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ABSTRACT: In view of the current emphasis on energy conservation and building performance, 
computational design support tools can be readily applied to appraise new building designs. This study 

investigates the visual and energy performance of an air-conditioned multi-purpose school hall in 
Singapore when it is subjected to volumetric changes. Two computational support tools are used to 
simulate the changes in energy load and illuminance level as the multi-purpose school hall is extended 
horizontally and vertically. Various performance mandates are compared between the two extension 
models and the base model for the justification of a better alternative design. Based on the results of 
computer simulation, the vertical extension model excels in terms of thermal loads and lighting 
performance. It requires a lower cooling load, utilizes more daylight and gives a better overall 
illuminance performance than the horizontal extension model. Although the horizontal extension model 

demands a higher energy load, it is a more energy efficient design due to its larger usable floor area. 
The findings of this study may provide some insights to the suitable architectural design of a building in 
the event of extension works. 

 
Conference theme: Computers and architecture 
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INTRODUCTION 
 

With the advent of modern technology, greater 
complexity in building design is expected. Computer-
based design support tools serve to formalize these 
challenging designs into some visual forms, so that the 
prediction of building performance is more 
apprehensible. In view of the recent implementation of 
performance-based building legislations in Singapore 
(BCA 2004), computer simulation will become a more 

critical tool to evaluate and appraise innovative designs. 
Among the various performance mandates, energy 
efficiency is considered one of the most important criteria 
to satisfy in building designs.  In Singapore, buildings 
account for about 34% of the electricity consumption 
(Lee 2001). Of which, two main energy consumers can 
be attributed to air-conditioning and artificial lighting, 
taking up to 60% of the energy usage (NEEC c2003). 
Since these are the main contributors to energy 

consumption, they must be carefully designed to 
enhance the energy efficiency of the building.  In this 
respect, computer simulation provides a reliable means 
to justify the satisfaction of both energy conservation and 
building performance. 
In this study, a newly constructed multi-purpose school 
hall in Singapore has been selected for lighting and 
energy simulation. The objective of the study is to 

investigate the changes in visual and energy 
performance when there is a volumetric increase in 
building dimensions. Two scenarios of volumetric 
increase are created, one by extending the horizontal 
length of the multi-purpose school hall and the other by 
raising its height. In both cases, the percentage 
volumetric increase is fixed at 20% over the original 
design. 

Simulation is carried out using two computational design 
support tools, namely TAS Version 8.4 (EDSL 2001) and 
Lightscape Release 3.2 (Autodesk c1998) software. The 
former is a software tool used to perform energy 
consumption prediction, whilst the latter is a programme 
for the analysis of visual performance under different 
lighting conditions. The basic geometry of the model is 
first created in TAS, before exporting to Lightscape for 
lighting simulation. 

 

1. METHODOLOGY 
 
1.1 Project description 
For the purpose of this comparative study, an actual 
multi-purpose school hall in Singapore is modelled. The 
school hall is designed to support different types of 
activities, such as indoor sports activities, school 
assemblies, exhibitions or examinations. Therefore, it 
has to fulfill the lighting criteria and parameters of interest 

at different levels of activity. Adequate illuminance levels, 
good uniformity and colour rendering are some of the 
most valuable attributes of a multi-purpose school hall. 
The forms, colours, distance and movements of activities 
within the school hall must be easily judged by its users. 
Since it is a recent development of a school project, the 
hall has been designed as a fully air-conditioned 
enclosure. High energy consumption is potentially a 

major concern to the building management if the school 
hall is heavily utilized. Besides, the various types of 
luminaries used will add on to the total cooling load and 
hence the electricity consumption needed to run it.  It is 
thus important to take lighting and energy performance 
into consideration when an extension work is being 
proposed. 
 

 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

106 

1.2 Building geometry 
The multi-purpose school hall is modelled as a rectilinear 
structure with a pitched roof. It measures 40.8m in 
length, 28.8m in width and 10.8m in height up to the 

pitched roof. Three computer simulation models are 
graphically created in the TAS software environment, 
namely a base model (BM), horizontal extension model 
(HEM) and vertical extension model (VEM). The BM 
replicates the original design, while the HEM and VEM 
represent the horizontal and vertical increase in 
volumetric space, respectively. In order to achieve a 20% 
increase in volumetric space, the length of the multi-

purpose school hall in the HEM is increased to 49.0m. 
Likewise, the height of the school hall in the VEM is 
raised to 12.6m (Table 1). 

 
Table 1: Building geometry of three simulation models 

 

   

Parameters BM HEM VEM 

Dimensions 
L x W x H         (m) 

40.8 x 28.8 x 10.8 49.0 x 28.8 x 10.8 40.8 x 28.8 x 12.6 

Floor area      (m2) 1175 1410
 

1175 

Volume           (m3) 10575  12690 12690 

Wall to window ratio  
(WWR)             (%) 

17 17 17 

Window height  (m) 1.80 1.80 2.25 

Window width   (m) 1.0 1.0 1.0 

Window orientation North-South North-South North-South 

 

Altogether, two zones (e.g. Fig. 1) are created in TAS for 
computer simulation. The main focus is on zone 1, the 
open space of the hall per se inclusive of the front stage 
area. Zone 2, which represents the service area, is not 
the focus of this study but its physical existence has 
been included as a boundary condition. 
 

 
Figure 1: Zone 1 and Zone 2 in simulation models 

 
1.3 Building elements 
The building elements used in computer simulation are 
simplified from its actual architecture, since the objective 
is to compare the relative difference in energy and 
lighting performance as a result of volumetric change. 

Corridors, louvers and other sophisticated building 
features are replaced by simple building envelope, 
without any sun shading devices. An anti-sun, low 
emissivity (low-E) green double glazing is used for the 
window system in all the simulation models. The thermal 

transmittance (U) value and shading coefficient (SC) of 
various elements are obtained from TAS (Table 2). 
 

Table 2: Summary of building elements in TAS 
Element Description 

Floor Ground floor no false floor (wood for upper layer) 
Internal wall Plaster block wall 
External wall Brick and block wall, U = 0.25 

Door Wooden door (softwood) 

Window 
Anti-sun, low-E green double glazing, U = 1.810, SC = 
0.458 

Ceiling Ceiling with ceiling void (for backstage) 
Roof Sloping aluminium roof, U = 0.45 

 
For lighting simulation, the same colour, material and 
texture schemes are adopted for all models. These will 

provide the visual effects as close to the actual condition 
as possible due to reflectance of internal components 
whilst receiving light from daylighting or luminaires. Using 
Lightscape, the properties of different building materials 
can be varied (Table 3). 
 

Table 3: Summary of building elements in Lightscape 

Element Physics Textures 
Average 

Reflectance 
Hue Saturation Value 

Ceiling Metal Metal 0.3 60 0.1 0.43 

External 
wall 

Paint-Semi 
Gloss 

Stucco 
trowelled 

0.3 62 0.5 1.0 

Internal 
wall 

Paint-Semi 
Gloss 

Stucco 
trowelled 

0.3 40 0.45 1.0 

Main door 
Wood-
furnished 

Oak rift 0.7 230 0.45 1.0 

Service 
door 

Wood-
furnished 

Louro Preto 0.7 110 0 1.0 

Window 
Double 
glazing 
low-E glass 

Glass 
0.4 

Shininess 
=0.4 

240 0.13 0.94 

Floor  Butternut 0.3 200 0.1 0.89 

Mezzanin
e floor 

Concrete 
flooring 

Masonry 
concrete 

0.1 230 0.05 1.0 

 
1.4. Internal conditions 
The control settings for indoor environment in all the 

three simulation models are similar. The upper limit of 
indoor temperature is set at 25.5

o
C while the lower limit 

is set at 22.5
o
C. These settings are in accordance with 

the design guidelines in Singapore for mechanical 
ventilated building (SS CP13 1999). For relative 
humidity, the upper limit is 70% and the lower limit is 
50%. Plant operation shall be between 6 am and 10 pm 
daily. The multi-purpose school hall is assumed to be 

closed after 10 pm. 
Occupancy period is divided into two patterns for 
weekday and weekend (e.g. Saturday and Sunday) 
simulation respectively. It is subdivided into different load 
patterns throughout the day, with the assumptions that 
the hall is not always fully utilized and that some lights 
are not turned on at certain times of the day. For 
instance, only half the number of luminaires is turned on 

between 8 am and 7 pm daily in the presence of 
daylighting. On weekdays between 8 am and 2 pm, the 
occupancy gains are halved as lower occupancy is 
expected in this period. 
Occupancy sensible and latent gains are calculated 
based on a full occupancy load of 100 persons. The 
average sensible and latent gain per person is estimated 
from design guidelines in ASHRAE handbook (ASHRAE 

1985). Calculation of lighting gain is based on the total 
wattage of luminaires divided by the floor area of each 
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simulation model. Either full or half lighting load is 
applied according to the period when daylight 
fenestration is provided. 
There are three types of luminaires being used in the 

lighting simulation (e.g. Fig. 2). For maintenance and 
functional reasons, fifteen numbers of metal halide 
ceiling lamps are chosen as the main source of artificial 
lighting in the space. Each metal halide lamp has a 
luminous flux of 36000 lumens. These lamps are known 
to provide high lighting efficacy and long average 
lifetime, coupled with good colour rendering 
characteristics. Besides ceiling lamps, incandescent wall 

lamps and floor lamps are added at the window sides 
and stage area, respectively, as supplementary artificial 
lighting to increase the illuminance level of the entire 
area. These luminaires may provide the additional 
lighting coverage when the school hall is being extended 
horizontally and vertically. 
 

 
Figure 2: Luminaire positions in Lightscape 

 
Lighting simulation is carried out separately for 

daylighting, artificial lighting and the combination of 
daylighting and artificial lighting for each model. 
Daylighting simulation is done for one typical day of the 
month of January, April, July and October, at 9 am and 2 
pm, respectively. Artificial lighting simulation is done for 
one typical day of the year at 9 pm. For the simulation of 
daylighting with artificial lighting, one typical day of the 
month of January, April, July and October, at 9 am and 2 

pm, respectively is randomly selected with all the light 
bulbs turned on. 
 
1.5 Basic assumptions 
In this volumetric study, there are few assumptions made 
to the models apart from the default assumptions of the 
two simulation tools. Firstly, the multi-purpose school hall 
is assumed to be a fully air-conditioned space with no air 

movement between zones. Occupancy and heat gains 
are uniformly distributed throughout the space. Secondly, 
no shading device or shadowing effect from the 
surrounding is present to affect the energy loads and 
illuminance level of the building. Hence, the simulation 
may be more conservative in the prediction of energy 
and lighting performance. 
The other non-exhaustive assumptions include, the 

absence of other heat generating equipment (e.g. 
computer, photocopying machine, printer), homogeneity 
of building materials, completeness and accuracy of 
weather data and building elements. 
 

2. RESULTS 
 
2.1 Energy simulation 
The results of batch simulation of TAS are generated in 
terms of monthly energy breakdown. These include 

cooling loads, humidification loads, dehumidification 
loads, solar gains and internal gains. Comparing the 
monthly cooling load of all the three models, BM 
constantly yields the lowest cooling load whilst HEM 

gives the highest throughout the year (e.g. Fig. 3). The 
average difference between the highest and lowest 
cooling load in each month is about 2000 kW. The 
highest monthly cooling load is recorded in May. 
However, the peak cooling load in all the three models 
falls on Day 153, Saturday 2

nd
 of June at 5 pm. 

 

 
Figure 3: Comparison of cooling loads 

 
The monthly humidification and dehumidification loads of 
HEM and VEM are similar. The highest monthly 

dehumidification load occurs in May and the lowest is in 
January. The peak dehumidification load occurs on Day 
182 at 3 pm. Contrary to the higher demand in cooling 
load, HEM has lower solar heat gains than VEM in every 
month (e.g. Fig. 4). The highest solar gain in all models 
falls on Day 264 at 1 pm. 
 

 
Figure 4: Comparison of solar gains 

 
Internal gains consist of lighting gains, occupancy gains 
(both sensible and latent) and equipment gains. Since 
the internal conditions of the three models are identical, 
the generated results of monthly internal gains should be 

equal. Slight variation in results is attributed to rounding-
off errors accrued in computation. The lowest monthly 
internal gain occurs in February as it has the fewest 
number of days in the year. 
 
2.2 Lighting simulation 
The simulation results in Lightscape are presented 
graphically in lighting contours, ranging from 0 to 1300 
lux. Among the three models, VEM gives the best 

daylighting illuminance throughout the day, followed by 
BM and HEM. The average daylight illuminance on the 
floor of VEM is about 100 lux at 9 am and 250 lux at 2 
pm. In addition, VEM always gives a higher illuminance 
level near the windows as compared to HEM. For 
instance, the average illuminance near the windows of 
VEM is close to 400 lux, which is about doubled of that of 
HEM in the month of April at 2 pm. However, a wide 

range of illuminance (i.e. 50 to 990 lux) near the windows 

Incandescent 
wall lamp 

Metal halide 
ceiling lamp 

Incandescent 
floor lamp 
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of VEM is noted and this could potentially create visual 
discomfort in the vertical plane.  
For the simulation of artificial lighting only at 9 pm, the 
average illuminance on the floor of VEM and HEM is 410 

lux and 390 lux respectively. These illuminance levels 
are lower than the average 520 lux recorded in BM (e.g. 
Fig. 5). It is evident that more luminaires are required for 
both extension models as a result of the increased 
lighting coverage. 
 

 
BM (520 lux) 

 
HEM (390 lux) 

 
VEM (410 lux) 

Figure 5: Illuminance contours in artificial lighting 
simulation 

 
The simulation of the combination of daylighting with 
artificial lighting gives distinctive comparison of lighting 
performance for all the models (e.g. Fig 6). Overall, VEM 
gives a uniform illuminance on the floor throughout the 

year. It also fares better than HEM in meeting the 
recommended illuminance of 500 lux (SS CP38 1999) for 
all months, except in the morning time of January (i.e. 
475 lux). The average illuminance on the floor of HEM is 
between 420 lux and 490 lux. 
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Figure 6: Combination of daylighting with artificial 

lighting illuminance level 
 

3. DISCUSSIONS 
 
3.1. Energy loads 
Cooling load is the major factor that governs the energy 

consumption in the building. Based on TAS simulation 
results, it is observed that both HEM and VEM give 
higher cooling load than BM. The reason is obvious as 
there is a significant increase in volume (i.e. 20%) as well 
as surface area for the extended models. 
To explain the difference in cooling load between HEM 
and VEM, one should first understand the parameters 
that contribute to the total cooling load. In the TAS 

environment, the cooling load is affected by ten heat gain 
parameters. These are lighting load, occupancy sensible 
load, solar gain, infiltration and ventilation gain, building 
heat transfer, conduction through opaque surfaces, 
conduction through glazed surfaces, air movement, 

equipment load and the plant. With the exception of solar 
gain and conduction through opaque surfaces, these 
parameters are equal for both extension models. 
Therefore, the two parameters that significantly 

contribute to the difference in energy consumption are 
solar gain and conduction through opaque surfaces. 
The shape of the windows has an impact on the solar 
gain into the building. Although the wall to window ratio 
(WWR) is the same for both extension models, there is 
variation in the design and distribution of the windows. In 
order to maintain the same WWR (i.e. 17%) as BM, the 
window area has been increased proportionally in both 

extension models. In HEM, the additional window area is 
given by two new windows each in the north and south 
walls. In VEM, the additional window area is achieved by 
extending the height of all window glazing. Simulation 
results indicate that the building with high windows yield 
considerably higher solar gains than one with wide 
windows. This explains the phenomenon of consistently 
higher solar gains in VEM throughout the year (see 2.1 

above). 
A larger amount of cooling energy is consumed in HEM 
due to the conduction through opaque surfaces. The 
explanation lies in its larger surface area of conduction 
through the roof, opaque walls and doors as compared to 
VEM. While the volumetric increase in both extension 
models is fixed, the effective surface area being exposed 
to the sun has changed. VEM has more wall and door 

areas exposed to the sun than HEM. However, HEM has 
a much larger roof surface area exposed than VEM. 
Since conduction has a direct correlation with surface 
area, the bigger roof area in HEM must have contributed 
to its higher conduction value than the larger wall and 
door area in VEM. To confirm this finding, the breakdown 
of conduction through the roof and opaque surfaces on 
the day of the peak load (i.e. Day 153) is tabulated for 
both extension models (Table 4). 

It is apparent that HEM requires a bigger cooling load as 
a result of the higher conduction load at its roof surface. 
In spite of the higher conduction loads of opaque 
surfaces in VEM, the impact is not as significant as that 
caused by the roof surface. The combined conduction 
load is still higher in HEM, implying the increased 
demand in cooling energy. Overall, the annual energy 
consumption attributed to solar gain in VEM is about 

3000 kWh more than that in HEM, whereas the annual 
energy consumption attributed to conduction through 
opaque surfaces in HEM is about 6000 kWh higher than 
that in VEM. Hence, it can be concluded that an 
additional 3000 kWh of energy is required in HEM 
annually. 
 

3.2. Energy efficiency index 
The energy efficiency of the three models is compared 
using the Energy Efficiency Index (EEI). EEI is derived to 
evaluate the energy performance of individual building 
according to its energy efficiency (Lee 2001). Only the 
cooling loads and lighting loads are used in the 

calculation of EEI, since it has been assumed that no 
other equipment load is present in the multi-purpose 
school hall. The calculated EEI of BM, HEM and VEM

 

Table 4: Comparison of conduction loads through roof and opaque surfaces 
Conduction loads (kWh) 

Roof Wall + door Combined (Roof + wall + door) Model 

Internal External Total Internal External Total Internal External Total 

HEM 9.60 2422.97 2432.57 5.93 1452.52 1458.44 15.53 3875.49 3891.02 

VEM 10.54 2015.87 2026.40 9.34 1615.43 1624.77 19.88 3631.29 3651.17 

% Difference (HEM - VEM) 20.0 %  -10.2 %  6.6 % 
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Table 5: Calculation of daylight glare index (DGI) 
Model a b d X Y A B C D  i Lwin Ladp Lext   Gn DGIn 

BM 28 1.8 2 7.0 0.45 0.99 0.06 0.41 6.38 0.20 1592 15.9 1393 48 131.6 21.2 

HEM 30 1.8 2 7.5 0.45 0.99 0.06 0.41 6.84 0.20 1592 15.9 1393 53 125.4 21.0 

VEM 28 2.3 2 7.0 0.58 0.99 0.08 0.50 6.06 0.25 1273 15.9 1485 45 187.2 22.7 

 

are 238 kWh/m
2
/yr, 217 kWh/m

2
/yr and 258 kWh/m

2
/yr, 

respectively. HEM yields the lowest EEI amongst the 
three models, because it presents the energy load per 
unit floor area of the building. Although the cooling load 
required in HEM is higher than VEM, the energy 
consumption per unit floor area is much lower than VEM. 
This draws the conclusion that a building with larger floor 
area, as in the case of HEM, is more energy efficient 

than one that has smaller floor area but with the same 
volumetric space. The EEI may not be a suitable 
indicator for energy performance in this volumetric study. 
 
3.3. Daylighting performance 
The average daylight illuminance is low for all the three 
models, ranging from about 70 lux to 250 lux. This 
implies that none of the three models is able to meet the 

minimum illuminance level of 300 lux (SS CP38 1999) as 
recommended for a multi-purpose sports hall. The 
building is dependent on artificial lighting in the day.  
Furthermore, uniformity of illuminance is less likely to be 
achieved solely by daylighting, considering the 
unpredictability of sky brightness, presence of clouds, 
clarity of the atmosphere (e.g. presence of water droplet 
and airborne particles) and effects of wind. Different sun 
path throughout the year will also give different 

illuminance level at the surfaces of the windows. 
Between the two extension models, VEM utilizes more 
daylight than HEM. This is because VEM has a higher 
ceiling height and taller windows compared to HEM. 
Nevertheless, high illuminance levels (e.g. up to 990 lux) 
at the windows of VEM at certain times of the year may 
cause discomfort glare to its users, especially if the 
school hall is to be used for sports tournaments. To 

ensure an optimal view and identification of sports 
players and movements in all planes, the range of 
acceptable illuminance should be between 300 lux to 750 
lux, with the recommended illuminance of 500 lux. 
 
3.4. Artificial lighting performance 
The metal halide ceiling lamp used in the simulation 
comprises a quartz discharge tube containing high-

pressure mercury and mixture of metal halides. Each 
lamp produces high luminous efficacy (i.e. 90 
lumen/watts) with a natural white appearance. Besides 
being suitable for the height of the multi-purpose school 
hall, it also exhibits excellent lumen maintenance and 
long life properties. The good colour rendering of metal 
halide lamp further creates a pleasant ambience for high 
visual comfort. With the 8-m spacing between ceiling 

lamps in HEM, the average illuminance that is achieved 
on the floor by only artificial lighting is 390 lux. The VEM 
gives a slightly higher illuminance level of 410 lux with its 
7-m spacing between ceiling lamps, but still fails to 
achieve the recommended illuminance of 500 lux. 
Although the BM has the same ceiling lamp spacing as 
VEM, it has a smaller lighting coverage and therefore is 
able to meet the specified requirement. The simulation 
results indicate that more luminaires or brighter lamps 

are required for both extension models in order to 
achieve the recommended illumination, especially after 
sunset or on overcast days. 
 
 
 

3.5. Daylighting and artificial lighting performance 
Generally, the combination of daylighting with artificial 
lighting gives satisfactory illuminance level and uniform 
illumination throughout the years for all the three models. 
Between the two extension models, VEM fares better in 
overall illuminance performance as it gives illuminance 
above 500 lux in all the months (except for January). 
HEM, on the other hand, fails to satisfy this requirement. 

Notwithstanding, a volumetric extension (i.e. by 20%) of 
the multi-purpose school hall, either in length or height, 
will require additional luminaires or an increased 
illuminance level due to the increase in lighting coverage. 
This is also in anticipation of the lower lighting level at 
night, insufficient daylighting and special activities that 
demand higher visual requirements above 500 lux. For 
instance, there is a risk that in a sports tournament, the 

players, balls and other important features will not be 
clearly visible at certain positions in space. 
 
3.6. Glare analysis 
In order to have a more comprehensive lighting 
performance analysis, glare analysis is carried out for 
daylighting and artificial lighting conditions. Daylight glare 
index (DGI) is calculated using derived equations 
(Nazzal 1998). Based on the calculations (Table 5), all 

the three models have DGI values below the limiting 
value of 25. Discomfort glare due to daylighting is less 
likely to occur in all these models. 
Glare analysis for artificial lighting is done using a 
computer software (DPGlare c2000), which produces 
unified glare ratings (UGR) for standard and custom 
lighting situations. The computer program works with the 
photometric files from Lightscape and calculations are 

made according to the CIE standard (CIE 117 1995). The 
maximum UGR values computed for BM, HEM and VEM 
are 5.6, 5.8 and 5.9 respectively. The results are well 
below the unified glare rating limits (i.e. 19 for schools, 
22 for multi-purpose sports halls) of discomfort glare 
caused by luminaires. The volumetric increase of the 
school hall has only caused slight increase in the glare 
indexes. With the subsequent addition of luminaires or 

the use of brighter luminaires, the glare indexes should 
be regenerated.  
 

CONCLUSION 
 
In this volumetric study, computational simulation tools 
have been successfully applied in the prediction of 
energy and visual performance of a multi-purpose school 
hall in Singapore. Based on the energy simulation 
results, both extension models will yield higher cooling 

loads and solar gains than the base case. The HEM 
requires a higher cooling load than VEM since it has a 
higher conduction load through opaque surfaces. 
Conduction through the roof is more significant than the 
other opaque surfaces, although the wall and door 
surface area of HEM is smaller than that of VEM. High 
windows of VEM always contribute to higher solar gains 
than wide windows, as in the case of HEM. Overall, VEM 

is a better alternative extension model in terms of 
thermal loads. Although the HEM demands a higher 
energy load, it is a more energy efficient design due to its 
larger usable floor area. However, the EEI does not fully 
reflect the energy efficiency of the models in this 
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volumetric study as this indicator is measured in terms of 
energy load per usable floor area, rather than load per 
volume of the building. 
The overall visual performance of the simulation models 

is compared in the aspects of daylighting, artificial 
lighting, combination of daylight with artificial lighting, and 
glare index for daylighting and artificial lighting. Based on 
the lighting simulation results, both extension models 
need more illumination as a result of increased lighting 
coverage, especially in the absence of sufficient daylight. 
The simulation also indicates that the school hall is 
dependent on artificial lighting in the day. VEM gives a 

higher illuminance level than HEM in daylighting and 
artificial lighting only simulations. It is also able to satisfy 
the recommended illuminance level of the school hall 
while utilizing both daylight and artificial lighting. 
Therefore, VEM is a better extension model in terms of 
visual performance as compared to HEM. For both 
extension models, higher illuminance level can be 
achieved by adding more luminaires or selecting 

luminaires with higher luminous flux. A glare analysis 
shall be performed to evaluate the possibility of 
discomfort glare upon an increase in illuminance level. 
To reduce the high illuminance experienced at the 
window surface of VEM, horizontal blinds or sun-shading 
devices can be installed to block off the direct sunlight. 
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