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ABSTRACT

Preliminary studies of twelve residential colleges located in the University of Malaya
campus, Kuala Lumpur were conducted to evaluate the effectiveness of their current
implementation of bioclimatic design strategies, as well as their performance in terms of
electricity usage. It was found that residential college buildings designed with an
internal courtyard and balconies for each room achieve the most efficient electricity use,
within a range of between 24 to 33 kWh/m?/year, while other residential college
buildings recorded annual electricity use of between 40 to 125 kWh/m?*/year.

One of them, 5™ residential college (Sth RC) was selected for the case study due to its
best implementation of bioclimatic design strategies that encourage efficient energy use.
Furthermore, its uniform building layout minimises uncontrolled variables in further
field investigation and evaluations.

The satisfaction and perception surveys show that a majority of respondents at 5™ RC
are at a comfortable level. This is based on findings from all performance indicators of
functional elements, thermal comfort and indoor air quality, as well as, visual comfort
and landscape elements. The 5™ RC is capable to provide a comfortable living space
with indoor temperatures ranging from 28°C to 30°C with 70% to 78% relative
humidity. Different locations have different effects on room conditions and higher
temperatures were recorded at rooms on the top level of the building compared to rooms
at the lower levels. There were no significant differences detected owing to different
orientation of rooms which are largely due to the effects of the green landscape. Higher
values of daylight intensity were recorded in the corridor compared to the daylight
intensity in the rooms which even varies in amount at different areas within the same
room. Further analysis show that night ventilation provides better thermal comfort for
residents compared to other ventilation options like full-day and daytime ventilation or
no ventilation at all.

The living behaviour assessment reveals that residents of 5™ RC have adapted well to
maintain the comfort level in their rooms. Only light activities were conducted in the
rooms which reduces the metabolic heat production. Ceiling fans were fully utilized at
the maximum speed of five for maintaining air circulation in the rooms where the
operable windows are closed most of the time due to the safety issues. Light clothing
was worn at most times, especially on sunny days. In fulfilling the need for privacy,
curtains have been overused and leading to the use of artificial lighting.

The study concludes, residential college buildings that implement the appropriate
bioclimatic design strategies, particularly to address natural ventilation and daylighting
issues tend to achieve a desired comfort level and efficient electricity usage. With a
well-planned design improvement, better results can be achieved without sacrificing the
needs and comfort level of the residents.
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ABSTRAK

Kajian awal di dua belas buah kolej kediaman yang terletak di dalam kampus Universiti
Malaya, Kuala Lumpur telah dijalankan bagi menilai keberkesanan terhadap
pelaksanaan semasa strategi reka bentuk bioiklim, serta prestasi penggunaan tenaga
elektrik. Didapati kolej-kolej kediaman yang direka dengan halaman dalaman dan
beranda di setiap bilik mencapai tahap penggunaan elektrik yang paling cekap iaitu di
dalam lingkungan 24 hingga 33 kWh/m?’/tahun. Manakala, antara 40 dan 125
kWh/m*/tahun penggunaan elektrik telah dirckodkan di lain-lain bangunan kolej
kediaman.

Salah satu daripadanya, iaitu Kolej Kediaman Kelima (KK 5) telah dipilih sebagai
kajian kes berdasarkan kepada pengadaptasian terbaik strategi reka bentuk bioiklim
yang mendorong kepada penggunaan tenaga elektrik yang lebih cekap. Seterusnya,
susun atur bangunan yang seragam meminimakan pembolehubah tidak terkawal bagi
siasatan dan penilaian lanjutan.

Tinjauan kepuasan dan persepsi menunjukkan bahawa majoriti responden di KKS5
berada pada tahap yang selesa. Ini berdasarkan kepada penemuan daripada kesemua
petunjuk prestasi yang terdiri daripada elemen seni bina, keselesaan terma dan kualiti
udara dalaman, keselesaan visual dan landskap. KK 5 dapat menyediakan ruang tamu
yang selesa dengan suhu dalaman antara 28°C hingga 30°C, serta kelembapan relatif
antara 70% hingga 78%. Lokasi berlainan memberikan keadaan yang berbeza di mana
suhu dalaman yang lebih tinggi direkodkan di aras atas bangunan berbanding dengan
aras yang lebih rendah. Tiada perbezaan keadaan yang ketara berdasarkan kepada
orientasi bilik disebabkan oleh pengaruh landskap hijau dipersekitaran bangunan. Nilai
keamatan cahaya yang lebih tinggi telah direkodkan di koridor berbanding di dalam
bilik dan terdapat perbezaan pada nilai yang dicatatkan walaupun di dalam bilik yang
sama. Analisis selanjutnya menunjukkan pengudaraan semulajadi di waktu malam
memberikan lebih keselesaan terma kepada penginap berbanding lain-lain strategi
pengudaraan; pengudaraan sepanjang hari, pengudaraan di waktu siang dan tiada
langsung pengudaraan.

Penilaian tingkah laku penghuni mendedahkan bahawa penginap di KK5 telah dapat
menyesuaikan diri dengan baik dalam mengekalkan tahap keselesaan mereka di dalam
bilik. Hanya aktiviti ringan dilakukan di dalam bilik bagi mengurangkan pengeluaran
haba metabolik. Kipas siling telah digunakan sepenuhnya pada kelajuan maksimum,;
iaitu lima, untuk mengekalkan peredaran udara di dalam bilik apabila tingkap ditutup
sepenuhnya pada kebanyakan masa disebabkan oleh isu-isu keselamatan. Pakaian yang
nipis dipakai pada kebanyakan masa terutama pada hari yang cerah. Dalam memenuhi
keperluan privasi, langsir telah digunakan secara berlebihan dan memaksa penggunaan
cahaya tiruan.



Penyelidikan merumuskan bahawa bangunan-bangunan kolej kediaman yang
mengaplikasikan reka bentuk bioiklim yang bersesuaian terutamanya berkaitan
pengudaraan dan pencahayaan semulajadi dapat mencapai tahap keselesaan yang
diingini dan penggunaan tenaga elektrik yang lebih cekap. Dengan penambahbaikan
yang dirancang secara rapi, keadaan yang lebih baik boleh dicapai tanpa perlu
mengorbankan keperluan dan tahap keselesaan penginap.
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CHAPTER 1
Introduction

1.1  Research background

The depletion of natural resources especially fossil fuels has increased the price of
energy steadily around the world. The price of energy in Malaysia is still competitively
quite low due to fuel subsidies. As a Government-Linked Company (GLC), Petronas
supplies natural gas to Tenaga Nasional Berhad (TNB); which is the main electricity
provider in Peninsular Malaysia, at a discount price of 76% less than international
market rates (Chan, 2009a). New tariff rates were announced effective June 1%, 2011
where the average tariff has been increased by 7.12% of which 5.12% increment is due
to 28% upward revision of natural gas price to the power sector from RM 10.70 per
million metric British Thermal Units (mmBTU) in the last tariff adjustment in March
2009 to RM 13.70 per mmBTU, while the other 2.0% increment is due to higher
electricity supply cost since June 2006 (TNB, 2011).

Approximately, 65% of power stations are relying on natural gas and if gas were
supplied at international rates, electricity tariffs would increase by 25% (Chan, 2009a;
Rahman, 2009). Any increase in fuel price means higher costs to generate electricity
which are then passed on to consumers (Berita Nasional Malaysia, 2010). According to
Pusat Tenaga Malaysia (2008), Malaysia will become a net importer of energy by 2015.
Wasteful energy uses lead to greenhouse gas emissions and ultimately contribute to
climate change (Saidur et al., 2007; United Nations, 1992). Thus, the energy reserves
that we have today should be conserved through efficient use in a sustainable manner to
mitigate the impact on the environment and avoid energy shortages.

The building sector was identified as a good start in energy conservation due to

it being the third largest energy consumer in Malaysia (Economic Planning Unit, 2006).



This sector contributes to 40 % of the world total greenhouse gasses (GHGs) emissions
and up to 80 % of emissions in the city area (Atkinson, 2009). These findings are
supported by Al-Mofleh et al. (2009) who reported that commercial and residential
buildings alone account for about 13% of total energy consumption and 48% of
electricity consumption in Malaysia. This figure can be decreased by constructing
energy efficient buildings, which however also simultaneously increase construction
costs by up to 15% higher than conventional designs (Al-Mofleh et al., 2009).

The increase of construction costs will be paid off by the long term benefits of
the energy efficient buildings. Energy efficient buildings would protect jobs in the
building sector, stimulate new job growth, lead to better health, productivity and quality
of workers, reduce or even avoid the need to invest in energy infrastructure whether for
the maintenance and upgrading of existing infrastructure, or for building new power
plants (Atkinson, 2009). According to Levine et al. (2007), energy efficient buildings
can improve indoor and outdoor air quality, social welfare and improve energy security.

At present, other than the term ‘bioclimatic design’, terms like ‘sustainable
building’, ‘green building’, ‘eco design’ and many more have become popular in the
building sector. Although the literal meanings of the terms are different, but their aims
are similar in promoting efficient use of natural resources especially energy and water,
as well as the application of renewable energy in running the functions of buildings so
as to create a healthier environment. These design approaches can significantly reduce
or even eliminate negative environmental impacts and improve existing unsustainable
designs, constructions and operation practices (Tiyok, 2009).In fact, these approaches
have already been adopted in many traditional/vernacular architecture of the past, which
fully utilises the concepts of natural ventilation, daylight, massive walls, light exterior
surfaces, etc. (Tantasavasdi et al., 2001; Lechner, 2009). All of these concepts have

turned out to be the focus of attention recently, due to climate change issues.



In the equatorial region, there are three main elements of building services
(Omer, 2008). Which are; the conditioning for thermal comfort, lighting for visual
comfort, and ventilation for indoor air quality. Ventilation provides clean air to a space
for the purpose of meeting the metabolic requirements of occupants and to dilute and
remove pollutants emitted within a space. Unfortunately, poor building design could
lead to higher than necessary electricity usage for lighting and cooling load in order to
obtain the ideal comfort level in buildings. This may have a major impact on the
wastage of energy through artificial lighting and mechanical cooling. Consequently,
how well we design our buildings will be reflected in how much energy will be required
to run them.

The sun, heat and high humidity of the Malaysian climate are key elements to be
considered. According to Nugroho et al. (2007), a good house design keeps the indoor
environment favourable and comfortable during most of the year without the use of any
mechanical devices and also with sufficient airflow through the building that
dehumidifies the high humidity percentages of the indoor climate. The use of day
lighting as a passive solar source can contribute to the reduction of energy consumption
where effective uses of daylighting directly reduce the energy required for heating,
cooling and lighting to condition buildings. In the long run, the implementation of
passive design can reduce operating costs, enhance building marketability, reduce
potential liability from indoor air quality problems and increase worker productivity
(Tiyok, 2009). Thus, the provision for air circulation and daylighting as a passive solar
source must be given high priority as the most important considerations in building
design, even if electricity demand remains a crucial element to meet sustainability
requirements of passive and low energy systems and also while achieving the required

comfort level in a building.



The residential college building; which is also known as a multi-residential
building, in the equatorial region, is the best option to provide accommodation facilities
for a large number of students when land spaces are an issue. A multi-residential
building typically plays the role of students’ halls of residence, key worker
accommodation, care homes and shelter houses which contain catering facilities,
lounges, dining rooms, health and leisure area, offices, meeting rooms and other support
areas like laundry facilities (Building Research Establishment Environment Assessment
Method, 2010). With regards to the residential colleges in Kuala Lumpur, most of the
activities in a student room are sedentary activities including sleeping, relaxing,
studying and class preparation.

There are only a small number of studies that have been done on a residential
college building specifically in the equatorial region (Dahlan et al., 2009) compared to
studies that have been conducted for the temperate climate (Balaras et al., 2000;
Oseland, 1994; Ghisi & Massignani, 2007; Pfafferott et al., 2007). Most of the reported
studies in the equatorial region focus on common residential buildings like single and
double storey houses, flat houses and apartments (Wong et al., 2002; Ghisi &
Massignani, 2007; Indraganti, 2010; Mohit et al., 2010) which are quite different in
terms of building layout, services provided and occupant activities.

Dahlan et al. (2009) conducted a study on indoor comfort perceptions in the
typical Malaysian multi-storey hostel, which is possibly the first study done on multi-
storey hostel buildings in Malaysia. Unfortunately, this study does not represent multi-
residential buildings in Malaysia as a whole because the building that was studied, like
most other existing multi-storey hostels in Malaysia, especially those built in 1990°s and
earlier are classified as low-rise buildings with four levels and below in terms of
building height. In addition to that the number of respondents for the subjective

measurements was quite small; approximately 95 respondents for each case study.



Therefore they do not directly represent the selected high rise multi-storey hostels as a
whole due to the number of residents which exceeds 2000 people.

In the University of Malaya (UM) campus, there are twelve residential colleges
that can accommodate up to 12,000 students (UM, 2009). These figures directly
demonstrate the quantity of energy needed for the buildings to function. Most of the
residential colleges can be classified as old buildings. The first residential college was
built in 1959 and is known as the Tunku Abdul Rahman Residential College, and the
most recent is the Raja Dr. Nazrin Shah Residential College which was established in
2002. The design and capacity of each residential college building vary due to the
available space during the time of construction. The Ibnu Sina Residential College was
built in 1967 to provide accommodation for clinical students whereas the Raja Nazrin
Shah Residential College which has the highest capacity is able to comfortably
accommodate 2990 students at any one time as the university expands. This shows that
there is a need for bigger capacity residential colleges to provide comfortable
accommodation for students when other residential colleges are no longer sufficient and
with the increasingly limited space in which to develop them. This claim was supported
by Kamaruzzaman and Edwards (2006) who said that building services are normally
fitted according to functional and aesthetic values without taking into account energy
efficiency matters.

The bioclimatic design strategies which were firstly introduced in the 1950s
have gone out of fashion and are overshadowed by recent ‘green building’ concepts.
However, there is still no specific benchmark of comfort and Energy Efficiency Index
(EEI) for residential college or multi-storey residential buildings in Kuala Lumpur.
Referring to Iwaro and Mwasha (2010); energy use in residential buildings are usually

10 to 20 times lower compared to office buildings.



Thus, the electricity usage in residential buildings in Malaysia amount to approximately
10 to 25 kWh/m?/year while the electricity use of office buildings in Malaysia is in the
range of 200 to 250 kWh/m?/year (Chan, 2009a). Unfortunately, this figure is only a
general assumption and does not apply to residential college buildings of different form
configurations, layout plan, functions, services and activities. The benchmarks of other
countries may not be applicable in regions where the situation is different, especially in
terms of climate (Sapri & Muhammad, 2010). Therefore, there is a need for studies to
contribute to the establishment of a comfort benchmark and EEI for this region by
focusing on the implementation of bioclimatic design strategies.

The proposed research will examine building design according to the recent
practice of bioclimatic design strategies; particularly involving uses of daylight and
natural ventilation, the efficiency of electricity usage and prospective energy
conservation at the twelve residential colleges of the UM campus. Moreover, the
building performance in achieving ideal comfort conditions, including thermal and
visual comfort, will be evaluated at selected residential college buildings through survey
and field measurements. The findings of this research will contribute to appropriate
design recommendations for residential college refurbishments and new designs by
tertiary education institution building developers and policy makers. It is also targeted
that this document will increase the awareness on the wastage of energy due to poorly
designed buildings. As a result, it will encourage better use of building resources,
significant operational savings especially on energy usage, and an elevated comfort

level.



1.2

Research questions

Main research question

Do current residential college buildings in the UM campus designers apply the

appropriate bioclimatic design strategies, particularly in their consideration for natural

ventilation and daylighting to achieve the desired comfort level and efficient electricity

usage?

Sub research questions

1.

ii.

1il.

1v.

How do current implementations of natural ventilation and daylighting in the
bioclimatic design strategies, influence the efficiency of electricity use and
comfort levels of student rooms in selected residential college buildings?

What are the residents’ perceptions and degree of acceptance on the quality of
currently implemented natural ventilation and daylighting designs in the selected
residential college buildings?

How efficient are the selected residential college buildings, in providing a
comfortable habitable space with the current implementation of bioclimatic
design strategies?

What are the living behaviour of residents that allows them to adapt or achieve a
comfortable state with regards to the currently implemented bioclimatic design
strategies?

What are the possible bioclimatic design strategies that can assist in achieving
optimal electricity usage in the residential colleges of higher learning institution
campuses, particularly those that can be implemented by improving natural

ventilation and daylighting?



1.3

Research aim, purpose and objectives

The research aim is to define the impact of implementing daylighting and natural

ventilation by focusing on temperature and relative humidity on the comfort of

identified student rooms in the UM campus, with the purpose of justifying the

effectiveness of applying these bioclimatic design strategies for residential college

buildings in the UM campus. In realising this aim and purpose, five objectives were

decided as listed below;

1.

1l

—

i

1v.

To identify the residential college building in UM campus with the best practice
of bioclimatic design strategies in regards to natural ventilation and daylighting,
as well as with the best performance in the Energy Efficiency Index (EEI) (see
Chapter 4).

To evaluate the comfort level of student’s rooms in identified residential college
buildings through a survey on the satisfaction level and perceptions of the
adopted bioclimatic design strategies, particularly in the design of natural

ventilation and daylighting (see Chapter 5.2.1).

.To evaluate building performance of the current implemented bioclimatic design

strategies at identified residential college buildings through field measurements
of temperature, relative humidity and light intensity by using scientific
measuring equipment (see Chapter 5.2.2).

To determine the residents living behaviour and adaptations to achieve a state of
comfort in their rooms with regards to the implemented bioclimatic design
strategies (see Chapter 5.2.3).

To identify bioclimatic design strategies for natural ventilation and daylighting
that are applicable to similar residential college buildings in order to reduce
energy consumptions whilst keeping the thermal and visual comfort of residents

at optimum levels (see Chapter 7).



1.4  Significance of research

Rapid urbanisation increases the demand for energy which directly boosts the
generation of greenhouse gasses (GHGs). The application of bioclimatic design
strategies can help to reduce the generation of these GHGs and in a larger perspective,
ease the effects of climate change. The significance of conducting research in this area
of interest is due to possible contributions identified and explained in the following,

i. Identifying the range in comfort levels of student’s rooms in a selected
residential college building with the highest implementations of bioclimatic
design strategies.

ii. Offering new knowledge on how the energy efficiency of student rooms in
residential college buildings can be achieved through optimising the applications
of bioclimatic design strategies, particularly on daylighting and natural
ventilation in building design for the tropics.

iii.  Contribute to the establishment of comfort level index and EEI specifically for
residential college buildings.

iv. Contribute to the establishment of design guidelines and best practices for
renovation or retrofitting strategies of residential college buildings or multi-

storey residential buildings to move towards low energy buildings.



1.5 Research approach

There were three phases in the research approach as shown in the following research
structure in Figure 1.1. Phase 1 started with the definition of issues on the impact of
bioclimatic design strategies applied in residential college buildings in the UM campus
on achieving the desired comfort level and efficient electricity usage. This is followed
by the identification of problems and research statements.

The literature review considered six topics related to the aspects of bioclimactic
design which are; climate change and energy usage in Malaysia, energy conservation
and comfort of building architecture in the equatorial climate region, thermal comfort,
natural ventilation, daylighting, and post occupancy evaluation (POE). Based on the
knowledge gaps shown in the literature reviews, the research objectives were critically
formulated. The most ideal and appropriate research methodologies to achieve the
research objectives were developed based on previous recognised studies which have
been done by other researchers. All of the methods are explained and elaborated in
chapter 3.

The scope of research was selected by giving extensive considerations on the
limitation and variables that are involved in this study. The research covers ventilation
and lighting systems while ignoring the acoustic element at low-rise residential college
buildings in the UM campus area. A low rise residential college building is usually three
to four storeys high and has more than ten residential units on each floor; with one big
shared bathroom, washroom and toilet. Each residential unit; referred to as a student
room in this research, has a floor area of 10m? to 20m? and is able to accommodate two
to four residents at one time. The rooms are accessible via corridors and each floor is

connected to a staircase.
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Phase 1
Preliminary data collection and site survey

Phase 2
Field investigation
and evaluation

Phase 3
Analysis

Define issue
Impact of bioclimatic design strategies applied in residential college
buildings in UM campus to achieve desired comfort level and efficient
electricity usage

Y

Identify problems and research statement
The bioclimatic design strategies, firstly introduced in 1950s are going out
of fashion and are overshadowed by more recent green building concepts.
However, there are still no specific benchmarks for comfort in residential
college or multi-storey residential buildings in Kuala Lumpur. Thus, there
is a need for comfort studies to contribute to the establishment of a comfort
benchmark which include visual and thermal comfort; as well as EEI, by
focusing on the implementation of bioclimatic design strategies. As a
result, it will encourage better use of building resources, significant
operational saving and elevated comfort levels.

Y

Literature reviews
Climate change and energy usage in Malaysia
Energy conservation and comfort in building architecture in the equatorial
climate region (Bioclimatic design/energy conservation & microclimate of
UM Campus)
Thermal comfort
Natural ventilation & Day lighting
Post occupancy evaluation (POE)

¥

Research objectives
Identify the residential college building in UM campus with the best
practice of bioclimatic design strategies.

Comfort level of student rooms in selected residential college building.
Building performance of the current implemented bioclimatic design
strategies.

Resident living behaviours in achieving a state of comfort
Bioclimatic design strategies that applicable to residential college building

Y

Research methods
Preliminary studies, Satisfaction and perception survey, Building
performance analysis and Living behaviour assessment

Y Y

Determine the variables
Building/residential unit orientation
and layout.

Bioclimatic design strategies.
Microclimate & indoor climate -
temperature, relative humidity and
light intensity.

\4

Scope

A4

Preliminary studies
Current implementation of bioclimatic design strategies
The efficiency of electric use and prospect of energy conservation

Y

Case study selection

J,

Data collection
Site observation and investigation, Questionnaire/survey,
Field measurement and Data recording

|

Data analysis

Y

Discussion, conclusion and rec dation

Determine the limitation of study
Psychology - subjective
Accessibility and time
Number of respondents
Availability of equipment
References

Figure 1.1: Research structure

Pilot

study




One pilot study was done for testing the research methods that were defined
earlier. Consequently, there have been some improvements made during the field
investigation and evaluation especially in the satisfaction and perception survey, as well
as in the site measurement for building performance analysis.

Preliminary studies were done on all twelve residential colleges in the UM
campus through drawings and site visits, with a focus on the existing implementation of
bioclimatic design strategies as well as, the efficiency of electricity usage for a five year
duration to learn the energy efficiency index (EEI) and prospect of energy conservation
of each residential college. From the preliminary studies, the residential college with the
best practice of bioclimatic design strategies particularly of natural ventilation and
daylighting in building design, lower EEI and with the least number of uncontrollable
variables by considering the homogeneity of building design (especially on the student
room and floor plan) was selected as a case study.

The field investigation and evaluation were done in Phase 2 by implementing
site observation and investigation, questionnaire/survey, field measurement and data
recording; which are extensively explained in Figure 1.2. Simultaneously, secondary
data were collected from sources comprising of books, journals, newspaper articles and
materials on the World Wide Web; which were also done during literature reviews.

All of the findings from the primary data; from methodological triangulation of
POE that employed satisfaction and perception survey, building performance evaluation
and living behaviour assessment, and secondary data were critically analysed in Phase
3. The correlation between these three analyses will show the impact of bioclimatic
design concepts that would reflect the energy performance and comfort level of the
residential college. Thus, the comfort level benchmarks and EEI for the residential
college building were recognised; as well as the best design and ‘must apply’

bioclimatic design strategies towards 'low energy' buildings.
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Building investigation

Further analysis of building layout including a typical student room and the floorplan of each
residential block of selected residential colleges. Also included, the performance of electricity
consumption and usage pattern. Moreover, the landscape setting where the diversity of plants was
identified and the integration between landscape and buildings were critically observed, especially
on shading effects.

Satisfaction and perception survey

Evaluation of occupants’ perception and acceptance on existing implementation of bioclimatic
design concepts to understand the mutual interaction process between the building and users'
needs in a general manner. The evaluation was particularly on natural ventilation and daylighting
which directly influences thermal, visual and overall comfort level. Also the funtional elements,
landscape and acoustic elements.

The questionnaire was revised and various improvements have been made after the pilot study.
Number of questions and elements have been added in order to get more accurate responses and
information. The questionnaire sheets were distributed to the all residents with the minimum
number of feedbacks with a 95% reliabilty or confidence level and +5% margin of error from the
overall population.

Building performance evaluation

Building performance evaluation through field measurement by using instruments. Three
parameters were collected including air temperature, relative humidity, and light intensity in
selected student rooms, which represent numerous best and worst case scenarios.

Phase 2
Field investigation and evaluation

The field measurement took 31 days, covering 24 hours duration with one hour interval. Different
conditions were introduced each day with regards tothe opening or closing of all operable
windows while exposing the student room with no curtains. Then, the presence or absence of an
operated ceiling fan at different speeds on different days.

Initially, a pilot study was conducted for 29 days before the actual study started with different
conditions were introduced each day. The distribution of daylight in the student room was also
examined manually. As a results, data collection plans were refined with respect to the both
content of data and the procedures to be followed.

Living behaviour assessment

Further experiment focusing on living behaviour will be done for two weeks with the rooms fully
occupied. All the data loggers are placed in the same setting as in the building performance
analysis, without determining the condition of openings (windows), fan speed and curtains. All the
occupants are asked to record the time, garment worn,activities, weather, condition of openings,
and electrical appliances that are used including the fan and lamps. Moreover, the perception of
the residents itself regarding on the visual comfort, ventilation, thermal comfort and the comfort
level of the room at that moment.

Figure 1.2: Details of Phase 2

13



1.6  Thesis structure
The introduction of this thesis is given in Chapter 1. It starts with a research background
that focuses on the issues, problem statements and the need for the studies. The research
questions containing one main and five sub research questions are also provided in the
same chapter. These are followed by the research aims, purpose and objectives,
significance of research, research approach and thesis structure.

Chapter 2 consists of a compilation of literature reviews in seven sub-topics.
The first subtopic; 2.1, discusses the relationship between climate change and built
environment, as well as the current energy usage trends in Malaysia. Then, a detailed
description of the sustainable building architecture is included in subtopic 2.2, together
with aspects of energy conservation. The principles of bioclimatic design strategies
were clarified and available world building performance assessment tools were
identified. Two of these rating tools, tailored to the equatorial climate region known as
the Green Building Index (GBI) and the Green Mark, are comprehensively explained
with respect to the area of residential building construction. The ideas and benefits of
energy conservation in the building environment were also presented based on previous
studies. These are followed by a critical review of the microclimate in the UM campus.
Subtopic 2.3, discusses the theory of thermal comfort which includes standards,
evaluation instruments, models, principles and strategies in optimising thermal comfort
in residential buildings. The dynamic qualities of natural ventilation and daylighting in
building architecture were discussed in subtopic 2.4 and 2.5 respectively. The systems,
principles, strategies and effectiveness of these passive design strategies were well
documented in each subtopic. Subtopic 2.6 covers the theories of POE, current
implementation, as well as the relevance of this evaluation approach in both, the
worldwide and the Malaysian environment. Subtopic 2.7 contains the conclusion of

Chapter 2.
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Chapter 3 presents the research methods which are divided into three phases.
Phase 1 is the preliminary data collection and site survey for case study selection, while
Phase 2 is the field investigation and evaluation that involves further analysis of
selected case studies. There are building investigation and POE which employs
satisfaction and perception survey, building performance evaluation and living
behaviour assessment. Each evaluation and assessment is extensively explained. All
results and findings from Phase 2 were critically analysed in Phase 3. The limitations of
the studies and reasons for choosing each method are clearly explained at the beginning
of the chapter.

Chapter 4 illustrates the results of preliminary studies, by describing the
characteristics of student rooms and residential college building designs of twelve
residential colleges, focusing on the implementation of bioclimatic design strategies.
This is then, followed by the measurement of the efficiency of electricity usage and
prospects for energy conservation which is a main criteria of the case study selection.

The core of the thesis is Chapter 5 which deals with all results and findings from
the field investigations and evaluations. These entail the satisfaction and perception
surveys, building performance evaluation and living behaviour assessment. This chapter
also clarifies reason for the inclusion of selected case studies based on building
description and landscape design, which are put at the beginning of the chapter.

Further analysis and correlations of all the findings in Chapter 5 are interpreted
in Chapter 6. Chapter 7 covers discussions of research objectives and their respective
conclusion, based upon the preliminary studies, as well as field investigation and
evaluations. The chapter ends with a final conclusion based on the research questions

and recommendations to improve the research methodology for further studies.
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CHAPTER 2
Literature review

2.1  The issues of climate change and energy usage in Malaysia

The industrial revolution started in England about 230 years ago from the 18" to the
19" century when the world economy changed from an agrarian and handicraft
economy to industry and machine manufacture (Levy, 2006). In other words, from the
manual labour and draft animal based economy towards the machine-based
manufacturing; which started with the mechanization of the textile industries, the
development of iron-making techniques and the increased use of refined coal (Roger,
1999). This revolution then spread to other parts of the world and was recognized as a
major development in world history. The all-metal machine tools were developed for
other industries to increase the production capacity (Meier & Rauch, 2000) and massive
changes in society was identified as an impact from this revolution (Brown, 2003).
These are clearly shown from the change of intellectual paradigms and criticism namely
capitalism, Marxism, and romanticism.

The invention of steam-powered ships and railways marked the beginning of the
second industrial revolution around the 1850s. These followed by the development of
the internal combustion engine and the electrical power generation in the 19™ century,
resulted in the world economies being dominated by the capitalist (Lucas, 2004). These
also include the growth of chemical industries, petroleum refining and distribution
which directly lead to the emergence of great factories with higher consumption of coal
and fossil fuels. As consequences, this revolution has given rise to the unprecedented air
pollution and large volume of industrial chemical being discharged (Fleming & Knorr,

1999); although at the beginning, it seemed to be the new age of human civilization.
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Therefore, environmentalism has taken precedence as a social movement which
definitely contradicts the economist in order to protect natural resources and ecosystems
which focuses on ecology, health and human rights.

According to Hall (2008), the popular environmental movement began in the
1960’s when Rachel Carson published her revolutionary work, Silent Spring in 1962.
This book received great attention and leads to so much controversy especially within
the chemical industry and ended with the ban of DDT (pesticides) in 1972. As a
consequence, Arne Naess published an article introducing the phrase ‘deep ecology’ a
year after. According to Naess (1973), deep ecology is an integrated concept of
preservation, ecology and spirituality which was based on eight tenets which are listed
below,

= All life has its own intrinsic value.

» Diversity of life has intrinsic value.

* Human interference is excessive.

* Human has no right to reduce diversity.

* Human life can survive with a substantial decrease in population which is
necessary for non-human life.

= This requires change in policies and a much different state of affairs.

* The ideological change involves appreciating life quality.

* Those who subscribe to the foregoing points have an obligation to implement

necessary change.

Although the concern about environmental protection had already started during
the industrial revolution, the issue of climate change only came to attention in the
1980°s when scientific evidence on global climate change became a public concern.
This led to the United Nations Environmental Programme (UNEP) and World
Meteorological Organization (WMO) to establish an intergovernmental working group

known as the Intergovernmental Panel on Climate Change (IPCC) in the 1990’s.
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Prior to this, Intergovernmental Negotiating Committee for Framework Convention on
Climate Change (INC/FCCC) was set up as a result from the United Nations General
Assembly in the 1990 session. After five sessions of meetings between February 1991
and May 1992; which was participated by over 150 countries, the United Nations
Framework Convention on Climate Change (UNFCCC) has been selected to be adopted
on May 9, 1992 at the United Nations (UN) headquarters in New York (Climate Change
Secretariat, 2002).

The UNFCCC was introduced in June 1992 at the Rio ‘Earth Summit’ and
received 155 signatures and was set to be enforced on March 21, 1994, 90 days after the
50™ ratification (Carpenter et al., 1995). Malaysia as a third world country signed the
Convention on June 9, 1993 and ratified it on July 13, 1994, while gazetted to be
enforced on October 11, 1994 (Malaysia Meteorological Service, 1996). Decades after
its adoption, 186 governments; including the European Community, are now Parties to
the convention and it is approaching universal membership (Climate Change
Secretariat, 2002). For countries that signed the convention, they will seek to achieve
the ultimate objective of stabilising greenhouse gas (GHGs) concentrations in the
atmosphere at a level that would prevent dangerous anthropogenic interference with the
climate system. This objective was mentioned clearly under the Article 2 of the
UNFCCC convention (UN, 1992) that stated,

“The conference of the Parties may adopt is to achieve, in accordance with
the relevant provisions of the Convention, stabilization of greenhouse gas
concentrations in the atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate system. Such a level should be
achieved within a time-frame sufficient to allow ecosystems to adapt naturally
to climate change, to ensure that food production is not threaded and to

enable economic development to proceed in a sustainable manner”.
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While, under the Article 1 of the UNFCCC (UN, 1992), climate change is defined as,

“A change of climate which is attributed directly or indirectly to human
activity that alters the composition of the global atmosphere and which is in
additional to natural climate and variability observed over comparable time

periods”

This convention was continued with the Kyoto Protocol, an international and legally
binding agreement that linked to the UNFCCC. The major feature of this protocol is the
reduction of GHGs emissions especially for 37 industrialized countries and the
European community for an average of five per cent against 1990 level over the five
year period (2008-2012) (UN, 1998). This protocol was adopted in December 1997 and
was enforced in February 2005; where 184 parties of the convention had ratified its
protocol to date. By the end of the first commitment period in 2012, a new international
framework will have been ratified which is a more stringent emission reductions of
GHGs (UNFCCC, 2010).

As a kick start in fulfilling the objectives of the UNFCCC, many activities have
been programmed and established by the Malaysian Government. These were started
with capacity building in human resource and institutional development; which in the
long term, will help the country to develop the research and development (R&D) sector
in national climate scenarios. Therefore, in 1994, a project on the ‘Enhancement of
Technical Capacity to Develop National Response Strategies to Climate Change’ was
submitted to the Global Environmental Facility (GEF) for funding for the purpose of
enhancing and developing the local expertise in preparation of GHGs inventories,
climate modelling, impact assessments, education and public awareness, formulation of
policies, strategies and measures to reduce climate change (Malaysia Meteorological

Service, 1996).
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The commitment of the Malaysian government in handling this issue is clearly
shown from the establishment of the Ministry of Energy, Green Technology and Water
(KeTTHA) on April 9, 2009. This ministry is responsible to formulate the policies and
regulate the services for energy, green technology and water to ensure the availability of
high quality, efficient and safe services at a reasonable price to consumer throughout the
country. Whilst, the Energy Commission and the Communication and Multimedia
Commission are the two bodies undertaking the regulatory function of the ministry
(KeTTHA, 2009a). As a continuous dedication to sustain the environment, National
Green Technology Policy was launched on July 24, 2009 (KeTTHA, 2009b) with the
policy statement that states;

“Green Technology shall be a driver to accelerate the national economy and

promote sustainable development”

Furthermore, the initial reduction in the rate of increase of GHGs emission and the
subsequent progression towards reduction in the annual GHGs emission has been stated
as a national key indicator to measure the success of the policy and its initiatives.
Referring to the objective of the UNFCCC convention, GHGs has been pointed out as
the ultimate sources that contribute to climate change and was given high priority in the
convention. Under Article 1 of the UNFCCC (UN, 1992), GHGs mean,

“those gaseous constituents of the atmosphere, both natural and

anthropogenic that absorb and re-emit infrared radiation”.

However, the GHGs actually are not really dangerous although they are the ultimate
sources that contribute to climate change. All living creatures are relying on the GHGs
whereby generally, it plays a role as a thermal blanket to keep the right temperature for
animals, plants and humans to survive at 60°F / 16°C (Yusoff, 2007). However, due to
the increasing amount of GHGs, this natural thermal blanket gets thicker and resulted in
too much heat being kept in the earth’s atmosphere.
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Thus, the earth's capability to reflect out the CHGs to space again was denied. This
situation causes global warming as a whole of the planet which directly leads to the
climate change phenomenon.

The climate change has already begun since the industrial revolution when the
global average temperature had been recorded to increase by 0.6°C £ 0.2°C since the
late 19™ century (UNEP & UNFCCC, 2002). The mean of sea level has risen by 10cm
to 20cm and snow cover has declined by some 10% since the late 1960s in the mid and
high latitudes of the Northern Hemisphere. Then, there is more precipitation in many
regions of the world while some parts of Africa and Asia are faced with drought which
is in the worst frequency and intensity.

Nowadays, the effects are more perceptible. Even a 1°C increase of world
surface temperature, will drastically lead to extreme changes of weather especially in
wind patterns, the amount and type of precipitation with greater frequency of severe
weather events that may be expected to occur (Yusoff, 2007). For example, the areas
which previously were wet might get less rain and other areas might get more. In the
temperate areas, places might be colder or warmer than usual and season might get
longer or shorter (Ahmad, 2007); as what happened in the winter season of early 2006
when Asia, Russia and parts of Eastern Europe faced extremely cold conditions.

The recent Hurricane Katrina which hit the United States in August 2005 and
Typhoon Durian which caused great damage to Philippine in late 2006 are other prime
examples of the phenomenon. The El Nino phenomenon has become more common
which brings along heat waves especially in the temperate countries during summer.
Besides that, a slight rise in ocean temperature resulted from the melting polar ice will
affect the underworld ecological systems starting with the bleaching of coral that plays a
role as nursery to various marine lives. To broaden perceptions; it will affect the protein

sources in the world.
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In Malaysia, this extreme weather clearly can be illustrated more clearly through
the monsoon floods that affected the state of Perlis and Kedah in December 2005; and
Johor, Pahang, Sabah and Sarawak in December 2006 and January 2007; in scales that
were not experienced before. This directly affects the food and water security,
biodiversity, public health and socioeconomic well-being. Then, the impact of climate
change to agricultural practice in Malaysia is generally seen to be connected with one
another in an interesting and circular way; for example, reduction in productivity and
change of harvesting and sowing seasons (Siwar et al., 2009). As reported by Minderjeet
(2007), Malaysia can expect higher temperatures which will cause heat waves, flooding,
droughts, tropical storms and surges in sea levels that will become more frequent, more
widespread and more intense by 2025. This is supported by the IPCC (2007) through the
Fourth Assessment Report that was formally approved in February 2007 that mentioned,

» The global surface temperature during the past 100 years (1906-2005) has risen
by 0.74°C, larger than the corresponding temperature rise for 1901-2000 given in
the Third Assessment Report (TAR), 2001 of 0.6°C.

* The warming over the last 50 years is nearly twice that for the last 100 years.

» Eleven of the last twelve years (1995-2006) rank amongst the 12 warmest years

in the instrumental record of global surface temperature (since 1850).

Recently, Ibrahim (2010) reported the freak storm incidents that happened within the
same month; August at three different locations, namely, Kedah, Melaka and the Klang
Valley. The storm was described as tornado-like which tore the rooftop of flats and
crashed onto the parked vehicles below in the Klang Valley, while two traders and a
passerby were killed by flying debris at the Jasin Ramadan Bazaar, Malacca. Then, the
four hour storm caused hundreds of houses in 28 villages in Sik and Baling, Kedah to be

inundated by flash floods.
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Before that, UNEP and UNFCCC (2002) had presented the way how global
warming will change the world climate. Based on the current climate models, global
warming is predicted at about 1.4°C to 5.8°C between 1990 and 2100. These figures
were projected based on a wide range of assumptions including the population growth
and technological advancement. Therefore, the average sea level is predicted to rise by
9cm to 88cm by 2100, resulting from the thermal expansion of the upper layers of the
ocean with some role attributed to the melting of glaciers. Regional and seasonal
warming are much more uncertain and inland regions are projected to warm faster than
oceans and coastal zones.

Furthermore, the global precipitation is predicted to increase but at the local
level trends are much less certain. More rain and snow will mean wetter soil conditions
in high latitude winter seasons but higher temperatures may mean drier soils in summer.
In addition, the frequency and intensity of extreme weather events are likely to change,
which lead to rapid and unexpected climate transitions where the most dramatic change
resulted from the collapse of the West Antarctic ice sheet (UNEP & UNFCCC, 2002).

In local perspective; by using Atmosphere-Ocean General Circulation Model
(AOGCMs), the projected temperature increase from 2001 to 2099 for Malaysia was
from 1.0°C to 3.6°C and for the same duration, projection of seasonal temporal rainfall
variation is the largest (-60% to 40%) during the months of December, January and
February; due to change of the Northern Monsoon wind circulation strength while the
minimal (-15% to 25%) variation is during the months of September, October and
November (Malaysian Meteorological Department, 2009).

The main GHGs that are released into the atmosphere are carbon dioxide (CO,),
methane (CHy), nitrogen oxides (NOy), sulphur oxides (SOy), and ozone (Os3); where
CH4 has Global Warming Potential (GWP) 25 times more than CO, in warming up the

earth’s atmosphere (Lou & Nair, 2009).
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For each ton of fuel oil used, 3.24 tonnes of CO, are released into the atmosphere
followed by coal (2.43 tonnes), while natural gas is the least; 2.13 tonnes CO, per tonne
utilized (Ahmad, 2007).

The increase of GHGs in the atmosphere is mostly contributed by human
activities that include combustion activities for generating the energy from fossil fuels
(Saidur et al., 2007). Different activities will produce different rate and type of GHGs
emissions. Other examples are urbanization that altered the urban climate in various
ways (Sani & Sham, 2007); wastewater treatment plant where the overall on-site
emission were 1952, 1992, and 2435 kg CO,ed, while the off-side emissions were 1313,
4631, and 5205 COjed for the aerobic, anaerobic and hybrid treatment systems,
respectively when treating a wastewater at 2000kg BOD/d (Shahabadi et al., 2009); and
forest logging which resulted in the increase of CH4 and N,O for at least 1 year after
logging (Yashiro et al., 2008).

In addition, the landfill as a major anthropogenic sources of CH4 emission
worldwide through decomposition and life cycle activities process (Ritzkowski &
Stegmann, 2007; Lou & Nair, 2009); agriculture sector that contributes approximately
10% of the total European anthropogenic GHGs; mainly CH4 from livestock activities
and inefficient use of nitrogen in agricultural soils (N,O) (Neftel et al., 2006); nuclear
reactor which the mean value of emission over the course of the lifetime is 66g
CO,e/kWh due to reliance on existing fossil-fuel infrastructure for plant construction,
decommissioning, and fuel processing along with the energy intensity of uranium
mining and enrichment (Savacool, 2008); and also the building sector which is
responsible for over a third of global energy-related CO, emission (Urge-Vorsatz &

Novikova, 2008).
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Looking deeply into urbanization, the alteration of the urban climate can be
started with changes of land physical surface, urban man and his activities; which
directly produce a significant amount of heat climatically including the function of cities
itself that introduce a great quality of pollutants including GHGs. From a study done by
Sani and Sham (2007), the average annual magnitude of climate change for a large city

can be summarized in Table 2.1.

Table 2.1: Annual magnitude of climate changes resulted from urbanization

Parameter Annual changes
Solar radiation -22%
Air temperature +1%
Relative humidity -6%
Visibility (frequency) -25%
Fog (frequency) +60%
Wind speed -25%
Cloudiness (frequency) +8%
Rainfall (amount) +14%
Thunderstorm (frequency) +16%
Air pollution (volume) +>1000%
Note:

= Average changes are expressed in percent of rural conditions.

Source: Sani and Sham (2007)

Referring to Table 2.1, urbanization can give a bigger impact to the climate
especially fog and air pollution; whereby these two parameters stated the higher
percentage as compared to other parameters. As a main structure in a large city, the
buildings and the services offered could have significant impacts in reducing the climate
change effects if it is well managed starting from the plan and design stage. It must be
considered in the context of mitigation, meaning, low running costs in carbon terms;
that is related with energy consumption while comfort is maintained. However, the
success of building designs to cope with the effects of climate change; where the
warmer weather, extreme wet weather and flood risk, requiring measures for both
resistance for initial protection and resilience for rapid recovery especially in the

building sectors those large in number and occupancy; homes, offices and schools, will
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not be achievable if the behaviour of individuals; including gender, age and socio
demographic condition, are not handled appropriately first (Robert, 2008).

The changes of climate directly increase the demand for energy. As presented by
UNEP and UNFCCC (2002), at mid and high latitudes and altitudes there would be a
decline on heat requirements but the cooling requirements would be increased. Malaysia
which is located in the equatorial region is not excluded. There has been a significant
increase in the average surface temperature that correlates to El Nino events especially
in Peninsular Malaysia, which directly increases the cooling requirements. Moreover,
the year 1963, 1997 and 2002 were recorded as the driest years in Peninsular Malaysia
(Malaysian Meteorological Department, 2009). Therefore, energy supply systems will
be vulnerable as the situation becomes worse when the increase of water deficits leads
to less winter snowfall to fill summer streams; and by the higher demand for fresh water
supplies definitely affect the hydropower production.

This is linear with world energy consumption that was reported by the
International Energy Agency (2000a). The total final consumption increased from the
year 1971 to 2010 and is expected to reach 9,117 million tonnes in 2020 as shown in
Appendix A - World energy consumption and demand. The energy from oil stated the
highest consumption as compared to renewable energy which had a lesser effect on the
climate change. However, the world primary energy demand scenario is expected to
change where renewable energy will get more demands although fossil fuels which are
coal, oil and gas still lead the list.

By narrowing the scenario, Malaysia also stated the same figure where the
petroleum products lead the list of energy demand for the duration of 2000 to 2010, and
expected to grow annually in an average of 1.6% from 5.7% in the g™ Malaysia Plan to

6.4% in the 9™ Malaysia Plan (Economic Planning Unit, 2006).
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The total energy demand for the five year duration increased from 1,243.7 PJ in 2000 to
1,631.7 PJ in 2005 and is expected to increase to 2,217.9 PJ in 2010. As a consequence,
oil and gas has been put on the top of the National Key Economic Area (NKRA) list as
a driver of economic activity that has a potential to directly and materially contribute a
quantifiable amount of economic growth to the Malaysian economy (Economic
Planning Unit, 2010).

The commitment of the Malaysian government in energy matters can be
described more through the Malaysia Plan which focuses on sustainable development of
the energy sector to enable it to continuously support the economic growth, enhance the
competitiveness as well as contribute towards achieving a balanced development; where
the Federal Government will provide an allocation of RM 1.8 billion for the
development of energy sector while in the investment expenditure by the Non-Financial
Public Enterprises (NFPEs) will total RM 71.7 billion (Economic Planning Unit, 2006).

The New Energy Policy has been introduced into the 10™ Malaysia Plan to
emphasize energy security and economic efficiency as well as the environmental and
social consideration (Economic Planning Unit, 2010). There are five strategic pillars
behind this policy which are initiatives to secure and manage reliable energy supply,
measures to encourage energy efficiency, adoption of market based energy pricing,
stronger governance and managing change. Then, five objectives have been listed based
on environmental, economic, and social elements in which to minimize growth of
energy consumption while enhancing economic development is listed as the first
objective. The other four objectives are, to facilitate the growth of the Green
Technology industry and enhance its contribution to the national economy, to increase
national capability and capacity for innovation in Green Technology development and
enhance Malaysia’s competitiveness in Green Technology in the global arena, and to

ensure sustainable development and conserve the environment for future generations.
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Lastly, to enhance public education and awareness on Green Technology and encourage
its widespread use.

Under the 9™ Malaysia Plan and earlier, other renewable energy is not listed due
to the price of existing sources that are still cheaper as compared to the application of
renewable technology that required a long payback period. In other words, it is not
economical. Fortunately, the 10" Malaysia Plan has listed renewable energy as part of
developing a climate resilient growth strategy by creating stronger incentives for
investments in renewable energy through the introduction of a Feed-in-Tariff (FiT) and
the establishment of a renewable energy fund from the FiT; adjacent to promoting
energy efficiency to encourage productive use of energy (Economic Planning Unit,
2010). Referring back to the 9™ Malaysia Plan which was also reported by Economic
Planning Unit (2006), residential and commercial building stated the third largest
demand after the industrial and transport for the final commercial energy demand by
sector for the years 2000-2010. The overall average annual growth rate was expected to
increase 0.7% from 5.6% in the 8™ Malaysia Plan to 6.3% in the 9™ Malaysia Plan.

Therefore, energy efficiency and energy conservation are keywords in tackling
the climate change issues that are ultimately caused by the GHGs. Energy efficiency
and energy conservation in the buildings seem a right combination in enhancing the
efforts to reduce GHGs emissions when building sectors are responsible for over a third
of global energy-related CO, emission (Urge-Vorsatz & Novikova, 2008). Moreover,
the stabilization of building related CO, emissions level from 2004-2030 would cancel
the approximately 3°C temperatures increase (Urge-Vorsatz & Novikova, 2008), as
projected before by the researches around the world (UNEP & UNFCCC, 2002;

Malaysian Meteorological Department, 2009).
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Thus, climate change issues needs to be handled in a holistic manner starting at
the source rather than at the end of the pipe. In the built environment, it should be
started at the design and planning stage. The use of non-renewable energy in the
buildings including the services offered needs to be minimized while the use of
renewable energy must be optimized. Directly, it will ensure that the building is
managed in a sustainable manner where it meets the needs of the present without
compromising the ability of future generations to meet their own needs, as mentioned in

the Brundtland Report (World Commission on Environment and Development, 1987).

2.2 Sustainable and energy conservation in building at the equatorial
climate region

2.2.1 Bioclimatic design strategies

Bioclimatic elements in the building were introduced by Olgyay during the 1950s and
were developed as a process of design during the 1960s; which included the disciplines
of human physiology, climatology and building physics (Olgyay, 1963). It became a
starting point for the integration between building design and climate which is primarily
for low and medium scale buildings. These types of buildings are very bioclimatically
interactive compared to large scale development due to issues of complexity, the density
in an urban context, in which these buildings are located and the availability of cheap
energy for cooling and providing comfort (Hyde & Restvik, 2008).

This is supported by Pedrini (2003) who claimed that design professionals often
remain sceptical of the bioclimatic approach to large scale projects due to the lack of
workable bioclimatic models of large scale buildings and the cost of additional design
work; such as simulation modelling, to demonstrate proof of concept, cost effectiveness
and the comfort of these types of buildings. In addition, building decisions have long-
term consequences, particularly for the environment and the consumption of energy

(Ryghaug & Serensen, 2009).
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According to Niu (2004), there are six significant environmental issues in high-rise
residential buildings in the urban areas of Asian countries including facade design;
reducing insolation while providing good view, providing a window vent and envelope
insulation, provision of the balcony, the use of natural ventilation, the centralization of
heating and cooling systems, building material selection and the micro-environment
design.

There are two main values of bioclimatic design for passive and low energy
building. First of all, it seeks to provide a comfortable environment by virtue of passive
features of the design. Second of all, to apply the hybrid system in order to create an
integrated solution for climate control this produces an integrated approach for design
(Hyde & Sunaga, 2008). According to Hyde (2000), the principle behind bioclimatic
design is the understanding of the climatic factors of a site by analysing the influence of
microclimate; including solar radiation, sunshine, temperature, humidity, rainfall, wind
velocity and direction. Then, it is followed by bioclimatic comparative analysis in
assessing the climate data in relation to thermal comfort and finally ends with the
selection of climate responsive modification strategies to meet design strategies.

Climate can be defined as the broad meteorological conditions pertaining to a
region (Hyde, 2000) and climate can be generally considered at two scales. There are
macroclimate which is a regional scale including hundreds of square miles in area,
while microclimate is a site scale (Moore, 1993). Referring to Benites (2005), a
microclimate is a climate of a small and specific place, few meters across and frequently
much smaller, within an area as contrasted with the climate of the entire area. Moreover,
the temperature, rainfall, wind, humidity, soil moisture, vegetation index and
topography may be subtly different as compared to the prevailing conditions over the

area as a whole.
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The exploration of site potential, in terms of its macro and microclimate is an important
stage in development to establish the appropriate building response to the climate
especially in vernacular architecture; when there is a strong relationship between site,
climate and the elements of the building in the generation of the building form which
are the building elements and materials used in the building and associated landscaping
of the site (Hyde, 2000).

As part of climate classification, there is mesoclimate which is placed between
macro and microclimate. The mesoclimate is the climate of small areas of the earth’s
surface, refers to from tens to hundreds of meters across (Benites, 2005). Also
acknowledged as site climate, mesoclimate may not be representative of the general
climate of the district that is created by the elevation differences and slope aspect
(mesoclimate, 2011). By narrowing down the scale, indoor climate is a specific part of
the environment which is formed with agencies representing energy and mass flows in
between the two environments (Zuzana & Petr, 2009). The indoor climate consists of
temperature (54%), humidity (23%) and speed of air flow (23%), which is mainly
influenced by building constructions and heating/cooling systems (Jokl, 1993). Whilst,
in microclimate, these three components are significantly influenced by natural features
such as earth forms, vegetation and water (Moore, 1993). This is supported by Konya
and Vandenberg (2011) who stated topography, water, ground surface, vegetation and
wind breaks are the most important factors which may cause local variations of site
climate.

In conjunction with the current update, new definitions and concepts that
incorporate wider diversity of approaches and priorities; including social, ecological and
economical can be found in a range of built environment. There are ‘Green Design’,
‘Green Building’, ‘Sustainable Design’, ‘Sustainable Architecture’, ‘Eco Design’, and

‘Eco Innovation’.
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All these different concepts share the same aim and objective; to eliminate negative
environmental impact completely through skilful, sensitive design (McLennan, 2004).
In referring to Architecture Malaysia (2009), Green Building has three main intentions
which are to;

= save energy and resources, recycle materials and minimize the emission of toxic

substances throughout its life cycle.

* harmonize with the local climate, traditions, culture and surrounding

environments.

» sustain and improve the quality of human life whilst maintaining the capacity of

the ecosystem at local and global levels.

As a consequence, better use of building resources, significant operational savings, and
increased workplace productivity sends the right message about a company or
organization that it is responsibly well run and committed to the future (Architecture
Malaysia, 2009). In integration with climate change issues, zero energy building came
out as a part of the solution to account for carbon neutral target. The zero energy
building 1s an ideal concept where no fossil fuels are used and sufficient electricity is
generated from natural sources to meet the service needs of the occupants (Gilijamse,
1995) or in other words, a building with the capability to create sufficient power from
renewable sources on site which can balance power drawn from non-renewable sources
supplied by the electricity grid. Theoretically, according to Hyde and Restvik (2008),
the zero dwelling concepts can be achieved by simultaneous actions of;

* reducing the energy demand (increasing energy efficiency) of dwellings through

various energy conservation measures

= utilizing the solar energy incident on the wall surface, roof and ground surfaces
surrounding the house for electricity generation and for satisfying the dwelling’s

heating requirement.

32



However, the implementation of these actions entails the careful assessment of
economic feasibility, benefits for the environment and human comfort. Therefore, in
assessing the building performance towards sustainability environment, building
performance assessment tools have been introduced all around the world and directly it
becomes sustainable building guidelines. Several environmental methodologies and
methods for evaluating environmental performance of buildings are being currently
developed. These are Building Research Establishment Environment Assessment
Method (BREEAM) for UK, Leadership in Energy and Environmental Design (LEED)
for USA, Comprehensive Assessment for Building Environmental Efficiency
(CASBEE) for JAPAN, GRENNSTAR for Australia, Green Mark for Singapore and
Green Building Index (GBI) for Malaysia (Sinou & Kyvelou, 2006).

Each assessment tools have different rating classifications, benchmarks and
weights to suit with local interests and conditions as shown in Table 2.2. BREEAM,
LEED and GREENSTAR listed nine assessment criteria while Green Mark and GBI
only stated five and six assessment criteria respectively. Each criterion assessment will
be divided into certain items where certain points are allocated to each item. The total
points will define the rating classification of the assessed building. Poles apart to
CASBEE whereby the assessment criteria is divided into two concepts namely,
Environmental quality and performance of the building (Q) and Reduction of building
environmental loadings (L); where each of these criteria consists of three items for
assessment as shown in Table 2.2. From these two assessment criteria, the overall result
of the environmental assessment will be defined as Q/L which is based on the concept
of eco-efficiency, known as BEE (Building Environmental Efficiency) (Sinou &

Kyvelou, 2006).
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Table 2.2: Assessment criteria and rating classification of assessment tools

METHOD BREEAM LEED CASBEE GREEN STAR Green Mark GBI
Country United Kingdom  United States Japan Australia Singapore Malaysia
Assessment 1. Energy 1. Sustainable Site Environment Quality & 1.Management 1.Energy Efficiency  1.Energy Efficiency
criteria 2. Management 2. Water Efficiency Performance of the Building 2.Transport 2.Water Efficiency 2. Indoor

3. Health & 3.Energy & Atmosphere  1.Indoor Environment 3.Ecology 3.Environmental Environmental

Wellbeing 4. Materials & Resources  2.Quality of Service 4.Emissions Protection Quality

4. Transport 5.Indoor Environmental ~ 3.Outdoor Environment on Site 5. Water 4.Indoor 3. Sustainable Site

5. Water 6. Location & Linkages Reduction of building 6.Energy Environmental Planning &

6. Materials 7. Awareness & environmental loads 7.Materials Quality Management

7. Waste Education 1.Energy 8.Indoor Environmental ~ 5.Other Green 4. Materials &

8. Land Use 8. Innovation in Design 2.Resources & Materials Quality Features Resources

9. Pollution 9.Regional Priority 3.0ff-site Environment 9.Innovation 5. Water Efficiency

10. Ecology 6. Innovation
Rating Outstanding Platinum S (excellent) 6 Star (World Leadership) Platinum Platinum
classification  Excellent Gold A (average) 5 Star (Aus Excellent) Gold ™ Gold

Very Good Silver B+ (average) 4 Star (Best Practice) Gold Silver

Good Certified B- (average) Certified Certified

Pass C (poor)

g . Building and

Source BREEAM (2009a) Sinou and Kyvelou (2006) Sinou and Kyvelou (2006) i{g:g?ﬁ?&?%)coumﬂ Constmfition Authority I(;R];E]gg ?;ég;E)ING

(2008)
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In regards to Horvat and Fazio (2005), all the assessment methods are
sophisticated as they consider the environmental performance of the building and its
impact on the surrounding; from resources’ use and contextual fit to indoor climate and
recyclability. Additionally, the level of priorities and importance of specific issues is
established by introducing the weighting of the scores. This is also mentioned by Sinou
and Kyvelou (2006) who concluded that all the assessment methods seem to be focusing
on issues regarding energy, landscape-site, resources and quality of the indoor
environment. Unfortunately, the economic and social factors as well as the comfort
which is directly involved in the sustainability are assessed only by some of the tools
presented. Later, some of the performance evaluation models for residential buildings
appeared to be difficult and complicated to use when there are too many questions
required to be answered and related documents that need to be submitted (Kim et al.,
2005). Thus, this lessened the interest of residence or building owners to participate in
green/sustainable building campaigns.

Based on the available data, benchmarking study that included BREEAM and
LEED has concluded that the certified buildings are in the top 25% of market positions,
while the buildings with excellent energy performance belong to top 5% in the market
(Lee & Burnett, 2008). Unfortunately, Paul and Taylor (2008) came up with the closing
argument when they found no evidence that green buildings are more comfortable
compared to conventional buildings. Conversely, this finding is not representative of the
most efficient of all assessment tools as there is insufficient evidence in particularly
with respect to aesthetics, serenity, lighting, ventilation, acoustics and humidity. The

assessment tools should cover wider areas and aspects.
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The same findings were also reported by Newsham et al. (2009), where on
average, LEED certified buildings used 18-39% less energy per floor area than
conventional buildings but 28-35% of LEED buildings used more energy than
conventional buildings. These findings directed Scofield (2009) to make an argument
where these findings are not related to the total energy used by those buildings when
particular definition of the mean energy intensity of a collection of buildings are not
related to the total energy used by those buildings. Moreover, it is crucial to understand
that GHGs emission associated with building operation when the consideration of site
energy does not account for the energy consumed off-site in generating and delivering
electric energy to the building.

Therefore, the development of complete tools which include as many parameters
as possible and would apply at a macro-regional scale should be done (Sinou &
Kyvelou, 2006). The concept of sustainable design may be extended beyond
environmental metrics to include other subjective assessments of building impacts such
as quality of life, working conditions, dependence on foreign goods, or cultural and
historical continuity when current guidelines do not address extension of the building
life span; while the expected useful life span of a building may be critical in
determining its true sustainability (Bunz et al., 2006).

There are four main perceptions that impede the private sector to participate with
green building projects. These are perceived higher upfront cost, lack of education, lack
of awareness and lack of fiscal incentives from the government. Moreover, the
development of knowledge and technology amongst the industry and awareness
programs could be the most efficient strategies to increase the participation of all
stakeholders when rising energy cost, government regulation/building codes, lower life
cycle cost of green building and worsening environmental conditions became the main

favourable factors in promoting green building business (Chan et al., 2009).
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As a consequence, some of the assessment tools are improving from time to time
when specific tools were established for specific buildings. For example, in BREEAM,
there are schemes that range from starter homes to opera houses that include courts,
sustainable homes, Eco homes, healthcare, industrial, multi-residential, prisons, offices,
retail, education, communities, and domestic refurbishment (BREEAM, 2009b). Then,
the older versions are also being replaced with new versions when some of the
standards are included to make the assessment tools more stringent (BCA, 2008).

For equatorial climate regions, the Malaysian GBI and the Singaporean
government’s Green Mark are the only rating tool that are established (Architecture
Malaysia, 2009), while in Indonesia, the rating system is going to be developed by
Green Building Council Indonesia (GBCI) (Tiyok, 2009). On the surface, Malaysian
GBI is quite similar to Green Mark as it became a reference during the development of
GBI (Architecture Malaysia, 2009). However, in regards to local issues and interest, the
current state of Malaysian development and existing resources, some arrangement has
been made for making sure the GBI is suitable to the Malaysian condition.

Malaysian GBI is still new as it was just launched in early 2009, four years after
Green Mark was launched in 2005 (BCA, 2006). A lot of amendments have been made
to improve the tools especially when the Green Mark for Residential Building is already
at Version 3.0 whilst the Residential New Construction of GBI is still at Version 1.0
(GREENBUILDINGINDEX, 2009a; BCA, 2008). The Malaysian GBI certification
process starts with an assessment of the building design by a certifier appointed by
Greenbuildingindex Sdn. Bhd. (Li, 2009). A provisional award is then issued when the
completed building has been verified according to the design and to maintain the award,
the building is reassessed every three years. Under GBI, there are two categories which
are residential and non-residential. Buildings will be awarded based on six key criteria

in which the points distribution can be summarized as in Table 2.3.

37



Table 2.3: GBI rating — residential and non-residential

Maximum Points
Residential Non Residential
Energy Efficiency (use of renewable energy, 25 35
lighting zoning and low energy consumption)
Indoor Environmental Quality (mould & air 10 21
pollutions prevention, thermal comfort, natural
lighting, volatile organic compounds-free paints
and formaldehyde-free composite wood, particle
boards and plywood)
Sustainable Site Planning & Management (site 39 16
selection, access to public transport, community
services, open space and landscaping,
redevelopment of existing sites and brownfields
(abandoned land or former industrial sites),
avoidance of environmentally sensitive sites,
construction management (proper earthworks and
pollution control) and storm water management)
Material & Resources (use of environment- 10 11
friendly, recycled materials and sustainable
timber, storage and collection of recyclables,
construction waste management, and reuse of
construction formwork).

Item

Water Efficiency (rainwater harvesting, water 7 10
recycling and water-saving fittings).

Innovation (innovative design and initiatives) 9 7
TOTAL SCORE 100 100

Source: Li (2009)

The building will be awarded one of the four types of rating according to the
point of Certified (50 to 65 points), Silver (66 to 75 points), Gold (76 to 85 points) or
Platinum (86+ points). Different emphasis is given in GBI for residential and non-
residential but the energy aspect is given a higher priority due to the high Building
Energy Index (BEI) especially for office buildings; in the range of 250kWh/m2/year,
which is higher than the national guideline of 150kWh/m?*/year (Chan, 2009a). This
rating system will provide an opportunity for developers to design and construct
sustainable buildings that can provide efficient use of energy and water, healthier indoor
environment, better management of site planning with competent use of materials and

innovative design.
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By making comparisons between GBI (Residential New Construction) and
Green Mark (Residential Building), in regards to assessment criteria and point
allocation of both assessment tools, energy efficiency is given more attention in Green
Mark due to the higher point allocation (65 exclude bonus points) and placed under
specific category (Table 2.4 and Table 2.5). Vice versa, sustainable site planning and
management (39 points) is given more attention in GBI then followed by energy
efficiency (23 points) in regards to the point allocated. Overall, Green Mark is more
stringent as compared to GBI because there are mandatory requirements under current
building control regulations that should be fulfilled before proceeding with an elective
requirement for energy improvement and other areas; that include water efficiency,
environmental protection, indoor environmental quality and other green features. The
mandatory requirements that should be fulfilled are building envelope-Residential
Envelope Transmittance Value [RETV], roof-U value, air-conditioning system, air
tightness and leakage, artificial lighting, ventilation, electrical sub-metering and
luminance level.

The accomplishment of fulfilling the mandatory requirements will directly
enable the building to be awarded with Green Mark Certification (BCA, 2008).
Additionally, there are also pre-requisite requirements that need to be fulfilled
specifically for Green Mark Gold™™ and Platinum rating as shown below,

Plus

Pre-requisite requirements for BCA Green Mark Gold™ ™ Rating

= Building envelope design with RETV of 22W/m” or lower.

Pre-requisite requirements for BCA Green Mark Platinum Rating

= Building envelope design with RETV of 20W/m” or lower.

= Use of ventilation simulation software or wind tunnel testing to identify the
most effective building design and layout and has implemented the

recommendations derived to ensure good natural ventilation.
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Table 2.4: Assessment criteria and score summary of GBI for residential new

construction
PART CRITERIA ITEM POINTS TOTAL
EE ENERGY EFFICIENCY
EE1 Minimum EE Performance 3
1 EE2 Renewable Energy 5
EE3 Advanced EE Performance based on OTTV & RTTV 10 23
EE4 House Office & Connectivity 2
EES Sustainable Maintenance 3
EQ INDOOR ENVIRONMENTAL QUALITY
Air Quality, Lighting, Visual & Acoustic Comfort
EQI Minimum IAQ Performance 2
EQ2 Daylighting 2
) EQ3 Sound Insulation 2
EQ4 Good Quality Construction 1 11
EQ5 Volatile Organic Compounds 1
EQ6 Formaldehyde Minimisation 1
Verification
EQ7 Post Occupancy Evaluation : Verification 2
SM SUSTAINABLE SITE PLANNING MANAGEMENT
Site Planning & Transport
SM1 Site Selection 1
SM2 Public Transportation Access 12
SM3 Community Services & Connectivity 8
SM4 Open Spaces, Landscaping & Heat Island Effect 4
3 Site & Construction Management 39
SMS5 Construction System & Site Management 3
SM6 Storm water Management 3
SM7 Re-development of Existing Sites & Brownfield Re- 4
development
SM8 Avoiding Environmentally Sensitive Areas 2
SM9 Building User Manual 2
MR MATERIAL & RESOURCES
Reused & Recycle Materials
MRI1 Storage & Collection of recyclables 2
MR2 Materials Reuse and Selection 2
4 MR3 Construction Waste Management 2 9
Sustainable Resources
MR4 Recycled Content Materials 1
MRS5S Regional Materials 1
MR6 Sustainable Timber 1
WE WATER EFFICIENCY
Water Harvesting & Recycling
WEI1 Rainwater Harvesting 4
5 WE2 Water Recycling 2 12
Increased Efficiency
WE3 Water Efficient Landscaping 2
WE4 Water Efficient Fittings 4
IN INNOVATION
6 IN1 Innovation in Design & Environmental Design 5
Initiatives 6
IN2 Green Building Index Facilitator (GBIF) 1
TOTAL POINTS 100

Source: GREENBUILDINGINDEX (2009a)
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Table 2.5: Assessment criteria and score summary of Green Mark for residential

building
CATEGORY POINTS TOTAL
@ Energy Related Requirements
- Part 1 : Energy Efficiency
bl 1-1 Building Envelope — RETV 15
2 ., 1-2 Dwelling Unit Indoor Comfort 16
S = £ 1-3 Natural Ventilation in Common Areas 2 .
22 2 14 Lighting 15 65 (excluding
5 ® 2 15 Ventilation in Car parks 8 bonus points)
g E 1-6 Lifts 2
= E 1-7 Energy Efficient Features 7
=
s =
2. 1-8 Renewable Energy (Bonus Points) 20
n Other Green Requirements
Part 2 : Water Efficiency
2-1 Water Efficient Fittings 10
2-2 Water Usage 1 13
- 2-3 Irrigation System 2
.% " Part 3 : Environmental Protection
Oﬂ- = 3-1 Sustainable Construction 12
5 8. 3-2 Greenery 6 29
g & 3-3 Environmental Management Practice 9
3 g 3-4 Public Transport Accessibility 2
g g Part 4 : Indoor Environmental Quality
g S 4-1 Noise Level |
® = 42 Indoor Air Pollutants 3 6
p= 4-3 Waste Disposal 1
4-4 Indoor Air Quality in Wet Areas 1
Part 5 : Other Green Features
5-1 Green Features & Innovations 7 7
Total Points Allocated 120
Total Point Allocated (Include BONUS points) 140
Green Mark Score (Max) 100 ;gﬁ?sus 20

Source: BCA (2008)

Vice versa to GBI, the rating classification is directly from the assessment and
there is no mandatory or pre-requisite requirement for each rating. In a holistic
perspective, the Green Mark is more advanced as compared to GBI. However, it is a
good start for learning and to improve the performance of residential buildings. Any
weakness that arises from the early years of implementation should be noted to ensure
that the GBI is not left behind and remains relevant with the passing of time as

technological advances are being made on a daily basis.
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Furthermore, the energy efficiency should be given more or equal priority in the
assessment. In the long term, specific tools for specific buildings should be considered
to be developed when different buildings will have different services and functions

where some of the criteria will not be applicable to be implemented.

2.2.2 Energy conservation in building
Generally, energy conservation can be achieved by the efficient use of energy whereby
electricity is used wisely in order to accomplish the same tasks (Centre for Education,
Training and Research in Renewable Energy and Energy Efficiency, 2006). In other
words, paying less as the usage of electricity is reduced while at the same time enjoying
the same amount of amenities for the purpose of protecting the environment. Directly, it
can also minimize the utilization of non-renewable energy sources, pollution, and
energy consumption whilst maintaining comfort, health and safety of the occupants
(Kannan, 2006). According to Omer (2008), nearly half of the world’s energy use is
associated with providing environmental conditioning in the buildings and about two
thirds of this is for heating, cooling and mechanical ventilation. In addition, buildings
represent approximately 40% of onshore energy usage (Ryghaug & Serensen, 2009).
Energy conservation in a building can be achieved in many ways but in the
holistic manner, it should be started from the source itself; building’s design and
structure. According to Al-Mofleh et al. (2009), building’s design is one of the
interrelated factors in achieving building energy performance, besides service design
and occupant behaviour (Figure 2.1); as these two factors are not easy to be controlled

and maintained.
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Building design ] [ Services design ][ Occupant behavior ]

t t t

Building form, orientation, Choice of HVAC, natural Occupancy and vacation
location, characteristic of ventilation, heating system, patterns, employee awareness
building etc. artificial lighting and training

Building energy
performance

Source: Al-Mofleh et al. (2009)

Figure 2.1: Interrelated factors in achieving building energy efficiency

In the equatorial region, there are three main elements related to building services that
becomes an energy liability as 60-70% of total energy are used in non-industrial
buildings (Omer, 2008). The three main elements are conditioning (for thermal
comfort), lighting (for visual comfort), and ventilation (for indoor air quality). To
achieve indoor air quality, the building is ventilated by providing clean air to a space in
order to meet the metabolic requirements of the occupants, and to dilute and remove
pollutants emitted within a space. As such, three main approaches in building design
principles for conserving energy has been proposed by Hyde and Restvik (2008). The
three main approaches are the reduction of energy demand in houses; the use of
mechanical equipment and appliances (the level of service provided and energy used)
and the reduction in the use of energy from fossil fuels. In regards to the reduction of
energy demand in houses approach, it can be achieved by using energy from the
ambient air and the ground, and by minimizing the energy demand and rational energy
used (Omer, 2008).

This is supported by Hasse and Amato (2006) who came up with the Energy
Triangle Approach in developing a new building design which contributes directly to a

sustainable development.
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In reference to Figure 2.2, the energy conservation is stated as the first approach, in
which with proper planning in an early stage, it will cost nothing and passive design

building (without mechanical and electrical) can be developed appropriately.

1. Energy conservation

The building should be planed by making use of all energy
conservation strategies

2. Increasing efficiency

All necessary energy consuming units in
the building should be optimised by using
latest energy efficient devices &
components

3. Utilization of renewable
energy (RE)

For the remaining energy
demand all RE resiurces should
be exploited & implemented
Source: Hasse and Amato (2006)

Figure 2.2: Energy triangle approach for a new building design

This has been mentioned by Davis et al. (2006) who claim that energy saving over the
lifetime of the building can equal the original construction cost. For example, when
fitting a bungalow with air conditioning systems; which needs to be replaced every 10
years and to pay the probable electricity bills over the next 30 years, the sum of money
needed far exceeds the initial cost of an old bungalow.

Then, it is followed by the increase of efficiency through the use of the latest
energy efficient devices and components. According to Al-Mofleh et al. (2009), this
approach will increase the construction cost up to 15% higher than conventional
designs; however it can help to reduce 13% of total energy consumption and 48% of
electricity consumption in the commercial and residential sector. In addition, the
aforementioned author also came out with the technical specification of lighting fixtures
(Table 2.6) which can show how much electricity consumption can be reduced while the

construction cost is increasing.
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Table 2.6: Technical specification of lighting fixtures

Type Lumen/watt Life time (h) Relight time (minute) Energy saved (%)
Tungsten 12-25 800 0 0
Mercury 35-63 16,000 3.5 58-76
Fluorescent conventional 25-65 18,000 0 40-77
Fluorescent compact '40-81 18,000 0 62-81
Metal halide 80-100 7,500 10-15 81-85

High presser sodium 80-140 20,000 <1 81-89

Source: Al-Mofleh et al. (2009)

Nowadays, the latest types of lighting devices such as compact fluorescent lamps are
very expensive which cost six times as much as conventional bulbs (Lavelle, 2007).
However, in the long term, they have longer lifetime and result in higher percentage of
energy saved. As a comparison, compact fluorescent lamps showed higher energy saved
in the range of 62% to 81% while the conventional fluorescent lamps only stated 40% to
77%; although both have the same lifetime duration, 18,000 hours. The same result was
also reported by Trifunovic et al. (2009) where considerable reduction in electricity
consumption and power demand can be achieved by the replacement of energy
inefficient incandescent lamps with energy efficient light sources.

The utilization of renewable energy becomes the last approach due to its
relatively high cost of installation coupled with its unproven track record in Malaysia.
In a global perspective, this technology has been implemented widely especially in
European countries and the United States (Rahman, 2009). Unfortunately, only big
organizations can afford the installation due to the cost constraints. In addition, the
building design has also become a part of the limiting factors as well when energy
production is more applicable at specific characteristics of the building; a 15m deep
building has a better potential than deeper buildings while a high rise building which is
more than five floors has low potential for electricity production due to lower solar

exposure on horizontal surfaces (Haase & Amato, 2006).
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In addition to the Energy Triangle Approach, Al-Mofleh et al. (2009) proposed
three tools to achieve energy conservation in Malaysia. These are, the use of efficient
electrical equipment; the application of passive energy technology in a building such as
insulation, evaporative cooling, ventilation and solar heating; and support tools such as
public awareness, energy codes, regulations, energy information and databases.

This is supported by Aries and Newsham (2008) who claim, the energy use in
residence could be reduced more effectively through traditional energy conservation
programs such as using more efficient lighting system, HVAC equipment and
insulation. Comparatively, these three elements are more relevant in achieving
sustainable energy in existing buildings rather than the Energy Triangle Approach by
Hasse and Amato (2006) which focuses more on designing new buildings. Therefore,
the integration between the two ideas can improve the energy conservation efforts for
both existing and new buildings.

According to Balaras et al. (2000), energy consumption of a specific building
depends mainly on the building type, climatological conditions, building construction,
annual hours of use, installation for heating and cooling, production of domestic hot
water and lighting. In regards to energy conservation programmes at existing residential
buildings within equatorial regions, four aspects must be fully considered. These four
aspects are climatological conditions, building type, cooling and lighting.

Located in the equatorial region, Malaysia has a high potential in energy
conservation because she only has a little seasonal variation with a consistent annual
average of temperature and humidity. The climate in Kuala Lumpur is hot and humid all
year long and is only affected by the weaker Southeast monsoon from April to

September.
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The average temperature is 23-32°C and the average rainfall reaches up to 190mm. The
wind direction is mainly from the north-west to the south-west throughout the year. The
Malaysian climate is generally described by Ahmad (2008) as the following;

» The daytime maximum temperature of 30-35°C, warm all year around.

* The range of average monthly temperature is about 1-3°C.

* The average diurnal temperature variation is about §°C.

» The annual mean temperature is about 27°C.

» The annual precipitation is greater than 1500mm.

» Coastal area high with the wind when inland areas are wingless, leads to thermal
stress during the day.

» Solar radiation intensity varies widely with cloudy conditions.

* Only have two seasons, a wet season and a dry season.

Consequently, daylight can be fully optimized while natural ventilation can be
freely exploited for sustaining thermal comfort in the buildings; rather than using
mechanical devices like artificial lamps and air conditioning systems. This is supported
by Srivajana (2003) who claims that energy saving opportunity is even much greater in
the countries where hot and humid climates are common all year around rather than
countries with cold climates.

The building type and climatological condition of local areas are two interrelated
aspects that illustrate how the building should be designed appropriate to the local
climate. This has been proven by Chan (2009a) who claims solar radiation and its
heating effects on walls and rooms facing different directions are the most significant
effect on energy consumption in the tropic regions. Referring to the daily solar gain for
some typical residential building in Malaysia in Table 2.7, the house with east-west
fronting type resulted in higher total solar gains in both, roof and wall as compared to

the north-south fronting types in the range of 14% to 29%.
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Table 2.7: Solar heat gains in typical residential building in Malaysia

Single Double Five .

Type of residential building storey storey storey Eight storey
apartments

terrace terrace flats
Gross Floor Area 880 1,408 60,500 81,680
Unit Floor Area 880 1,408 7570 850
Volume 14,080 18,304 665,500 898,480
Roof Area 1,012 792 12,100 10,210
Wall Area 484 968 28,050 47,872
Envelope Area 1,496 1,760 40,150 58,082
Roof/Envelope Area 68% 45% 30% 18%
Wall/Envelope Area 32% 55% 70% 82%
North-South Fronting
Roof Solar Gains 30 24 363 306
North-Solar Wall Solar Gains 5 10 198 356
East-West Wall Solar Gains 0 0 165 246
Total Solar Gains (kWh/day) 35 34 726 908
Total Solar Gains (kWh/m?) 0.04 0.02 0.01 0.01
Roof Solar Gains/Total Solar Gains 86% 71% 50% 34%
North-South Wall Solar Gains/Total Solar Gains 14% 29% 27% 39%
East-West Wall Solar Gains/Total Solar Gains 0% 0% 23% 27%
East-West Fronting
Roof Solar Gains 30 24 363 306
North-Solar Wall Solar Gains 0 0 83 123
East-West Wall Solar Gains 10 19 396 711
Total Solar Gains (kWh/day) 40 43 842 1,141
Total Solar Gains (kWh/m?) 0.46 0.31 0.14 0.14
Roof Solar Gains/Total Solar Gains 75% 56% 43% 27%
North-South Wall Solar Gains/Total Solar Gains 0% 0% 10% 11%
East-West Wall Solar Gains/Total Solar Gains 25% 44% 47% 62%
Increase Solar Gains (%) 14% 29% 16% 26%

Source: Chan (2009a)

This directly increases the total energy demand in the building for cooling purposes and
rejects the statement by Li et al. (2002) who claim that the heat gained through the roof
is generally small. Then, the listing of cooling and lighting as two aspects that must be
fully considered in energy conservation programmes at existing residential buildings
within the equatorial region; adjacent to climatological conditions and building type, is
definitely right. The cooling and lighting becomes a prominent contributor to energy
used in the buildings when about 30-35% of total energy is consumed by lighting and

other appliances alone, except air conditioning (Bellarmine & Turner, 1994).
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This is supported by Aries and Newsham (2008) who state that the electric
lighting is one of the world’s biggest end-uses of electricity and a major contributor to
the peak demand for electrical power. Thus, lighting should be the priority in the energy
conservation programme, because it is believed that by reducing lighting energy
consumption, cooling load could be reduced as well (Kamaruzzaman & Edwards,
2006). This statement is in line with the findings of Hasse and Amato (2006), in which
nearly 45% of cooling loads is determined by the internal heat sources and even the best
building envelope design cannot avoid the resulting internal cooling load of which 55%
of the peak cooling loads are influenced by the building envelope design itself.
Therefore, the internal heat sources that are contributed by electrical appliances like
artificial lamps should be avoided when the building envelope design itself; which is
quite difficult to be controlled especially for existing buildings, contributes higher
cooling load in the buildings.

In handling cooling load and lighting issues, natural ventilation and daylighting
are two well-known strategies in reducing building energy consumption. A lot of studies
have been reported regarding the amount of energy that can be conserved through the
exploitation of these strategies. The peak-cooling load; that determines the maximum
demand of energy, and annual electricity consumption can be reduced substantially by
10% and 13% through the applications of daylighting (Li et al., 2002). In warm humid
climates, approximately 50% of energy used for ventilation in buildings can be
conserved and by making the right decision in determining the building’s
characteristics; including the building length, depth and height, the efficient use of
electricity can be improved in the buildings.

This has been proven by Haase and Amato (2006) who revealed that shallow
buildings with optimal orientate and maximum 5 floors are more applicable for daylight

and wind can be exploited for natural ventilation.
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As a result, about 60% or more of carbon emission which is equivalent to 1.36 billion
tonnes of carbon can be reduced through efficient building structure as well as the
building envelope and artificial lighting that indirectly help to conserve conventional
energy sources (Markis & Paravantis, 2007). Good daylighting of spaces helps to
promote efficient productivity, and simultaneously increases the sense of well-being
(Omer, 2008). The ability to control air movement can save energy up to 20% on
heating and cooling costs while improving comfort as at air speeds of between 0.5-1.0m
per second and the body can feel 2-3°C cooler inside 25°C air (Sustainable Energy
Authority Victoria, 2002). Moreover, approximately 43% of energy reduction can be
achieved by using a combination of well-established technologies such as glazing,
shading, insulation, and natural ventilation while the building itself is designed
according to the climate of the site (Omer, 2008).

All these achievements can be contributed by well-planned strategies which
consider various aspects. This is supported by (Candido et al., 2010) who state that
natural ventilation combined with solar protection is the most efficient building design
strategy to achieve thermal comfort without resorting to mechanical cooling. Moreover,
the occupants should be able to control the air flow inside the buildings according to
their preferences. Al-Temeemi (1995) recommended two design guidelines for reducing
cooling energy consumption in Kuwaiti houses that can be adapted in the equatorial
region. Reasoning that radiation on a flat roof is greater than on a vertical wall, he
succeeded in minimizing solar heat gains and reducing conductive heat flow. These can
be achieved via changing all major window exposures to face north or south and
ensuring that they are shaded, painting the roof white in colour to reduce heat
absorption and good insulation of the building envelope to lessen the conduction. By
implementing all these strategies, heat gains from radiation, air filtration and conduction

can substantially be reduced.
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In regards to higher energy demand due to the increase of total solar gains at

existing east-west fronting type buildings, Chan (2009a) came out with simple ideas to

solve this problem which are to;

Orientate larger wall areas in the north-south direction.

Locate service areas such as staircases, storerooms and service ducts in the east-
west external walls.

Place as many service rooms on the roof top of flats as possible to reduce the
solar gain through the roof.

Ensure sky lights are not used. If roof ventilation is required, use a jack up roof
facing the north.

Shade east-west facing walls with large roof overhangs or plant shading trees in
front of them.

Use lighter coloured roofing or better still slightly reflective type roofing.

Apply aluminium foil insulation under the roof tile to reduce radiant heat gained
by the roofing from being radiated to the ceiling.

Ventilate the loft area above the ceiling and below the roof tiles. Measurements
taken in this loft area have been found to go as high as 45°C for outside air
temperature of 35°C for not insulated roofs.

Apply a layer of rock wool insulation immediately above the ceiling to prevent
the heat from the loft area from being radiated and conducted in the living area

immediately below the ceiling.

As far as shading devices are concerned, Gutierrez and Labaki (2007) found the most

significant response was to use the horizontal concrete louver on north facade as

compared to vertical fins and eggrate typologies. In spite of better insulation properties

of wood, the concrete devices presented the best result. Then, the typological solution

sets for hot and humid climate (Table 2.8) that was introduced by Ahmad (2008), was

identified as a comprehensive and holistic approach towards energy efficiency in the

building sector. These sets cover three types of houses and all the important aspects that

influence energy consumption in the buildings that was mentioned before by Balaras et

al. (2000).

51



Table 2.8: Typological solution sets for a hot humid climate

. Type of House
Strategies - -
Detached house Row house Multi-family apartment house
Form  compact for air conditioning to minimize row of terraced houses block
surface area of envelope; spread-out
building for natural ventilation
Floors two to three maximum one to three maximum four to five maximum

Dimensional ratio (length/width)
Orientation

Roofing

Solar protection

Active systems

Passive systems
Glazed/opaque surfaces ratio
Thermal time lag

Ambient air exchange

Max. yearly heating energy
consumption

Reference U value

Living-room orientation

1-3 maximum
(0° = south) : 0° and 180°

pitched, ventilated attic, reflective foil
under roof, separate and insulated ceiling

fagade-shadowing systems
photovoltaic (PV) collectors on roof
cross-ventilation, shading, orientation
south and north 30%
>8 hours
10 in summer (V x hour)

0 kWh/m>

0.3-0.6 W/m’K

south and north

0.3-1 maximum (single house cluster)
(0° = south) : 0° and 180°

pitched, ventilated attic, reflective foil
under roof, separate and insulated ceiling

fagade-shadowing systems
photovoltaic (PV) collectors on roof
internal courtyards
south and north 30%
>8 hours
10 in summer (V x hour)

0 kWh/m>

0.3-0.6 W/m’K

south and north

1.6-2.5
(0° = south) : 0° and 180°

pitched, ventilated attic, reflective foil
under roof, separate and insulated ceiling

fagade-shadowing systems
photovoltaic (PV) collectors on roof
‘double-skin’ bioclimatic system
south and north 30%
>8 hours
10 in summer (V x hour)

0 kWh/m?

0.3-0.6 W/m’K

south and north

Source: Ahmad (2008)
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In addition to the typological solution sets in reducing energy consumption in
the buildings, rooftop gardens which are commonly known as green roof can also be
adopted. Studies done by Wong et al. (2003) revealed that green roof at five-storey
buildings are able to save 1-15% of annual energy consumption, 17-79% in space
cooling load including 17-79% in the peak space load and these figures can be
optimized by using shrubs that help to absorb the radiation and clay soil (dry) as a base
case which plays a role to transmit the solar heat when the simulation results showed a
reduction of 17-81% in the peak of Roof Thermal Transfer Value (RTTV), the similar
concept to OTTV where the maximum value that has been set in MS1525 is 25 Wm™
(Kannan, 2006). Research done by Kumar and Kaushik (2005) revealed, the application
of green roof combined with solar thermal shading in buildings provided a cooling
potential of 3.02kWh per day and the reduction of 5.1°C to maintain 25.7°C of average
indoor air temperature. Moreover, it can be improved by using a plant with larger Leaf
Area Index (LAI) which directly cuts the penetrating flux by nearly 4W/m?.

Therefore, the installation of rooftop gardens is a good alternative to be
considered for the purpose of reducing energy consumption in the building especially in
equatorial regions. Looking at a bigger perspective, it can help to elevate the air quality
and storm water through the natural filters resulting from the use of the shrub and clay
soil as a base case (Wong et al., 2003). Moreover, it can also reduce the volume of
storm water that contributes to flash flood especially in city areas. Unfortunately, this
strategy is limited to the buildings with flat roofs which usually are the multi storey
buildings.

In spite of the achievements and well planned strategies toward energy

efficiency which has been discussed before, there still are objections to it.
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According to Ryghaug and Serensen (2009), there are three interrelated problems that
failed the energy efficient construction in the building industry which are,

= deficiencies in public policy to stimulate energy efficiency where this is closely
related to tenant-owner dilemma, builders and building owners tend not to be so
concerned with future energy cost, energy use and related aspects of the indoor

environment because they will not use the building themselves.

» limited governmental efforts to regulate the building industry when the
authorities primarily focused on energy-economizing that energy should be used
in an economically optimal way where deciding to increase energy standards

when prices increase and,

* a conservative building industry where there are only focusing on short-term
costs, lack of research and development, contract practices, the communication
challenges of interdisciplinary coordination of building projects, and architects

unsupportive attitude towards energy efficiency.

In addition, abundant resources and inexpensive energy which is still reliable
and affordable to the consumer make the issues of energy savings over a lifetime cost of
a building have little meaning while the developers’ philosophy of reducing initial cost
and fast profit recovery often puts a full stop to the effort of energy conservation in
building industry (Horvat & Fazio, 2005). However, these three interrelated problems
can be solved through the introduction of new policies, better regulations and reformed
practices in the industry itself (Ryghaug & Serensen, 2009). Besides that, proper
maintenance has to be carried out to fine tune the performance of the building while the
occupants should continually be made aware of energy efficiency practices and do their
part endlessly (Kannan, 2006). The introduction of building energy efficiency labelling
programme should be also considered which indirectly can encourage developers,
building owners, architects and engineers to adopt best practices in the
conceptualization, design and construction, as well as in the operation and management

of the buildings (Lee & Rajagopalan, 2008).
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Consequently, the energy performance of a building is significantly influenced
by the human factor when the system and policy are taken into account. In addition, the
microclimate also has a very important impact on both energy and environmental
performance of a building which includes building design, services and occupant
behaviour. As a front line in the building environment, the architects can play a role in
achieving energy conservation in the buildings while the quality of human life is able to
be sustained and improved. Thus, thermal comfort is a key element that should be borne
in mind either during designing a new building or retrofitting existing buildings to
achieve energy conservation and efficiency that are highly considered microclimate

aspects.

2.2.3 Microclimate of the UM campus

As the principle behind bioclimatic design is the understanding of the climatic
parameters in which the building is situated (Hyde, 2000), the climate condition of the
UM campus was analysed from 1981 until 2009. All the meteorological data were
collected from the UM weather station which is located within the campus and managed
by the Malaysian Meteorological Department. The UM weather station is located at
3°07° N latitude, 101°39’E and 104.0m of height above mean sea level. As an auxiliary
weather station, only certain parameters are measured including temperature (°C),
relative humidity (%), rainfall (mm), evaporation (mm) and surface wind (m/s), as
completely compiled in Appendix B - Climate data of the UM weather station for the
period 1981 to 2009. The climate data was only available for the years of 1981 until
2009; since this station had to be closed in 2010 for maintenance works. Moreover,
most of the data on evaporation and wind speed are not completed as some of the data

in certain months are not available due to technical errors.
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As it is located in the equatorial region, the UM campus has a typical tropical climate,
little seasonal variation with a constant annual average. The climate is hot and humid all
year around with uniform temperature, high humidity and heavy rainfall. It is extremely
rare to have a full day with a completely clear sky; even during periods of drought, and
a stretch of a few days with completely no sunshine except during the northeast
monsoon seasons. Moreover, the UM campus is only affected by the weaker Southeast

monsoon from April to September and winds are generally light.

a) Air temperature

The temperature profile of the UM area for the period of 1981 until 2009 is presented in
Figure 2.3; in which there are uniform temperatures throughout the year. The monthly
and annual variations of temperatures are narrow, less than 2°C (Figure 2.3 and Table
2.9). Monthly mean temperatures are between 25.6°C and 29.0°C, where the lowest and
highest mean values are recorded in December, 1991 and May, 2009 respectively.
Annually, the mean temperatures are in the ranges of 26.3°C and 27.6°C as documented
in the year 1984 and 2006 respectively. However, the daily range of temperature is
large; from 8°C to 12°C, when the days are frequently hot and the nights are reasonably

cool everywhere.
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Figure 2.3: Monthly 24 hours mean temperature (°C) for the period 1981-2009
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Table 2.9: Annual 24 hour mean, max and min temperature (°C) for the period 1981-

2009
Year Mean Max Min Year Mean  Max Min Year Mean Max Min
1981 27.0 334 229 1991 26.7 324 234 2001 27.1 324 237
1982 26.8 329 228 1992 26.8 328 233 2002 27.4 329 239

1983 272 333 233 1993 26.6 325 232 2003 268 325 238
1984 263 325 228 1994  26.6 326 232 2004 269 329 237
1985 264 327 23.0 1995  26.7 327 235 2005 273 331 239
1986 265 325 231 1996  26.7 324 234 2006  27.6 332 24.1
1987 268 328 234 1997 269 327 236 2007  27.1 32.6 238
1988  26.7 325 234 1998  27.6 333 241 2008 272 325 235
1989 267 326 23.1 1999  26.6 323 234 2009 N.A 326 236
1990 272 331 235 2000  26.7 324 235

Note:
= N.A. - notavailable

Source: Malaysian Meteorological Department

b) Relative humidity

The levels of humidity are high throughout the year as presented in Figure 2.4.
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Figure 2.4: Monthly 24 hours mean relative humidity (%) for the period 1981-2009

The monthly variation of relative humidity is much greater than the annual variation
when most time of the month, the mean relative humidity levels are above 80%. The
minimum and maximum mean relative humidity is 65.5% and 89.9%; as recorded in
January, 2004 and April, 1991 respectively. Every year, the months of October and
November show higher mean relative humidity compared to other months. Annually,
the mean relative humidity varies between 74.3% and 87.0% when the minimum was in

2004 and the maximum was in 1991, as shown in Table 2.10.
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Table 2.10: Annual 24 hours mean relative humidity (%) for the period 1981-2009

Year % Year % Year % Year % Year %
1981 82.2 1987 85.1 1993 855 1999 84.2 2005  80.2
1982 84.5 1988 86.2 1994 852 2000 85.2 2006 823
1983 84.0 1989 85.3 1995 83.6 2001  80.7 2007  79.8

1984  85.0 1990 84.2 1996 83.6 2002 78.4 2008 774
1985 83.1 1991 87.0 1997 84.5 2003 759 2009 N.A.
1986 83.8 1992 84.7 1998 83.6 2004 743

Note:
= N.A. - notavailable

Source: Malaysian Meteorological Department

It is observed that there are some declines after the year 2000 when the recorded
percentage was below 85%. The significant reductions are shown by monthly mean
relative humidity started in the year 2007; when most of the percentage values were

dropping below than 80%.

¢) Rainfall
Since located in the tropical climate region, there is rainfall throughout the year when

more than 150 rain days are recorded in each year (Figure 2.5).
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Figure 2.5: Rainfall amount (mm) and rainfall day for the period 1981-2009

The year 2000 and October, 1987 are acknowledged as the wettest with highest annual
and monthly rainfall amount; 3435.6mm and 648.2mm respectively. In regards to
annual rain days as shown in Table 2.11, 2003 stated the highest with 215 of raining

days.
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Table 2.11: Annual rainfall amount (mm) for the period 1981-2009

Year mm Year mm Year mm Year mm Year mm

1981 2728.0 1987  2850.5 1993 3151.6 1999  3096.8 2005 N.A.

1982 3104.5 1988  3183.8 1994 2897.6 2000 3435.6 2006 N.A.

1983  2466.4 1989  2498.2 1995 3012.6 2001  2652.0 2007  3225.0
1984  2624.0 1990 2156.7 1996 3266.3 2002 N.A. 2008 N.A.

1985 249123 1991 N.A. 1997 3360.7 2003 2655.6 2009 N.A.

1986  2388.9 1992 2714.2 1998 N.A. 2004 3072.2

Note:

= N.A. - notavailable

Source: Malaysian Meteorological Department

As affected with early morning “Sumatras” from May to August, October and

November are the months with maximum rainfalls; which result in higher mean relative

humidity, while February is the month with minimum rainfall. The March, April and

May rainfall are the maximum, as well as the June and July minimum rainfall is absent

or indistinct. Consequently, there are more rainy days recorded in October and

November in each year.

d) Evaporation

Initially, cloudiness and temperature are two of the most important factors which are

interrelated in affecting the rate of evaporation. Similar to air temperature, both of the

monthly and annual ranges of evaporation are small (Figure 2.6).
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Figure 2.6: Evaporation amount (mm) for the period 1981-2009
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The monthly mean of daily evaporation is in the range of 2.Imm and 5.1mm; as
recorded in December, 1991 and September, 2005 respectively. Whilst, the annual
minimum and maximum values are 2.8mm in the year 1999 and 4.0mm in the year
1986. Generally, higher mean daily evaporation was documented in the first six months
compared to the last six months in a year; as January to June are considerably hotter and

drier than the last six months.

e) Surface wind

The wind over the UM area is generally light and variable, with uniform periodic
changes in the wind flow patterns. This is influenced by south-west monsoon season
which is usually established in the latter half of May or early June and ends in

September. The maximum surface wind speed and direction is shown in Figure 2.7.
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Figure 2.7: The maximum surface wind speed (m/s) and direction (°) for the period
1981-2009

Referring to Appendix B - Climate data on the UM weather station for the period 1981
to 2009, most of the extreme surface winds were recorded in September. The prevailing
wind flow is generally south-westerly and light; where the annual mean surface wind
speed was 1.0 m/s. The average of monthly maximum surface wind in UM is 15.1 m/s.
Whilst, the lowest and highest maximum surface wind speed which was recorded for 29
years is 8.6m/s in February, 2008, and 34.6m/s in September, 1989 respectively.
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2.3  Thermal comfort in building

Thermal comfort is defined as the condition of mind that expresses satisfaction with the
thermal environment (American Society of Heating, Refrigerating and Air-Conditioning
Engineers, 2004). Thermal comfort is not the feeling of a man in the room temperature
but the energy that is lost from the body as a waste of cellular metabolism and muscular
work; in ensuring the body’s core temperature is kept at approximately 37°C (Davis et
al., 2006) in fulfilling the first comfort condition, thermal neutrality; a person feels
neither too warm nor too cold. Then, the second condition which is balancing the
body’s energy where the heat produced by metabolism should be equal to the amount of
heat lost from body to atmosphere; steady state (INNOVA, 1996). In addition, it should
be reminded that thermal comfort and thermal sensation are not the same whereby
thermal comfort depends on the desired physiological state; uncomfortable through
comfortable, while thermal sensation depends on the skin temperature; cold through hot
(Hedge, 2010).

This is explained more by Zain et al. (2007) who claim that the human body has
intelligent behaviour, ability to learn through acclimatization and adaptation process to
cope with hyperthermia and hypothermia situations. The hyperthermia is a situation
when the body loses insufficient heat while excess heat loss results in body cooling
called hypothermia. In addition, these two phenomena could be influenced by the dry
bulb temperature, relative humidity and air flow; the main factors that influence the
human thermal comfort.

Thermal comfort is very complex to evaluate as many physical parameters that
are also known as environmental conditions need to be considered namely; air
temperature (°C), relative humidity (%), air velocity (m/s) and mean radiant temperature
(°C). All these conditions directly affect the body simultaneously and allow the heat to

be lost.
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The effect of these conditions to create thermal comfort of the environment are clearly

explained by Lechner (2009) where,

= Air temperature (°C): It will determine the rate at which heat is lost to the air,

mostly by convection where the flow reverses and the body will gain heat from

the air when the temperature exceeds 37°C.

= Relative humidity (%): It directly affects the evaporation of skin moisture where

dry air can readily absorb the moisture from the skin and leads to rapid

evaporation that effectively cools the body.

» Air velocity (m/s): The rate of heat loss through convection and evaporation

increase when the air velocity becomes higher.

» Mean radiant temperature: This parameter should be maintained close to

ambient air temperature where the cause of the great difference from these two

conditions should be considered.

In addition, Srivajana (2003) clearly shows the interactions among these environmental

conditions that resulted from her surveys. For the purpose of increasing personal

thermal comfort in hot and humid climate area, preferred air velocity; as shown in Table

2.12, should be considered when most of the respondents preferred a slightly higher air

velocity as the relative humidity increased; between 60 to 80%, and felt no draught or

no disturbance if air velocity was not greater than approximately 0.9 m/s.

Table 2.12: Preferred air velocity (m/s) in hot and humid climate area regarding to the
temperature (°C) and relative humidity (%).

Relative Temperature (°C)
humidity (%) 26 28 30 32
50 0.39 1.03 1.72 1.81
60 0.41 1.05 1.68 1.95
70 0.58 1.22 1.70 2.18
80 0.75 1.31 1.82 2.27

Air velocity (m/s)

Source: Srivajana (2003)
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Referring to ASHRAE (2004), the indoor air speed in hot climate should be set
between 0.2-1.5m/s. This is supported by Candido et al. (2010) who states that higher
air speeds are desirable in order to improve the subjects’ thermal comfort whereby
acceptable indoor air speed in hot humid climates should range from 0.2 to 1.5 m/s and
operative temperatures above 24°C; while draft risk is definitely not the main complaint
in relation to a hot and humid climate until air speeds exceed 1m/s. In addition, the
occupants should be able to control the airflow inside the buildings due to their
preferences including the constant regulation of fans and the closing/opening of the
windows.

In thermal comfort research, standard methodology directly defines a good
practice. Thus, there are two main references on thermal comfort namely the
International Standard Organization (ISO) and American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE) which is clearly described by
Orosa (2009a) as listed below;

= [SO 11399 : 1995 Ergonomics of the thermal environment - Principles and

application of relevant International Standards

= ISO 7730 : 2005 Ergonomics of the thermal environment - Analytical
determination and interpretation of thermal comfort using calculation of the

PMYV and PPD indices and local thermal comfort criteria

= ]SO 9920 : 2007 Ergonomics of the thermal environment - Estimation of thermal

insulation and water vapour resistance of a clothing ensemble

= [SO 8996 : 2004 Ergonomics of the thermal environment - Determination of

metabolic rate

= ISO 7726 : 1998 Ergonomics of the thermal environment - Instruments for

measuring physical quantities

= [SO 7933 : 2004 Ergonomics of the thermal environment - Analytical
determination and interpretation of heat stress using calculation of the predicted

heat strain
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= [SO 11079: 2007 Ergonomics of the thermal environment - Determination and
interpretation of cold stress when using required clothing insulation (IREQ) and

a local cooling effect.

= [SO 9886 : 2004 Ergonomics of the thermal environment - Evaluation of

thermal strain by physiological measurements

= [SO 10551 : 1995 Ergonomics of the thermal environment - Assessment of the

influence of the thermal environment using subjective judgment scales

» ASHRAE 55-2004 Thermal environmental conditions for human occupancy

According to Parsons (2002), ISO standards provide the best internationally
agreed methods and the data available are valid (concerned with whether the assessment
or prediction accurately represents the phenomenon of interest), reliable (concerned
with whether a standard used would give the same prediction if repeatedly used to
assess exactly the same conditions), and usable (concerned whether the users of the
standard can use it correctly) with sufficient scope for practical application. However,
it should be noted that, reliability does not imply validity but validity does imply
reliability.

In addition to these standards, there are evaluation instruments to evaluate the
building in all phases of the life cycle of a building including programming, design,
building construction, building operation, and finally demolition (Bunz et al., 2006).
The evaluated building will be awarded with certification or rating according to the
index classification from the overall evaluations. Some of the evaluation instruments are
already established, namely BREEAM for United Kingdom, LEED for USA, CASBEE
for JAPAN, and GRENNSTAR for Australia. In Malaysia, GBI was launched in 2009
and it is Malaysia’s first comprehensive rating system for evaluating the environmental
design and performance that specifically caters for the Malaysian tropical weather,
environmental and  developmental context, cultural and social needs

(GREENBUILDING INDEX, 2009a).

64



Besides that, the Singaporean government’s Green Mark is also a rating system that is
specific for tropical zones (Architecture Malaysia, 2009) while the Indonesian rating
system is going to be developed by GBCI (Tiyok, 2009).

Under all these evaluation instruments (Appendix C - Minimum
requirements/standards for thermal comfort, natural ventilation & daylighting of
various evaluation instruments for residential buildings), thermal comfort is a core
element of the assessment whereby the minimum requirement or standards have been
set up. Under GBI, the minimum requirement for residential building is quite loose
when compared to non-residential buildings (Appendix D - Minimum
requirements/standards for thermal comfort, natural ventilation & daylighting of Green
Building Index (GBI) for non-residential new construction). As compared to Green
Mark, this evaluation instrument is better in achieving a good thermal comfort in
equatorial climate perspective when the minimum requirements are more specific to
building layout and dwelling unit design. Moreover, the use of ventilation simulation
software is compulsory to identify the most effective design and layout. Therefore, the
minimum requirement or standard that has been set for non-residential buildings in GBI
should also be implemented in residential buildings while Green Mark and BREEAM
become a prominent reference in improving the thermal comfort level at residential
college buildings.

Globally, as a pioneer in evaluation instruments which was established in 1990,
BREEAM has gone further by introducing the schemes in assessing the environmental
performance of any type of buildings either new or existing buildings. The schemes are
specified due to the type of buildings where one of the schemes is BREEAM Multi-
residential that includes student halls of residence, key worker accommodation, care
homes, sheltered residential and other multi-residential buildings which contain a mix

of residential accommodation and communal area (BREEAM, 2010).
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For the purpose of adopting this scheme for evaluating the residential college buildings
in Malaysia, it is probably not suitable due to the differing climate factors. The
BREEAM is designed for temperate climate while Malaysia is located in the equatorial
climate region. This is different to Green Star; that also introduced a rating tool
specifically for Multi-Unit Residential (GBCA, 2010) due to the Australian climate
which is quite similar to the Malaysian climate in certain areas (Bureau of Meteorology,
2010).

Besides all these standards and evaluation instruments, Davis et al. (2006) have
also introduced the term ‘Thermal Discomfort’. When referred to the Malaysian
climate, it is a very useful concept; it quantifies and characterizes both the indoor and
outdoor environments in human terms. One unit of thermal discomfort is defined as
experienced by a person wearing light clothing and resting inside a building or outdoors
in the shade when subjected to a temperature of 1°C above the upper thermal comfort
level; 28°C. Results from various studies on an enormous amount of Malaysian
meteorological data, Malaysian Thermal Discomfort Units (every 3 days) are shown in

Table 2.13.

Table 2.13: Malaysian Thermal Discomfort Units

Day Jan Feb Mar Apr May June July Aug  Sept Oct Nov  Dec

1to3 26 23 38 21 21 38 20 23 20 12 11 18

4t06 24 14 48 28 18 25 37 23 14 16 10 16
7t09 29 33 46 28 29 28 28 15 18 10 6 14
10to 12 32 31 37 19 29 30 18 20 4 18 14 14
13to 15 25 21 31 28 21 22 20 9 19 23 14 17
16 to 18 15 24 29 25 28 20 20 23 17 14 15 3
19 to 21 13 20 21 27 32 32 24 20 26 20 9 4
22 to 24 21 16 30 31 42 34 18 30 5 28 9 5
25t0 27 28 15 33 19 35 17 17 18 11 19 13 19

28 to 31 11 10 28 23 45 22 22 29 20 13 11 19

Mean 22.41 20.65 33.84 24.84 30.09 26.87 2239 2095 1527 1731 11.09 12.78

Source: Davis et al. (2006)

Through these units, true seasonality of Malaysia revealed the maximum and minimum
temperatures as weather forecast that gives the impression that Malaysia has an

extremely even climate throughout the year.
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Besides, it directly contributes useful knowledge for planning new buildings that is
suitable with local climate and sustains the thermal comfort of the occupants. Referring
to Table 2.13, the 4™ to 6™ March was revealed as the hottest day throughout the year
when thermal discomfort is 48 units which had 16 times more heat stress than the
coolest days which was on the 16™ to 18" December. Davis et al. (2006) have made a
conclusion that the first six months of the year are considerably hotter than the last six
months.

Generally, thermal comforts in residential building are affected by occupants’
activity to the air temperature and relative humidity. This includes the type and design
of the rooms itself. The relationship between the design of the room and thermal
comfort clearly can be seen through the size and numbers of windows which are the
main elements in providing natural ventilation, as well as the number of walls that are
directly exposed to the outdoors which had an impact on the indoor air temperature
resulted from radiation and absorbent effects.

According to Rajapaksha et al. (2003), overheating of building interior in warm
humid tropics are common due to solar penetration through the buildings envelope and
windows; where more number of windows resulted in a hotter interior. Unfortunately,
Zain-Ahmed et al. (2005) reported bungalow type of houses showed higher indoor air
quality compared to semidetached bungalow and terrace houses, even though all sides
of the bungalow are directly exposed to the outdoors. The overheating problems that are
caused by solar penetration are reduced when spacious area within the bungalow allows
more air flow and circulation through natural ventilation. A study done by Zain et al.
(2007) found that the passive cooling strategy is limited to the rural areas and thermal
comfort cannot be achieved through natural ventilation. There are also some issues that

need to be considered.
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This is supported by Yeang (2008), who stated that the natural ventilation requires
frequent maintenance especially vents, windows and any automated actuators, as dusty
air in hot climates cannot be easily filtered.

However, thermal comfort can be achieved in the urban area through a design
strategy for building that complies with the locality of the building. This includes
enough microclimate strategies within the surrounding areas of the building, such as
cross ventilation in the attic, facilitate air flow and insulated wall (Zain et al., 2007). In
equatorial climate region, hot and humid weather are an uncomfortable when high
humidity limits the skin evaporation and the effectiveness of evaporative cooling
strategies in achieving thermal comfort. This will then lead to thermal stress.

As mentioned by Davis et al. (2006), a scientific random household survey
showed that on a hot day inside a terrace house which is housed by 70% of the urban
population, approximately 62% suffered from headaches, 36 % get angry and 34% get
sick. These are the basic symptoms of heat/thermal stress. In addition, two major
problems of overheated houses are proved to be the small kitchen area and roof leakage.
As a consequence, there is a need to reduce internal temperatures, maximize ventilation
rates to increase the effectiveness of sweat evaporation and provide protection from sun,
rain and insects in the design. Six strategies have been highlighted by Ahmad (2008) to
minimize the thermal stress as listed below,

i.  Keep out direct sunshine and heat by,
= Using large overhangs to protect internal spaces from solar radiation
»  FEnsuring that east and west elevations have few or no windows admitting
low sun, and that wall on these elevations are reflective and well insulated
»  Using low thermal mass materials to minimize heat storage

»  Using shading devices to minimize solar gain
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1i.

iil.

1v.

V.

Maximize natural ventilation by ensuring that,
*  North and south walls have large openings for ventilation
»  Double-banking of rooms is avoided, if possible
»  Rooms are arranged to aid cross-ventilation
»  Plans are open and free spaces between buildings are wide
» Large volumetric ventilation is provided is provided to remove internal heat
»  Spacing of building optimizes access to breezes
» [n freestanding houses, elevated construction is used, where possible to

improve wind exposure

Use orientation to best effect,
» The best orientation is for long facades to face north and south
»  Orientation of buildings should respond to available cooling winds as well
as to the sun
» Conflict between sun and breeze orientation should always be resolved to
control the sun, with the design of both building and landscaping modified

to deflect available winds.

A roof should be pitched to facilitate water drainage

Mean radiant temperature should be kept as low as possible by using reflective
roof, ventilated air space and reflective foil above ceilings, as well as insulating

ceilings.

For row houses, courtyards and air wells on the ground floor, encourage cross-

ventilation and daylighting into the internal spaces

This is supported by Davis et al. (2006) who has stated seven design principles

to cool Malaysian houses two years ago. These can be integrated in optimizing the

thermal comfort in residential buildings which includes,

1.

Highly insulated roof - on a hot day, it can reduce the temperature in the attic

from 48°C to 35°C as 80% of heat gain in a residential building comes through

the roof. In addition, the colour of the roof should be considered, as the light

colour reflects heat while dark colour absorbs heat and the temperature of white

surface is 11°C cooler compared to a black surface.
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ii.  Night time mechanical ventilation - the outside air can help to cool down the
concrete structure of the house and it is effective when the ventilation rate are

between 14 to 28 air changes per hour.

iii.  Wall shading - which can be achieved through 1.5m awning that can protect a
single storey wall from around 95% of direct sunlight. Bamboo blinds, and

verandas is the most cost effective overhang to shade the walls.

iv. High thermal mass walls and floor - which is commercially available;
lightweight ‘BT Drywall’ and lightweight insulated ‘Rapid wall’. However, it
should be reminded that the concrete also effectively stores coolness as well as

heat if other factors are properly considered.

v. Orientation - where the buildings should be built in any orientation to the sun by

minimizing the heating effect.

vi. Double glazing - which has a cooling effect that is most negligible in a tropical
climate. From the computer simulation, it's only around 0.1°C compared to
other climate where the year round maximum and minimum temperature range

can be 40°C.

However, one of the strategies which is not listed above is very contradicting to the six
strategies that have been highlighted by Ahmad (2008) before in minimizing the
thermal stress. There is the reduction of the natural ventilation rate from the usual 3 or
more air changes per hour to the minimum value 0.5, that is required to keep the air in a
room fresh for human breathing, due to daytime ventilation (7am to 6pm) is
undesirable and only heats up the house drastically (Davis et al., 2006; Kannan, 2006).
This is supported by Orosa and Garcia-Bustelo (2009) who claimed natural ventilation
is difficult to implement in urban locations when the indoor temperature and relative
humidity values are higher than expected. This means, natural ventilation is only to cool
down the house with hot air. This statement is supported by scientific studies that have
been done at Universiti Putra Malaysia (UPM) ‘Cool Bungalow’ as shown in Table

2.14.
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Table 2.14: The unit of thermal discomfort in UPM ‘Cool Bungalow’*

VENTILATION STRATEGIES UNIT OF THERMAL DISCOMFORT
Daytime ventilation 23 35 42 50 57
24hr ventilation 23 19 18 21 23
Night ventilation 23 9 4 1 0
AIR CHANGES PER HOUR VIA

MECHANICAL VENTILATION 0 7 14 28 >6

Note:

= * _ on the hottest day of the year

= Unit of Thermal Discomfort : One unit of thermal discomfort defined as experienced by a person wearing
light clothing and resting inside a building or outdoors in the shade when subjected to a temperature 1°C
above the upper thermal comfort level; 28°C.

Source: Davis et al. (2006)

The night ventilation (6pm to 7am) shows the lowest units of thermal discomfort
compared to day ventilation which should be avoided when it only makes the house
hotter, either naturally or mechanically. Although the 24 hours ventilation strategies
showed the best results compared to daytime ventilation, it does not have the overall
beneficial effect as running the electric ventilation fans continuously just leads to a
wastage of energy (Davis et al., 2006).

Furthermore, if the mechanical ventilation is required for night ventilation, only
at the rate of 14 air changes per hour is needed, which is 50 cents extra on the electricity
bill per night to run a whole house ventilation system (Davis et al., 2006). The
application of night ventilation in residential buildings may decrease the cooling load up
to 40 kWh/m?*/year with an average contribution close to 12 kWh/m?/year (Santamouris
etal., 2010).

Unfortunately, as a prominent researcher in thermal comfort, Nicol and
Humphrey (2002) suggested that the building should give occupants the chance to
control and adjust the conditions to suit themselves as the temperatures in free-running
naturally ventilated buildings are constantly changing in line with outdoor conditions.
This is clearly influenced by the presence of green landscape, water fountain and other

man built elements surrounding the buildings.
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According to Monteiro and Alucci (2009), the tree canopy provides better environments
than open sky in terms of thermal sensation when tending more to cooler situation and
neutral sensation at urban spaces. In addition, the spaces with openings to the outdoors
as well as courtyard will experience better thermal conditions. In order to lessen the
influences of solar radiation which will penetrate into the building through the internal
courtyard especially around noon and afternoon hours, suitable shading devices as well
as suitable materials for its walls are suggested (Sadafi et al., 2008).

A further discussion about the courtyard has been highlighted by Rajapaksha
and Rajapaksha (2008) who claimed that courtyards within the building can offer a
substantial potential for indoor thermal comfort as the ability of a courtyard is to act as
cool sink for the surrounding built spaces involving shading and ventilation aspect. In a
different situation, the courtyards create different pressure fields along the wind-flow
axis and thus, making the building an air funnel which promotes cross-ventilation,
assists stack effect by thermal buoyancy and Venturi effects, and removes warm air
away from the courtyards. In addition, the incorporation of a courtyard into a building
offers a microclimate or buffer zone between the outdoor and indoor environments of
the building, which promotes natural ventilation and daylighting when the air flow
effect encourages cooling of occupants, structural cooling, controlling of overheating
and removal of solar heat out of the building interior. These can be enhanced through
the introduction of semi enclosed courtyard that functions as an air funnel that regulates
the heat transfer between the courtyard, its adjacent servant spaces and the outdoor
environment (Rajapaksha & Hyde, 2005).

Unfortunately, all of the benefits behind the courtyard can be achieved if the
overheating by solar gain that reduces comfort to adjacent occupied spaces can be

avoided through airflow effect, roofing, shading and thermal mass.
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The climate condition and courtyard configuration also influence the amount of heat
gain through radiation (Muhaisen & Gadi, 2006). Therefore, to optimize indoor
environments in a building, criteria of sustainability should be considered.

Prior to all this, the first serious study on the local thermal comfort has been
done by Kerka and Humpreys in 1956. They found that the intensity of the odour goes
down slightly with some increase in atmospheric humidity Orosa (2009b). Then, further
studies with more variables added and this resulted in a number of models and empirical
equations. The thermal comfort model can be classified into the general thermal comfort
model and the alternative thermal model in determining the conditions for achieving
human internal thermal neutrality with minimal power consumption. In other words, to
provide comfort to the occupants by removing or adding heat and humidity of the

occupied space while fulfilling the requirement of sustainable buildings.

2.3.1 General thermal comfort model
According to Orosa (2009b), comfort equation obtained by Fanger (1970) is too
complicated to be solved through manual procedures. Research by Srivajana (2003)
showed Fanger model cannot correctly predict thermal sensation at high air velocity
when the increased heat loss from the skin surface under high air velocity had been
neglected. As consequences, a lot of studies were done by researchers to define the heat
balance of a person which can be figured out from operative temperature, air velocity
and relative humidity as shown in Table 2.15.

In addition, Standard Effective Temperature (SET) was introduced by ASHRAE
(1992) which approach assumed air and radiant temperatures are similar and also

incorporate different levels of activity and clothing.
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Table 2.15: Methods to calculate general thermal comfort indexes

Air velocity (V,) Air temperature (7,) Mean radiant temperature (z,) Humidity (P,)
Method 1 . . . .
Field measurement Field measurement Calculation Field measurement
Method 2 Air velocity (V,) Operative temperature (Z,) Humidity (P,)
Field measurement Calculation Field measurement
Method 3 Equwcftlent temperature (%) .Humldlty (P,)
Field measurement Field measurement
Method 4 Alr velocity (V,) Effective temper.ature (ET)
Field measurement Calculation
Note :

=  Mean radiant temperature (¢.) defined as the uniform temperature of an imaginary black enclosure
which would result in the same heat loss by radiation from the person as the actual enclosure.

= The Globe Temperature, air temperature (#,) and air velocity (7,) at a point can be used as input for ¢,
calculation.

= Operative temperature (¢,) is the temperature at which must be the walls and the air of an equivalent
compound that experiments the same heat transfer to the atmosphere by convection and radiation
than in a enclosure where such temperatures are different.

* Equivalent temperature (t,,) can be calculated from the dry heat loss and by definition is the uniform
temperature of a radiant black enclosure with zero air velocity in which an occupant would have the
same dry heat as the actual non-uniform environment.

* The operative temperature (%), equivalent temperature (f,,) and effective temperature (ET) are
resulted from the integration of parameters that influence on the heat loss of the single parameters as
shown below;

= ¢, integrated effect of 7, + ¢,
* 1., integrated effectof 7, + 1+ V,
» ET integrated effect of z,+ ¢+ P,

* The ET and ¢,, values are relying on the persons level of activity and clothing whereas the value ¢, is

normally independent of these parameters.

Source: Orosa (2009b); INNOVA (1996)

Then, some improvement has been made where correction for skin wittedness is
incorporated and symbolized as ET* which is equivalent to SET for sedentary activity
(1.1 met), light clothing and low air speed (Hedge, 2010).

A study done by Srivajana (2003) found a range of design air velocities
applicable to most people (80% or more) is between Modified SET*; 23.0°C and
26.3°C while the best value as resulted from the survey is at Modified SET*; 24.3°C
when all of them felt not draughty and not disturbed if air velocity was not greater than
approximately 0.9 m/s.

There are four issues of local thermal discomfort namely draught, asymmetry of
thermal radiation (At,.), vertical air temperature difference and uncomfortable floor

temperature.
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Draughts happen in air-conditioned buildings, vehicles and air planes when convection
cooling of the body especially in unclothed parts of the body including face, hands and
lower legs. The average air velocity, turbulence in airflow, temperature of the air and
fluctuation of the skin temperature influence the amount of heat loss from skin caused
by draught. This was clearly expressed by INNOVA (1996) where a high turbulent
airflow is felt to be more annoying than a low turbulent airflow and fluctuation with a
frequency of 0.5 Hz are most uncomfortable, while frequencies above 2 Hz are not felt.

In evaluating the draught rate, the following equation can be implemented,

DR = (34-t,)* (V, - 0.05)%62 x (37« SD + 3.14)

where, DR - Draught Rating (%), ¢, - Air Temperature (°C), V, - Local Mean Air
Velocity (m/s), SD - Standard Deviation of air velocity. As a result from studies
comprising 150 subjects, this equation is appropriate for people at light mainly
sedentary activity with an overall thermal sensation close to neutral (INNOVA, 1996).
Turbulence Intensity (7u) is used to describe how fluctuating is the air velocity in the

percentage unit as shown in equation below,

Tu = 100 * (SD/V,)

Asymmetry of thermal radiation (Az,,) is an uncomfortable conditions due to a
non-uniform radiant heat effect when excessive warm front and high cooling on the
opposed side of the example (Orosa, 2009a). Another variation of asymmetry thermal
radiation is the conditions caused by warm roofs and cold windows which produce the
greatest impact of dissatisfaction. Thus, At, could define as the difference between
Plane Radiant Temperature (#,.) of the two opposite sides of a small plane element and
the frequent change of position can reduce the asymmetry of thermal radiation effects

when more uniform heating resulted.

75



According to INNOVA (1996), there are two methods can be used in determining this
parameter including measurement in two opposite directions by using a transducer to
capture radiation that affects small plane from the corresponding hemisphere. While
another method is obtain temperature measurements from all surrounding surfaces and

calculating the Az, by employed the equations below,

tyr =4 YT Fpiy * (8 + 273)*

where ¢; is surface temperature of surface no. i (°C) and is angle factor between a small
plane and surface.

As results from radiation or convection, around the head become warm whilst
around the feet is being cold which has directly led to vertical air temperature
differences. This phenomenon creates unpleasant comfort where 3°C air temperature
differences between head and feet gave a 5% dissatisfaction level which has been
chosen as the ISO 7730 acceptance level for a sitting person at sedentary activity
(INNOVA, 1996). In addition, the vertical air temperature difference is expressed as the
difference between the air temperature at ankle and neck level.

The uncomfortable floor temperatures usually cause by too high or too low of
floor temperature as a result of conductivity and the heat capacity of the floor material,
as well as type of covering worn on the feet. The optimal temperature is 29°C for a
marble floor and 26°C for a hard linoleum with wood which still in the range of ISO
7730 standards; comfort levels ranging from 19°C to 29°C at sedentary activity to 10%

of dissatisfaction.
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2.3.2 Alternative thermal model
Generally, there have three alternative thermal models namely Predicted Mean Vote

(PMV) index, operative temperature model and adaptive model.

a) Predicted Mean Vote (PMYV) Index

The PMV index is a model that capable to predict the mean value of the subjective
ratings of a group of people in a given environment in purpose to find out how perfect
the thermal comfort is and what the limits of temperature and humidity should be
maintained to enable reasonable thermal comfort. There have seven points of thermal
sensation (7.,s) scale ranging from -3 to +3 where 0 represents the thermally neutral
sensation; 3 (hot), 2 (warm), 1 (slightly warm), O (natural), -1 (slightly cold), -2 (cold)
and -3 (cold) (ASHRAE, 2004).

In purpose to predict how many people are dissatisfied with a given thermal
environment, Predicted Percentage of Dissatisfied (PPD) index can be implemented
where people who vote -3, -2, +2, and +3 on the PMV index scale are regarded as
thermally dissatisfied. Referring to ISO 7730 and 7726, the identification of the PMV
and PPD in classification of environments is regarding to the degree of thermal comfort
with an adaptation concept in assessing facilities and indoor environments. The PPD

based on the PMV admissible is shown in Table 2.16.

Table 2.16: PPD based on the PMV

Comfort PPD Range of PMV
A <6 -0.2<PMV <0.2
B <10 -0.5<PMV <0.5
C <15 -0.7 <PMV <0.7

Source: Fanger (1970)

Furthermore, natural temperature can be predicted through PMV but limited to a

margin error of 1.4°C that defined by the thermal sensation equation.
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This erroneous is contributed by metabolic activity and the index of clo, or the
incapability to include the isolation of the seat. Thus, Berglund (1978) has developed

thermal sensation model which takes into account the effect of the clo as shown below,

Tsens =0.305 - T+ 0.996 - clo—8.08

where there thermal sensation values are defined as 3 (warm), 2 (heat), 1 (soft), O
(natural), -1 (soft freshness), -2 (freshness) and -3 (cold) (Orosa, 2009b).

Unfortunately, PMV is not able to predict thermal sensation correctly at high air
velocity when Srijavana (2003) found the thermal sensation vote obtained from the
experiment was much less than the value predicted by PMV although with higher air
velocity, cloth insulation and skin moisture can be decreased. Therefore, modification to
decrease clo value due to air velocity is necessary especially when the relative humidity
increased between 60 to 80%.

Referring to ASHRAE (2004), recommended acceptable thermal comfort where

at least 90% of occupants feel thermally satisfied are shown in Table 2.17.

Table 2.17: ASHRAE 55-2004 Standard

Season Operative Temperature Acceptable range
Winter 22°C 20-23°C
Summer 24.5°C 23-26°C

Source: ASHRAE (2004)

Unfortunately, according to Hussein and Rahman (2009) due to higher heat tolerance of
a Malaysian who lives in equatorial region, the neutral temperature of 28.4°C with a
comfort range of 26.0°C to 30.7°C was obtained by regression analysis of Thermal
Sensation Votes (TSV) on operating temperature; which is exceeding the acceptable
thermal condition set by the ASHRAE standard as mentioned above. Thus, it directly

shows the respondents have capabilities to adapt the environment that they used to.
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b) Operative temperature model

Different with an operative temperature model, the activity and clothing are considered
in determines the temperature (Brager & deDear, 1998). The equation of this model is
shown below,

foae = tosed — 3(1 + Clo) (Met — 1.2)

This equation is valid with met value in the range of 1.2 to 3 met with minimum #,,. of
15°C (Orosa, 2009b). The operative temperature conditions for a sedentary activity in

summer and winter are,

Terms of summer: ¢,5q = 24.5 £1.6°C and Terms of winter: #,5.s = 21.8 £1.8°C

The Clo is a unit for measuring clothing’s insulation where 1.0 Clo is equivalent to
0.155m**C/W. The Clo value can be determined by summing the Clo values of each
individual garment dressed by a person as shown in Appendix E - Clo values regarding
to the garment dressed. For example, a naked person has a Clo value of 0.0 while
someone wearing a typical business suit has a Clo value of 1.0. Similar to determining
the Clo value, Met value is the measurement of human metabolism with regards to the
amount of muscular activity, which can be referred to in Appendix F - Met values
regarding to the activities. 1.0 Met is equivalent to 58.15W/m* where approximately
100W will be lost by a normal adult that has 1.7m? of surface area.

An average person at rest records 0.8 Met while a sportsperson generally records
the highest Met values, valuing approximately 10 Met is frequently recorded. Taking
into consideration the human body’s heat capacity imprint of the past hour’s activity
level, the average value of the activity performed within the last hour is important in
evaluating the human metabolic rate. Then, external factors such as the upholstered
seats, car seats and beds must be included in the overall calculation of the ability to

reduce the heat loss from the body.
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¢) Adaptive model

The adaptive model is most useful to define the neutral temperature as a function of
outdoor, indoor or both temperature with regards to the interaction between the subject
and the buildings or other environment that was occupied. In certain conditions, it is
able to achieve a higher accuracy level of neutral temperature and this adaptive model is
standing under the principle, if the change occurs such as to produce discomfort, people
react in ways which tend to restore their comfort, that clearly demonstrates the tendency
of humans to adapt to changing conditions in their environment (Nicol & Humphreys,
2002).

There have three contextual variables in defining the adaptive model namely,
indoor and outdoor climates, the nature of the buildings and its services and time where
the human activity and responses take place in a time frame (Nicol & Humphreys,
2002). As a consequence, Orosa (2009b) mentions some of the conditions that need to
be given attention to before applying this adaptive model. The occupants must be
engaged in near sedentary activity (1.0 -1.3met) and is free to adapt their clothing; neither a
heating system nor a mechanical cooling system can be in operation; and windows must be
the principal way of controlling the thermal conditions. From the research on general
thermal comfort, Orosa (2009b) listed the equations of adaptive models introduced by
the prominent researchers in the thermal comfort area including Nicol, Roaf,
Humphreys Auliciems and deDear,

Tno=17+0.387,
T,,=2.6+0.831T;
Tho=11.9+0.534T,
T,;=541+0.731T;
Tho=17.6+0.31T,
Thio=922+0.48T;+0.147,
ASHRAE : 7.,=17.8+0.317,
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where T, is the comfort temperature, 7, is the outdoor air temperature, 7; is the mean
indoor air temperature, 7,; is the neutral temperature based on mean indoor air
temperature and 7, , is the neutral temperature based on mean outdoor air temperature.
Prior to that, Nicol and Humphreys (2002) carried out a research on thermal
comfort and relying on the massive body of data now available from comfort studies in
the field from throughout the world and finally found the almost exact comfort

temperature equation to be:

T.=13.5+0.54T,

where T, is the monthly mean of outdoor air temperature and the correlation coefficient
r for the relationship was 0.97 for 1978 data and 0.97 for ASHRAE database. In
addition, the range of conditions which will be acceptable at any one time is in the
region of £2°C and the buildings’ occupants would need to adjust the conditions to suit
themselves as discomfort is increased if control is not provided, ineffective,
inappropriate or unusable. Then, changes in clothing, activity, posture and the
promotion of air movement will also affect the comfort of its occupants.

This is different with South East Asia where there are no enunciated seasons
such as summer and winter but consistent hot and wet weather throughout the year. As a
result of the thermal response survey in South East Asia, acceptability for thermal
comfort can be estimated from thermal neutrality 7, which is based on the mean

monthly dry bulb temperature 7},

T,=17.6+031 T,

For 90% acceptability for thermal comfort suggested value is 7, + 2.5K while 80%

acceptability for comfort suggests 7,, + 3.5K (Aynsley, 1999).
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Eighteen years prior, Auliciems (1981) revealed the comfort band in the Klang Valley
area for all types of building to be between 23.6°C and 28.6°C, with a neutrality
temperature of 26.1°C; where there is not much of a difference with the empirical
equation introduced by Aynsley (1999). In addition, Zain-Ahmad et al. (2005) presented

various studies on range of comfort for Malaysia, which can be concluded in the Table

2.18.
Table 2.18: The various studies on range of comfort for Malaysians
Source Temperature Relative air humidity Air velocity, v
range, t (°C) (%) (m/s)
ASHRAE 23.0-25.0 20 -60 -
Abdulmalik 25.5-29.5 45-90 -
Department of Standards Malaysia 22.0-26.0 30-70 -
Abdul Rahman 23.4-31.5 54-76 >0.20
Zain-Ahmed 24.5-28.0 ~73 -
Institute of Environmental Epidemiology 22.5-25.5 <70 ~0.25
Sources:

= ASHRAE. (1981). American Society of heating Refrigerating and Air Conditioning Engineers.
Thermal environment conditions for human occupancy. ASHRAE Standards 55-1081. Atlanta.

= Abdulmalik, A. (1993). Thermal comfort as an aid to determine energy saving in Malaysia. In
Proceedings of ENERGEX ’93. Vol.IL., Soul, Korea. pp 261-267

= Department of Standards Malaysia. (2007). MS 1525:2007 - Code of practice for energy efficiency
and use of renewable energy for non residential buildings. Malaysia: SIRIM

= Abdul Rahman, S. (1997). A study of thermal comfort in naturally ventilated classrooms : Toward
new indoor temperature standards. In Proceeding of the Asia-Pacific Conference on the Built
Environment. Kuala Lumpur.

= Zain-Ahmed, A., Abdul Rahman, S., Shahrani, S. (2004). Indoor air quality in a Malaysian middle
class home. In Proceedings of Conference on Scientific and Social Research. CSSR 2004. Sarawak,
19-22 May.

= Institute of Environmental Epidemiology. (1996). Guidelines for good indoor air quality in office
premises.1* ed. Singapore Ministry of the Environment.

Source: Zain-Ahmad et al. (2005)

Most of the researchers are more concerned with the relative air humidity (%)
versus air velocity (m/s) in influencing the temperature range (°C) of comfort for
Malaysians. Then, the ranges of comfort for Malaysians are discovered to be constantly
rising with relative humidity. Consequently, to achieve energy conservation in thermal
comfort strategy, understanding the solar radiation behaviour and building envelope
characteristics will facilitate the necessary measures required to control and manage the

heat effectively.
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In other words, to flush out the excess heat from the building while eliminating the
wastage of energy while ensuring comfort is not compromised.

According to Zain et al. (2007), most of the town areas in Malaysia tend to
receive solar radiation of more than 5.0 kWhm™ per day and the maximum heat that
goes into a building space is after 4.00 pm due to the heat capacity or thermal mass of a
building as presented in Table 2.19.

Table 2.19: The average dry bulb temperature (DBT), wet bulb temperature (WBT),
relative humidity (RH) and solar radiation for a period of five from 1996 to 2000 for

Subang, Malaysia
Time DBT WBT RH Sol , Time DBT WBT RH Sol ,
() () (%) (W/m’) 6 () (%) (W/m’)
1 25 24 90 0 13 30 26 70 749
2 25 24 91 0 14 30 26 70 714
3 25 24 92 0 15 30 26 71 587
4 25 24 92 0 16 30 26 73 416
5 25 24 92 0 17 29 26 75 220
6 24 24 92 0 18 28 25 79 53
7 25 24 92 41 19 28 25 82 0
8 26 25 86 195 20 27 25 84 0
9 28 25 80 372 21 27 25 85 0
10 29 26 74 535 22 26 25 87 0
11 30 26 71 644 23 26 25 88 0
12 30 26 70 717 24 26 24 90 0

Source: Zain et al. (2007)

In overall, thermal standards for specifications of the indoor climate in the
building do not seem to be critically necessary. This is supported by Nicol and
Humphreys (2002) who came out with the statement that optimal indoor environments
in a building are a function of its form, the services it provides and the climate in which
it is placed. In terms of controls and building management, standards that came out of
the relationship between characteristics of a building and local climate are more

sufficient and meaningful when likely to be occupied.
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2.4  Dynamics of natural ventilation in equatorial climate region

2.4.1 Passive cooling systems

The passive cooling strategy came of interest in 1980s although the use of air
conditioning systems was already a part of the standard procedure in most warm climate
countries. This was due to the concern of depletion of natural resources which had an
effect of increased fossil fuels price and environmental damages that lead to climate
change. Passive cooling is much more dependent on climate than passive heating and it
is placed after heat avoidance in the three-tier design approach for building cooling

needs (Lechner, 2009) as shown in Figure 2.8 below,

Mechanical cooling

(must‘cool only what heat
avoidance and passive cooling
could not accomplish)

Passive cooling

(temperatures are actually lowered and
not just minimized, as in the case with
heat avoidance; also includes the use of
ventilation to shift the comfort zone to
higher temperatures)

Heat avoidance

(minimize heat gain in the building; include the
appropriate use of shading, orientation, colour, vegetation,
insulation, daylight and the control of internal heat
sources)

Source: Lechner (2009)

Figure 2.8: Three-tier design approach for cooling needs of buildings

Besides climate, building type also influences the effectiveness of passive cooling
(Norford, 2006) and according to Soebarto and Ribeiro (2008); Givoni (1994), passive
cooling comprises any cooling strategy that may sink the inner temperature of a
building through the use of heat sinks that are available in nature and natural energy

sources under the limit of the annual average outer temperature as listed in the next

page.
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Comfort ventilation / daytime ventilation

This strategy is the most common passive cooling strategy utilized, which is the use of
outdoor air during daytime to remove heat gains in the room. The passage of air across
the occupants’ bodies is manipulated as the heat sink. There are five aspects that
influence the effectiveness of comfort ventilation that enhances the convection and
evaporative heat transfer between the occupants and the room air, namely; spatial
planning of the building, position of windows, ceiling height, size and type of windows.

Generally, this strategy is only limited to warm and dry region with wind speeds of
between 1.5 to 2m per second, with maximum temperature in the range 28°C to 32°C,
70% of maximum relative humidity and daily amplitude of below 10°C. In addition, for
very hot and humid climate area, Lechner (2009) highlights the use of fans to
supplement the wind, maximize the air flow across the occupants, lightweight
construction while passive solar heating is not required, moderate amount of insulation
to keep the mean radiant temperature near to air temperature, 20 per cent of the operable
window area while the larger window area is needed in tropical and split about equally

between windward and leeward walls.

Night cooling ventilation

This strategy is suitable for warm and dry climate when it uses the night’s cool air to
reduce the building’s temperature during the day. Moreover, it can be more effective
when buildings are closed during the day and opened at night and mechanical fans are
used to create air circulation in the building itself. Moreover, this enhances the heat
exchange between occupants and thermal mass.

The combination of high level insulation and thermal mass in building envelope in
addition to the building oriented corresponding to the wind direction at night could
enhance the effectiveness of this strategy. Concisely, night temperature under 20°C with
daily temperature is 30°C to 36°C are necessary. Also, 15% of relative humidity
including 12°C to 15°C of daily amplitude and 1.5 to 2.0m per second of wind speed.

Radiant cooling

The building’s roof plays a role as a heat radiator; balancing the daily long radiation
waves at night, which are limited to buildings with maximum height level of one with
fixed mechanical ventilation to draw in cooler air from the roof and located in any
regions with clear sky. The whole roof area should be painted white and fully used as

the cooling effect is small (Lechner, 2009).
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The example of this approach is a massive roof with mobile insulation (highly
conductive material such as concrete), skytherm system (consisting of a series of roof

ponds) and long-wave radiators (conventional insulation with 5 to 10cm of air space).

Evaporative cooling

This strategy exploits the energy that changes water from a liquid to gas state where the
energy comes from the sensible heat in the air, resulting in lowering the temperature of
the air itself. This strategy can be adopted only at warm and dry climates where the
maximum wet bulb temperature (WBT) in summer is 22 to 24°C and maximum dry
bulb temperature (DBT) in summer is 42 to 44°C. There are two types of evaporative
cooling, known as direct evaporative and indirect evaporative. In direct evaporative,
water is evaporated directly into the air which is circulated to the space being cooled
and directly raises the relative humidity of the air and space. Thus, it is not appropriate
in humid climates because the cooling effect is low and the humidity was already too
high (Lechner, 2009).

However with indirect evaporative evaporation is used to lower the temperature of a
medium which is separated from the building air and does not add moisture to the air, or
in other words, cooling the indoor air without increasing its humidity level. According

to Lechner (2009), the combination of direct and indirect is sometimes the best choice.

Earth cooling

Manipulating the earth as the heat sink when the cold air that is below the normal
temperature is blown into the building and it can be enhanced through the shading the
earth’s surface or mulching the surface soil with pea stone or wood chips and providing
moisture for evaporation. Therefore, the condition and the type of the soil itself is the
main factor that contributes to the success of this strategy which is generally limited to
moderate and warm climates. Also, 1m? of underground area is necessary for every 5m*

of the occupied area.

The application of passive cooling strategies according to the climate can be

summarized in Table 2.20.
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Table 2.20: Strategies for passive cooling according to the climate

Solar . .
. Passive cooling
protection
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Moderate X XX XX XX X X X XX X X XX
Hot day XX XX XX XX XX XX XX X XX
Hot humid XX XX XX XX XX XX X XX
Note:

= X - Level of efficiency and appropriateness of adopting the strategies

Source: Calderaro (2008)

In addition to these passive cooling strategies, there are more holistic strategies

that are indirectly capable of enhancing the thermal comfort in the buildings. There are

five approaches where the elimination of heat source in the building is the core elements

of these strategies (Omer, 2008) namely,

= Solar control: protection of the building from direct solar radiation

» Ventilation: expelling and replacing unwanted hot air

= Internal gains minimization: reducing heat from occupants, equipment and

artificial lighting.

» External gains avoidance: protection from unwanted heat by infiltration or

conduction through envelope.

= Natural cooling: improving the natural ventilation by acting on the external air.

Therefore, based on the criteria of equatorial region; which have little seasonal variation

with constant annual average temperature and humidity (Ahmad, 2008), natural

ventilation is the best approach among the passive cooling systems for the achievement

of thermal comfort, particularly in residential buildings in order to reduce energy

consumption.
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2.4.2 Natural ventilation strategies in building
Ventilation is defined as the effect of air movement in the building that plays a role as a
provision of sufficient quality and quantity of air for people’s life processes and
activities. This happens by the removal of foul air and moisture, providing occupants
with personal cooling by eliminating indoor surplus heat, which is also known as
comfort ventilation by reducing the effects of relative humidity above 60%, particularly
in a warm humid climate, and cooling the fabric of the building, commonly referred to
as structural cooling (Soebarto & Ribeiro, 2008; Aynsley, 2007; Su et al., 2009). The
pressure difference that comes from air movement by difference in temperature or by
wind in and around the building generates natural ventilation. Ventilation that is driven
by temperature is called stack effect when the natural buoyancy leads to air stratification
where hotter air rises to the top and is displaced by cooler fresh air at the bottom from
outside (Fordham, 2000). The efficiency of stack effect in providing natural ventilation
can be improved by increasing the stack height and the temperature difference between
the bottom and top of the stack while minimizing the airflow resistance through the
stack; minimizing the number of bends, and by ensuring that there is generous radius
(Aynsley, 2007). Thus, natural ventilation can be buoyancy-led or wind-driven, or by a
combination of both (Su et al., 2009).

There are three types of ventilation approaches that are usually implemented in
buildings as mention by Omer (2008) in the list below,

i.  Single-sided ventilation [Figure 2.9(a)]
= Simplest form — window or trickle vent on the wall.
= Allow outdoor air enter the building and leave out either from the same
opening or another opening situated on the same wall.
» Common and expensive but uncontrollable except in an open or a closed
position.
= Effective over a distance of 6m from the opening itself.

= Suitable in moderate climates and not suitable for winter ventilation.
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ii.  Cross-flow/two sided ventilation [Figure 2.9(b)]

* Quite similar to single-sided ventilation but these are installed on two or

more opposite walls.

= For spaces of more than 6m deep and suitable for larger heat gains.

= Uncontrollable airflow.

iii.  Mixed-flow ventilation [Figure 2.9(¢c)]

= Suitable for larger spaces with large heat gains (> 30W/m? of floor area)

= More complex systems — height of the roof utilized for situating exhaust air

openings to provide a large height to increase the effect of buoyancy.

» Located air opening on the floor or on the walls at low level in case of a

suspended floor design.

» Very effective but require high ceiling to be viable; in excess of 4m.
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(a). Single-sided ventilation, (b). Cross-flow/two sided ventilation, (c). Mixed-flow ventilation

Source: Dyer Environmental Controls (2010)

Figure 2.9: Types of natural ventilation approaches

According to Gratia et al. (2004), single-sided day ventilation can reduce

cooling needs by about 30% while day cross ventilation is much less efficient.

Moreover, in optimizing single-sided ventilation, one should position the aperture at

two openings at different heights and to create a cross ventilation when there is no wind,

the window openings on opposite sides of the building have to be at different heights.
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In standard and benchmark perspective, natural ventilation is listed as one of the
criteria in worldwide evaluation instruments namely; GBI, Green Mark, Green Star,
LEED, BREEAM and CASBEE. This is clearly described in Appendix C - Minimum
requirements/standards on thermal comfort, natural ventilation & daylighting of
various evaluation instruments for residential buildings. By comparing two evaluation
instruments of the equatorial region, Green Mark is better than GBI in achieving good
natural ventilation in buildings when this particular area is stated in both mandatory and
elective requirements. Focusing on the GBI, minimum requirements for non-residential
new construction is more appropriate under specific criteria and area of assessment,
EQ7-Air change effectiveness (Appendix D - Minimum requirements/ standards on
thermal comfort, natural ventilation & daylighting of Green Building Index (GBI) for
non-residential new construction), compared to evaluation instrument of GBI for
residential new construction.

The majority of people spends approximately 90% of their lives indoors and
indoor air pollution is one of the top four environmental risks to public health where the
sources are from combustion sources. This is supported by Hess-Kosa (2002) where
indoor pollution is consistently reported to be around 2 to 5 times higher than outdoor
pollutions. This situation becomes more serious when there is inadequate ventilation in
the house, either by the design of the building itself or by the actions taken by the
occupants (Zain-Ahmed et al., 2005). According to Gupta et al. (2007), the lack of good
indoor air quality and thermal comfort have a strong bearing on Sick Building
Syndrome (SBS) where the main symptoms prevailing in SBS are headache, lethargy
and dryness in body mucus; mostly contributed to by the concentration of CO,. The

effects of SBS will be more apparent with an increased CO, concentration.
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The heating, ventilation and air conditioning (HVAC) systems is not the
ultimate solution to these problems when the mechanical systems which are commonly
used to control the temperature, humidity, circulation, ventilation and purification of the
air in the building are not firmly providing comfort to the building occupants. As
reported by Yau (2008) from his study on University of Malaya buildings, the majority
of the occupants were feeling uncomfortable from unpleasant odour inside certain office
buildings resulting from return air circulation inside the building itself. This situation is
a consequence of design failure in HVAC systems in fulfilling the requirement of
unique hot and humid climates. Hence, natural ventilation is the best approach in
providing comfort to occupants.

Natural ventilation is less controllable than mechanical ventilation. However, it
can provide thermal comfort as well as maintain a healthy indoor environment while
being proven to be efficient in reducing running costs in buildings. This is supported by
Nicol and Humphreys (2002) who claimed that people have a natural tendency to adapt
to changing conditions in their environment. Thus, by increasing the upper limit of the
comfort range, it would result in a greater energy saving as Malaysians are acclimatized
to hot and humid climates.

According to Wong et al. (2002), occupants in Singapore prefer to employ
environmental control by turning on fans and opening the windows first before they
resort to personal adjustment due to the fact that a higher wind velocity sensed by the
occupants will bring about a higher evaporative cooling of the body thus leading to a
feeling closer to the neutral sensation. Personal adjustments include various conscious
actions that are related to the human body, such as consuming more liquid, changing

clothes, etc. as shown in Figure 2.10.
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Figure 2.10: Adaptive behaviour and thermal comfort perception

This is in line with Ismail et al. (2009), who claimed clothing strongly modifies the
comfort feeling in natural ventilation, and is further supported by Daghigh et al. (2009),
who claimed indoor thermal comfort can be improved significantly by personal
adjustments such as consuming more liquid, changing clothes and other environmental
adjustments such as, window-door opening in accordance with the temporal variations
of indoor and outdoor climates.

As a consequence, natural ventilation is better than mechanical ventilation due to
the favourable effect on thermal comfort when the fluctuation of natural wind can make
people more comfortable and closer to nature, prolonged low speed helps to reduce the
feeling of tiredness, and intensifies the heat convection between people and the
environment through the larger turbulence and intensity of natural wind (Su et al.,

2009).
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Recently, Haase and Amato (2009) have analysed the effect of climatic
conditions and building location with thermal comfort through natural ventilation in
buildings. There are four different climates with specific problems regarding the
building design that were listed as a part of their findings,

= Cold climates: where the main problem is the lack of heating

= Temperate climates: where there is a seasonal variation between under heating

and overheating

= Hot dry climates: where the main problem is overheating, but the air is dry with

a large diurnal temperature variation.

=  Warm humid climates: where overheating is not as great as in hot dry areas but it

is aggravated by high humidity and small diurnal temperature variation.

Then, by using selected cities with different climates, these two authors
concluded that natural ventilation has a good potential in tropical and temperate
climates, but not in subtropical climates (especially in Hong Kong) where during the
hottest period (summer), the potential for comfort improvements are very small as
shown in Table 2.21.

Table 2.21: Optimum orientation and natural ventilation improvement potential (%) in
selected city with different climate

. Natural ventilation
Optimum

Location Latitude  Longitude Climate : . improvement
Orientation .
potential (%)
Singapore 1.4 104.0 Warm-humid 165.0 43
Kuala Lumpur 3.1 101.6 Warm-humid 150.0 45
Bangkok 13.9 100.6 Warm-humid 188.0 36
Manila 14.5 121.0 Warm-humid 170.0 50
Hanoi 21 105.8 Warm-humid 180.0 27
Hong Kong 22.2 114.2 Warm-humid 192.5 24
Guangzhou 23.1 113.3 Warm-humid 175.0 20
Taipei 25.1 121.6 Warm-humid 175.0 29
Kunming 25 102.7 Warm 177.5 14
Shanghai 31.2 121.4 Warm summer cold winter 170.0 12
Beijing 39.8 116.5 Cold 175.0 13
Harbin 45.7 126.7 Severe cold 172.5 13

Source: Haase and Amato (2009)
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Conversely, for Kuala Lumpur that located in the equatorial region with the latitude 3.1
and longitude 101.6, the optimum orientation of a building is 150.0 (Figure 2.11) due to

warm-humid climate.
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Figure 2.11: Optimum orientation of a building

These findings are very significant towards the successful use of natural ventilation in
the buildings where Germano and Roulet (2006) emphasized on the assessment of
natural ventilation potential is as important as the potential of the site itself.
Furthermore, Kubota et al. (2009) revealed that majority of occupants have a
tendency to apply daytime ventilation as opposed to night ventilation in the Malaysian
residential areas. About 80% of the respondents usually open windows from 10 a.m. to
6 p.m. even though night ventilation provides better thermal comfort due to high
humidity conditions that reached 70-80% of indoor relative humidity in all ventilation
conditions. This includes daytime ventilation, full-day ventilation and night ventilation.
These usually occur during the night time, whether with the opening or closing of
operable windows. Avoiding insects, security purpose, preventing rain and dust from
entering indoor are among the main reasons for not opening windows during the night

for night ventilation purposes.
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In addition, the implementation of SET* (Standard Effective Temperature) revealed the
effects of evaporative heat loss of thermal comfort increase considerably with the rise of
ambient air temperature especially in warm condition like in the tropics.

In conclusion, Kubota et al. (2009) stresses that full-day ventilation would be a
better option compared with night ventilation and applying ceiling insulation with
window shading devices would be effective in reducing operative temperature during
the afternoon in Malaysia. The same result was also stated by Liping and Hien (2007)
who had carried out a study on the impact of ventilation strategies and facade on indoor
thermal environment for naturally ventilated residential buildings in the neighbouring
country of Singapore. These two researchers proved that full day ventilation can provide
better thermal comfort to the residences when climatic condition and air flow rate
during night time were found to have the largest effect on night-time ventilation
(Artmann et al., 2008).

Generally, passive cooling through natural ventilation is highly variable and
dynamic while the effectiveness of this strategy is reliant on three principal factors
(Aynsley, 2007). There are,

* The site and local landscaping features, where it is important to check the local
wind conditions and speeds that are influenced by the seasons and topographic
features such as hills, ridges and escarpments in addition to water features that
provide psychological effect and vegetation that can be used to modify the
external wind direction. Thus, enhancing the ventilation as well as cooling the
incoming air while the adaptation of fragrant plant species can help to perfume

the air flowing through buildings.

* The building form and building envelope, where the building openings are level
with wind direction, the horizontal openings near floor level, roof outlets,
casement sashes or hinged doors, extending eaves and taking cross walls,

elevated rooms above ground level and larger total of air outlet.
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With respect to Singapore’s condition and perspective, north-south facing
facades can provide much comfort while the closed window for daylighting on
east-west orientations should be avoided in the design of naturally ventilated
buildings for better indoor thermal environment (Liping & Hien, 2007).
Moreover, non-isolated construction materials with thermal mass inertia are an

ideal choice for naturally ventilated buildings in hot humid climate.

* The internal planning and room design, having large openings for the passage of
air minimizes airflow resistance and encourages the jet of air flow through wall

openings adjacent to a cross wall.

These three principal factors are already mentioned by Sustainable Energy Authority
Victoria (2002), five years ago. Unfortunately, there are additional elements that need to
be considered for designing good ventilation in the buildings, which requires the
installation of fans in the situation where natural ventilation is not adequate.

The application of mechanical devices such as propeller fan in the building is
capable of enhancing the effectiveness of natural ventilation especially in warm and
humid regions. This statement supported by Hussein and Rahman (2009) who stated
that due to higher heat tolerance of Malaysians, it is convenient for naturally ventilated
buildings to use fans instead of air-conditioners to improve the indoor thermal
condition. The study done by Haase and Amato (2006) revealed that there is only 45%
of annual natural ventilation potential where the use of M&E are needed to support
another 55% of ventilation. According to Lechner (2009), there are three quite distinct
uses for fans namely; to exhaust hot, humid and polluted air; bring in outdoor air to
either cool people (comfort ventilation) or cool the building at night (night-flush
cooling) and to circulate indoor air at those times when the indoor air is cooler than
outdoor air.

Beside the use of the fan in promoting thermal comfort in residential building,

roof wind turbines have been highlighted as a part of M&E to cool down the buildings.
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This has been highlighted by Lechner (2009) who claimed that the common wind
turbine enhances ventilation about 30 percent more than an open stack. Unfortunately,
three years prior, Davis et al. (2006) had revealed the roof wind turbines to have no
significant cooling effect as stated in Table 2.22 due to the very low average of our local

wind speed, 1.6 kph.

Table 2.22: Units of Thermal Discomfort per 6 hour periods

Morning Afternoon Evening Night
Control Test Control Test Control Test Control Test
house house house house
Roof space 35 38 79 84 19 20 2 2
Bedrooms (means of 3 rooms) 15 10 27 28 22 19 17 12
Downstrairs (means of 3 rooms) 8 7 17 15 14 14 9 8

Note

. Unit of Thermal Discomfort : One unit of thermal discomfort defined as experienced by a person wearing light clothing and resting
inside a building or outdoors in the shade when subjected to a temperature 1°C above the upper thermal comfort level, 28°C.

. Control : Intermediate double storey terrace house

. Test house : Neighbour to control house fitted with two 16” wind turbines on roof

Source: Davis et al. (2006)

Compared to hot windy climate areas such as Texas and Australia, the roof wind
turbines are really effective when the wind speed exceed 6kph.

By making a comparison with Aynsley (2007), who came out with three
principal factors that influence the effectiveness of passive cooling through natural
ventilation, Soebarto and Ribeiro (2008) highlighted five aspects that should be
considered in making sure the effectiveness of natural ventilation in enhancing the
convection and evaporative heat transfer between the occupants and the room air. The
five aspects are,

= Spatial planning, to allow air to move through from the windward side to the

leeward side to create cross-ventilation.

= Position of windows, where at least two windows are placed on different

external walls.

= Ceiling height, approximately 3m to allow air to flow vertically through the
bottom of the window and can diffuse through the room and out through the top

of the window.

97



Size of windows where there is a need for bigger open or equivalent at the
higher pressure opening as compared to the lower opening. Unfortunately, there
are no guidance for the maximum size of the opening where other practical
requirements such as sun control, security and privacy are to be considered
(Aynsley, 2007). According to Liping and Hien (2007), the increase of window
to wall ratio to 0.24 can improve indoor thermal conditions to a large extent and
horizontal shading devices are needed for the four orientations to further

improve the indoor thermal comfort.

Types of window that affect the volume of pressure and airflow pattern inside

the building.

This is in line with Kamaruzzaman and Edwards (2006) who undertook a research on

historic buildings in Malaysia. He revealed that natural ventilation approaches were

clearly described through louvered windows, full-length windows or French windows,

fanlights, air-wells, high ceilings and internal courtyards in giving buildings and

occupants a cooling effect; as a result of design for the local climate.

In holistic approaches, Tantasavasdi et al. (2001) have listed measures that are

needed to enhance the natural ventilation for houses in Bangkok. These measures most

probably can be adapted in Malaysian houses when all the principal factors and aspects

that influence the effectiveness of natural ventilation are taken into consideration; as

presented by Aynsley (2007) and Soebarto and Ribeiro (2008) in the list below;

The natural ventilation should provide an indoor air velocity of 0.4 m/s as strong
air movement can increase the rate of convective and evaporative heat loss from

human skin to the environment.

The total area of the inlet and outlet apertures should be about 40% [Figure 2.12
(a)].

Avoid rectangular houses as it is not as good for natural ventilation as square

shaped houses

Using larger inlet than outlet apertures (for example, inlet area of 32m?* and an

outlet area of 16m?, the corresponding ventilation rate is 9.6m>/s).
Y g
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= Keeping the indoor space as open as possible by reducing the number of walls

inside the building, so that wind can circulate freely [Figure 2.12 (b)].

» Closing the apertures on the east-facing and west-facing wall to avoid a shortcut

[Figure 2.12 (c)].
= Keep long rooms in the east-facing part of the house [Figure 2.12 (d)].

* The elevated floor can allow more wind to flow through the houses [Figure 2.12
()] and as an added advantage; a wind scoop on the ground level can be design

adequately [Figure 2.12 (e)].

* The buoyancy effect which can generate a maximum air speed of 0.25 m/s at the

area close to a heat source.

= A ceiling fan can be used to increase the air velocity if the indoor air velocity is

really low.

Regarding the building layout, form and envelope that influence the
effectiveness of natural ventilation, Hasse and Amato (2006) revealed a shallow
building with optimal orientation and a maximum of five floors is more applicable for
exploiting wind for natural ventilation. This is supported by Aynsley (2007) who
claimed that natural ventilation in modern buildings is most common in relatively low
rise and shallow plan buildings such as residentials, schools and small office unit. This
occurs due to inconsistent average wind speed and high air temperature that leads to
stack effects becoming a major issue for natural ventilation in high rise buildings,
especially an office building in a hot and humid country (Kannan, 2006). As a result,
the effectiveness of natural ventilation in achieving thermal comfort at equatorial
climate region is heavily influenced by the wind rather than other aspects that have been

highlighted before.
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Figure 2.12: Design strategies for enhancing the natural ventilation

This is supported by Candido et al. (2008) who found that the acceptable indoor
air speed in hot humid climates should range between 0.2 to 1.5 m/s, which is classified
as light air under the Beaufort scale (Appendix G - Wind speeds: Beaufort scale), and
when the operative temperatures exceed 24°C, air speed up to 1m/s is preferred by the
building occupants. Moreover, Tantasavasdi et al. (2001) have mentioned that natural
ventilation should provide an indoor air velocity of 0.4 m/s as a measure to enhance the

natural ventilation for houses in Bangkok.
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Comparatively, all these findings are higher than the range of minimum recommended
air velocity rates for interiors by ASHRAE that was presented by Aynsley (2007) in

Table 2.23.

Table 2.23: Recommended air velocity rates for interiors (when occupied)

Dry bulb Met Clo Relative Humidity % Air Max (m/s) Air Min (m/s)
21 1 0.9 40 0.1 none
21 1 0.9 60 0.1 none
21 1 0.9 80 0.1 none
24 1 0.9 40 0. 0.1
24 1 0.9 60 0.1 0.1
24 1 0.9 80 0.1 0.1
27 1 0.5 30 0.95 0.6
27 1 0.5 50 1.35 0.6
27 1 0.5 75 2.05 0.6

Note;
Met is the metabolic rate. For sedentary person 1 met = 58.1 W/m?
Clo is unit of thermal insulation of clothing. 1 Clo = 0.155 m*k/W

Source: Aynsley (2007)

The ventilation rates can be further increased if the indoor air temperature is over 28°C
to eliminate the heat (Su et al., 2009). However, the velocity along the body surface
should not be over 0.8 m/s.

The application of insect screens at natural ventilation devices are prominent in
the equatorial region, particularly in the tropics due to the risk of serious illnesses such
as malaria and dengue fever that are spread by insects. This approach indirectly reduces
the wind speed through the opening of natural ventilation as presented in Table 2.24,
where Aynsley (2007) found that the insect screens which are made from plastic coated
with fibreglass resulted in a higher reduction of wind speed. This also supported by
Lechner (2009) who claimed that the air flow is decreased about 50 per cent by the use
of insect screens. Moreover, higher reduction is also registered by dusty insect screens
compared to clean insect screens. Thus, the insect screens need to be chosen properly
while maintenance works should be carried out periodically to make sure it is
functioning properly to prevent insects from coming into the house while encouraging

natural ventilation through openings.
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Table 2.24: The effect of insect screens (clean and dusty) on natural ventilation wind
speeds through openings

% Wind Speed Reduction

Wind speeds Wind speed through bronze wire screen Wind speed through plastic coated
through a clear (m/s) 5.5 wires/cm fibreglass (m/s) 7 threads/cm
opening (m/s) Porosity 80% Porosity 66%
Clean Dusty Clean Dusty
0.5 0.25 (50%) 0.18 (64%) 0.10 (80%) 0.08 (84%)
1.0 0.55 (45%) 0.40 (60%) 0.35 (65%) 0.25 (75%)
1.5 1.06 (29%) 0.85 (43%) 0.80 (47%) 0.65 (56%)
2.0 1.50 (25%) 1.30 35%) 1.15 (43%) 1.00 (50%)
2.5 2.00 (20%) 1.65 (34%) 1.50 (40%) 1.35 (46%)

Source: Aynsley (2007)

By considering all the strategies and approaches, natural ventilation must be done in an
appropriate manner as too much or too little outdoor air in a room can cause draughts
and discomfort (Omer, 2008). Moreover, it should be capable of being controlled by the
occupants and to be integrated with solar protection without considering the uses of

mechanical cooling; this has been identified as the most efficient building strategy.

2.5 Dynamics of daylighting in equatorial climate region
2.5.1 Introduction of daylighting
Daylighting is a technique to bring natural light into a building through openings
(Fontoynont et al., 2004). This technique has already been implemented in building
design especially before the second half of the twentieth century when fluorescent
lightings have not yet been introduced and the cost of electricity is very pricy. This is
most evident when the majority of the buildings during that time had more windows
than walls, high ceilings with high windows, E-, U-, O- or H-shaped floor plans in
providing daylighting and natural ventilation (Lechner, 2009).

In equatorial regions where the climate is hot and humid, most of the traditional
buildings are light constructions with wide awning or verandas shading large windows
which can be opened during day and night throughout the year for ventilation (Edmonds

& Greenup, 2002).
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Historically, the concerns regarding daylighting were already highlighted earlier in
1784, when Benjamin Franklin wrote a letter to the Journal of Paris about the waste of
both candlelight and daylight in his capability as American Minister to France, while in
1907, Briton William Willet published a pamphlet entitled ‘The Waste of Daylight’
(Aries & Newsham, 2008). They had proposed an idea to solve the wastage of daylight;
unfortunately the ideas were not adopted.

Nowadays, daylighting is given attention in building design due to the decrease
of energy resources and the contribution of the energy sector to climate change while
not compromising visual comfort. There are three major developments that contribute to
daylighting interest in building design; the recent discovery of the impact of light on
human health, the growing influence of green building rating schemes and the progress
on lower cost, reliable, integrated control technologies to provide the responsiveness
needed for comfort and energy savings (Reinhart & Selkowitz, 2006).

Regarding green building rating schemes, daylighting has been stated as one of
criteria for the assessment in GBI, Green Mark, Green Star, LEED, BREEAM and
CASBEE (4ppendix C - Minimum requirements/standards for thermal comfort, natural
ventilation & daylighting of various evaluation instruments for residential buildings).
Directly, it will encourage more of daylighting implementation in the building design.
Focusing on GBI, minimum requirements/standards on daylighting of GBI for non-
residential new construction (Appendix D - Minimum requirements/standards for
thermal comfort, natural ventilation & daylighting of Green Building Index (GBI) for
non-residential new construction) are more detailed and strengthened when it also
includes daylight glare control and external views due to the need of better condition for
working places. Regarding residential colleges, the residential unit is not only uses as a
bedroom, but also uses as a place for the residents for conducting their work, study and

social interactions among the residents.
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Thus, the minimum requirements/standards of GBI for non-residential new construction
should be also adapted for residential college buildings.

Besides these green building rating schemes, the illumination level standard that
was established by Illuminating Engineering Society (IES) is also adapted all around the
world. In local perspective, there are two recognized standards which are the Standards
and Industrial Research Institute of Malaysia (SIRIM) and Public Works Department of

Malaysia as shown in Table 2.25.

Table 2.25: Illumination standards for circulation areas and homes

o mum'matingv MS 1525:2007 Public Works
Bulldlng area Engineering Society Recommendation (lux) Department of
(IES) Standards (lux) Malaysia (lux)

CIRCULATION AREAS

Corridors, Passageway 100 50 100
Lift 150 100 100
Stairs 150 100 100
Escalator 150 150 100
External Covered Ways 30 50 30
HOMES

Living room general 50 150 50
Casual reading 150 300-400 150
Sewing darningsrudies desk & protuged 300 - 300
Bedroom general 50 100 50
Bed lead kitchen 150 - 150
Kitchen working areas - 150-300 -
Bathrooms 100 150 100
Hall and landings 150 - 150
Stairs 100 100 100
Workshops 300 - 200
Garages 50 - 50

Source: IES (2011); Department of Standards Malaysia (2007); Faculty of Engineering, Alexandria
University (2008)

By making comparisons between these standards, no significant difference is
identified especially for the minimum lux level for homes. However, for circulation
area, IES standards needed higher lux level especially at lift and stairs. In general,
Malaysian guidelines for energy efficiency in buildings recommended that the interior
lighting for offices should be between 200 and 500 lux (Zain-Ahmed et al., 2002a),

while the typical illumination level for Malaysian office is 350-400 lux (Kannan, 2006).
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Noted as one of the major development towards daylighting interest in building design;

lower cost, reliable, integrated control technologies in providing responsiveness needed

for comfort and energy savings, studies done by Franzetti et al. (2004) proved that

complementing daylight and artificial light in efficient installation or by a better control

of use time leads to the reduction of lighting energy consumption. According to Phelan

(2002), daylighting approaches involve a great number of design factors that cross the

disciplines of site planning, architecture, interior design, lighting design, electrical

engineering and mechanical engineering. All these factors have to integrate with

occupant characteristics, owner operating requirements, task lighting requirements and

the daily and seasonal solar cycles as shown in Table 2.26.

Table 2.26: Daylighting design factors

Discipline Design factors
Site * Building orientation = Adjacent buildings or natural features
Architecture = Building shape, mass » Glazing characteristics
= Top daylighting = Interior light shelf
= Side daylighting = Exterior light shelf
= Window/wall ratio = Ceiling tile reflectance
Interior Design = Cubicle layout = Interior colours
= Cubicle height
Lighting Design = Task/ambient lighting design = Direct lighting
= Open office = Lighting zones
» Enclosed office = Task lighting
= Indirect lighting = Lamp and fixture type

Mechanical Design
Occupant

Task

Solar/Weather

= Lamp colour temperature
= Building automation system integration
= Age = Previous office environment

= [ES task type = Paper tasks
= Computer use

* Time of year = Cloud cover
* Time of day

Source: Phelan (2002)

Generally, daylight is the total light from the sky dome that is affected by

attenuation due to absorption and scattering in the atmosphere and consists of direct (or

beam), diffuse and ground-reflected components (Zain-Ahmed et al., 2002b).
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The most important properties of an effective day-lit space is adequate and
uniform light distribution in the space, natural shadow projections and colour rendition
and avoidance of disabling glare and minimization of contrasting glare (Jughans, 2008).
Therefore, the quality and quantity of light are the two most important aspects in
daylighting. This is supported by Lechner (2009) who had listed the six goals of
daylighting,

» Minimize glare, minimize veiling reflections, avoid excessive brightness ratios

and supply fairly even ambient illumination throughout a space.
» Reduce or prevent the severe direct glare of unprotected windows and skylights.

* Prevent excessive brightness ratios, especially those caused by direct sunlight on

or near the task.

* Prevent or minimize veiling reflections, especially from skylights and clerestory

windows.
» Diffuse the light by means of multiple reflections off the ceiling and walls.

= Use the full aesthetic potential of daylighting and sunlight (limited to spaces

which there are few critical visual tasks).

In addition to these six goals of daylighting, Omer (2008) stated four aims of
daylighting, which are more simplified; increase daylight levels towards the rear of deep
rooms, improve daylight uniformity within a space and hence its appearance, control
direct sunlight so that it can be used as an effective working luminance and reduce glare
and discomfort for occupants. In other words, to control incoming direct sunlight in
order to minimize its potentially negative effect on visual comfort; minimize glare, and
to reduce the building’s cooling load by reducing heat gain (Yeang, 2008).
Consequently, the use of daylight system is adjusted to the building, surrounding
climate and matches with the requirements of lighting for specific purposes

(Kischkoweit-Lopin, 2002).
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The natural light is varied by its amount and direction; that varies during a
typical day as the sun moves and the condition of the sky (Dean, 2005). According to
Lechner (2009), natural light comes from several sources, including direct sunlight,
clear sky, clouds or reflections from the ground and nearby buildings as shown in

Figure 2.13.

Source: Lechner (2009)

Figure 2.13: The various sources of daylight

The direct sunlight is very directional and extremely bright which should be excluded
from the building due to potential for glare, excessive brightness ratio and overheating
(Lechner, 2009). Moreover, it is between 5 and 10 times stronger than diffuse light and
casts sharp shadows (Baker & Steemers, 2002). However, direct sunlight is appropriate
when renewable energy strategies such as photovoltaic were utilized in the buildings.
The natural light from reflection is particularly relevant in dense urban situations
where owing to the closeness of the neighbouring buildings, a view of the sky may be
limited or even completely absent for all but the positions closest to the window (Baker
& Steemers, 2002). Thus, the light will tend to come from a low angle, close to
horizontal and will penetrate deeper into the space than the sky components. Regarding
the quality of light, it is much weaker due to the absorption by external obstructions;

buildings and trees.
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Concerning sky conditions, Jughans (2008) had classified into three types which
are, 1). Overcast sky: The light coming from the zenith is triple that coming from the
horizon; 2). Clear sky without sun: The light coming from the horizon is brighter than
from the zenith; and 3). Clear sky with sun: The intense light from the sun dominates
the sky globe. With specific characteristics, each sky condition gives a challenge in
terms of quantity and quality to the architect for implementing daylighting strategies in
building design. The overcast sky has a relatively low luminance; 5000-20,000 lux but it
is ten to fifty times greater than what is needed indoors, while clear sky continually
changes direction although it is not extremely bright (Lechner, 2009). Luminance is
defined as the energy contained within the visible solar spectrum of wavelengths
between 0.39 and 0.78um in candela/m? unit (Zain-Ahmed et al., 2002b).

In equatorial regions, the ratio of direct to diffuse radiation may reach 1:4 when
the sky condition is cloudy and hazy during the entire year, while bright when cloud
cover diminishes (Grimme & Laar, 2002). Thus manifesting a strong predominance of
diffuse radiation in vice versa to arid regions which glare is usually caused by reflection
of irradiated surfaces of the ground or other buildings (Jughans, 2008). The diffuse light
intensity usually varies from 1,000 to 30,000 lux depending on the degree of overcast
and solar altitude (Kim & Kim, 2010). A study done by Zain-Ahmed et al. (2002b),
found out Malaysian sky is predominantly intermediate where it is neither clear nor
overcast when the hourly indices indicate that 85.6% of the time, the sky is
predominantly intermediate (2.3% intermediate overcast, 66.0% intermediate mean and
16.3% intermediate blue) and 14.0% is overcast while the luminance may reach 80,000
lux during the brightest month and exceed 60,000 lux during the cloudy month. This has
been supported by Fadzil and Sia (2004) who had stated that Malaysian sky conditions
are commonly cloudy to clear days and resulted dull grey sky condition which also

comes with heat and glare problems.
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Thus, some kind of efficient control is needed and right decision can only be made
through research and analysis. In considering the potential for daylighting, the function
of the building and its occupancy period has to be considered (Baker & Steemers,
2002).

The natural light from reflections also challenges the architect due to critical
reflectance factor on the reflecting surface. Kim and Kim (2010) stated the sunlight
reflected from the ground constitutes only 10-15% of the total daylighting reaching a
window, but light ground surfaces increase this amount. According to Baker and
Steemers (2002), there are three possible processes that can take place when light falls
onto a surface or a layer; absorption, reflection and transmission. Moreover, different
surfaces have different effects,

» QOpaque surface: some light is absorbed and some reflected. Reflection may be

diffuse or specular; most real surfaces exhibit both to a varying degree.

= Transparent layer: some light is reflected, some is absorbed in passing through

the layer, and some transmitted. Transmission may be diffuse or specular.

Considering reflectance, perfect black would be 0, perfect white would be 1 and all real
surfaces lie somewhere in between as shown in Table 2.27. The reflection and
transmission at surfaces and layers can modify the composition of white light
sufficiently to give the sensation of colour which can be created by a combination of
three primary colour lights: red, green and blue; known as the tristimulus principle
(Baker & Steemers, 2002). Contrary to absorption aspects, where the colour of the built
form’s envelope has significant impact on a building’s cooling load where colour with
higher solar absorption increases heat gain in the buildings (Yeang, 2008) as shown in

Table 2.28 and Table 2.29.
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Table 2.27: Diffuse reflectance of building surfaces

Surface type Description Reflectance
Ceilings White emulsion paint on a plain plaster surface 0.8
White emulsion paint on acoustic tile 0.7
White emulsion paint on no-fines concrete 0.6
White emulsion paint on wood-wool slab 0.5
Walls White emulsion paint on a plain plaster surface 0.8
Tiles: white glazed 0.8
Brick: white gault 0.7
Plaster, pink 0.65
White asbestos cement 0.4
Brick: concrete, light grey 0.4
Portland cement, smooth 0.4
Stainless steel 0.35
Brick, fletton 03
Concrete, light grey 0.25
Portland cement, rough (as board marked) 0.25
Brick, London stock 0.25
Timber panelling: light oak, mahogany, gaboon 0.25
Timber panelling: teak, afromosia, medium oak 0.2
Brick: concrete, dark grey 0.2
Brick: blue engineering 0.15
Chalkboard, painted black 0.05
Floors and Paper, white 0.8
furniture Cement: screed 0.45
PVC tiles: cream 0.45
Carpet: light grey, middle buff 0.45
Timber: birch, beech, maple 0.35
Timber: oak 0.25
PVC tiles: brown and cream marbled 0.25
Carpet: turquoise, sage green 0.25
Floors and Timber: iroko, kerning, medium oak 0.2
furniture Tiles: cork, polished 0.2
Quarry tiles: red, heater, brown 0.1
Carpet: dark, “low maintenance” 0.1
PVC tiles: dark brown 0.1
Timber: dark oak 0.1
Other Asphalt 0.07
Moist earth 0.07
Slate (dark grey) 0.08
Gravel 0.13
Water 0.15
Grandolite 0.17
Bluestone, sandstone 0.18
Macadam 0.18
Vegetation (average) 0.25
Cement 0.27
Dark red glazed brick 0.3
Green Grass 0.33
Dark buff brick 0.4
Light buff brick 0.48
Concrete 0.05-0.5
Marble (white) 0.45
Oak 0.15-0.05
Old white paint 0.55
New white paint 0.75
Old snow 0.64
New snow 0.74
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Table 2.27 (continued)

Surface type Description Reflectance
Specular Aluminium commercial grade (anodised and polished) 0.7
reflectance Aluminium super-purity (anodised and polished) 0.8
Surface aluminised glass or plastic 0.94
Chromium (plate quality) 0.65
Stainless steel (polished) 0.6
Steel: white paint glossy (specular only) 0.05

Source: Baker and Steemers (2002)

Table 2.28: Solar absorption of various colours and materials

Materials  Value
Optical flat black paint ~ 0.98
Flat black paint ~ 0.95
Black lacquer  0.92
Dark grey paint ~ 0.91
Black concrete  0.91
Dark blue lacquer  0.91
Black oil paint  0.90
Stafford blue bricks ~ 0.89
Dark olive drab paint ~ 0.89
Dark brown paint ~ 0.88
Dark blue-grey paint ~ 0.88
Azure blue or dark green lacquer  0.88
Brown concrete  0.85
Medium brown paint ~ 0.84
Medium light brown paint ~ 0.80
Brown or green lacquer  0.79
Medium rust paint ~ 0.78
Light grey oil paint ~ 0.75
Red oil paint  0.74
Red bricks  0.70
Uncoloured concrete  0.65
Moderately light buff bricks  0.60
Medium dull green paint ~ 0.59
Medium orange paint  0.58
Medium yellow paint ~ 0.57
Medium blue paint  0.51
Medium Kelly green paint ~ 0.51
Light green paint ~ 0.47
White semi-gloss paint ~ 0.30
White gloss paint ~ 0.25
Silver paint  0.25
White lacquer  0.21
Polished aluminium reflector sheet ~ 0.12
Aluminised mylar film  0.10
Laboratory vapour deposited coatings  0.02
Source: Yeang (2008)
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Table 2.29: Solar emittances and absorption of selected materials

Emittance (at 10- Absorptance (for

Item 40°C) solar radiation)
Black non-metallic surfaces (e.g. asphalt, carbon, slate, paint) 0.90-0.98 0.85-0.98
Red brick & tile, concrete & stone, rusty steel & iron, dark paints 0.85-0.95 0.65-0.80
(red brown, green, etc)

Yellow & buff brick & stone, firebrick, fireclay 0.85-0.95 0.50-0.70
White or light cream brick, tile, paint or paper, plaster, whitewash 0.85-0.95 0.30-0.50
Bright aluminium paint, gilt or bronze paint 0.40-0.60 0.30-0.50
Polished brass, copper, Monel metal 0.02-0.05 0.30-0.50

Source: Yeang (2008)

The effectiveness of a building design in bringing daylight indoors can be
indicated through daylight factor where the quality and the quantity of daylighting
design are determined through the ratio of the illumination indoors to outdoors on an

overcast day independent of the units used (Lechner, 2009).

Davlioht tor (D.F.) = Indoor illumination % 100%
aylight factor (D.F.) = Outdoor illumination °

According to Ghisi and Tinker (2005); Baker and Steemers (2002), the daylight factor is
simply the sum of three components which are,

* The sky component: daylight on the reference point in the room received

directly from the sky.

» The external reflected component: daylight on the reference point reflected into

the room by any external surfaces.

* The internal reflected component: daylight on the reference point reflected and
inter-reflected at the surfaces in the room which the amount is varied according

to the distance of the reference point from the window.

In addition, typical minimum daylight factors are shown in Table 2.30 whereby if the
daylight factor measured is greater, there will be more than enough daylight for most of

the year.
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Table 2.30: Typical minimum daylight factors

Type of space Daylight Factor (%)
Art studios, galleries 4-6
Factories, laboratories’ 3-5

Offices, classrooms, gymnasiums, kitchens 2
Lobbies, lounges, living rooms, churches 1
Corridors, bedrooms 0.5

Source: Lechner (2009)

For sufficient circulation, the minimum day light factor in any portion of a space should
not drop below 0.5% and the ratio between the minimum and average daylight factor
should not be less than 3% (Kim & Kim, 2010).

Located in the equatorial region which has abundant and frequent daylight
(Kamaruzzaman & Edwards, 2006), Malaysia has a good potential in implementing
daylighting at the buildings which directly provides more effective savings on energy
consumptions while avoiding glare and excessive heat gain (Edmonds & Greenup,
2002). Unfortunately, the success of daylighting in buildings will not be achievable
when the basic knowledge of daylighting is not understood properly, which includes the
properties of daylight, the benefits of utilizing daylighting and effective strategies in
maximizing the use of daylighting. Moreover, a daylighted building is saving energy
only if the daylighting effectively and reliably displaces electric lighting usage (Yeang,

2008).

2.5.2 The advantages of daylighting from different perspectives

The application of daylighting in the buildings can give a lot of benefits where it can
reduce the energy usage for lighting, which represents about 40% of energy usage in the
buildings (Lechner, 2009). Thus, there have been a lot of studies done which

demonstrated the benefit of daylighting for energy conservation.

113



Crisp et al. (1998) found out daylighting in a building can reduce the electricity usage
for room illumination up to more than 50% while Zain-Ahmed et al. (2002a) proved the
adaptation of daylighting as passive solar design in tropical buildings can help to
conserve 10% of energy used.

Recently, Thm et al. (2009) claimed significant savings can be achieved through
the utilization of daylighting especially for space that is fully exposed to natural light
while the sole application of dimming control strategy can contribute to 60% of annual
energy savings in term of lighting. The daylighting aperture; defined as the product of
window visible transmittance and window to perimeter floor area ratio, was found to
have significant impact on energy savings from daylighting (Krarti et al., 2005). By
using computer simulation approaches; DOE-2.1E, Li et al. (2005) found that the
application of daylighting can reduce the maximum cooling plant load and building
electrical demand for the base case model by 5% and 9.3% respectively.

The significance of daylighting in promoting energy conservation is more
clearly described by Lechner (2009) who claimed that approximately 100 of 60 W
incandescent lamps would be required to produce same amount of light as 1.35m” (0.9m
x 1.5m) window. Then, a calculation of the ratio of the amount of daylight typically
available on a sunny day incident on one square foot of horizontal glass to the heat
content of that incident sunlight gives an efficacy for daylight that is nearly twice as
high as an efficient fluorescent lamp (Dean, 2005).

By lowering the usage of electric lighting in the buildings, it can reduce energy
demand for cooling requirement resulted from internal load from the light (Leslie,
2003). In the future, fewer electric power plants need to be built or maybe the existing
power plants are sufficient due to the reduction of electricity demand. Thus, decreasing
the ultimate source that contributes to climate change; CO, which registers the highest

emission for a unit electricity generation (Table 2.31).
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Table 2.31: Fossil fuel emissions for a unit electricity generation

Emission (kg/kWh)

Fuels Co, SO, NO, CO
Coal 1.1800 0.0139 0.0052 0.0002
Petroleum  0.8500 0.0164 0.0025 0.0002
Gas 0.5300 0.0005 0.0009 0.0005
Hydro 0.0000 0.0000 0.0000 0.0000
Other 0.0000 0.0000 0.0000 0.0000

Source: Mahlia et al. (2005)

In addition, at the same illumination level, daylight is cooler than electric

lighting, although light is radiant energy which eventually absorbed and turned into

heat. As mentioned by Lechner (2009), the incandescent lamps introduce about six

times more heat than daylighting and fluorescent lamps introduce about two times more

heat than daylighting; 60 lumens/watt for fluorescent lamps versus 120 lumens/watt for

daylighting. These have been explained in detail by Mahlia et al. (2005) where in an

incandescent lamp, electricity heats up a wire filament causing it to glow and give the

light where 90% of the energy produced is heat, not light.

Furthermore, the benefits of daylighting are not limited to energy conservation.

In broader perspective as had been discussed by Leslie (2003), captured daylighting in

the buildings is capable of,

Improved human performance and well-being through daylighting’s impact on
aesthetics, vision, and photobiology where experimental work indicates that
suppression of melatonin, the hormone responsible for regulating the body’s
internal clock or circadian rhythm is influenced by exposure to light levels

typical of daylight.

Might improve productivity, increased job satisfaction or reduced absenteeism,

which also agreed by Phelan (2002).

Create interesting lighting effects that modulate throughout the day and year,
while also provides a broad electromagnetic spectrum with excellent colour

rendering.

Allows the buildings to be lit at higher levels than with electric lighting alone

and allows people to continue working on some task during power outages.
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Then, Baker and Steemers (2002) highlighted the roles of daylight in architecture which
are considered from two basic perspectives; art and science, emotion and quantity, and
heavenly and earthly. These can be simplified as fulfilling the personal emotional needs
of well-being, comfort and health and the practical communal needs of energy

conservation to underpin an environmentally sustainable future.

2.5.3 Daylighting strategies in the equatorial climate region
The form and orientation of the buildings; and window designs are the basic strategies
that are needed to be given full attention in order to maximize the use of daylighting.
This supported by IThm et al. (2009) who claimed the cost effectiveness of daylighting
controls depends on several factors, including the building architectural features (shape,
window area, glazing type) as well as the building location. In window design aspects, it
includes the size, location, orientation, external condition and the use of light diffusers
which directly control the light level, daylight qualities and internal luminance
(Jughans, 2008). Therefore, improving the visual comfort while reducing the heat
caused by light penetration which can be concluded in four daylighting strategies
mention by Omer (2008), 1). Penetration: collection of natural light inside the building;
2). Distribution: homogeneous spreading of light into the focused spaces; 3). Protect:
reducing by external shading devices the sun rays penetrating into the building; and 4).
Control: control light penetration by movable screens to avoid discomfort.

For equatorial region, north orientation might even be preferable to the south
orientation while east and west are the worst orientations. Consequently, larger

buildings will have less surface area and larger core area where it receives no daylight.
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However, this can be solved by the use of side lighting with 3m of high ceiling, where
the 7m room depth of daylighting can be achieved and the use of verandas in the room’s
design should be considered when 3m of veranda will reduce the daylight penetration
by 3m (Jughans, 2008).

For one-storey or the top floor of multi-storey buildings, horizontal openings
(skylight) can be implemented where lighting through the roof allows fairly uniform
illumination over very large interior areas while daylighting from vertical windows is
limited to approximately a 15ft (4.5m) depth. Unfortunately, this strategy confronted by
the difficulty to shade horizontal glazing which can be alternated by various
possibilities for overhead openings including clerestory, monitor, saw tooth and skylight

(Lechner, 2009) as shown in Figure 2.14.
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Figure 2.14: The various possibilities for overhead openings for daylighting

For multi-storey buildings, the introduction of the atrium that also known as
enclosed courtyard form, can accommodate 100% full daylight including adjoining
spaces resulting from the reflection of most of the light reaching these spaces (Littlefair,
2002). The efficiency of the atrium can be in various forms; skylight, clerestory and
window wall, which depends mainly on the configuration of the atria (Kim & Kim,

2010). This can be estimated from Well Index as shown below;

Atrium height X (width + length)
2 X Atrium length X Atrium width

Well Index =
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The Well index and balcony depth are the most significant factors in daylighting
performance in the atrium spaces with interior balconies where the light attenuation on
the position under balcony floor is up to 70%, particularly when the Well index is
higher than 1.0 and balcony floor is deeper than 3m. A higher balcony Well Index
would generally means deeper balcony floor and thus indicates lower daylighting

performance, which can be estimated through equation below;

Atrium height X Balcony well (width + length)
2 X balcony well length x Balcony well width

Balcony Well Index (WI') =

Optimistically, each balcony floor might function as overhang of a roof glazing system
to the floor below. In local perspective, Zain-Ahmed (2009) revealed there is a
significant relationship between daylighting from skylight and indoor thermal comfort
in a top-lit atria for controlling the environment and the recent trend of atria becoming
very popular in tropical architecture. A study of three sample atria that are incorporated
in a large six-storey commercial building found passive solar systems and design
applications can reduce the dependence on artificial or mechanical means of lighting
when overall illumination provided by the atrium is considered sufficient as it exceeds
the minimum intensity for normal vision.

The colour of light for both indoors and outdoors are capable of reflecting more
light into the building and beyond into the interior spaces while at the same time
reducing dark shadows, glare and excessive brightness ratios when a light coloured
interior is able to diffuse the incoming light. This is supported by Jughans (2008) who
had stated that the surface of room contributes to the level of reflectance in controlling
glare and light distribution in the room. In order to maximize daylighting while
maintaining the visual comfort in the building, separate openings for view and
daylighting can be implemented where high windows; skylights are positioned for

excellent daylighting while low windows at eye level for view (Lechner, 2009).
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According to Kannan (2009), better uniform daylight distribution in a room can be
achieved by implementing light shelf; the upper part of window will play a role purely
as a daylight window where it can contribute to better illumination to the deeper end of
the room while the lower part is a vision window which also allows daylight to the zone
near the window. This is supported by Yeang (2008) who claimed that light shelf do not
enhance the quality of light, but instead ensures a better distribution to the inside of the
space. According to Reimann and Plainiotis (2009) who had conducted a scientific
study of bamboo house, found that light shelves provide a visually pleasant and basic
lighting level in the rooms while with some adjustment of the window blinds, it can
give great flexibility of daylight control.

The efficient use of daylighting is achievable when the illumination is greatest
inside the window and rapidly drops off to inadequate levels for the most visual task.
These can be achieved with the following strategies, which focuses on window designs;
as adapted from Lechner (2009) and Leslie (2003), that should be implemented in the
building design,

1. Windows should be high on the wall, widely distributed and of optimum area.

The distribution of daylighting in a space will be more uniformly when windows

are horizontal rather than vertical. However, Baker and Steemers (2002)

reported that tall windows provide twice as much light as wide windows and this

finding is very significant since illuminating the back half of the room is always

the critical factor.

ii.  If possible, windows are placed on more than one wall.
Bilateral lighting (windows on two walls) can lead to better light distribution,
reduce glare and reduce the contrast between each window and its surrounding

walls.

iii.  Place windows adjacent to interior walls.
The reflections from the side wall directly reduce the glare when the brightness

ratio between the window and its surrounding wall is decreased.
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1v.

V1.

Splay walls to reduce the contrast between windows and walls.

The glare that form inside the windows are lesser when the splayed or rounded
edges create a transition of the brightness. Nevertheless, external shading
devices are the most effective strategies for existing buildings in reducing solar
heat gains through windows without losing the benefit of daylighting. This is
supported by Hassan (2002) who came up with strategies by considering the
building orientation; the horizontal shading devices are generally effective
against high sun in both east and west orientations while vertical shading is
generally successful for south orientations. For all orientations, egg-crate

shading devices are the most efficient strategies.

Filter and softer daylight.

This can be done by using the trees or by horizontal elements, window blinds,
and other non-specula surfaces to distribute and diffuse the light. Regarding
window blinds, Galasiu et al. (2004) have made a comparative study between
daylight-linked dimming and automatic on/off lighting controls. Various
percentages of savings in terms of lighting energy consumption were recorded
and more significant saving was achieved through lighting control systems with
photo controlled blinds due to the capability of the blinds to adjust their position

automatically in direct response to the variable daylight levels.

Shade windows from excess sunlight.

The overhangs can reduce glare problems where it can diffuse the light by
reflecting it off the ceiling. According to Soebarto et al. (2008), adjustable
vertical shading is advised (external blinds and timber louvers) or fixed
horizontal and vertical shading devices for east and west facades due to the low
sun angles in early mornings and late afternoons compared to north and south
facades, while the north and south facades can simply resolve the glare problem
by the use of fixed or adjustable shading devices placed horizontally. This was
also agreed by Edmonds and Greenup (2002) who claimed that external shade
considerably reduced the daylight penetrating the building while functioning as
the simplest and most effective form of controlling heat gain through windows.
However, it can be further improved by light-coloured overhangs (especially
white) with louvers which can help to reduce the brightness ratio between itself

and the sky.
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By using computer simulation techniques, Li and Wong (2007) found the
shading effects due to nearby obstructions strongly affect the building energy
budget when daylighting designs are used; the electricity savings decreased from

40 to 28 kWh/m? at individual floor.

vii.  Use movable shades.
This strategy can overcome the variations of daylighting especially on east and
west exposure. The application of indoor shading devices is simpler, but outdoor
shading is more effective. Unfortunately, outdoor shading carries penalties of
cost and control which can be avoided by internal devices in the roof of an
atrium; remoteness from the occupants (Baker & Steemers, 2002). According to
Tzempelikos and Athienitis (2007), the simple on/off (open/close) control of the
shade resulted in substantial daylighting saturation, while an integrated approach
like automatic control of motorized shading in conjunction with controllable
electric lighting systems could contribute to a substantial reduction in energy
demand for cooling and lighting in perimeter spaces which are dependent on

climate conditions and orientation.

In addition to these strategies, Leslie (2003) had given a suggestion to place
critical visual tasks near to the building parameter and to use light colour interior
surfaces to reduce the luminance contrast between the windows and surrounding
surfaces while increasing visual comfort. Furthermore, workstations and computer
screens need to be located perpendicular to the windows to reduce reflected glare in the
screens for visual comfort. For multi-storey buildings, the same author suggested to
configure the building where the most floor area occupied by the people is within the
daylight zone; typically about Sm deep from window wall or the top floor of a building
with skylight.

The opening size of window is the most important aspect that affects the
daylighting in the building. The solar gains as the window to wall ratio (WWR) increase
while the peak gains occur in the southwest facing windows (Zain-Ahmed et al.,

2002b).
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The optimum window opening for daylighting in Malaysia is 25% WWR; where the
illuminance levels in a room do not reach 500 lux before 8.30 a.m. and after 4.30 p.m.
for distances less than 1.75m from the window.

As a result of these findings, Ibrahim and Zain-Ahmed (2006) had developed
Daylight Factors (DF) distribution table and estimation floor area to determine of
window opening sizes in relation to WWR and glass types for making decisions about
incorporating daylighting in buildings’ design as shown in Table 2.32. This table
indirectly helps the architects in designing facade design especially to incorporate
daylighting strategies with natural ventilation approaches; in conjunction with daylight
footprints and illuminance charts, when Aynsley (1999) claimed there is no guidance
for the maximum size of the opening when other practical requirements such as sun

control, security and privacy should be considered.

Table 2.32: Daylight factors distribution table and estimated floor area

Distance from window 25 WWR 35 WWR 45 WWR 55 WWR 65 WWR

0.25

0.75

1.25 6.6

1.75 4.4 6.8 9.5

2.25 3.4 5.1 7.5 9.7

2.75 2.7 4.5 6.3 8.3 9.8

3.25 2.4 3.9 5.6 7.3 8.8

3.75 2.5 3.7 5.5 7.1 8.5

4.25 1.4 2.2 3 3.8 4.5
% of day lit floor area 57 70 90 90 90
% of artificial light needed 43 30 10 10 10
Note - > 10 DF : adequate to over lit l:l <5 DF, > 2 DF : require

[ ] <10DF,> 5 DF: good quality daylight [ ] <2DF: require full artificial light

Source: Ibrahim and Zain-Ahmed (2006)

Ghisi and Tinker (2005) came up with the concept of Ideal Window Area which
is the effective integration between daylight and artificial lighting system. The analysis

of this concept revealed that;
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1. The smaller rooms and rooms with greater width have a greater potential for
energy savings on lighting due to daylight reaching the working surface through

windows.

ii. The Ideal Window Area tends to be larger on the orientations whose energy

consumption is lower due to smaller solar thermal loads reaching the facade.

iii. The larger the room and the narrower its width, the larger its Ideal Window
Area. Whereas with the larger room, the energy consumption reduces per unit of

floor area.

iv. The room with a narrower width have lower energy consumptions due to the

lower solar heat gains or losses through windows.

Besides that, Kischkoweit-Lopin (2002) came with more structural strategies when they
characterized daylighting systems into shading systems and optical systems as shown in
Table 2.33. The abilities of these systems can be described with specific criteria, namely
glare protection, view outside, light guiding into the depth of the room, homogeneous
illumination, saving potential concerning artificial lighting, the need for tracking and the
availability of lighting. The successful implementation of optical systems that include
angle selective glazing, light guiding shades, vertical and horizontal light pipes,
switchable glazing and angle selective skylight has been proven in small buildings by
Edmonds and Greenup (2002). All these optical systems have been critically explained
by International Energy Agency (2000b) under Energy Conservation in Buildings and
Community System Programme, in conjunction with Solar Heating and Cooling
Programme.

The light pipe which is considered as advanced optical daylighting systems
reflects sunlight to the ceiling plane and transporting the daylight efficiently by using a

relatively small inlet glazing area (Yeang, 2008).
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Table 2.33: Daylighting systems

Daylighting System

Description

Example

Shading system
(Primarily to block direct sun and admit diffuse light).

1.Shading systems
primarily using
diffuse skylight

2.Shading systems
primarily using
direct sunlight

Ultimately block direct
sunlight but being
transparent for diffuse
skylight

Diffuse sunlight or redirect
sunlight onto the ceiling or
above eye height.

1. Prismatic panel

(Climate : All climates)

2. Prisms & venetian blinds

(Climate : Temperate climates)

3. Sun protecting mirror elements

(Climate : Temperate climates)

4. Anidolic zenithal opening

(Climate : Temperate climates)

5. Directional selective shading system with
concentrating HOE

(Climate : All climates)

6. Transparent shading system with HOE
based on total reflection (— 4.2.3)

(Climate : Temperate climates)

1. Light guiding shade

(Climate :Hot climates, sunny skies)

2. Louvers & blinds

(Climate : All climates)

3. Light shelf for redirection of sunlight
(Climate : All climates)

4. Glazing with reflecting profiles (Okasolar)
(Climate : Temperate climates)

5. Skylight with Laser Cut Panels

(Climate : Hot climates, sunny skies, low latitude)
6. Turnable lamellas

(Climate : Temperate climates)

Optical systems
(redirect daylight to area further from the windows or skylight

1. Diffuse light
guiding systems

2.Direct light
guiding systems

3. Scattering
systems

4.Light transport

The light from zenith area
which much brighter than
in horizontal part of
overcast sky is redirect into
the depth of the room and
allows an improvement of
daylight utilisation.

Redirect and distribute the
sun light in a small part of
facade while the rest of the
facade is closed by
conventional shading
devices.

Realise an even lighting
distribution

The outside light were
collected and guiding it
through a light guiding
media onto rooms in the
depth of the building

1. Light shelf

(Climate : Temperate climates, cloudy skies)

2. Anidolic Integrated System

(Climate : Temperate climates)

3. Anidolic ceiling

(Climate : Temperate climates, cloudy skies)

4. Fish system

(Climate : Temperate climates)

5. Zenith light guiding elements with
Holographic Optical Elements

(Climate : Temperate climates)

1. Laser Cut Panel (LCP)

(Climate : All climates)

2. Prismatic panels

(Climate : All climates)

3. Holographic Optical Elements in the
skylight

(Climate : All climates)

4. Light guiding glass

(Climate : All climates)

Light diffusing, capillary & frosted glass
(Climate : All climates)

1. Heliostat

(Climate : All climates, sunny skies)
2. Light-Pipe

(Climate : All climates, sunny skies)
3. Solar-Tube

(Climate : All climates, sunny skies)
4. Fibres

(Climate : All climates, sunny skies)
5. Light guiding ceiling

(Climate : All climates, sunny skies)

Source: Kischkoweit-Lopin (2002)
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This system transports the daylight efficient, and is carefully designed to block direct
sun, direct source glare and thermal discomfort. Unfortunately, this system is not widely
implemented especially in Malaysia due to the higher costs of fibre optic components
(Zain-Ahmed, 2009). Besides that, Sulaiman et al. (2005) who had proved that fibre
optic daylighting is able to save more than 50% of the total energy consumed proposed
the sensible opinion that the total cost savings would be considerably increased as well
when the use of fibre optic become popular and price of the fibre optic components is
reduced.

Consequently, the availability and quality of daylight in an existing building can
be improved by increasing the size of existing apertures or making new apertures or by
redistributing the glazing, increasing the transmittance of windows by reducing
obstruction due to framing or replacing the glazing material with one of higher
transmittance, increasing the external reflected component by treating nearby external
surfaces with high-reflectance finishes, increasing the internal reflected component by
treating internal room surfaces with high-reflectance finishes and increasing the
penetration of light using special elements such as light shelves or prismatic glazing
(Baker & Steemers, 2002). Two types of light pollution that have been discussed earlier,
glare and trespass result from daylighting which should be reduced and eliminated.
Glare is direct light shining from an artificial lighting fixture (luminaire) that causes
difficulty in seeing or causes discomfort, while light trespass is intrusive light that
reaches into neighbouring properties and become objectionable (Yeang, 2008).

Deletion is not only an energy efficient technology but also an architectural
discipline, and a major factor in occupants’ perception and acceptance of workspaces in
building while successful energy saving from daylighting can only be realized when the
building and systems design support broader occupant needs for comfortable and

healthy indoor environments (Reinhart & Selkowitz, 2006).
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2.6  Post occupancy evaluation
Post occupancy evaluation (POE) is defined as the process of evaluating buildings in a
systematic and rigorous manner after they have been built and occupied for some time
(Preiser, 1995) to understand the mutual interactive process between the building and
the user’s needs, and also to recommend ways of improving the environment necessary
to accommodate user needs (Khalil et al., 2008); or other words, determining the
building defects that would lead to increased maintenance and operating costs.
According to Zimring and Reizenstein (1980), POE is an effectiveness examination for
human users of occupied design environments while Ilesanmi (2010) states that POE is
about procedures for determining whether or not design decisions made by the architect
are delivering the performance needed by those who are using the building and using
occupants as a benchmark in evaluation. Specifically, POE is concentrating on building
occupants or users and their requirements (Hassanain et al., 2010). Unfortunately, the
buildings are very rarely revisited and reassessed once they are handed over to their
users even though they are more expensive than cars and electronic equipment (Mier et
al., 2009).

The history of POE development, purpose and benefits are well documented
from all around the world, as Hadjri and Crozier (2009) highlighted, there is a
significant lack of scientific exploration into successful and failed completed project
which have been identified by the Royal Institute of British Architects (RIBA). It was a
moment that leads to the introduction of POE and it was realized into practice when
‘feedback’ was put up as part of the Plan of Work in RIBA’s first handbook in 1965 and
was known as ‘environmental analyses’ or ‘building appraisals’ in the 1960s (Hassanain

etal., 2010).
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Unfortunately, POE was removed from the plan due to concerns over fees, insurance
and liability, but had recently made a comeback with RIBA (Bordass & Leaman, 2005)
when it was then endorsed as a useful addition to architectural practices in the USA
(Cooper, 2001). From this point onwards, the POE has been improving from year to
year to increase the quality and efficiency of building construction. This is clearly
shown in the late 1980s, when Preiser et al. (1988) introduced three phases of the POE

process (Table 2.34) that is more structural and organized.

Table 2.34: Phases of POE process

PHASES OF POE PROCESS
Planning Conducting Applying
= Feasibility study = Collect data on relevant = Documentation & report

.g = Identify objectives elements findings
S = Review & analyse building = Develop data collection = Review & determine
2 performance = Interviews, walk-through, outcomes
© = Define building’s strength observation, questionnaires = Recommendations for
§ & weakness = Analyse data further action
A< = Identify building users = [mplement action

Source: Preiser et al. (1988)

The evolution of POE in assessing building performance was clearly illustrated by
Wolfgang et al. (2008) which was initially inspired by the evaluation case studies of
university dormitories in the late 60s. According to Hadjri and Crozier (2009), POE has
progressed from a one dimensional feedback process to a multidimensional process that
as an integrated element helps drive the building procurement process forward. This
was clearly presented by Cartney (2006) in the development of a standardized POE
methodology for Australian health projects, which are sufficiently generic that could
well be applied to a range of different project types and to different project procurement
environments.

Focusing on the purpose and benefits of POE, Khalil and Husin (2009) claimed
that the application of POE was able to indicate satisfaction and comfort level needed
by occupants as lessons learned to identify problems in indoor environments, which
includes the building defects.
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Therefore, situations where corrective action is taken only through ad-hoc preparation
and pre-planning programmes before defect or failure occurrence were disregarded can
be eliminated. Any problems regarding the building design and structure will be
identified for further mitigative actions while building environment and performance are
being improved (Vischer, 2002; Hewitt et al., 2005). Thus, the successful design
features can be repeated in future development and any redundant or unnecessary
building features will be eliminated. In other words, continuous building improvements
can be identified by doing POE regularly and it can ensure that the building continues to
deliver appropriate levels of satisfaction to the end-user (Turpin-Brooks & Viccars,
2006). This has been supported by Langston and Ding (2001); Jaunzens et al. (2003)
who have claimed that the POE should not be a one-off process to confirm that a new
building has fulfilled its criteria while Preiser (1995) stressed out the critical evaluation
of POE should not only occur in a facility once constructed and occupied, but it should
carry out throughout the entire building delivery cycle.

A number of plausible benefits of conducting the POE have been documented
by (Whyte & Gann, 2001), which seems to conclude all the discussions about the
purpose and benefits of POE by other authors and researchers, Turpin-Brooks and
Viccars (2006), Nawawi and Khalil (2008), Hadjri and Crozier (2009), Khalil and Husin
(2009). These include more effective application of design skills, improving
commissioning process, improving user requirements, improving management
procedures, providing knowledge of design guides and regulatory processes and

targeting of refurbishment.
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Nevertheless, as a pioneer in this field, Praiser (1995) had categorized the
benefits of POE into three, short-term benefits include obtaining users’ feedback on
problems in buildings and the identification of appropriate solutions, medium-term
benefits include feed-forward of the positive and negative lessons learned into the next
building cycle, and long-term benefits aim at the creation of databases and the update,
upgrade and generation of planning and design protocols and paradigms. In recent
times, Ilesanmi (2010) highlighted two benefits of POE which are ensuring the
sustenance of building performance and understanding the mutual interaction between
buildings and users’ inspiration when satisfaction, attitudes and preferences are three
types of criterion normally used.

As Doidge (2001) reports, the POE is widely acknowledged, but however rarely
practiced. According to Meir et al. (2009) who had critically analysed more than 50
studies on POE to assess the evolution and state of the art of POE, revealed the overall
sense 1s that of a field that is at the threshold of maturity, but is not quite there yet when
there are lack of agreed-upon protocols, measures and procedures which making
comparison difficult. Moreover, the acceptance, consistency and formalization of POE
are inevitable. This was supported by Zakaria and Hamzah (2007) who claimed that no
systematically collected data is available for various types of building in Malaysia while
the aspects of evaluating building performance have not been emphasized widely in
Malaysia and term of POE itself is still new in Malaysia. According to Turpin-Brooks
and Viccars (2006) and Hadjri and Crozier (2009), the implementation of POE is
frustrated by,

1. Ownership - where client and designer refuse to pay an extra charge for carrying
out a POE survey and also the cost of implementing the findings even though
there are benefits for both if POE is implemented. Moreover, the designers are
almost never paid to go back and review the outcomes of their design decisions

(Zimmerman & Martin, 2001).
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Liability - the POE may uncover problems which may cause the building to be
labelled as “under performing” and may directly reduce the value of the building
for the client. This was agreed by Copper (2001) who said, professionals are
unlikely to offer POE, as part of the standard service during the procurement

process, unless the issues of liability can be satisfactorily resolved.

Lack of knowledge - when many people never heard of POE and with the
absence of POE on the educational curriculum, human resource and skills
become a barrier to POE adoption. According to Zhang and Barrett (2010) who
done POE in the UK primary school sector, the occupants are usually simply
coping with the given environment rather than actively managing it and from the
head teacher’s perspective, there are not enough driving forces to carry out POE
that would reveal this gap. Thus, the same authors proposed an education
programme by the design team should be implemented to ensure that the
potential of spaces, design strategies, services are fully realized by the actual

users.

Lack of progress - especially in the development of standard methods where
compatible results that can be compared to give indications of improvement is
not available. Nawawi and Khalil (2008) have had the same opinion when they
conducted a research to propose guidelines to implement POE for public

buildings in Malaysia.

In addition, Riley et al. (2010) also highlighted culture as a barrier to the POE process

where the occupants may feel that moving into a new working environment is

disruptive. All of these inhibitors could be reduced if pragmatic model were available.

Discussion of Turpin-Brooks and Viccars (2006) and Hadjri and Crozier (2009), clearly

indicate three levels of effort in the POE process as presented in Table 2.35 which is

based on POE process model formulated before by Preiser (1995; 2001) in Figure 2.15.

The level undertaken will depend on the availability of finance, time, manpower and the

required outcome (Turpin-Brooks & Viccars, 2006).
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Table 2.35: The level of POE

Level of

POE Aim Methods Timescale Comments
Indicative Assessment by = Walk-through Short Quick, simple, not too
experienced evaluation inspection intrusive/disruptive to
personnel to » Structured interview period daily operation of
highlight POE = Group meetings with building.
issues end users Judgmental and
= General inspection of overview only.
building performance
® Archival document
evaluations
Investigative In-depth study  Survey questionnaires &  From one In-depth/useful results.
of the interviews. Results are week to Can be intrusive/time
building’s compared with similar several consuming, depending
performance facilities. Report months on the number of
and solution to  appropriate solutions to personnel involved
problems problems
Diagnostic Show up any = Sophisticated data From several  Greater value is
deficiencies (to gathering and analysis  months to usability of results.
rectify) and techniques several years ~ More time consuming.
collect data for ® Questionnaires,
future design surveys, interviews
of similar and physical
facilities measurements
Source: Turpin-Brooks and Viccars (2006); Hadjri and Crozier (2009)
PHASE 1 PHASE 2 PHASE 3
Le\{el I: Planning H Conducting H{ Applying
2 Indicative
=
2 Level2: Planning Conducting Applying
©  Investigation
o
E Ilse.vel 3 Planning Conducting Applying
1agnostic

Steps

2.1. Initiating on-site data
collection process

1.1 Reconnaissance and 3.1. Reporting findings

feasibility

2.2. Monitoring and managing  3.1. Recommending actions

data collection procedures

1.2 Resource planning

1.3 Research planning 2.3. Analysing data 3.1. Reviewing outcomes

Source: Preiser (1995)

Figure 2.15: POE process model
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In maintaining the effectiveness and efficiency of POE, there is a need for occupants to
provide which are easy to compare with other studies, avoid intruding on the
respondents’ time and patience too much, give good value in terms of quality and
content, be relevant in a given situation, be reliable and address the factors that relate to
the needs, activities and goals of the people using the building.

Regarding to the methods of POE, Bordass and Leaman (2005) point out five
categories portfolio of techniques that can be assessed and utilized where appropriate.
There are audit (using quantitative technical assessments), discussion (use discursive
techniques such as workshops and interviews), questionnaires, process (techniques that
are used to adapt the procurement process to incorporate feedback in an organized
manner), and packages (probes). Furthermore, there are numbers of techniques in the
data collection process where according to Hadjri and Crozier (2008), each of the
techniques has its own pro and cons while the potential to be used in POE can be
doubtful as shown in Table 2.36.

As a part of a sustainable approach in building environment, Turpin-Brooks and
Viccars (2006) pointed out that the development of POE should result in an adoption of
a case study approach when it can provide contextual information (or reality), greater
depth of qualitative data, opportunities for benchmarking performance and learning
opportunities from each project for all stakeholders involved. Then, it can be also used
to validate the method used as a confirmation of repeatability when a case study is an
empirical inquiry that investigates a contemporary phenomenon within its real-life
context, especially when the boundaries between phenomenon and context are not

clearly evident (Yin, 2003).
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Table 2.36: Advantages and disadvantages of the data collection techniques considered

Potential to

Techniques Advantages Disadvantages use in POE Comments
1. Walk-through  Cheap & simple Can be too Yes Essential especially
survey judgmental & for technological
subjective review systems
2. Diary Detailed data over ~ Hard to administer. Only if no -
analysis time Respondents’ alternative
response flags.
Data intensive.
3.Focus group Cost effective. Pick  Need skilled Yes Especially for design
up detail left out of  facilitator team review
questionnaires
4. Individual Excellent for senior Time consuming. Yes -
interviews management Needs skilled
interviewer. Note
taking & write-up
time burdensome
5.Documentary  Essential for Jargon. Questionable -
analysis building brief Understanding
context
6.Plan analysis  Often excellent Information Yes -
data source overload
7.Supplied data  Can be a cheap Can be poor form Yes Good for energy data
source of data or imprecise or
hard to interpret
without help
8. Monitored Accurate. Cost. Sampling Questionable -
data Quantitative methods
9.Questionnaire Comprehensive Tend to miss out Yes Essential for base
surveys coverage. fine points & data. Also extremely
Quantitative & contexts useful to involve as
Qualitative many people as

affordable

Source: Hadjri and Crozier (2008)

Recently, Hassanain et al. (2010) discussed a framework for evaluating the
quality of university family residential facilities which can be well adapted at other type
of buildings as the framework was more organized and has diversified its investigation
techniques, integrating community participation to ascertain the emerging outcomes and
to define the most efficient and feasible interventions. The framework started with a
walk-through investigation being carried out to pinpoint the major problematic zones or

elements and is documented with photos.
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It is then followed by conducting focused group meetings to obtain an initial
prescription of the degraded performance of the residential facilities and services,
interviewing the executives of campus maintenance and planning departments to be
guided by the experienced of such a stakeholder who has encountered various arrays of
residential maintenance and planning. Then developing and administering a
questionnaire survey to obtain the residences’ satisfaction rate of various categories of
outdoor and indoor performance requirements (Appendix H - Indicators of outdoor and
indoor performance requirements). After that, a public hearing session is conducted to
evoke the community to express their further concerns and main complains. All the data
gathered from the above were analysed which entails analysing and triangulating two
types of obtaining data, quantitative and qualitative. The framework is ended by
recommending a range of time-phased solutions for residential improvements
(Hassanain et al., 2010).

Gossauer and Wagner (2007) pointed out those two main methodical approaches
in analysing comfort research through POE, laboratory test in climate chamber and field
tests in running buildings, where POE in field studies has a major influence on new
understandings when historically it became the dawn of adaptive comfort model. In
addition, it also revealed that the occupants’ perceptions of the indoor environment are
influenced by numerous parameters while laboratory tests still reveals many open
questions regarding the definition of the key parameters for overall satisfaction with the
workplace, well-being and productivity due to uncontrolled boundary conditions. In
other words, climate chamber does not represent actual conditions as in the field, it is

influenced by a range of complex factors.

134



Urged by many building defect complaints in Malaysian public buildings, for example
the collapsed ceiling at the parliament building and fungus infection on the walls at
Hospital Sultanah Aminah, Johor in 2006, leaking pipes which caused flooding at the
new court complex in Jalan Duta, Kuala Lumpur in 2007 and many more, Nawawi and
Khalil (2008) have proposed a guideline for POE for government and public buildings
in Malaysia as shown in Figure 2.16. This guideline consists six steps that are divided
into three phases and it has proven to be effective and relevant for government and
public buildings in Malaysia due to very high and high correlations grades scored by a
majority of the parameters in a correlation coefficient of building performance and
occupants’ satisfaction. The score was measured based on the quality of various
building elements, services and environment on a scale of 1 to 10 which constitutes a
full score (S= 1.0), good is above 6 (0.6 <5=> 0.9), medium is 5 (S= 0.5), and poor is
below 4 (S< 0.4).

Different approaches have been taken by Khalil and Husin (2009) in conducting
POE towards indoor environment improvement in Malaysia’s office building when the
three phases are involved, namely: planning, conducting and applying, as adapted from
Preiser et al. (1988). A self-administered questionnaire where the format is based on a
Likert - scale, scores ranging from 1 to 5, was adapted to focus on six elements,
including cleanliness, visual comfort, thermal comfort, air movement, noise pollution
and overall comfort (Adppendix I - A self-administered questionnaire format based on
Likert-Scale). As a result, uncomfortable environment in the office is a result of cooling
system (73%), natural daylighting (53%), provision of air movement (40%) and quality
of indoor ventilation (47%) which lead to the decreased of work productivity, constitute

to 47% out of total respondents.
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[ INITIAL PHASE ]

[ PROCESS PHASE ]

\ 4

[

RECOMMENDATION
PHASE

A 4

STEP 1: BUILDING

) srep2:oBsecTivE ||

STEP 3: PLANNING

) | srep 4: conpuctinG ||

STEP 5: APPLYING

STEP 6: ACTION |

Description: Identify the
information background

& define provided
area/function.

Issues to consider:

= Type of building

= Total area (if any)
= Location

= Year built

Description: Identify the
need for the evaluation
and probable aspects of
the evaluation.

Issues to consider:

= Objectives of
evaluation and
priorities

= Level of effort

= Duration/time

= Team of number of
personnel

= [nstrument for
evaluation

= Determine any
benchmark used
against other buildings

Figure 2.16: Proposed guideline for POE for government and public buildings in Malaysia

Description: Select
planning approaches that
will meet the needs of
evaluation.

Issues to consider:

» Decide when the work

will be carried out

Feasibility study

= Plan research

Study building

» Visual inspection

» Analyze performance
of building

» Determine strength &
weakness of building

» Toolkit: Performance
Observation
Evaluation

Description: Carry out
the POE.

Issues to consider:

= Define
occupants/building
user

= Collect data upon user

= Develop data
collection

= Toolkit: Occupant
survey questionnaires,
carry out interviews,
meetings &
observations

* Analyze data collection

Description: Applying
feedback of findings.

Issues to consider:

= Review outcomes

= Compile records &
analysis

= Documentation,
report, summary seek

= Recommendation plan
for action

Description: Action on
response to POE.

Issues to consider:

= Now: within 3 months
to a year

= Later: within I to 5
years

= Future: for future
building

= Focus Study: for
management decision

Source: Nawawi and Khalil (2008)
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By making a comparison between both approaches, guidelines for POE for
governments and public buildings in Malaysia could be assumed to be an evolution
from the approach taken Khalil and Husin (2009) in conducting POE towards indoor
environment improvement in Malaysia’s office building. With the combination of these
two approaches, a workable POE can be achieved when one of the criteria of success of
POE outside academic circles is simple, reliable, and standardized in terms of collecting
useful feedback from occupants, not on the entirety of their experience of using the
building but on a few, carefully selected and identified indicators of environmental
quality (Vischer, 2002). This is also supported by Turpin-Brooks and Viccars (2006)
who stated that a combined approach POE with more than one “tool” of assessment can
enhance understanding of a building’s performance and give clear direction for further
investigations of key relationships, as the Eden project case study found.

POE method on residential college buildings by Hassanain (2008) has classified
two performance requirements for the performance evaluation of sustainable student
residential facilities. These are technical performance requirements and functional
performance requirements (Appendix J - Technical and functional performance
requirement). Based on these two requirements, the degree of satisfaction is obtained
from 22 elements of technical performance that derived from five core elements and 26
elements of functional performance, which also originated from five core elements.
These holistic approaches are capable of providing a good resource for solving technical
and functional problems in the building. There are four degrees of satisfaction for each
element of the performance that was adopted,

= ‘Strongly Dissatisfied” - mean response is below 1.49,

= ‘Dissatisfied’ - mean response is between 1.50 and 2.49,

= ‘Satisfied’ - mean response is between 2.50 and 3.49,

= ‘Strongly Satisfied’ - satisfaction index is above 3.50.
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As a result, Hassanain (2008) found out the overall mean response for the investigated
four indoor environmental qualities was 2.80; matching a satisfaction rating of
‘satisfied’. Based on the study done by Hassanain (2007) a year earlier, Adewunmi et al.
(2010) had conducted an advanced POE of postgraduate hostel facilities which included
29 identified performance criteria under 12 factors, namely bedroom social and place
qualities, hostel design, social densities in the hostel, storage and room furnishing, floor
levels, hostel maintenance, conveniences, hostel facilities, laundry, balcony, hostel
management, and location. The degree of satisfaction for each criterion of performance

was quantified based on a graduated scale of 1-5,

‘Neutral’ - mean response is less than or equal to 1.49,

= “Strongly Dissatisfied’ - mean response is between 1.50 and 2.49,
» ‘Dissatisfied’ - mean response is between 2.50 and 3.49,

= ‘Satisfied’ - mean response is between 3.50 and 4.49,

= ‘Strongly Satisfied’ — mean response is between 4.50 and 5.

Although the scales of degrees of satisfaction used by researchers were quite different,
the studies are capable to show subsequent design that should be improved in the design
and management of new hostel facilities. Moreover, this will guide the university’s
management with regards to policy formulation, focus on the institution’s core and
supporting objectives, particularly hostel facilities (Adewunmi et al., 2010). This is in
line with Meir et al. (2009) who stated that the nature and goals of POE depended on
who is asked, as the prospects and hazards of this tool and approaches are seen
differently from the standpoint of each stakeholder. Consequently, it is necessary to
focus on the most relevant issues rather than to attempt to analyse everything and risk

an overload of data (Hadjri & Crozier, 2009).
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The POE studies have the potential to clarify discrepancies, loopholes and
problems in different ways, including the problems in the design process, the operation
or in the building as a system (Meir et al., 2009). The benefits to be derived from the
results of POE do not only promise to improve the quality of facilities, worker morale
and work performance (Hassanain et al., 2010), but they may also contribute to
significant cost savings (Preiser, 1995), as well as being key in minimizing energy
consumption while helping to bring the existing buildings towards zero-carbon targets
(Spataru et al., 2010). In addition, the POE is an assessment that integrates the
occupant’s behaviour, perception and opinion as the building user which allows the
researcher to outline the issues to be monitored (Khalil et al., 2008). This was concurred
by Ilesanmi (2010) who found that 62% of the physical characteristics of the residences
highly correlate with residents’ satisfaction.

The integration of POE results into value management process, as an essential
component in the organizational learning cycle, ensures that the facilities management
decision-making process becomes increasingly well-informed and accountable (Green
& Moss, 1998). Finding from Ilesanmi (2010) clearly indicate that the residents’
perception of residential environment cannot be ignored at policy, planning, design and
implementation levels where satisfaction with the physical environment of residences is

the most powerful predictor of residential satisfaction.
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2.7  Conclusion

The climate change issues have brought in the ‘Green Building’ term, which
significantly relates to bioclimatic design building, when building sector was identified
as one of the largest contributors to GHGs emission that directly leads to global
warming phenomenon. The interrelationship between building sector and climate
change was critically discussed by UNEP and UNFCCC (2002), Sani and Sham (2007),
Urge-Vorsatz and Novikova (2008), and particularly on energy usage by Economic
Planning Unit (2006), Atkinson (2009), and Al-Mofleh et al. (2009). The climate
change decreases global heating demand by over 30%, but increases cooling demand by
about 70%, and influences the energy demand for residential air conditioning in South
Asia, which could increase by around 50% (Isaac & vanVuuren, 2009).

At present, ‘Sustainable Building’, ‘Green Design’, ‘Eco Design Building’,
‘Sustainable Architecture’, ‘Eco Innovation’ and many more are becoming popular
terms besides of bioclimatic design building itself. Although the terms and meanings are
different, the aim remains the same in promoting efficient use of natural resources,
especially energy and water, and application of renewable energy in running the
function of the buildings for creating a healthier environment. Subsequently aims are to
incorporate a wider diversity of approaches and priorities, including social, ecological
and economic.

The continuing commitment of world nations in building sectors to climate
change issues are clearly described with the introduction of building evaluation
instruments. There are BREEAM (UK), LEED (USA), CASBEE (JAPAN),
GRENNSTAR (Australia), and GBI (Malaysia) which are identified as rating tools that
are principally designed for tropical zones other than Singapore government’s Green

Mark (Architecture Malaysia, 2009).
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Whilst, Indonesia’s rating system is going to be developed by Green Building Council
Indonesia (GBCI) (Tiyok, 2009). The thermal comfort, natural ventilation and
daylighting were defined as the important criteria for residential building in each of
these evaluation instruments. In line with the revolution of the building, in terms of type
and design, some of these evaluation instruments are revised from time to time where
the minimum requirement becomes more particular, while specific instrument were
established for specific type of buildings as clearly describe by BREEAM (2009b). In
the line with GBI, the government of Malaysia is currently promoting the development
of energy efficient (EE) buildings by demonstrating several EE buildings namely Low
Energy Office (LEO) Building, Green Energy Office (GEO) Building and Diamond
Building (POS Malaysia Philatelic Bureaus, 2009).

Pointed out as one of the important criteria in all building evaluation
instruments, energy efficiency in building sector, particularly on existing residential
building within equatorial region is influenced by four aspects. These are building type,
climatological conditions, cooling and lighting. Principally, building design, services
design and occupant behaviours are the three interrelated factors in achieving building
energy performance (Al-Mofleh et al., 2009), where the last two factors are not easy to
be controlled and maintained, as well as being influenced by the first factor itself;
building design. This supported by Spataru et al. (2010), who stated the behaviour of
occupant is increasingly important and being responsible for the energy consumption in
the building. Thus, how we design our building will reflect how much energy they

required to run.
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By taking building design as a main factor in reducing energy consumption, a lot of
strategies have been discussed by considering the local climate, the need of cooling and
lighting including built-form configuration and orientation, enclosure and facade design,
solar control devices and landscaping, particularly in the equatorial region (Candido et
al., 2010; Al-Temeemi, 1995; Chan, 2009a; Gutierrez & Labaki, 2007; Ahmad, 2008).

The sun, heat and high humidity are key elements of the Malaysian climate that
need to be well thought-out (Chan, 2009b). As a consequence, most of the strategies
discussed places emphasis on the minimization of negative impact from the failure of
building designs and natures insistences through manipulation of surrounding area
approaches including sun path, wind direction, altitude, sunlight penetration and
landscaping. Additionally, these strategies were optimized by giving full control of
indoor climate to the residences with regards to their needs.

In achieving energy efficiency in building, thermal comfort should not be left
behind when this is the key element of satisfaction in micro and indoor climate. In a
holistic manner, the integration between building design and climate should be
prioritized where it will directly reflect the amount of energy that required for the
building in running their services. A good building design keeps the indoor environment
favourable and comfortable during most of the year without the use of any mechanical
devices and also promotes sufficient airflow through the building for dehumidification
resulting from high humidity percentages (Nugroho et al., 2007). To maintain the
thermal comfort in buildings, there are four environmental conditions that affect the
body simultaneously and causes the heat to be lost. These are air temperature (°C),
relative humidity (Pa), air velocity (m/s) and mean radiant temperature. The interactions
among these conditions are clearly described by Srivajana (2003) who came out with a
preferred air velocity (m/s) in hot and humid climate area regarding to the temperature

(°C) and relative humidity (%).
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Whereas, Davis et al. (2006) introduced Malaysian thermal discomfort units based on
various studies on enormous amounts of Malaysian meteorological data which
contributed useful knowledge for planning new buildings that is suitable for local
climate and sustains the thermal comfort of the occupants.

The study by Liping et al. (2007) reveals that the optimum window to wall ratio
is equal to 0.24. and horizontal shading devices are needed for the four orientations for
further improvement in indoor thermal comfort, while east and west facing facades
should be avoided and if this is not possible due to site limitations, the building can be
built up with 45° alignment to the west or east to increase ventilation. In order to avoid
thermal asymmetry near to openings, the U-value of facade materials for north and
south orientation should be less than 2.5 W/m* K while less than 2 W/m® for east and
west orientation (Liping et al., 2007).

As an aid to attain thermal comfort in buildings, there are two models of thermal
comfort that are acknowledged as a general thermal comfort model and alternative
thermal model, which includes Predicted Mean Vote (PMV) index, operative
temperature model and adaptive model. The General thermal comfort model is an
evaluation of the comfort equation obtained by Fanger (1970). There are four
methodologies to calculate general thermal comfort indexes that can be achieved
through field measurement and calculation. Contrary to PMV Index where thermal
sensation values are used to predict the mean value of the subjective ratings of a group
of people in a given environment, while activity in Met unit and clothing in Clo unit are
considered in the determination of the operative temperature model. For adaptive
model, three contextual variables are should be considered that is indoor and outdoor
climate, the nature of the buildings and its services with time where the human activity

and responses take place in a time frame (Nicol & Humphreys, 2002).
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As a result, a lot of equations on adaptive model were introduced to define the neutral
temperature as a function of outdoor, indoor or both temperature regarding the
interaction between the subjects and the buildings or other environment that were
occupied.

Subsequently, Gossauer and Wagner (2007) highlighted three classes of thermal
comfort studies that have been introduced by Brager and de Dear (1998) which are;

= (lass I: All sensors and procedures are in 100 percent compliance with the
specifications in ASHRAE 55 and ISO 7730. Measurements at three heights
above floor level with laboratory grade instrumentation are required. This
procedure allows a careful examination of the effects of non-uniformities in the

environment as well as a comparison between buildings.

= Class II: All physical environmental variables necessary for calculating PMV
and PPD indices are measured and collected at the same time and place when
and where the thermal questionnaires are administered, most likely at one
height. This allows an assessment of the impact of behavioural adjustment and

control on subjective responses.

= (lass III: This is based on simple measurements of indoor temperature and
possibly relative humidity at a single height level above the floor. The physical
measurements can possibly be asynchronous with subjective measurements

(questionnaire with rating scales).

Based on literature, most of the studies conducted have been Class III studies due to
good and quick overview over the situation when the quality does not necessarily allow
explanatory analyses by extensive statistics (Gossauer & Wagner, 2007).

As one of the passive cooling strategies, natural ventilation is less controllable
than mechanical ventilation and is capable of maintaining a healthy indoor environment
while being proven to be a good approach to reduce running costs of buildings.
Primarily, the elimination of heat source in the buildings is the core element in passive

cooling strategies (Omer, 2008).
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Three principal factors were highlighted by Aynsley (2007) in optimizing the
effectiveness of natural ventilation which are the site and local landscaping features, the
building form and building envelope, and the internal planning and room design. In
addition to these principles, five aspects that should be considered in enhancing the
convection and evaporative heat transfer between the occupants and the room air, which
are spatial planning, position of windows, ceiling height, size of windows and types of
window (Soebarto & Ribeiro, 2008). Bady et al. (2011) reports, the buildings
arrangement and wind direction obviously affect the characteristics of wind flow inside
urban domains, which in turn affect the induced natural ventilation. Moreover, the
presence of gaps between adjacent buildings is an important factor to be considered
when it able to introduce more wind which directly improves the ventilation process.
Furthermore, there are three types of ventilation approaches that are usually
implemented in buildings, which are single-sided ventilation, cross-flow/two sided
ventilation and mixed-flow ventilation. Then, the suitability application of natural
ventilation in tropical and temperate climate has been proved by Haase and Amato
(2009) and due to warm-humid climate. These two authors found the optimum
orientation of building in Kuala Lumpur that is located in the equatorial region with
latitude 3.1 and longitude 10.6, to be 150.0. Unfortunately, the quality of wind becomes
an issue when wind speeds up to 1m/s is preferred meanwhile the application of special
device for healthiness purpose; insect screen at window opening reduces the wind
speeds. Then, security aspects become main barriers for effective adaptation of daytime
or night cooling ventilation. As a consequence, natural ventilation must be done in
appropriate manner as too much or too little outdoor air in a room can cause draughts

and discomfort (Omer, 2008).
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As for daylighting, where quality and quantity are the two important aspects
where the excessive daylighting in the building increases the potential of negative effect
on visual comfort, known as glare, and increases the building’s cooling load by
increasing the heat gain (Yeang, 2008). The dynamic of daylighting is clearly shown
from three possible processes that can take place when light fall onto a surface or a
layer; absorption, reflection and transmission (Baker & Steemers, 2002). The surface
type, materials and colours of the buildings often play their own roles in influencing the
daylighting. Moreover, the dynamics of daylighting as shown from the variability of
daylight resulted due to the sky condition and its direction as well. For holistic
approaches of daylighting, there are four strategies acknowledged by Omer (2008);
penetrations, distribution, protect and control, where these strategies were closely
interrelated to the building design aspects especially on facade design, particularly on
windows. Findings from Baker and Steemers (2002) clearly indicate that courtyards
provide access to daylight by avoiding deep plans in buildings with a large floor area,
but without the major climatic modification of the atrium. Additionally, courtyards with
surrounding cloisters are reliant on ground-reflected light to penetrate the adjacent
rooms.

Nowadays, there are generally two daylight systems implemented in the
buildings, which are shading systems that is primarily to block direct sun and admit
diffuse light, and optical systems, that redirect daylight to area further from the
windows or skylight (Kischkoweit-Lopin, 2002). Daylighting has been acknowledged
as an architectural discipline while the success of energy saving from daylighting can be
only realized when the building and systems design support broader occupant needs for
comfortable and healthy indoor environments (Reinhart & Selkowitz, 2006). As Hwang
and Jeong (2011) reports, daylighting could improve the occupants’ psychological

health and productivity.

146



In defining the building’s performance in fulfilling the occupants’ needs, post
occupancy evaluation (POE) can be done after it is occupied. Indirectly, the success of
bioclimatic design strategies implemented, particularly natural ventilation and
daylighting, can be examined. Thus, any problems with regards to the building design
and structure can be identified for mitigative actions while building environment and
performance can be further improved (Vischer, 2002; Hewitt et al., 2005). Generally,
there are three phases of POE beginning with the planning phase, conducting and lastly
with applying phase which can be done in three levels. These are indicative,
investigative and diagnostic levels that are dependent on the aims and objectives that is
to be achieved. For data collection, there are a lot of techniques that can be implemented
whereby each of the technique has its own pros and cons. Thus, it gives an option for
those that would want to implement POE with respect to the time frame, budget,
manpower, and also the objective that listed in the earlier study.

Unfortunately, POE is rarely practiced in Malaysia due to the lack of knowledge
and systematic or standard data collection system. Therefore, nobody wants to take a
risk to carry out a POE survey when the results from the survey are not applicable for
any improvement. In addition, without any constructive database, the comparison
cannot be carried out to identify the level of achievement. Globally, there are four major
barriers to POE implementation, which are ownership, liability, lack of knowledge and
progress. These barriers were clearly explained by Turpin-Brooks and Viccars (2006)
and Hadjri and Crozier (2009).

With the new guideline of POE for Malaysian government and public buildings
that was proposed by Nawawi and Khalil (2008), it seems to be a good starting point for
the implementation of POE in Malaysia. This guideline, which is more structural in
nature, is an evolution of the three phases of POE techniques; planning, conducting and

applying, which was introduced earlier by Preiser et al. (1988).
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Under the proposed guidelines, these three phases are acknowledged as part the six POE
steps, beginning with building, objective, planning, conducting, applying and action. All
these steps are categorized under three main phases, namely: initial phases, process
phases and recommendation phases. Each step describes the main purpose or aim, as
well as issues that must be considered. Therefore, a critical POE can be achieved when
only most relevant issues are highlighted, rather than attempting to analyse everything
and risk an overload of data (Hadjri & Crozier, 2009).

The implementation of passive design strategies in building design is believed to
be the best way to reduce climate change effects from the building sector. As holistic
approaches go, especially in the equatorial region, natural ventilation should be
combined with daylighting strategies due to the interrelationship between these two
strategies, especially in sustaining thermal and visual comfort level in the buildings,
while drastically reducing the energy for cooling and lighting. It has to be said, the
increased efficiency and thus the reduction of electricity usage is not the ultimate
victory of implementing strategies when the occupants are tortured with the
uncomfortable indoor surroundings, in terms of thermal comfort and visual comfort.
Therefore, the POE has been identified as an approach to examine the building
performance and the effectiveness of implementing strategies to accommodate
comfortable environment to the residences. Then the exact building conditions will be
able to be recognized mutually with computer simulation and site survey by using on-
site microclimatic measurement sets. In other words, it will play a role as an inclusive
action to the all improvement plans and strategies. Hence, any identified problems will
mitigate for enhancing the building performance while in the long term, the successful
design features will be repeated in future development and any redundant or

unnecessary building features will be eliminated.
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As a consequence, the building comfort levels can be successfully identified
which will contribute to the establishment of thermal comfort benchmark and energy
performance index for residential college buildings where before there was only the
Code of Practice for Energy Efficiency and Renewable Energy for non-residential
buildings (MS1525) that available as a Malaysian Standard. This Code of Practice
provides the criteria and minimum standards for energy efficiency in the design of new
and existing non-residential buildings (Kannan, 2006).

Then, Daghigh et al. (2009), points out that the international standards for
interior comfort, ASHRAE Standard 55-92, are not suitable to be adopted in the
naturally ventilated building due to the Malaysian hot and humid tropical climate which
may lead to overcooling and energy wastage. Thus, there is a need for a wider thermal
range for Malaysia which directly indicates that Malaysia as a nation is acclimatized to
much higher environmental temperatures. This is supported by Djongyang et al. (2010)
who claimed that the actual standards of thermal comfort help but should not be
considered as absolute references when different climatic regions such as the tropics
may require different levels of comfort parameters mandated in the standards. Sapri and
Muhammad (2010) stated that for improving building energy performance in higher
educational institutions, monitoring and targeting of consumption can be employed
which directly help the organizations to significantly reduce their energy consumption

and cost.

149



CHAPTER 3
Research methods

3.1 Introduction

This research started with preliminary studies on the characteristic of a typical student
room as well as the building design and implementation of bioclimatic design strategies.
It was then followed by a study on the efficiency of electricity usage and the prospect of
energy conservation. The findings from these preliminary studies were used in the
selection of a case study. The bioclimatic design strategies and energy efficiency index
(EEI) were part of the main criteria for the case study selection. These criteria will show
the best building design with electricity usage performance in mind.