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IMPAK FAKTOR GEOMETRI BANGUNAN TERHADAP PRESTASI
KESELESAAN TERMA DAN PRESTASI TENAGA DALAM BANGUNAN
PEJABAT BERTINGKAT TINGGI DENGAN FASAD KACA DI IKLIM

PANAS DAN LEMBAP MALAYSIA

ABSTRAK

Tanah yang terhad di dalam bandar telah menyebabkan peningkatan bangunan
tinggi yang mengakibatkan perubahan morfologi dan iklim mikro. Selain itu,
penggunaan fasad kaca penuh pada bangunan tinggi telah menjadi trend dan ianya
boleh mempengaruhi tenaga bangunan dan keselesaan terma dalam iklim panas dan
lembap. Oleh itu, kajian ini dilakukan bertujuan untuk menilai variasi prestasi pada
ketinggian bangunan yang berbeza, kesan kedalaman bangunan dan kesan bentuk
bangunan terhadap prestasi tenaga bangunan dan prestasi keselesaan terma jangka
masa panjang. Model kes asas bangunan 20 tingkat dengan fasad kaca penuh
disimulasikan menggunakan program EnergyPlus dan RStudio. Sebanyak 4 keadaan
iklim mikro, 6 nisbah kedalaman bangunan, dan 8 bentuk bangunan dinilai dengan
memanipulasi orientasi dan luas lantai bangunan. Hasil kajian menunjukkan bahawa
terdapat pengurangan penggunaan tenaga bangunan setelah mempertimbangkan
pengaruh iklim mikro di sepanjang ketinggian bangunan. Bangunan dalam (1:1)
menunjukkan prestasi yang lebih baik daripada bangunan cetek (6:1). Bagi bentuk
bangunan, bentuk bulat adalah yang paling cekap tenaga, manakala bentuk Y adalah
yang paling kurang prestasi tenaga. Kesimpulannya, penggunaan fasad kaca penuh
menunjukkan lebih banyak pengaruh pada prestasi keselesaan terma berdanding

tenaga bangunan. Oleh itu, penggunaan fasad kaca penuh dalam iklim panas dan
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lembap kurang digalakkan dan memerlukan pertimbangan geometri bangunan yang

sesuai pada peringkat awal reka bentuk.
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IMPACT OF BUILDING GEOMETRY FACTORS ON THERMAL
COMFORT AND ENERGY PERFORMANCES OF GLASS FACADE HIGH-

RISE OFFICE BUILDINGS IN HOT AND HUMID CLIMATE MALAYSIA

ABSTRACT

Limited land in cities have caused an increase of high-rise buildings and caused
changes in the morphology and microclimate. Besides, the application of full glass
facade on high-rise buildings has become a trend and could influence the building
energy and thermal comfort in hot and humid climate. Thus a study was conducted to
evaluate the variations of performance at different building heights, the effect of
building depth and building shape on building energy and long-term thermal comfort
performances. A base case model of 20-storey high-rise building with a full glass
facade was simulated using the EnergyPlus and RStudio programmes. A total of 4
microclimate conditions, 6 building depth ratios, and 8 building shapes were evaluated
by manipulating the orientations and floor areas of the building. The results indicated
that there is a reduction in the building energy use after considering the effect of
microclimate along with the building height. The deep building (1:1) was found to
perform better than the narrow building (6:1). For building shapes, circle shape is the
most energy efficient shape, while Y-shape has the lowest energy performance. In
conclusion, the application of a full glass fagade shows more influence on the thermal
comfort performance compared to building energy. Hence, the application of a full
glass fagade in the hot and humid climate is less favourable and requires consideration

of appropriate building geometries at the early design stage.
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CHAPTER 1

INTRODUCTION

1.1 Background

Globally, populations in rural areas are less than in urban areas. According to
World Urbanization Prospect (2015), 70% of the people lived in rural areas, while 30%
lived in urban areas in the year 1950. This percentage keeps increasing by up to 54%
of the world's urban population in the year 2014 and expected to become more than
70% in the year 2050. Possible reasons behind this rapid urbanisation are economic

growth and job opportunity offers in urban cities.

In order to accommodate the increasing populations, a drastic number of high-
rise office or residential buildings have been developed to provide a better workplace
and living environment. High rise buildings become a choice due to lack of land area.
However, the increasing number of high-rise buildings in the cities could lead to urban
heat island phenomena, hence contributes to global warming if the buildings are not

properly designed.

Nowadays, sustainability becomes the main consideration in designing a
building. Many indicators have been implemented in the construction of a sustainable
building. The important approach in designing a sustainable building is by considering
its energy consumption. Rubio-Bellido et al., (2016) stated that the current focus in
building science research and development is to investigate the future energy

consumption, which later forecasts the impact of future global climate.

In reducing the impact of global climate, many studies on energy consumption
have been conducted with the aim of incorporating sustainability in building design

and subsequently, various simulation researches have taken place in order to predict



it. Numerous studies on optimum building geometry to reduce energy consumption
have also been carried out as building geometries such as orientation, shape, window-

to-wall ratio and glazing material play important roles in building design.

Equally important, the thermal comfort of the building occupants is one of the
important factors in designing a sustainable building. Some might have overlooked
this factor so as to reduce the energy consumption of the building. Sustainability of the
design can be achieved by balancing these two factors (i.e. thermal comfort and energy

consumption).

Fanger (1970) defined human thermal comfort as the adaptability of each
individual person when exposed to an artificial climate. Likewise, thermal comfort is
the expression of satisfaction of humans with the thermal environment (ASHRAE
Standard 55, 2013). There are factors need to be considered in providing thermal
comfort which includes the air temperature, relative humidity, velocity of air, human
activity level and thermal resistance of clothing. The most important one is the

temperature of the room as a human is very sensitive to temperature change.

A better indoor thermal environment can be achieved by the use of air-
conditioning systems to cool the space, especially in hot and humid climate countries.
Almost all office buildings in the tropical region use air-conditioning systems to
enhance comfort to the occupants. A research done by Santamouris (2015) showed
that energy consumption in the buildings sector is almost 40% of the world's energy
consumption. From those figures, 50% of it comes from the energy consumed by air-

conditioning systems in a standard building (Bastide et al., 2006).

The tightness of the building envelope is very important for air-conditioned

buildings to prevent the infiltration of outdoor air indoors in order to optimise the



REFERENCES

Abd Jalil, N. A. (2018) Acoustical design strategies for open-plan workstations in
green office buildings. Doctor of Philosophy. University of Malaya.

Abd Jalil, N. A., Che Din, N. and Keumala, N. I. (2013) Acoustical investigation of
open-plan offices in green building: Simulation experiment’, in INTERNOISE
2014 - 43rd International Congress on Noise Control Engineering: Improving
the World Through Noise Control. Innabruck, Austria.

Aflaki, A., Mahyuddin, N. and Baharum, M. R. (2016) ‘The influence of single-sided
ventilation towards the indoor thermal performance of high-rise residential
building: A field study’, Energy and Buildings. Elsevier B.V., 126, pp. 146—
158.

Al-Tamimi, N. A. and Fadzil, S. F. S. (2011) ‘The potential of shading devices for
temperature reduction in high-rise residential buildings in the tropics’,
Procedia Engineering, 21, pp. 273-282.

AlAnzi, A., Seo, D. and Krarti, M. (2009) ‘Impact of building shape on thermal
performance of office buildings in Kuwait’, Energy Conversion and
Management. Elsevier Ltd, 50(3), pp. 822-828.

Alghoul, S. K., Rijabo, H. G. and Mashena, M. E. (2017) ‘Energy consumption in
buildings: A correlation for the influence of window to wall ratio and window

orientation in Tripoli, Libya’, Journal of Building Engineering. Elsevier Ltd,
11(April), pp. 82-86.

Alwetaishi, M. S. (2016) ‘Impact of Building Function on Thermal Comfort: A
Review Paper’, American Journal of Engineering and Applied Sciences.
Science Publications, 9(4), pp. 928-945.

Amaral, A. R., Rodrigues, E., Gaspar, A. R. and Gomes, A. (2015) °A parametric study
of window-to-floor ratio of three window types using dynamic simulation’, in
Energy for Sustainability 2015 Sustainable Cities: Designing for People and
the Planet. Coimbra, Portugal, pp. 14—15.

Amaral, A. R., Rodrigues, E., Gaspar, A. R. and Gomes, A. (2016) ‘A thermal
performance parametric study of window type, orientation, size and shadowing
effect’, Sustainable Cities and Society. Elsevier B.V., 26, pp. 456—465.

American Society of Heating Refrigerating and Air-Conditioning Engineers. (2005)
2005 ASHRAE Handbook : Fundamentals - SI edition. American Society of
Heating, Refrigerating and Air-Conditioning Engineers.

Asadi, S., Amiri, S. S. and Mottahedi, M. (2014) ‘On the development of multi-linear
regression analysis to assess energy consumption in the early stages of building
design’, Energy and Buildings. Elsevier B.V., 85, pp. 246-255.

183



ASHRAE Standard 189.1 (2014) Standard for High-Performance the Design of Green
Buildings : Except Low-Rise Residential Buildings. Atlanta: American Society
of Heating, Refrigerating and Air-Conditioning Engineers.

ASHRAE Standard 55 (2013) Thermal Environmental Condition for Human
Occupancy. Atlanta: American Society of Heating, Refrigerating and Air-
Conditioning Engineers.

ASHRAE Standard 62.1 (2007) Ventilation for Acceptable Indoor Air Quality, Health
Care. Atlanta: American Society of Heating, Refrigerating and Air-
Conditioning Engineers.

ASHRAE Standard 90.1 (2013) Energy Standard for Buildings Except Low-Rise
Residential Building. Atlanta: American Society of Heating, Refrigerating and
Air-Conditioning Engineers.

Assem, E. O. and Al-mumin, A. A. (2010) ‘Code compliance of fully glazed tall office
buildings in hot climate’, Energy & Buildings. Elsevier B.V., 42(7), pp. 1100—
1105.

Attia, S., Gratia, E., De Herde, A. and Hensen, J. L. M. (2012) ‘Simulation-based
decision support tool for early stages of zero-energy building design’, Energy
and Buildings, 49, pp. 2-15.

Bastide, A., Lauret, P., Garde, F. and Boyer, H. (2006) ‘Building energy efficiency
and thermal comfort in tropical climates’, Energy and Buildings, 38(9), pp.
1093—-1103.

De Been, I. and Beijer, M. (2014) ‘The influence of office type on satisfaction and
perceived productivity support’, Journal of Facilities Management, 12(2), pp.
142-157.

Berkoz, E., Aygun, Z. ., Enarun, D., Unver, R., Kocaaslan, G., Yener, K. A., Yildiz,
E., Ak, F. and Yildiz, D. (1995) Energy efficient house and urban design.
Istanbul: Scientific and Technical Research Council of Turkey.

Bostancioglu, E. (2010) ‘Effect of building shape on a residential building’s
construction, energy and life cycle costs’, Architectural Science Review, 53(4),
pp. 441-467.

Broday, E. E., de Paula Xavier, A. A. and de Oliveira, R. (2017) ‘Comparative analysis
of methods for determining the clothing surface temperature (tcl) in order to
provide a balance between man and the environment’, International Journal of
Industrial Ergonomics. Elsevier B.V, 57, pp. 80—-87.

BS EN 15251 (2007) Indoor environmental input parameters for design and
assessment of energy performance of buildings addressing indoor air quality,
thermal environment, lighting and acoustics. Brussels: BSI Publication.

Building Research Establishment Environmental Assessment Method (BREEAM).
[Online]. (Accessed: 9 September 2021). Available from BREEAM Web:
https://www.breeam.com/

184



Carlucci, S. and Pagliano, L. (2012) ‘A review of indices for the long-term evaluation
of the general thermal comfort conditions in buildings’, Energy and Buildings.
Elsevier, 53, pp. 194-205.

Catalina, T., Virgone, J. and lordache, V. (2011) ‘Study on the Impact of the Building
Form on the Energy Consumption’, Proceedings of Building Simulation, pp.
1726-1729.

Chen, J., Augenbroe, G., Wang, Q. and Song, X. (2017) ‘Uncertainty analysis of
thermal comfort in a prototypical naturally ventilated office building and its

implications compared to deterministic simulation’, Energy and Buildings.
Elsevier B.V., 146, pp. 283-294.

Cheung, C. K., Fuller, R. J. and Luther, M. B. (2005) ‘Energy-efficient envelope
design for high-rise apartments’, Energy and Buildings, 37(1), pp. 37-48.

Chia, S. L. (2008) Minimixing Solar Insolation in High-rise Buildings Through Self-
shaded Form. Master Thesis. Universiti Teknologi Malaysia.

Chia, S. L., Mohd Hamdan, A. and Dilshn Remaz, O. (2007) ‘The Effect of Geometric
Shape and Building Orientation on Minimising Solar Insolation on High-Rise
Buildings in Hot Humid Climate’, Journal of Construction in Developing
Countries, 12(1), pp. 27-28.

Choi, I. Y., Cho, S. H. and Kim, J. T. (2012) ‘Energy consumption characteristics of
high-rise apartment buildings according to building shape and mixed-use
development’, Energy and Buildings, 46, pp. 123—-131.

Chong, C., Ni, W., Ma, L., Liu, P. and Li, Z. (2015) ‘The Use of Energy in Malaysia:
Tracing Energy Flows from Primary Source to End Use’, Energies, 8(4), pp.
2828-2866.

Chung, L. P., Ahmad, M. H., Ossen, D. R., Hamid, M. and Baharvand, M. (2014) ‘The
Effects of Orientations on the Room’s Thermal Performance in the Tropics’,
Journal of Sustainable Development, 4(2), pp. 631-636.

Clarke, J. A. (2001) Energy Simulation in Building Design. Bristol: Butterworth-
Heineman.

Construction Industry Development Board (2018) ‘Built It Green - An Overview of
Sustainable Gree Building Rating Tools in Malaysia’, p. 37.

Corrado, V. and Fabrizio, E. (2019) ‘Steady-State and Dynamic Codes, Critical
Review, Advantages and Disadvantages, Accuracy, and Reliability’, in
Handbook of Energy Efficiency in Buildings. Elsevier, pp. 263-294.

Crawley, D. B., Lawrie, L. K., Winkelmann, F. C., Buhl, W. F., Huang, Y. J., Pedersen,
C. 0., Strand, R. K., Liesen, R. J., Fisher, D. E., Witte, M. J. and Glazer, J.
(2001) ‘EnergyPlus: creating a new-generation building energy simulation
program’, Energy and Buildings. Elsevier, 33(4), pp. 319-331.

185



Curl, J. S. and Wilson, S. (2015) The Oxford Dictionary of Architecture. Oxford:
Oxford University Press.

d’Ambrosio Alfano, F. R., Palella, B. L., Riccio, G. and Toftum, J. (2018) ‘Fifty years
of Fanger’s equation: Is there anything to discover yet?’, International Journal
of Industrial Ergonomics. Elsevier B.V, 66, pp. 157-160.

Dahlan, N. D., Jones, P. J., Alexander, D. K., Salleh, E. and Dixon, D. (2008) ‘Field
Measurement and Subjects’ Votes Assessment on Thermal Comfort in High-
rise Hostels in Malaysia’, Indoor and Built Environment, 17(4), pp. 334-345.

Danielski, I., Froling, M. and Joelsson, A. (2012) ‘The impact of the shape factor on
final energy demand in residential buildings in nordic climates’, in World
Renewable Energy Forum, WREF 2012, Including World Renewable Energy
Congress XII and Colorado Renewable Energy Society (CRES) Annual
Conference, pp. 4260-4264.

Danielsson, C. B. and Bodin, L. (2008) ‘Office Type in Relation to Health, Well-
Being, and Job Satisfaction Among Employees’, Environment and Behavior,
40(5), pp. 636—668.

Delgarm, N., Sajadi, B. and Delgarm, S. (2016) ‘Multi-objective optimization of
building energy performance and indoor thermal comfort: A new method using
artificial bee colony (ABC)’, Energy and Buildings. Elsevier B.V., 131, pp.
42-53.

Deng, J.-Y., Wong, N. H. and Zheng, X. (2016) ‘The Study of the Effects of Building
Arrangement on Microclimate and Energy Demand of CBD in Nanjing,
China’, Procedia Engineering, 169, pp. 44-54.

Depecker, P., Menezo, C., Virgone, J. and Lepers, S. (2001) ‘Design of buildings
shape and energetic consumption’, Building and Environment, 36(5), pp. 627—
635.

Dewan Bandaraya Kuala Lumpur (2018) Portal Rasmi Dewan Bandaraya Kuala
Lumpur. [Online]. (Accessed: 1 November 2018) Available from Dewan
Bandaraya Kuala Lumpur Web: https://www.dbkl.gov.my.

Emporis (2018) Emporis. [Online]. (Accessed: 1 November 2018) Available from
Emporis Web: https://www.emporis.com.

EnergyPlus (2019) EnergyPlus: Weather Data. [Online]. (Accessed: 6 May 2019).
Available from EnergyPlus Web: https://energyplus.net/weather.

EnergyPlus (2021) EnergyPlus: References. [Online]. (Accessed: 9 September 2021).
Available from EnergyPlus Web: https://energyplus.net/references.

European Parliament and Council (2010) ‘Directive 2010/31/EU on the energy
performance of buildings (recast) - 19 May 2010°, Official Journal of the
European Union. EU Intstitutions, pp. 1-23.

186



Fallahtafti, R. and Mahdavinejad, M. (2015) ‘Optimisation of building shape and
orientation for better energy efficient architecture’, International Journal of
Energy Sector Management, 9(4), pp. 593—-618.

Fanger, P. (1970) Thermal Comfort: Analysis and applications in environmental
engineering. United State: McGraw-Hill Book Company.

Gaetani, 1. (2013) Energy saving potential of night natural ventilation in the urban
environment : the effect of wind shielding and solar shading. Politecnico Di
Milano.

Goia, F. (2016) ‘Search for the optimal window-to-wall ratio in office buildings in
different European climates and the implications on total energy saving
potential’, Solar Energy. Elsevier Ltd, 132, pp. 467—492.

Gorse, C., Johnston, D. and Pritchard, M. (2012) A Dictionary of Construction,
Surveying and Civil Engineering. Oxford: Oxford University Press.

Green Building Index (2011) Green Building Index: Non-residential new construction
(NRNC) Design Reference Guide & Submission Format, Green Building
Index (GBI). Kuala Lumpur, Malaysia: Green Building Index Sdn. Bhd.

Gusson, C. S. and Duarte, D. H. S. (2016) ‘Effects of Built Density and Urban
Morphology on Urban Microclimate - Calibration of the Model ENVI-met V4
for the Subtropical Sao Paulo, Brazil’, Procedia Engineering. Elsevier, 169, pp.
2-10.

Hassan, J. S., Zin, R. M., Majid, M. Z. A., Balubaid, S. and Hainin, M. R. (2014)
‘Building energy consumption in Malaysia: An overview’, Jurnal Teknologi,
70(7), pp. 33-38.

He, J., Hoyano, A. and Asawa, T. (2009) ‘A numerical simulation tool for predicting
the impact of outdoor thermal environment on building energy performance’,
Applied Energy. Elsevier, 86(9), pp. 1596—-1605.

Hee, W. J., Alghoul, M. A., Bakhtyar, B., Elayeb, O., Shameri, M. A., Alrubaih, M. S.
and Sopian, K. (2015) “The role of window glazing on daylighting and energy
saving in buildings’, Renewable and Sustainable Energy Reviews. Elsevier,
42, pp. 323-343.

Hemsath, T. L. (2016) ‘Housing orientation’s effect on energy use in suburban
developments’, Energy and Buildings. Elsevier B.V., 122, pp. 98—106.

Hemsath, T. L. and Alagheband Bandhosseini, K. (2015) ‘Sensitivity analysis
evaluating basic building geometry’s effect on energy use’, Renewable Energy,
76, pp. 526-538.

Hossain, M. F. (2019) ‘Advanced Building Design’, in Sustainable Design and Build.
Elsevier, pp. 137-230.

187



Humphreys, M. A. (1981) ‘The Dependence of Comfortable Temperatures upon
Indoor and Outdoor Climates’, in Studies in Environmental Science. Elsevier
B.V, pp. 229-250.

Hung, F. C. and Fuad, F. A. (2018) ‘An overview of green building rating tools in
Malaysia’, Building & Investment, pp. 35-37.

Hwang, R. and Shu, S. (2011) ‘Building envelope regulations on thermal comfort in
glass facade buildings and energy-saving potential for PMV-based comfort
control’, Building and Environment. Elsevier Ltd, 46(4), pp. 824—834.

International Code Council (2015) 2015 International Building Code. Twelfth
Printing.

Ismail, A. M. (1995) Prospect of Wind-driven Natural Ventilation in Tall Building.
[Online]. (Accessed: 9 September 2018). Available at:
http://www.hbp.usm.my/ventilation/winddesign.html.

ISO 7730 (2005) Ergonomics of the Thermal Environment — Analytical
Determination and Interpretation of Thermal Comfort Using Calculation of the
PMV and PPD Indices and Local Thermal Comfort Criteria. Switzerland:
International Organization for Standardization.

Jabatan Perdana Menteri (1982) Surat Pekeliling Am Bil. 14 Tahun 1982 Pelaksanaan
Pejabat Pelan Terbuka. Kuala Lumpur, Malaysia.

Jabatan Perkhidmatan Awam Malaysia (2007) Pekeliling Perkhidmatan Bil. 5 Tahun
2007 Panduan Pengurusan Pejabat. Putrajaya, Malaysia.

Jakeman, A. J., Letcher, R. A. and Norton, J. P. (2006) ‘Ten iterative steps in
development and evaluation of environmental models’, Environmental
Modelling & Software, 21(5), pp. 602—614.

Jawatankuasa Standard dan Kos (2015) Garis Panduan dan Peraturan bagi
Perancangan Bangunan. Edisi 2015. Putrajaya, Malaysia: Unit Perancang
Ekonomi Jabatan Perdana Menteri.

Kikegawa, Y., Genchi, Y., Kondo, H. and Hanaki, K. (2006) ‘Impacts of city-block-
scale countermeasures against urban heat-island phenomena upon a building’s
energy-consumption for air-conditioning’, Applied Energy. Elsevier, 83(6),
pp. 649—-668.

Kim, S., Zadeh, P. A., Staub-French, S., Froese, T. and Cavka, B. T. (2016)
‘Assessment of the Impact of Window Size, Position and Orientation on
Building Energy Load Using BIM’, Procedia Engineering. Elsevier B.V., 145,
pp. 1424-1431.

Knaack, U., Klein, T., Bilow, M. and Auer, T. (2007) Facades: Principles of
Construction. Germany: Birkauser Verlag.

188



Koenigsberger, O. H. ., Ingersoll, T. G. ., Alan, M. and Szokolay, S. V. (1978) Manual
of Tropical Housing and Building: Climatic Design. London: Longman Group
Limited.

Kolokotroni, M., Davies, M., Croxford, B., Bhuiyan, S. and Mavrogianni, A. (2010)
‘A validated methodology for the prediction of heating and cooling energy
demand for buildings within the Urban Heat Island: Case-study of London’,
Solar Energy. Pergamon, 84(12), pp. 2246-2255.

Lau, A. K. K., Salleh, E., Lim, C. H. and Sulaiman, M. Y. (2016) ‘Potential of shading
devices and glazing configurations on cooling energy savings for high-rise
office buildings in hot-humid climates: The case of Malaysia’, International
Journal of Sustainable Built Environment, 5(2), pp. 387-399.

Laws of Malaysia (1984) Uniform Building By-laws (UBBL). Selangor, Malaysia:
International Law Book Service.

Leadership in Energy and Environmental Design (LEED). [Online]. (Accessed: 9
September 2021). Available from LEED Web: https://www.usgbc.org/leed.

Lee, Y. S. (2010) ‘Office layout affecting privacy, interaction, and acoustic quality in
LEED-certified buildings’, Building and Environment. Elsevier Ltd, 45(7), pp.
1594-1600.

Liao, F.-C., Cheng, M.-J. and Hwang, R.-L. (2015) ‘Influence of Urban Microclimate
on Air-Conditioning Energy Needs and Indoor Thermal Comfort in Houses’,
Advances in Meteorology. Hindawi, 2015, pp. 1-9.

Liu, J., Heidarinejad, M., Guo, M. and Srebric, J. (2015) ‘Numerical Evaluation of the
Local Weather Data Impacts on Cooling Energy Use of Buildings in an Urban
Area’, Procedia Engineering. Elsevier, 121, pp. 381-388.

Loekita, S. and Priatman, J. (2015) ‘OTTV (SNI 03-6389-2011) and ETTV (BCA
2008) Calculation for Various Building’s Shapes, Orientations, Envelope
Building Materials: Comparison and Analysis’, Civil Engineering Dimension,
17(2), pp. 108-115.

Lu, S., Tang, X., Ji, L. and Tu, D. (2017) ‘Research on Energy-Saving Optimization
for the Performance Parameters of Rural-Building Shape and Envelope by
TRNSYS-GenOpt in Hot Summer and Cold Winter Zone of China’,
Sustainability, 9(2), p. 294.

M. Al-Tamimi, N. A., Syed Fadzil, S. F. and Wan Harun, W. M. (2011) ‘The Effects
of Orientation, Ventilation, and Varied WWR on the Thermal Performance of

Residential Rooms in the Tropics’, Journal of Sustainable Development, 4(2),
pp. 142-149.

Ma, P., Wang, L. S. and Guo, N. (2015) ‘Maximum window-to-wall ratio of a

thermally autonomous building as a function of envelope U-value and ambient
temperature amplitude’, Applied Energy. Elsevier Ltd, 146, pp. 84-91.

189



Malaysian Administration Modernisation and Management Planning Unit (MAMPU)
(1982) Risalah Pejabat Pelan Terbuka. Putrajaya, Malaysia.

Malaysian Energy Commission (2018a) Malaysia Energy Statistics Handbook 2017.
Putrajaya, Malaysia.

Malaysian Energy Commission (2018b) Performance and Statistical Information on
Electricity Supply Industry in Malaysia. Putrajaya, Malaysia.

Mangkuto, R. A., Rohmah, M. and Asri, A. D. (2016) ‘Design optimisation for
window size, orientation, and wall reflectance with regard to various daylight
metrics and lighting energy demand: A case study of buildings in the tropics’,
Applied Energy. Elsevier Ltd, 164, pp. 211-219.

McKeen, P. and Fung, A. (2014) ‘The Effect of Building Aspect Ratio on Energy
Efficiency: A Case Study for Multi-Unit Residential Buildings in Canada’,
Buildings, 4(3), pp. 336-354.

Mehaoued, K. and Lartigue, B. (2019) ‘Influence of a reflective glass facade on
surrounding microclimate and building cooling load: Case of an office building
in Algiers’, Sustainable Cities and Society. Elsevier, 46, p. 101443.

Mirrahimi, S., Mohamed, M. F., Haw, L. C., Ibrahim, N. L. N., Yusoff, W. F. M. and
Aflaki, A. (2016) ‘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, pp. 1508-1519.

Mirrahimi, S., Nik Ibrahim, N. L. and Surat, M. (2013) ‘Estimation Daylight to Find
Simple Formulate Based on the Ratio of Window Area to Floor Area Rule of
Thumb for Classroom in Malaysia’, Research Journal of Applied Sciences,
Engineering and Technology, 6(5), pp. 931-935.

Mohd Reza bin, E., Mohd Arif, M., Rostam, Y., Ahmad Arzlee, H., Noor Hanisah
Noor, R., Hamimah, A. and Faculty (2011) ‘Obstacles in implementing green
building projects in Malaysia’, Australian Journal of Basic and Applied
Sciences, 5(12), pp. 1806—1812.

Morille, B., Musy, M. and Malys, L. (2016) ‘Preliminary study of the impact of urban
greenery types on energy consumption of building at a district scale: Academic

study on a canyon street in Nantes (France) weather conditions’, Energy and
Buildings. Elsevier, 114, pp. 275-282.

Morris, M. D. (1991) ‘Factorial Sampling Plans for Preliminary Computational
Experiments’, Technometrics, 33(2), pp. 161-174.

Morrissey, J., Moore, T. and Horne, R. E. (2011) ‘Affordable passive solar design in
a temperate climate: An experiment in residential building orientation’,
Renewable Energy. Elsevier Ltd, 36(2), pp. 568-577.

Mottahedi, M., Mohammadpour, A., Amiri, S. S., Riley, D. and Asadi, S. (2015)
‘Multi-linear Regression Models to Predict the Annual Energy Consumption

190



of an Office Building with Different Shapes’, Procedia Engineering. Elsevier
B.V., 118, pp. 622-629.

MS 1525 (2014) Energy efficiency and Use of Renewable Energy for Non-Residential
Buildings - Code of Practice, Department of Standard Malaysia. Malaysia:
Department of Standards Malaysia.

Naamandadin, N. A., Sapian, A. R. and Mohd Noor, S. N. A. (2016) ‘Site Planning
and Orientation for Energy Efficiency: A Comparative Analysis on Three
Office Buildings in Kuala Lumpur to Determine a Location for Building
Shading Device’, Key Engineering Materials, 700(July), pp. 247-255.

National Oceanic and Atmospheric Administration (1976) U.S. Standard Atmosphere
1976. Washington, D.C.: Government Printing Office.

Nedhal, A.-T., Sharifah Fairuz Syed, F. and Adel, A. (2016) ‘Relationship between
Window-to-Floor Area Ratio and Single-Point Daylight Factor in Varied
Residential Rooms in Malaysia’, Indian Journal of Science and Technology,
9(33).

Nicol, F., Michael, H., Oliver, S. and Susan, R. (1995) Standards of thermal comfort:
Indoor air temperature standards for the 21st century. London: Chapman &
Hall.

Nicol, J. F., Hacker, J., Spires, B. and Davies, H. (2009) ‘Suggestion for new approach
to overheating diagnostics’, Building Research & Information, 37(4), pp. 348—
357.

Noranai, Z. and Kammalluden, M. N. (2012) ‘Study of Building Energy Index in
Universiti Tun Hussei Onn Malaysia’, Academic Journal of Science, 1(2), pp.
429-433.

Norton, T. A., Ayoko, O. B. and Ashkanasy, N. M. (2021) ‘A Socio-Technical
Perspective on the Application of Green Ergonomics to Open-Plan Offices: A
Review of the Literature and Recommendations for Future Research’,
Sustainability, 13(15), p. 8236.

Ostergird, T., Jensen, R. L. and Maagaard, S. E. (2016) ‘Building simulations
supporting decision making in early design - A review’, Renewable and
Sustainable Energy Reviews, 61, pp. 187-201.

Pacheco, R., Ordoniez, J. and Martinez, G. (2012) ‘Energy efficient design of building:
A review’, Renewable and Sustainable Energy Reviews, 16(6), pp. 3559-3573.

Pérez-Lombard, L., Ortiz, J. and Pout, C. (2008) ‘A review on buildings energy
consumption information’, Energy and Buildings, 40(3), pp. 394-398.

Premrov, M., Zegarac Leskovar, V. and Mihali¢, K. (2016) ‘Influence of the building
shape on the energy performance of timber-glass buildings in different climatic
conditions’, Energy, 108, pp. 201-211.

191



Public Works Department Malaysia (2017) Building energy efficiency technical
guideline for active design. Kuala Lumpur, Malaysia: Building Sector Energy
Efficiency Project (BSEEP).

Radhi, H. and Sharples, S. (2013) ‘Quantifying the domestic electricity consumption
for air-conditioning due to urban heat islands in hot arid regions’, Applied
Energy. Elsevier, 112, pp. 371-380.

Rahmani, B. (2013) Effect of double skin facade configurations on decreasign solar
heat gains in high-rise office buildings in the tropical climate of Malaysia.
Universiti Teknologi Malaysia.

Raji, B., Tenpierik, M. and van den Dobbelsteen, A. (2017) ‘Early-Stage Design
Considerations for the Energy-Efficiency of High-Rise Office Buildings’,
Sustainability, 9(4), p. 623.

Rashdi, W. S. S. W. M. and Embi, M. R. (2016) ‘Analysing Optimum Building form
in Relation to Lower Cooling Load’, Procedia - Social and Behavioral
Sciences. Elsevier, 222, pp. 782-790.

Rode, P., Keim, C., Robazza, G., Viejo, P. and Schofield, J. (2014) ‘Cities and Energy:
Urban Morphology and Residential Heat-Energy Demand’, Environment and
Planning B: Planning and Design. SAGE PublicationsSage UK, 41(1), pp.
138-162.

Rodrigues, E., Amaral, A. R., Gaspar, A. R. and Gomes, A. (2015) ‘How reliable are
geometry-based building indices as thermal performance indicators?’, Energy
Conversion and Management, 101, pp. 561-578.

Rubio-Bellido, C., Pérez-Fargallo, A. and Pulido-Arcas, J. A. (2016) ‘Optimization of
annual energy demand in office buildings under the influence of climate
change in Chile’, Energy, 114, pp. 569-585.

Saidur, R. (2009) ‘Energy consumption, energy savings, and emission analysis in
Malaysian office buildings’, Energy Policy, 37(10), pp. 4104—4113.

Santamouris, M. (2015) ‘Energy in the urban built environment: The role of natural
ventilation’, in Natural ventilation in the urban environment: Assessment and
Design. London: Earthscan, pp. 1-19.

Sembiring, M. (2009) ‘Prediction of House Walls Temperatures Subjected to Solar
Energy in Northern Malaysia’, in Proceedings of International Conference on
Applications and Design in Mechanical Engineering (ICADME), pp. 11-13.

Seong Aun, C. (2009) ‘Green Building Index — MS1525 Applying MS 1525: 2007
Code of Practice on Energy Efficiency and Use of Renewable Energy for Non-
residential Buildings’, in Pertubuhan Arkitek Malaysia CPD Seminar. Kuala
Lumpur, Malaysia: Pertubuhan Arkitek Malaysia.

Shao, N., Zhang, J. and Ma, L. (2017) ‘Analysis on indoor thermal environment and
optimization on design parameters of rural residence’, Journal of Building
Engineering. Elsevier Ltd, 12(May), pp. 229-238.

192



Silva, A. S., Ghisi, E. and Lamberts, R. (2016) ‘Performance evaluation of long-term
thermal comfort indices in building simulation according to ASHRAE
Standard 55°, Building and Environment, 102, pp. 95-115.

Singh, J., Velu, V., Shafeek, M. A. and Nirmal, U. (2021) ‘A Review on Building
Energy Index (BEI) in Different Green Government Buildings’, Malaysian
Journal of Science and Advanced Technology, 1(2), pp. 15-25.

Skelhorn, C. P., Levermore, G. and Lindley, S. J. (2016) ‘Impacts on cooling energy
consumption due to the UHI and vegetation changes in Manchester, UK’,
Energy and Buildings. Elsevier, 122, pp. 150-159.

Su, X. and Zhang, X. (2010) ‘Environmental performance optimization of window-
wall ratio for different window type in hot summer and cold winter zone in
China based on life cycle assessment’, Energy and Buildings, 42(2), pp. 198—
202.

Susorova, 1., Tabibzadeh, M., Rahman, A., Clack, H. L. and Elnimeiri, M. (2013) ‘The
effect of geometry factors on fenestration energy performance and energy
savings in office buildings’, Energy and Buildings. Elsevier B.V., 57, pp. 6—
13.

Tahmasebi, M. M., Banihashemi, S. and Hassanabadi, M. S. (2011) ‘Assessment of
the variation impacts of window on energy consumption and carbon footprint’,
Procedia Engineering, 21, pp. 820—828.

Tettey, U. Y. A., Dodoo, A. and Gustavsson, L. (2016) ‘Primary energy implications
of different design strategies for an apartment building’, Energy. Elsevier Ltd,
104, pp. 132-148.

Thalfeldt, M., Pikas, E., Kurnitski, J. and Voll, H. (2013) ‘Facade design principles for
nearly zero energy buildings in a cold climate’, Energy and Buildings. Elsevier
B.V., 67, pp. 309-321.

Tibi, G. and Mokhtar, A. (2014) ‘Glass selection for high-rise residential buildings in
the United Arab Emirates based on life cycle cost analysis’, Energy Procedia.
Elsevier B.V., 62, pp. 270-279.

Tibi, G. and Mokhtar, A. (2015) ‘Glass selection for high-rise buildings in the United
Arab Emirates considering orientation and window-to-wall ratio’, Energy
Procedia. Elsevier B.V., 83, pp. 197-206.

Toparlar, Y., Blocken, B., Maiheu, B. and van Heijst, G. J. F. (2018) ‘Impact of urban
microclimate on summertime building cooling demand: A parametric analysis
for Antwerp, Belgium’, Applied Energy. Elsevier, 228(December 2017), pp.
852-872.

U.S. Department of Energy (2018) EnergyPlus Version 9.0.1 Documentation: Get

Started. [Online]. (Accessed: 9 September 2018). Available at: EnergyPlus
Web: https://energyplus.net/documentation.

193



United Nations (2015) World Urbanization Prospects: The 2014 Revision. New York:
Department of Economic and Social Affairs, Population Divisionic and Social
Affairs, Population Division.

Wen, L., Hiyama, K. and Koganei, M. (2017) ‘A method for creating maps of
recommended window-to-wall ratios to assign appropriate default values in
design performance modeling: A case study of a typical office building in
Japan’, Energy and Buildings. Elsevier B.V., 145, pp. 304-317.

Wong, N. H., Feriadi, H., Lim, P. Y., Tham, K. W., Sekhar, C. and Cheong, K. W.
(2002) ‘Thermal comfort evaluation of naturally ventilated public housing in
Singapore’, Building and Environment, 37, pp. 1267-1277.

Yaghoobian, N. and Kleissl, J. (2012) ‘An indoor—outdoor building energy simulator
to study urban modification effects on building energy use — Model description
and validation’, Energy and Buildings. Elsevier, 54, pp. 407—417.

Yang, S., Tian, W., Cubi, E., Meng, Q., Liu, Y. and Wei, L. (2016) ‘Comparison of
Sensitivity Analysis Methods in Building Energy Assessment’, Procedia
Engineering. Elsevier B.V., 146, pp. 174-181.

Yang, X., Zhao, L., Bruse, M. and Meng, Q. (2012) ‘An integrated simulation method
for building energy performance assessment in urban environments’, Energy
and Buildings. Elsevier, 54, pp. 243-251.

Yang, Z., Li, X. H. and Hu, Y. F. (2006) ‘Study on solar radiation and energy
efficiency of building glass system’, Applied Thermal Engineering, 26(8-9),
pp. 956-961.

Yildirim, K., Giines, E. and Yilmaz, G. P. (2019) ‘The effects of workstation partition
heights on employees’ perceptions in open-plan offices’, Journal of Corporate
Real Estate, 21(2), pp. 148-166.

Zawawi, E. M. ., Kamaruzzaman, S. ., Dahari, N. D. . and Rashid, R. . (2014)
‘Perception Study on Workspace for Government Office in Malaysia’,
MATEC Web of Conferences. Edited by M. A. Othuman Mydin and N. A.
Agus Salim, 15, p. 01017.

Zenginis, D. G. and Kontoleon, K. J. (2017) ‘Influence of orientation, glazing
proportion and zone aspect ratio on the thermal performance of buildings
during the winter period’, Environmental Science and Pollution Research, pp.
1-11.

Zheng, X. (2015) Thermal Comfort Research in a Naturally-Ventilated High-rise
Residential Building. Delft University of Technology.

Zoltan, E. (2014) “‘Office spaces for more innovation and space efficiency’, Pollack
Periodica, 9(2), pp. 67-76.

194



LIST OF PUBLICATIONS

Journal and Proceedings

Roslan, N. H. and Ismail, M. R. (2017a) ‘A Review on the Impact of Building Geometry
Factors of Glass Fagade High-rise Buildings’, in 3rd International Conference-

Workshop on Sustainable Architecture and Urban Design 2017. Pulau Pinang,
Malaysia, pp. 320-334.

Roslan, N. H. and Ismail, M. R. (2017b) ‘A Review on the Impact of Building Geometry
Factors of Glass Fagade High-rise Buildings’, International Transaction

Journal of Engineering, Management, & Applied Sciences & Technologies, pp.
283-293.

Roslan, N. H. and Ismail, M. R. (2018) ‘Influence of building shapes on thermal and
energy performances in glass fagade high-rise buildings: A review’, MATEC
Web of Conferences. Edited by Y. Haryati, M. Y. Nor Zurairahetty, and 1. Izni
Syahrizal, 250, p. 06006.

Roslan, N. H., Ismail, M. R. and Ahamed Hassain Malim, N. H. (2020) ‘The effects of
microclimate and air-infiltration on energy and long-term thermal comfort in
high-rise buildings in tropical climate’, /IOP Conference Series: Earth and
Environmental Science, 476, p. 012079.

Other publications:

Roslan, N. H., Ismail, M., Khalid, N. H. A. and Muhammad, B. (2020) ‘Properties of
concrete containing electric arc furnace steel slag and steel sludge’, Journal of
Building Engineering. Elsevier Ltd, 28(November 2019), p. 101060.

Ghoreishiamiri, S., Raja, P. B., Ismail, M., Roslan, N. H. and Hashemi Karouei, S. F.
(2020) ‘Mechanical properties of contaminated concrete inhibited by Areca
catechu leaf extract as a green corrosion inhibitor’, Asian Journal of Civil
Engineering. Springer International Publishing, 21(8), pp. 1355-1367.

213



	ACKNOWLEDGEMENT
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF SYMBOLS
	LIST OF ABBREVIATIONS
	LIST OF APPENDICES
	ABSTRAK
	ABSTRACT
	CHAPTER 1   INTRODUCTION
	1.1 Background

	1.2 Problem Statement
	1.3 Research Questions
	1.4 Aim and Objectives
	1.5 Scope
	1.6 Limitations
	1.7 Significance of the Study
	1.8 Organisation of Thesis
	1.9 Research Design and Methodology
	CHAPTER 2   BUILDING GEOMETRY AND BUILDING PERFORMANCE
	2.1 Introduction
	2.2 Definition of Title

	2.3 Building Geometry Factor
	2.3.1 Building Orientation
	2.3.2 Window-to-wall Ratio
	2.3.3 Glazing Materials
	2.3.4 Shading Devices
	2.3.5 Building Shape
	2.3.6 Building Depth
	2.3.7 Building Height
	2.4 Thermal Comfort in Building
	2.4.1 Factor Influencing Thermal Comfort
	2.4.2 Thermal Comfort Model
	2.4.3 Standards and Guidelines of Thermal Comfort in Buildings
	2.4.4 Predicted Mean Vote (PMV) and Predicted Percentage of Dissatisfied (PPD)
	2.4.5 Acceptable Operative Temperature for Thermal Comfort
	2.4.6 Categories of Thermal Comfort
	2.4.7 Long-term Thermal Comfort Indices
	2.5 Building Energy Performance
	2.5.1 Building Energy in Office Buildings
	2.5.2 Fundamental of Energy Efficiency in Buildings
	2.5.3 1st Law of Thermodynamic
	2.5.4 Fundamental of Heat and Heat Transfer
	2.5.5 Air-conditioning and Cooling Load
	2.6 Building Energy Rating Tools
	2.6.1 Green Building Index (GBI)
	2.6.2 High Performance Building in Malaysia
	2.7 Malaysian Office Building Design
	2.7.1 Common Type of Office Layout

	2.7.2 Malaysian Open Plan Office Building Guidelines
	2.7.2(a) Office Occupancy Density
	2.7.2(b) Type of workstation layout
	2.8 Assessment of Building Performance
	2.8.1 Building Simulation Software
	2.8.2 EnergyPlus Software
	2.8.3 Validation of Simulation Software
	2.8.4 Sensitivity Analysis
	2.8.5 Example of Simulation Study
	2.9 Summary of Research Gap
	2.10 Research Framework
	2.11 Summary of Chapter
	CHAPTER 3   METHODOLOGY
	3.1 Introduction
	3.2 Flow of Research

	3.3 Base Case Building Model
	3.3.1 Building Inventory

	3.3.2 Building Geometry, Material Properties and Operational Details
	3.4 Weather Data
	3.5 Development of Algorithms for Thermal Comfort Prediction
	3.5.1 Validation of Thermal Comfort Algorithm
	3.5.2 Validation of EnergyPlus Thermal Comfort Output
	3.6 Validation of EnergyPlus Software Outputs
	3.7 Sensitivity Analysis: Numerical Experiment on Thermal Comfort Parameters
	3.8 Building Simulation
	3.8.1 Flow of Simulation Study
	3.8.2 Phase of Simulation
	3.8.2(a) Phase 1: Effect of Building Height
	3.8.2(b) Phase 2: Effect of Building Depth
	3.8.2(c) Phase 3: Effect of Building Shape
	3.9 Analysis of Building Performance
	3.10 Summary
	CHAPTER 4   INFLUENCE OF HEIGHT VARIATIONS ON BUILDING ENERGY AND THERMAL COMFORT PERFORMANCES
	4.1 Introduction
	4.2 Characteristic of Environmental Parameters
	4.2.1 Outdoor Environmental Parameters Pattern


	4.2.2 Indoor Environmental Parameters at Selected Building Heights
	4.3 Building Energy Performance
	4.4 Thermal Comfort Performance
	4.4.1 Classification of Thermal Comfort Category

	4.4.2 Long-Term Thermal Comfort Indices
	4.4.3 PMV Exceedance Hours in All Zones
	4.5 Summary
	CHAPTER 5   INFLUENCE OF BUILDING DEPTH AND BUILDING SHAPE ON BUILDING ENERGY AND THERMAL COMFORT PERFORMANCES
	5.1 Introduction
	5.2 Influence of Building Depth
	5.2.1 Energy Consumption


	5.2.2 Influence of Orientation
	5.2.3 Long-term Thermal Comfort
	5.2.4 Detailed of the Zones for All Building Depths
	5.2.5 Summary of Building Depth
	5.3 Influence of Building Shape
	5.3.1 Energy Consumption

	5.3.2 Influence of Building Orientation
	5.3.3 Long-term Thermal Comfort (Index 1: Percentage of PMV Outside Range (%))
	5.3.4 Summary of Building Shape
	CHAPTER 6   CONCLUSIONS AND RECOMMENDATIONS
	6.1 Research Summary and Drawn Conclusions

	6.2 Final Conclusion
	6.3 Recommendations
	REFERENCES
	APPENDICES
	APPENDIX A VALIDATION OF WEATHER DATA

	APPENDIX B RSTUDIO CODING FOR THERMAL COMFORT CALCULATION
	APPENDIX C VALIDATION OF ENERGYPLUS AND RSTUDIO OUTPUTS
	APPENDIX D VALIDATION OF ENERGYPLUS OUTPUT
	APPENDIX E NUMERICAL SIMULATION ON THERMAL COMFORT PARAMETERS
	APPENDIX F BASE CASE MODEL
	LIST OF PUBLICATIONS



