.

3.2.1.3 Air/wind velocity and air/wind direction

The movement of air contributes to thermal comfort by removing the moisture
and heat surrounding the body. Air movement affects heat loss by convection and
evaporation. Convection heat loss increases with air movement because the warmer
air adjacent to the skin 1s more rapidly displaced by cooler air than would normally
occur in still air conditions. Then, evaporation rate (and thus skin cooling) increases
with air motion as saturated air near the skin 1s displaced by dryer ambient air [F.
Moore, 1993].

Because heat loss by convection and evaporation are the most important
factors associated with environmental comfort, so air movement is an important factor
in inducing heat loss. However the efficacy of air in cooling is effected by air velocity
and air temperature and direction. The nght direction of wind in relation to available

openings in a building can supply sufficient air changes. However, although speed 1s
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sufficient for the theoretical cooling for a person in a building, if the wind blows

against the walls where there are no openings provided, indoor comfort 1s unlikely to

be achieved.

3.2.2 Human reactions to the (surrounding) environment

Because deep body temperature must be maintained at a constant level, the
heat generated by metabolism and activities must be released to the surrounding
environment through the skin surface and by respiration. As mentioned above, this is

done by a combination of convection, radiation, conduction and evaporation.
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Figure 3.2. Four ways of heat loss
(After F.Moore, 1993)

The heat exchange process is affected by four environmental conditions: air
temperature, humidity, airflow/air velocity and the temperature of surrounding
surfaces. The interaction of these conditions is complex and is beyond the scope of
this study. In high temperature (above skin temperature) and high surface temperature
conditions, heat loss by convection and radiation are minimised. In such
ctrrcumstances, heat loss is by evaporation becomes more important. In a condition
where the humidity 1s also high, evaporative heat loss will be minimised, resulting in
an Increase of body temperature [Sanders and McCormick, 1987]. The various

processes of heat loss were studied in an experiment carried out by Winslow as shown

by Figure 3.3.
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Figure 3.3. Heat body loss by three factors
(After C.E.A. Winslow, 1949, cited in Sanders and McCormick, 1987)

The last two bars of Figure 3.3 represent heat body loss in Indonesia due to high

temperature and humudity.

Each air condition supports bodily heat transfer differently. Temperature
differences and air movements induce convection heat transfer. Mean radiant
temperatures (MRT) of surrounding surfaces induce radiation heat transfer, while
temperature, humidity and air movement induce evaporation heat transfer.
Conduction heat transfer is induced by surface contact and, because in architectural

environments, where people typically sit on chairs or thick carpets, the area of contact

with hot or cold surfaces 1s limited, 1t will be 1gnored.

3.2.3 Airrelated to indoor comfort and factors inducing indoor comfort

People living in buildings need a supply of air for respiration. Adequate

ventilation 1s therefore essential for well-being and health. This means that ventilation

1s one of the most important factors for buildings. Ventilation fulfils a number of

different functions [CIBSE Guide, 1986]:

e Health: respiration, odour avoidance and pollutant removal,

e Cooling: removal of heat produced by internal and solar gains, during both day

and night;

e Comfort: provision of air movement to increase actual body cooling,
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For the cooling requirement the ventilation rates to be supplied depends on the
level of heat gains and 1s typically between 5 to 30 air changes per hour. For warm
humid countries, it is recommended that 30 air changes per hour 1s the minimum [F.
Moore, 1993].

Generally, ventilation is the replacement of internal air with outside air and air
movement 1S the movement of air as sensed by the occupants. In what follows, the
feelings of the occupants of buildings will be considered in terms of designing comfort

ventilation. Personal feelings of warmth depend on air temperature, radiant
temperature, air movement, humidity and personal factors (clothing, activities)
[Fanger, 1973 and McMullan, 1992]. To provide comfort ventilation, there are two
methods: natural and artificial. Basic considerations in choosing between natural and
artificial (mechanical ventilation, air conditioning, etc.) are [CIBSE Guide, 1986]:

e the quantity of air required;

e the quality of air required;
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