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G This research analyzes the effect of several design modifications to the environmental performance of glazed buildings
in the tropics. The design variables studied include the effect of external shading, varied window to wall ratio (varying
the glazed area), orientation and also natural ventilation. The environmental performances of selected buildings were
monitored continuously using data loggers. Computerized environmental simulations using ECOTECT and IES were
carried out to ensure compatibility with field data. Air temperatures, mean radiant temperature, air velocity and natural
lighting data inside the building were measured to see the extent affected with the modifications. These were compared
to external climatic data. Findings found that the performance of glazed buildings in the tropics can be significantly
improved with selected modifications like adding external shading devices and insulation.
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E Complicated procedures for permission to purchase of software for Environmental Modelling in Buildings for Academic
stand alone licences

Reluctancy from owners of glazed buildings to participate in research\
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F Procedures of software purchasing be made easier and faster
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Abstract— This study introduces a simple solution for

uplamping and its energy saving fOr office lighting in th.e

buildings visited in Gurgaon, Manesar and Noida around the

' capital of India :i.e. Delhi,-by discussion with the technical and

maintenance staff. Study was carried out to know what is the

existing lighting system used, and suggestions of efficient

lighting systentwith support of lighting energy simulation tool

i.e. DIALux are given. The selected • project as a case study is

the Human Resources Developing Institute of Bharat Heavy

Electricals Ltd BHEL (office building). The result of the

)efficient systeM in the building shows that, uplamping with

fluorescent lamps and CFL has achieved in energy saving of

42% and 65% respectively, and increase in lux level by 30%

for both.

Keywords- Uplanzping; Energy saving; Office buildings;
lighting technology; DIALux

I.	 INTRODUCTION

Energy consumption is an indicator of a country's
industrial progress and the standard of living of its people. It
plays a central role in the world development, it represents
as well a major challenge for sustainable development [1].

According to U.S. Department of Energy figures, India
currently ranks as the world's sixth greatest energy
consumer, accounting for about 3.3% of the world's total
annual energy consumption [2]. During the last decade, in
the commercial sector, there has been a rapid increase in the
consumption of electricity at a rate of about 13.2%. The
electricity consumption	 in this sector is essentially in
buildings and building establishments for various uses [3].
the distribution is illustrated in the Fig. 1.

In India, lighting consumes around 18 % of the total
power generated as compared to 11 % in the developed
countries [4]. Thus, the energy consumed by lighting is
considerable in India. This—percentage of lighting
consumption is increased for buildings without HVAC
system, reaching 40-50% [5].

•
II. •ENERGY EFFICIENT LIGHTING

The amount of energy Used from lighting -varies from
industry- to industry but, typically, lighting accounts for
approximately 15% of the electrical load in industry. In
offices, the lighting may account for 50% of the electrical
load [6]. By having an understanding of-the lamps, ballasts,
luminaires and control options available today as well as the
techniques used to develop efficient lighting, lighting can be
produced so that it is energy efficient, cost effective and
yields a better quality of light.

In recent years, there have - been many new
developments in the lighting industries, in both
technological equipment and approaches to li ghting design
[7]. One objective of these technological developments in
the lighting industry has been the improvement potential in
lighting efficiency, thus a reduction in energy consumption
and costs. These technologies are listed below:

Developments in lamp technology have led to
lamps yielding higher efficiency, improved colour
rendering and longer lamp life.
Developments in electronic ballasts have produced
ballasts that provide discharge/ fluorescent lamps
with flicker-free operation, longer life, faster run-up
time and cooler operation.
Developments in smooth and silent dimming.
Developments in electronic controls for lighting,
either integration linked with daylight or occupancy
linked.

Others

Figure 1. ElectriciV consumption in commercial and
office buildings.
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Experimental and Simulation Study for Thermal
Performance Analysis in Residential Buildings

in Hot-Humid Climate (Comparative Study)

Nedhal Ahmed M. Al-Tamimi f ,	 Sharifah Fairuz Syed Fadzilb+4

Abstract

Glazed windows cause- intensive overheating due to solar radiation for buildings in hot climates. These
glazed windows, according to their apertures also provide for cross ventilation which is necessary fo. r
cooling and: improving thermal comfort. Many computerized environmental simulation tools are
available to help designers predict the environmental performance of theif design at the early stage. 	 •

The thermal comfort study in this paper involved the use of field measurement and computer
simulation tool i.e. Ecotect. Validation of Ecotect is carried out by comparing the computer simulation
result with the field measurements of the east room at Fajar Harapan Hostel, USM which has a 50%
glazed area to wall ratio. Output data from Ecotect has been compared to fieldwork data in terms of
in/outdoor air temperatures and indoor air velocity. The impact of reducing 'the glazed area from
VVVVR=50% in the base case to 25% and 00% has been investigated. Results show that field and
simulated data compare well with a difference of less than 0.9oC.between fieldwork and simulated indoor
air temperatures. Results also show that rooms with a large glazed window area are relatively cool during
night time only, and a smaller glazed window area performs well during daytime as well as nighttime.

Key Words: Thermal comfort, Glazed windows, Natural ventilation, Ecotect, Tropical region.

1. Introduction

Worldwide, the Worldwatch Institute estimated that buildings consume at least 40% of the
world energy (D. M. Roodman et al, 1995). In Malaysia, there is a growing concern about
energy consumption, and its climate does not offer sufficient climate conditions to ensure
thermal comfort all year round. Commercial and residential buildings alone account for about
13% of total energy consumption of which 48% is from electricity (Lucas, Nigel, 2003).
According to Abdul Malik and Rodzi, Malaysian buildings consume about 70% of energy
just for cooling the indoor environment (Abdul Malik A. R., 2008). However, (Zain Ahmed,
2008) reported that, more than 40% of the energy consumed by Malaysian buildings can be
reduced if energy efficiency is practiced and sustainable technologies are applied to the
building envelope. Architects and designers should seriously consider their envelope design
for energy efficiency from the first stage of the design process.

Ecotect is one of the most important building analysis tools, which can help in providing
thermal and energy performances of buildings that users will eventually be working in. As
Malaysia is located in the tropical region, the thermal performance of building envelopes is
greatly affected by the amount of solar radiation that is introduced through the fenestration
system.

PhD candidate, School of Housing, Building & Planning, University Science Malaysia, 11800 Penang, Malaysia,
nedhalali.rd08@student.usm.my.
" Associate Professor, School of, Housing, Building & Planning, University Science Malaysia, 11800 Penang,

Malaysia, sfsf@usm.my.
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ABSTRACT
With the development of the economy in the recent years, Malaysia is maintaining a high economic growth and
therefore,, its energy consumption- increases dramatically. Residential buildings are characterized by being
envelope-load dominated buildings, hence are greatly influenced by the outside climatic conditions. Due to the
hot humid climate of Malaysia, air conditioning system accounts for more than 45% of the total electricity used
in the residential sector which is required to remove, substantial amount of gained heat due to poor thermal
envelope performance. This paper uses Ecotect software to analyze the impact of building envelope design on
energy cooling load for residential building in Penang, Malaysia, which include area ratio' of window to floor,
exterior Wall thermal- insulation, and several kinds of shading system. This paper describes an integrated passive
design approach to reduce the cooling requirement for high-rise apartments through an improved building
envelope design. Comparing with the other passive strategieS investigated in this paper, the results indicated that
exterior wall thermal insulation is the best strategy to decrease both annual cooling energy load and peak
Cooling load which achieved a reduction of 10.2% and 26.3% respectively. However, the other passive strategies
applied also have some marginal effect on decreasing the cooling load.

Keywords: Energy:efficiency; envelope Design; Residential building; Malaysia; Ecotect

INTRODUCTION
Buildings, energy and the environment are key

issues facing the building fraternity worldwide.
With the increasing population and living
standards, energy issue is becoming more and more
important today because of a possible energy
shortage in the future (Yilmaz 2007). In Malaysia,
there is a growing concern about energy
consumption, and its	 climate doesn't offer
sufficient climate	 conditions to ensure thermal
comfort all the	 year.	 However, electricity
generation in 2006 was	 96,000 GWh, which
represents an increase of 328% from 22,400 GWh
in 1990 (EIA 2009) This means Malaysia has a
strong need and great potential to apply energy
efficient strategies in lowering energy consumption
in buildings.

Worldwide,	 the	 Worldwatch	 Institute
estimated that buildings consume at least 40% of
the world energy and 16% of the water used
annually (Roodman and Lenssen 2005). Hence,
energy growth in developing countries has been
realized recently due to major developments in
several sectors such as residential, commercial, and
industrial and transportation. Commercial and
residential buildings alone account for about 13.6%
of total energy consumption and 48% of electricity
consumption (Al-Mofleh, 	 Taib et al. 2009).
According to the Ninth Malaysia Plan, energy
conservation culture must be inculcated. Buildings

•
should be designed to optimise energy usage. Such
resources need to be	 prudently and carefully
utilised. The Malaysian government is adopting
measures to reduce wastage by 'enhancing energy
efficient buildings	 and increasing energy
sufficiency (9th-Malaysia-Plan 2006). On this
guideline, the government launched the National
Green Technology Policy in August 2009. The
objective of the policy is to provide direction
towards management of sustainable environment.
Moreover the 2010 budget earmarks 1.5 billion
Malaysian Ringgit to promote green technology.
Therefore, reducing energy use for space cooling in
buildings is a key measure to energy conservation
and environmental protection in Malaysia. It has
also been reported that more than 40% of the
energy consumed by Malaysian buildings can be
reduced if energy efficiency is practiced and
sustainable technologies are applied to building
envelope (Azni Zain 2008). On other hand, the MS
1525 (MS__1525 2007) which is the Code of
Practice on Energy	 Efficiency and Use of
Renewable Energy for Non-residential Buildings
was developed as a guide for energy efficient
measures in Malaysian buildings. The Malaysian
standard also emphasized that passive method
should be utilized before going to active method.

This paper describes an investigation of the
effect of three passive design strategies, namely,
window size, thermal	 insulation, and external
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ABSTRACT

Building orientation is a significant design consideration, mainly with regard to solar radiation
and wind. In predominantly hot humid regions like Malaysia which receives sunlight all year
around, buildings should be oriented to minimize solar gain and maximize natural ventilation
(NV). This paper describes an investigation into the effect of building orientation in view of solar
radiation absorptance of exterior wall, varied area ratio of glazed window to wall and the effect
of natural ventilation on the thermal performance for residential building in tropical region. The
FAJAR BAKTI building (postgraduate student residential building) which is oriented in the east
west directions, and a located in USM Campus, Penang. The selected case study are two rooms,
the first one is facing east direction while the other faced west. The differences in in/out door air
temperature and air velocity of both rooms have been measured from the field directly using the
comprehensive datalogger BABUC/114; this data have been analyzed and investigated. The results
shows that east windows have more obvious effect on increasing indoor air temperature than
west windows, that is applicable for ventilated or unventilated rooms. .

Keywords: Fenestration; Natural ventilation; Thermal performance; Orientation; Tropical
region	 •

1.0 INTRODUCTION

Architecturally, the hot and humid region is one of the hardest climates to ameliorate through
design. This is due to the high humidity and daytime temperatures that result in high indoor
temperatures exceeding the ASEMAE summertime comfort upper limit of 26°C for most of the year
(Sabarinah Sh. Ahmed, 2008). Glazed building's facade imposes itself as an icon for the developing
cities. This large area of glazing in each facade needs protection against overheating and sun glare
in tropical region, especially when it faces east or west direction.

In Malaysia for example, east and west façade expostulate to direct sun radiation every
morning and evening, while north façade faces sun radiation during May, Jun Jul and Aug, and
south facade faces it during Nov, Dec, Jan and Feb. Therefore building orientation, particularly in
tropical region should be seriously considered according to its interaction with solar radiation as
well as wind direction. (Givoni, 1994) has reported that, in hot humid regions the provision of
effective cross ventilation under the local wind direction is the major factor that may affect the
building's orientation. Air movements inside a building depend not only on external wind velocity,
but also largely on the architectural parameters. Architectural means for achieving this aim include
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ABSTRACT

Natural lighting requirements for rooms in. Malaysia are according to the Uniform Building by
Laws (UBBL). This research analyzes the sufficiency of this by law on the requirement of
natural lighting for rooms and suggests ways how they can be improved. Two rooms of the Fajar
Building at the UniversiV Science Malaysia campus were used as case studies and the effect of
varied orientation and window to wall ratio WWR along with the percentage of window to floor
area were studied. The daylight factors were calculated and illumination levels were assessed
comparing the different orientation and the modified window area. Study ,concluded that wall
window ratio WWR of 50% and 25% and the corresponding window to floor area of 35% and
17% for rooms in the Malaysian context have daylight levels exceeding the suggested standards.
The by law that requires openings for daylight be 'not less' may now be adjusted to 'not more'
than 10% of total floor area because of the nature of the bright 'Malaysian skies. This is to
prevent the implications of glare and over lit rooms.

Keywords: (Daylight factor, UBBL Uniform Building By Law, illumination level, WWR Wall
Window Ratio)	 .	 .

1.0 INTRODUCTION

In buildings, windows are designed primarily for these functions of admitting daylight, enjoying the
views and allowing for cross ventilation. In the tropics, glazed windows should be designed with
care because glazing also allows heat admittance very easily through the processes of radiation,
conduction and convection. Glare is another problem which Occurs if the glazing is unprotected by
any shading devices.

The three requirements for quality in day lighting design are satisfactory balance of brightness
throughout the room, the right proportions of direct and indirect light, and absence of glare from
sky and sun. The aim for good lighting in any design is to help the users see well, clearly and
comfortably in any of the many varied tasks they may undertake.

Standards are set for recommending these lighting levels that are appropriate and that are
usually being considered for efficient lighting practice. Table 1 below lists the suitable lighting for
the performance of a range of tasks taken from the Malaysian Standards MS 1525 2001. There are

4781Page
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ABSTRACT Daylight illumination levels in a room depend on the room design and
configurations especially in its glazed area and location in the wall surfaces that allows light
to penetrate in. The design of the room varies according to the architect and this allow for
many shapes and configurations not limited to the simple rectangle only. Daylight entry in
these varied rooms can be developed according to the architects intuition and intention. In
this paper, daylight illumination levels were measured in three varied room configurations at
The View condominiums in Penang, Malaysia. The percentage daylight factors were
calculated and analysis of the sky component exposure was carried out for each room.
Recommendations were given for day lighting design for rooms in the tropical climate.,

Key words: Daylight factor, illumination, WFR window to floor ration, sky component

1. INTRODUCTION

Daylighting is the illumination of building interiors with sunlight or sky light and is

known to affect visual performance, lighting quality, health, human performance, and

energy efficiency. Daylighting the interior space of buildings is an important

consideration for architectural design. Studies have shown that increased daylighting

improves worker productivity; provides for faster patient recovery, and improves

students' grades. Additional benefits of daylighting include keeping our biological
•

clocks in order and relieving stress: These benefits have long been recognized in

EurCpe, where minimum amounts of daylighting and an opportunity to enjoy an

exterior view are regulated (ASHRAE, 2001). Successful daylighting schemes

enhance architectural design, provide health benefits to occupants, and reduce

energy consumption for electric lighting.

lCBEDC2009. 2nd-3rd December 2009 	 P.434
School of Housing. Building & Plemniw, Universiti &lira Malaysia
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ABSTRACT: Glazed building envelope is becoming an important component of
contemporary architecture. Glass allows natural light, offer a visual communication with
outdoors, reduce structural load and enhance aesthetic appearance of buildings. With many
benefits that the gazing offers the occupants and the designers, it is not free of problems if it
is not properly selected. Building envelope and its glazed fenestration represent a major
source of unwanted heat, solar gain and thermal discomfort. Moreover glazed curtain walls
cause glare problems and increased energy consumption required for cooling systems due
to the high intemal air temperature. This has resulted in a complete reliance on the
mechanical means to manipulate the indoor temperature and finally to achieve the thermal
comfort at high energy consumption. Thus, this paper investigates the relationship between
glazed window area in effecting the increase in indoor temperature. The effect of the
orientation of the glazing is also investigated. The result shows that, it is possible to minimize
the undesirable effect of glazed windows in a given orientation and to secure their beneficial
effect by selecting appropriate size and position of the windows according to the local
climate condition.

Keywords: Window wall Ratio (VWVR); Window Floor Ratio (WFR); Building orientation;
Hot-Humid climate; Glazed building.

1. INTRODUCTION

Glazed building's facade imposes itself as an icon for the developing cities. This

large area of glazing in each facade needs protection against overheating and

sun glare' in tropical region, especially when it faCes east or west direction (Al-

Tamimi & Syed Fadzil 2009).

The frequently use of glass, especially in hot humid climate, haS resulted.i_n

more usage of air conditioners for creating thermal comfort. In any domestic,

commercial or industry, the biggest portion of ,electricity bill goes to paying for

the energy consumed by air conditioning. consequently the electricity

consumption in Malaysia has rapidly been increased, .and half of this energy is

consumed by just commercial and residential building, many of these buildings

have not been design and operated efficiently, resulting in buildings contributing

more to the total energy consumption.

Unfortunately, in Malaysia, new building envelope designs are developed to
meet the client's requirements without much concern to the local climate and

EDC2009, Ind- 3rdDecember 201)9 	 P.424
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ABSTRACT
In the tropics, there are no set standards as to the optimum _wall window ratio (WWR) for
rooms especially in the residential buildings. The compromise needed for the desired
views, for the appropriate natural light admittance, for minimizing heat gains inside, is not
easily achievable more so when the thermal performance of glass in the building envelope
differ significantly in the extreme daytime compared to the cooler night time. Study found
that glazing in the daytime is undesirable because the more the glazing area and the
higher the WWR the higher the internal air temperatures will be and the higher the
difference between To and Ti. Study also found that WWR of 60% to 40% to 20% come
with an average percentage daylight factor (%DF) 3.7, 2.5 and 1.7 respectively. The WWR
20% is found to be more than adequate for natural lighting requirements for residential
and it could be decreased even more to WWR 15 — 10% due to the abundance of natural
daylight. In the night time however, heat build up is found to easily escape to the cooler
outdoors with the most glazing i.e. WWR 60% compared with WWR 40% and 20%.

Keywords: VVVVR Wall window ratio, glazing, daylight factor (%DF), radiation

INTRODUCTION
Glazed buildings in the tropics are usually not considered as energy efficient

(Zain, Z., et al. 2007), As glass, being thin and transparent lets in heat easily
through the process of radiation. As light is energy, allowing in light lets in heat
energy as well. The hypothesis and logical reasoning is that the more the light is
allowed in, the higher the internal air temperatures will be. In the tropics this is
true only in the daytime duration, :when the outdoor is characterized by high
temperatures and solar radiation especially at midday. However, the thermal
performance of glazed , building will change during the night time when outdoor air
temperatures are lower and a lot cooler, and solar radiation is nil. ••

Natural lighting level will depend on the amount of transparent area which
light can travel and penetrate. However, admiSsion of daylight into a room often
causes glare and distomfort due to the high radiation level in Malaysia. Lighting
standards (MS 1525) guide designers so as not to over lit the spaces they
design, what more if the consequences of heat accumulation is already on the
high scale. Thus, goo,d daylighting requires that the illumination level in spaces
be within the acceptable range that doesn't negatively affect occupant's health
and contribute positively to their productivity. • -

Wall window ratio (WWR) (ASHRAE, 2004) is a ratio often used to indicate
the amount of glazing in a building. A high WWR indicate a high area of glazing
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NATURAL VENTILATION EFFECTS IN MALAYSIAN HOUSES
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ABSTRACT: Hot and humid region is one of the hardest climates to ameliorate through
design. This is due to the high humidity and daytime temperatures that result in high indoor
air temperatures exceeding the upper limit of thermal comfort zone. This problem is more
noticeable in glazed residential buildings in the Malaysian climate. As a result of an overall
poor thermal performance, these glazed buildings have become more dependent on artificial
and active means to provide comfortable thermal environment at high energy consumption.
An alternative method to overcome this problem is by providing natural ventilation which is
an efficient passive method for cooling and is energy efficient. This study aims to overcome
the overheating problem in high-rise glazed residential buildings in Malaysia. The main
objective of this study is to investigate the improvement in the indoor thermal condition by
passive cooling approaches without auxiliary cooling from air conditioning equipments. A
field study is carried out in "The View" apartments, Penang, Malaysia, in order to ascertain
the environmental performance of these glazed residential buildings. The impact of day-time
and night-time natural ventilation as a passive cooling strategy has been investigated, and
this is compared with unventilated situations. The results showed significant improvements in
indoor environmental performance can reach 80% and 50% in day-time and night-time
respectively in cases where natural ventilation have been applied and considered in the
building.

Keywords: Natural Ventilation, Thermal Performance; Sustainable Building, Residential
Building

1. INTRODUCTION

With the threat of "Global -Warming" and increasing energy cost, keeping

residential buildings cool will become increasingly important in the future. In

Hong Kong, Air-conditioning accounted for about 40% to 50% of the total

residential sector electricity consumption (Lam, Tsang et al. 2005) (Yu, Yang et

al. 2008). Therefore, a study of Household Energy use by CETDEM — Center for

Enviroment, Technology & Development, Malaysia as shown in fig. t found that,

' air conditioning takes up nearly 45% of the average household electricity

consumption and air . conditioning is the largest consumer of electricity in the

home (CETDAM 2006). And the number of air conditioners has been increased

from 57,340 unit in 1980 to 860,462 in 2008

Indoor thermal environment is one of the main important characteristics of

buildings. -A comfortable thermal environment is a prerequisite for a human to

perform his day to day activities. In traditional buildings, a comfortable

environment is solely achieved by utilizing a proper combination of building

1
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ABSTRACT
Glazed windows cause intensive overheating due to solar radiation for buildings in hot

climates. These glazed windows, according to their apertures also provide for cross ventilation
which is necessary for cooling and improving thermal	 comfort. Many computerized
environmental simulation tools are available to help designers predict the environmental
performance of their design at the early stage.

The thermal comfort study in this paper involved the use of field measurement and
computer simulation tool i.e. Ecotect. Validation of Ecotect is carried out by comparing the
computer simulation result with the field measurements of the east room at Fajar Harapan
Hostel, USM which has a 50% glazed area to wall ratio. Output data from Ecotect has been
compared to fieldwork data in terms of in/outdoor air temperatures and indoor air velocity. The
impact of reducing the glazed area from WWR=50% in the base case to 25% and 00% has been
investigated. Results show that field and simulated data compare well with a difference of less
than 0.9°C between fieldwork and simulated indoor air temperatures. Results also show that
rooms with a large glazed window area are relatively cool during night time only, and a smaller
glazed window area performs well during daytime as well as nighttime. .

Key Words: Thermal comfort; Glazed windows; Natural ventilation; Ecotect; Tropical region

1. INTRODUCTION
Worldwide, the Worldwatch Institute estimated that buildings consume at least 40% of the

world energy (D. M. Roodman et al, 1995). In Malaysia, there is a growing concern about
energy consumption, and its climate does not offer sufficient climate conditions to ensure
thermal comfort all year round. Commercial and residential buildings alone account for about
13% of total energy consumption of which 48% is from electricity (Lucas, Nigel, 2003).
According to Abdul Malik and Rodzi, Malaysian buildings consume about 70% of energy just
for cooling the itidoor environment (Abdul Malik A. R., 2008). However, (Zain Ahmed, 2008)
reported that, more than 40% of the energy consumed by Malaysian buildings can be reduced if
energy efficiency is practiced and sustainable technologies are applied to the building envelope.
Architects and designers should seriously consider their envelope design for energy efficiency
from the first stage of the design process.

Ecotect is one of the most important building analysis tools, which can help in providing
thermal and energy performances of buildings that users will eventually be working in. As
Malaysia is located in the tropical region, the thermal performance of building envelopes is
greatly affected by the amount of solar radiation that is introduced through the fenestration
system. The generated heat within the indoor environment especially in a glazed building
increases with the admitted solar radiation. The percentage of glazing area in the exterior
building envelope or its window wall ratio (WWR) will impact its thermal performance.

tIPage
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