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Index to assess the Energy Efficiency of buildings. Different high-rise apartment
buildings were selected with different architecture styles, to account for several
periods of building construction. The OTTV value was calculated for the west-oriented
facade of the selected buildings, which is considered as a critical orientation that
receives high solar radiation. The results showed that four out of the five investigated
buildings achieved the minimum requirements for the OTTV, i.e., less than 50 W/m?2.
The maximum and minimum OTTV values with the buildings’ original design were
82.60 W/m? and 41.54 W/m?, respectively. However, one of the buildings achieved a
lower OTTV value with the installation of shading devices by the owners, i.e.,
decreased from 48.39 W/m? to 37.60 W/m?2. The solar radiation penetration through
the fenestration was found to be the major contributor to the total OTTV, while it can

Keywords: be controlled by the shading devices. Besides, using dark paints increased the heat
High-rise apartment; OTTV; energy conduction through the opaque walls by more than double compared to light paints.
efficiency; building envelope; Green This study shows that some design considerations, such as paint colour, shading
Building Index devices, and glazing material, can have a great influence on the heat gain in buildings.

1. Introduction

Worldwide, buildings consume around 40% of the global energy with as high as 60% goes for
buildings cooling and/or heating [1,2]. In Malaysia, the electricity consumed by buildings in 2018
reached up to 49.5% of the total electricity consumption [3]. Since the largest part of the energy is
produced from fossil fuels combustion, the energy sector is one of the major contributors to
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Greenhouse gas emissions, which have adverse impacts on the environment [4]. Therefore, actions
are being taken in many countries to reduce energy requirements for buildings and mitigate the
associated environmental impacts by applying strategies that support the use of renewable energy
and energy efficiency technologies [1].

The Malaysian government has included manual energy efficiency usage in relation to the Ninth
Malaysian Plan (2006-2009) in order to optimize energy usage in building design [5]. In addition, the
Malaysian Board of Architects has enhanced green building designs by introducing the Green Building
Index (GBI) as a guideline for green building designs. The GBI aims to assist the building sector to
adhere to sustainable development. It evaluates the environmental design and performance of
buildings based on six main criteria, namely 1) Energy Efficiency, 2) Indoor Environment Quality, 3)
Sustainable Site Planning & Management, 4) Materials & Resources, 5) Water Efficiency, and 6)
Innovation [6]. Energy efficiency in buildings is given 23 points out of the 100 points in the GBI. The
envelope thermal performance is the main evaluated component of the energy efficiency, which
receives 13 points and is assessed by the wall’s Overall Thermal Transfer Value (OTTV) and the roof’s
U-value.

High-rise apartment buildings are being dominated in the majority of the cities in Southeast Asia
countries due to the high economic development and the increased population. High-rise apartment
buildings are classified under the tall buildings’ category of the multi-story buildings, which are over
10 or 12 storeys and equipped with elevators [7-9]. The first high-rise building was the Home
Insurance Building. It was built in the 1880s in Chicago in the United States of America. In Malaysia,
the first high-rise apartment is Sulaiman Courts at Tunku Abdul Rahman Street in Kuala Lumpur as it
was built before 1957 (Figure 1). The second high-rise building is a seventeen-storey building,
Pekeliling Flats, which were built at Tun Abdul Razak Street in 1964. High-rise buildings in Malaysia
were popularly in the 1970s [10].

Fig. 1. First high-rise apartment in Malaysia;
Sulaiman Courts [11]

High-rise apartments are popularly built in urban areas since they can provide many residential
apartment units. The construction sector has solved the problem of land’s scarcity in the urban areas
to house the increasing city population. Figure 2 shows the percentage of apartment buildings
compared to the landed houses for the main states of Malaysia. As can be seen, the apartment
buildings represent up to 77% of the housing stock in Kuala Lumpur and Putrajaya and around half of
the housing stock in Penang and Selangor [12]. Furthermore, the housing types are not evenly
distributed and, therefore, some areas might get housing of the apartment type higher compared to
the landed type. For instance, in Timur laut district (i.e., Northeast district) of Penang Island, the
apartment buildings account for 85% of the housing stock compared to 15% for the landed houses
[12].
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Fig. 2. Percentage of the apartment buildings compared
to the landed houses as of 2019, Malaysia [12]

In high-rise apartment buildings, the majority of the indoor spaces are separated from the
outdoor environment by the external walls, except for the spaces on the last floor. Therefore, the
external walls become the main source for the external heat gain, which is being assessed in the GBI
by the OTTV. The OTTV is a tool designed to measure the thermal efficiency of the envelope in air-
conditioned buildings. It is defined as the average cooling load gained in a building due to the choice
of its envelope (excluding the roof) based on the outside conditions (weather) and a typical inside
condition in an office building [13]. The OTTV provides a simple method to estimate the total heat
gain in buildings due to the heat conduction through its opaque walls and fenestration and due to
the solar radiation penetration through its fenestration [13].

Various researchers and authorities have implemented many improvements to the OTTV
calculation method. For instance, the OTTV calculation method was evaluated and revised to derive
a set of correction factors to calculate OTTV for green roof integrated buildings and air-conditioned
commercial buildings with naturally ventilated double-skin facade [14,15]. In Singapore, the OTTV
calculation method was reviewed in early 2000 and was developed to Envelope Thermal Transfer
Value (ETTV) and Roof Thermal Transfer Value (RTTV). Additionally, a new formula was formulated
for the residential buildings to evaluate their envelope’s thermal performance since they have
different air-conditioning usage patterns. Thie formula was named Residential Envelope
Transmittance Value (RETV) [16]. Tummu et al., [17] formulated an OTTV to measure the
performance of the building’s envelope that enclosed bedroom space in Thailand. In Malaysia, the
MS 1525, Energy efficiency and use of renewable energy for non-residential buildings - Code of
practice, provides the method for the OTTV calculation in air-conditioned buildings. The standard
indicates that the OTTV method is considered a useful tool to evaluate the thermal performance of
non-air-conditioned buildings [18].

Due to the tropical climate in Malaysia, there is a high need for air-conditioning to improve the
indoor thermal environment, which increases the energy consumption in buildings. To raise
awareness and enhance sustainable development, it is a mandatory requirement that the OTTV
should not exceed 50 W/m? for buildings with a total air-conditioned area of more than 1000m?
[18,19]. However, a building with an OTTV of 50 W/m? can only score one point in the GBI
assessment, while its score can be increased with lower OTTV values and can reach up to 10 points
with OTTV of 30 W/m? or below [6].

Different researchers have studied the OTTV of various types of buildings. Saidur et al., [19]
conducted a study of the OTTV for 100 residential buildings in Malaysia. A survey was distributed
firstly to collect the data required for OTTV calculation and to investigate the energy consumption of
room air-conditioners. They found that the OTTV values ranged between 35 W/m? and 65 W/m?, and
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was below 49 W/m? in 90% of the buildings. The low OTTV was attributed to the low window to wall
ratio (WWR) of the residential buildings, i.e., 1 — 18 %. Ismail and Zainonabidin [20] utilized the OTTV
tool to conducted an assessment for the envelope retrofitting of a 38-storey high-rise office building
to improve its energy efficiency. Three variables were considered for the envelope retrofitting,
namely U-Value, Shading Coefficient (SC), and WWR. This assessment showed that OTTV can be
decreased from the original value of 77.43 W/m? to 28.43 W/m?.

In this study, the OTTV method was used to evaluate the envelope thermal performance for high-
rise apartment buildings in Penang, Malaysia. The evaluation involved an assessment of the various
methods of heat gain through the building’s envelope, namely heat conduction through opaque
walls, heat conduction through fenestration system, and solar radiation penetration through the
fenestration system.

2. Methods
2.1 Case Study Buildings

Penang, which is the third most developed state in Malaysia, was selected as the area of the
present study. It is located on the northwest coast of Peninsular Malaysia. It has two parts, namely
Penang Island, where the capital city of George Town is located, and Seberang Perai (formerly
Province Wellesley) on the Malay Peninsula. Penang Island has witnessed rapid economic
developments over the last two decades. The studied buildings were selected on the eastern coastal
line of Penang Island, which has witnessed huge and rapid developments with many residential
construction and recreation projects. An investigation and observation were carried out by the
researcher to select buildings with west or close to west facade orientation, which is considered as a
critical orientation that receives high solar radiation. Furthermore, the studied buildings were
selected from different architecture styles as follows

i. Modern architectural style: Halaman Kristal 5.
ii. Post-modern architectural style: Halaman Kristal 1 and Mutiara Idaman 2.
iii. Neo-minimalist architectural style: Baystar and the Light Linear.

Halaman Kristal 5:

Halaman Kristal 5, Figure 3, is a twenty-one-floor apartment building. The first four floors are
used for car park, while the fifth floor is occupied by the management and some facilities. Each floor,
starting from the 6th floor, has fifteen residential units, which make a total number of 240 units. The
building’s architectural style is a simple design of straight lines, simple geometrics, and a flat roof.
Common building materials were used in construction, such as brick walls and single clear glass for
the fenestrations.
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Fig. 3. Halaman Kristal 5, (a) external view and (b) the west facade of the
selected apartment

Halaman Kristal 1:

Halaman Kristal 1 condominium, Figure 4 is a thirty-one-storey high-rise building. The first three
storeys are allocated for the car parks, while the fourth storey is allocated for the management and
facilities such as a swimming pool, a gym, a sauna, and a playground. The other twenty-seven storeys
have a total of 360 units with 14 units per floor except for the last two floors, which consist of 12 and
10 units, respectively. The building represents the post-modern architectural style with the pitched
roof and complex geometric form for the design. The designer used simplified colonial elements, like
cornice, coping and pediment in the facade, which are usually used in the post-modern style with
arches and triangular ends. The building materials include cement brick and cement plaster for the
walls and aluminium frames with tinted single glazing for the fenestrations.

Living
Bedroom Room

(b)
Fig. 4. Halaman Kristal 1, (a) external view and (b) the west facade
of the selected apartment

Mutiara Idaman 2:

Mutiara Idaman 2, Figure 5, is a twenty-one storeys high-rise building, which has 690 units divided
into four blocks. The building implemented the maximum elements of the post-modern architectural
style characteristics such as complicated shapes, triangular ends for the facades, and the pitched
roof. Local materials were used in the building include cement bricks and plaster for the facade and
clear single glazing for the fenestrations. The building’s fagade was painted with two colours; dark
red colour for the lower floors and light beige colour for the upper floors.
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Fig. 5. Mutiara Idaman 2, (a) external view and (b) the west facade
of the selected apartment

Baystar:

Baystar, Figure 6, is considered as a high-end residential building, which has 160 units divided into
two blocks of eleven storeys. This building implemented the neo-minimalist style, which employs
straight lines, simple shapes and a flat roof. Reinforced concrete and cement plaster were used as
the building material with green-tinted single glazing for fenestration. The building facade was
painted mainly with the white colour, while some areas have light grey paint.
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Fig. 6. Baystar, (a) external view and (b) the west facade of the selected
apartment

The Light Linear:

The Light Linear, Figure 7, is a two-block building with 17 floors and a total number of 328 units.
The units were built in an area ranging between 1475 to 1560 square feet. This building was
constructed for high-income families with a luxurious design. The neo-minimalist architectural style
characteristics are represented in the Light Linear building such as the simplest and fewest possible
lines in the facade and the flat roof. Reinforced concrete and cement plaster with white paint were
used as building and finishing materials with aluminium frames and green-tinted single glass for
fenestration.

Since the studied buildings are residential buildings and each apartment is isolated from the other
apartments in terms of its indoor thermal environment and energy consumption, the OTTV
calculation is carried out for the west-oriented fagade of one corner apartment in each building.
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(b)
Fig. 7. The Light Linear, (a) external view and (b) the west fagade of the selected
apartment

3. OTTV Calculation

The OTTV value represents the average heat that might transfer through the building’s envelope
into the indoor environment. Building’s envelope consists of two main parts, namely opaque walls
and fenestration systems. The later can be a glazing material, a shading device, and a combination of
both. Therefore, the OTTV value combined three types of heat transmission, namely heat conduction
through opaque walls, heat conduction through fenestration system, and solar radiation through
fenestration system [18,21]. To calculate the OTTV, each of these components is calculated
separately firstly and, then, they are added together to produce the overall OTTV. Table 1 presents
the calculation of each type of heat transmission, while Eq. (1) shows the overall OTTV calculation.

Table 1
Main methods of heat transmission through building envelop and their calculations for OTTV
Heat transmission type OTTV Calculation
Heat conduction through opaque walls 15a (1 - WWR) Uw
Heat conduction through fenestration system 6 (WWR) Uf
Solar radiation penetration through fenestration system 194 x OF x WWR x SC
OTTVi=15a (1 - WWR) Uw + 6 (WWR) Uf + (194 x OF x WWR x SC) (1)

where WWR is the ratio of the windows’ area to the gross exterior wall area for the orientation under
consideration, a is the solar absorptivity of the opaque wall, Uw is the thermal transmittance of the
opaque wall (W/m2 K), Uf is the thermal transmittance of fenestration system (W/m? K), OF is the
solar correction factor for the orientation of the fenestration under consideration, and SC is the
shading coefficient of the fenestration system. Since each wall with a different orientation receives
different solar radiation, the OTTV calculation should be conducted for each orientation separately.
This is achieved by selecting the required OF value for the orientation under consideration from Table
2 [18]. Finally, the total OTTV for the building, i.e., including all orientations, can be calculated based
on Eq. (2).
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Table 2
Main methods of heat transmission through building envelop and their calculations for OTTV
Orientation OF Orientation OF
North 0.90 South 0.92
Northeast 1.09 Southeast 0.90
East 1.23 West 0.94
Southeast 1.13 Northwest 0.90
OTTV = (A1xOTTV1) + (A2 x OTTV2) + (A3 X OTTV3) +...+ (Ai x OTTV)) (2)

Ar+Ar+As+ ...+ A

where A1 is the gross exterior wall area for orientation 1 and OTTV1is the OTTV value for orientation
1, which is obtained from Eq. (1). To calculate the OTTV value for the selected case studies, the solar
absorptivity (a) for the white, light grey/beige, and dark red were taken as 0.25, 0.40, and 0.88,
respectively [22]. The Uw for the walls was calculated based on the wall’s materials and according to
Building and Construction Authority Hong Kong [16], Table 3. Furthermore, The SC for the
fenestration system is the product of the SC1 for the glazing multiplied by the SC2 for the shading.
The Uf and SC1 for the glazing type were obtained from Table 4, while the SC2 was obtained from
MS 1525 [18,23].

Table 3

Calculated Uw based on the walls’ materials

Wall Uw

0.1 m cement brick wall with 0.013 m cement plaster on both sides 2.97
0.15 m concrete wall with 0.013 m cement plaster on both sides 3.16
Table 4

Calculated Uw based on the walls’ materials [23]

Glazing type Thick U-value SC
Single clear float 4 5.88 0.98
Single Tented grey float 5 5.85 0.71

4. Results and Discussion

The building’s fagade is a combination of opaque walls and fenestrations. Since the fenestration
has more influence on the internal environment (i.e., heat conduction and solar radiation), the WWR
might have a great influence on the calculated OTTV. Figure 8 presents the WWR for the west-
oriented facade of the case study buildings. The highest and lowest WWR were obtained with
Halaman kristal 5 and Halaman kristal 1, respectively, (i.e., 33% and 18%), while the other three
buildings have quite similar WWR, i.e., between 25 to 27%.
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Fig. 8. WWR for the case study buildings

The OTTV value was calculated for each case study building. For the Halaman Kristal 5, all
fenestration in the building were originally without shading devices. However, many of the owners
have installed horizontal shading devices. Therefore, the OTTV was calculated for two cases, namely
Case 1: without shading devices (No-Sh), and Case 2: with shading devices (W-Sh). Furthermore,
Mutiara Idaman 2 has two different paint colours for its facade and, therefore, the OTTV was
calculated for two cases, namely Case 1: using light paint (L-Paint), and Case 2: using dark paint (D-
Paint). The results are illustrated in Figure 9.
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Halaman Kristal 5 Halaman Mutiara Idaman 2 Baystar The Light
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Fig. 9. OTTV for the case study buildings

From the five evaluated buildings, four buildings, namely Halaman Kristal 5, Halaman Kristal 1,
Baystar, and The Light Linear, achieved the minimum requirements for the OTTV that was set by the
GBI (i.e., <50 W/m?) [6]. However, The Mutiara Idaman 2 achieved higher OTTV values at 66.52 W/m?
and 82.60 W/m? for the L-Paint and D-paint, respectively. Furthermore, the figure shows that the
installation of the shading devices by the owners for the case of Halaman Kristal 5 has improved the
thermal performance of the fagade and decreased the OTTV value by 10.80 W/m?. On the other hand,
using dark paint, in the case of Mutiara Idaman 2, caused the OTTV value to increase by 16.07 W/m?.
According to the GBI, the points are given according to the OTTV value and, therefore, Halaman
Kristal 5 (W-Sh) will receive five points, followed by three points for The Light Linear, two points for
Baystar, and one point for each of Halaman Kristal 5 (No-Sh) and Halaman Kristal 1.
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For further evaluation, the OTTV value for each building was break-down into its components
(i.e., heat conduction through opaque walls, heat conduction through fenestration system, and solar
radiation through fenestration system). The results are illustrated in Figure 10. The figure clearly
shows that penetration of the solar radiation through the buildings’ fenestration is the major
contributor to the total OTTV, i.e., account for 52% to 68%. The highest value was recorded with
Mutiara Idaman 2 followed by Halaman Kristal 5 (No-Sh), which can be attributed to the absence of
shading devices and the use of clear glass. However, when horizontal shading devices were installed
by the owners of the Halaman Kristal 5, the building achieved the lowest solar radiation penetration
through fenestration. Additionally, although Halaman kristal 1 has the highest WWR, it has lower
solar radiation penetration through fenestration, which can be attributed to its shading system and
the use of tented glazing.

m Heat conduction (opaque walls) m Heat conduction (fenestration) = Solar radiation (fenestration)
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Case study

Fig. 10. Break down of the OTTV value for each building to its components
(i.e., heat conduction through opaque walls, heat conduction through
fenestration system, and solar radiation through fenestration system)

Furthermore, it is observed that Mutiara Idaman 2 followed by Halaman Kristal 5 have higher
heat conduction through the opaque walls compared to the fenestration, while Halaman Kristal 1 has
higher heat conduction through the fenestration compared to the opaque walls. The higher WWR
for the Halaman Kristal 1 increases the heat conduction through the fenestration. However, the lower
WWR of Halaman Kristal decreases the heat conduction through the fenestration, while the higher
solar absorptance of Mutiara Idaman 2 increases the heat conduction through the opaque walls.
Moreover, the figure shows clearly that using the dark paint, in the case of the Mutiara Idaman 2,
influenced only the heat conduction through the opaque wall, while installation of the shading
devices, in the case of Halaman Kristal 5, influenced only the solar radiation penetration through the
fenestration.

5. Conclusion

This study assessed the envelope thermal performance of high-rise apartment buildings in
Penang, Malaysia. The assessment was performed using the OTTV method, which is being utilized by
the Green Building Index rating system to assess the building’s energy efficiency and the energy
security target in Malaysia [24]. The assessment also explored the effects of the different methods
of heat gain through the building envelope, namely heat conduction through opaque walls, heat
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conduction through the fenestration system, and solar radiation penetration through the
fenestration system. The following points can be concluded

i. The WWR for the studied buildings ranged between 18% and 33%, which is quite high for
residential buildings.

ii. The OTTV for the studied buildings ranged between 37.60 W/m? and 82.60 W/m?. Four
out of the five studied buildings met the minimum requirement for the OTTV.

iii. Solar radiation penetration through building fenestration was the major contributor to
the total OTTV. Therefore, using shading devices and solar control glazing can reduce this
type of heat gain.

iv. Higher WWR can increase heat conduction through buildings’ fenestration.

v. Using dark colour paints for the opaque walls, i.e., high solar absorptance, can double the
heat conduction through the opaque walls compared to using light colour paints.

References

(1]

(2]

3]
(4]

(5]
(6]

(7]
(8]

(9]
(10]

(11]

(12]
[13]

(14]

(15]

[16]

(17]

(18]

[19]

Mirrahimi, Seyedehzahra, Mohd Farid Mohamed, Lim Chin Haw, Nik Lukman Nik Ibrahim, Wardah Fatimah
Mohammad Yusoff, and Ardalan Aflaki. "The effect of building envelope on the thermal comfort and energy saving
for high-rise buildings in hot-humid climate." Renewable and Sustainable Energy Reviews 53 (2016): 1508-1519.
https://doi.org/10.1016/j.rser.2015.09.055

Al-Absi, Zeyad Amin, Mohd Hafizal Mohd Isa, and Mazran Ismail. "Phase change materials (PCMs) and their
optimum position in building walls." Sustainability 12, no. 4 (2020): 1294. https://doi.org/10.3390/su12041294
Energy Commission. "National Energy Balance 2018." Suruhanjaya Tenaga (Energy Commission), 2018.

Economic Planning Unit. "Eleventh Malaysia plan 2016-2020: Anchoring growth on people." Economic Planning
Unit, Putrajaya, 2015.

E. P. Unit. "Ninth Malaysia Plan 2006-2010." Ministry of Economy, 2006.

Green Building Index. "GBI Assessment criteria for residential new construction (RNC)." Greenbuildingindex Sdn
Bhd, 2013.

Craighead, Geoff. "High-rise building definition, development, and use." High-Rise Cecurity and Fire Life Safety, 3rd
ed.; Butterworth-Heinemann: Boston, MA, USA (2009). https://doi.org/10.1016/B978-1-85617-555-5.00001-8
Cheung, Chun K., Robert J. Fuller, and Mark B. Luther. "Energy-efficient envelope design for high-rise apartments."
Energy and Buildings 37, no. 1 (2005): 37-48. https://doi.org/10.1016/j.enbuild.2004.05.002

ASIS International. "General security risk assessment: Guideline." ASIS International Guidelines Commission, 2003.
Von Hoffman, Alexander. "High ambitions: The past and future of American low-income housing policy." Housing
Policy Debate 7, no. 3 (1996): 423-446. https://doi.org/10.1080/10511482.1996.9521228

Malaysia, Pertubuhan Akitek. Guide to Kuala Lumpur Notable Buildings. Pertubuhan Akitek Malaysia (Malaysian
Institute of Architects), 1976.

Department of Statistics Malaysia. "Hausing Statistics." DOSM. Accessed July 11, 2021.

Building Sector Energy Efficiency Project. "Building energy efficiency technical guideline for passive design." BSEEP,
2013.

Chan, A. L. S., and T. T. Chow. "Evaluation of Overall Thermal Transfer Value (OTTV) for commercial buildings
constructed with green roof." Applied Energy 107 (2013): 10-24. https://doi.org/10.1016/j.apenergy.2013.02.010
Chan, A. L. S., and T. T. Chow. "Calculation of overall thermal transfer value (OTTV) for commercial buildings
constructed with naturally ventilated double skin fagcade in subtropical Hong Kong." Energy and Buildings 69 (2014):
14-21. https://doi.org/10.1016/j.enbuild.2013.09.049

Building and Construction Authority. "Code on Envelope Thermal Performance for Buildings." Building and
Construction Authority, 2001.

Tummu, Preecha, Surapong Chirarattananon, Vu Duc Hien, Pipat Chaiwiwatworakul, and Pattana Rakkwamsuk.
"Formulation of an OTTV for walls of bedroom in Thailand." Applied Thermal Engineering 113 (2017): 334-344.
https://doi.org/10.1016/j.applthermaleng.2016.10.055

Malaysian Standard. "MS 1525:2014. Energy efficiency and use of renewable energy for non-residential buildings -
Code of practice (Second revision)." Department of Standards Malaysia, 2014.

Saidur, Rahman, M. Hasanuzzaman, M. M. Hasan, and Haji Hassan Masjuki. "Overall thermal transfer value of
residential buildings in Malaysia." Journal of Applied Sciences 9, no. 11 (2009): 2130-2136.
https://doi.org/10.3923/jas.2009.2130.2136

31


https://doi.org/10.1016/j.rser.2015.09.055
https://doi.org/10.3390/su12041294
https://doi.org/10.1016/B978-1-85617-555-5.00001-8
https://doi.org/10.1016/j.enbuild.2004.05.002
https://doi.org/10.1080/10511482.1996.9521228
https://doi.org/10.1016/j.apenergy.2013.02.010
https://doi.org/10.1016/j.enbuild.2013.09.049
https://doi.org/10.1016/j.applthermaleng.2016.10.055
https://doi.org/10.3923/jas.2009.2130.2136

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 102, Issue 2 (2023) 21-32

[20] Ismail, Amirul Amin, and Azman Zainonabidin. "Overall Transfer Thermal Value (OTTV) index assessment on 4G11
Tower, Ministry of Women Family and Community Development, Putrajaya Malaysia." Malaysian Journal of
Sustainable Environment (MySE) 1 (2016): 106-124. https://doi.org/10.24191/myse.v1il1.5564

[21] Leung, Chun Kuen, L. Lu, Y. Liu, H. S. Cheng, and H. Tse Jeff. "Optical and thermal performance analysis of aerogel
glazing technology in a commercial building of Hong Kong." Energy and Built Environment 1, no. 2 (2020): 215-223.
https://doi.org/10.1016/j.enbenv.2020.02.001

[22] Building Authority. "Code of Practice for Overall Thermal Transfer Value in Buildings." Building Authority Hong
Kong, 1995.

[23] Metro Performance Glass. "Great ideas in glass." Metro Glass. Accessed March 31, 2021.

[24] Khattak, Muhammad Adil, Lee Jun Keat, Khairul Anwar Bapujee, Tan Xin Hui, Amirul Syafiq Othman, Afiq Danial Abd
Rasid, Lailatul Fitriyah Ahmad Shafii, and Suhail Kazi. "Global energy security and Malaysian perspective: A review."
Progress in Energy and Environment 6 (2018): 1-18.

32


https://doi.org/10.24191/myse.v1i1.5564
https://doi.org/10.1016/j.enbenv.2020.02.001

