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Abstract 

An extensive programme of construction of high-rise social housing is being 

carried out in Kuala Lumpur which does not address in full the issues of thermal 

comfort and indoor air quality. This situation impacts humanôs health and comfort, 

and it becomes even more critical considering the climate change. As a hot-humid 

country, Malaysia experiences uniformly high temperature and humidity as well as 

low wind speeds. Approximately 75% of the time in the year air temperature and 

humidity lie outside the thermal comfort zone established by ASHRAE and CIBSE. 

As household incomes rise, residents resort to retro-fitting wall mounted split, air 

conditioning units to provide indoor comfort, a strategy that is neither cost nor carbon 

effective. The indoor and outdoor air quality conditions also surpass the World Health 

Organization (WHO) limits and there are insufficient local regulations on indoor 

comfort. Therefore, this research addresses the four main issues identified during the 

fieldwork: high temperature, high humidity, air pollution and low air movement with 

a proper and possible solution. Following a previous outline proposal of an óAirhouseô 

Concept, several systems have been tested. The combination of óDynamic Hybrid Air 

Permeable Ceilingô (DHAPC) and óDynamic Hybrid Chilled Beam Ceilingô (DHCBC) 

could produce better indoor thermal comfort and air quality in the housing units, 

reducing the air temperature, humidity, airborne particle and gases as well as 

constantly providing an adequate airflow rate. This integrated system has been tested 

through physical and computer models and is based on a combination of dynamic 

insulation, hybrid ventilation and chilled beam techniques which reduces the ambient 

air temperature and humidity by up to 20%. The DHAPC alone could efficiently filter 

particulate matters (PM10 and PM2.5) circa 90% from the incoming air intake. If this 

outcome can be delivered in practice, it would represent an overall saving of circa 66% 

in power consumption and carbon emission for cooling purposes. The system could be 

incorporated in the óAirhouseô Concept, for efficiently providing thermal comfort and 

healthy indoor air quality in high-rise residential buildings in Kuala Lumpur and 

perhaps in other tropical countries. However, this is only one of the possible systems 

and the research should encourage further studies.



Investigating Design Solutions for High-Rise Social Housing in Kuala Lumpur  

with Reference to Thermal Comfort and Indoor Air Quality 

1 

 

1.CHAPTER 1: Introduction  

1.1 Research Area and Context 

This research is about the environmental architectural design of high-rise social 

housing in Kuala Lumpur, Malaysia. At the moment, Kuala Lumpur accommodates 

81.5% of the total number of high-rise buildings in Malaysia, 52% of which are 

residential buildings (CTBUH, 2019). In 2015, the government of Malaysia 

announced the construction of one million affordable housing units within the 

well-known social housing programme called Peopleôs Housing Programme (PPR), 

coordinated by the National Housing Department (NHD) of the Ministry of Urban 

Wellbeing, Housing and Local Government (UHLG) (G. Chen, 2015). According to 

the UHLG 2016 annual report, the government proposed 169 PPR projects all over the 

country with a total of 102,896 housing units (Ministry of Urban Wellbeing, 2016).  

By December 2016, 81,352 units were built involving 115 different projects 

(MAMPU, 2016b). Out of 169, 33 projects were built in Kuala Lumpur from 1998 to 

2016, providing 38,395 housing units within 121 blocks with the range from 10 to 21 

storeys high (DBKL, 2019), suggesting that this city accommodates approximately 

47% of the total PPR units in Malaysia and all of them are in high-rise format (JPN, 

2016; KPKT, 2017). Although most of them were initially designed as naturally 

ventilated, the majority of their occupants have included inefficient mechanical 

ventilation (Figure 1.1) to achieve indoor comfort (A. Aflaki, Mahyuddin, & Baharum, 

2016). 

 
Figure 1.1: Current scenario of high-rise social housing in Kuala Lumpur 
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As a tropical country, Malaysia experiences high temperature, excessive 

humidity and low air movement much of the time. In urban areas, especially, these 

challenging factors are worsened by the poor air quality coupled with high energy 

demand. This research focuses on mitigating these challenges by using an energy-

efficient ventilation system, low energy air cooling system and passive air filtering 

techniques. Two indoor comfort components ï thermal and air quality (Pigliautile et 

al., 2019; Pistore, Cappelletti, & Romagnoni, 2019), are investigated in detail in this 

research. These components, for many years, have been studied in isolation by many 

experts, including architects and engineers (d'Ambrosio Alfano, Bellia, Fragliasso, 

Palella, & Riccio, 2019). 

Other capital cities in the SEA region, such as Singapore and Bangkok, have 

also experienced the same problem (Aldossary, Ali, & Summ, 2016). More than half 

of the carbon emissions in the world, largely contributing to climate change, will be 

produced by Asian cities in the next 20 years (Halawa et al., 2018). The climate change 

implications in urban areas, including heat stress and air pollution, have serious 

impacts on humanôs health and comfort (IPCC, 2018). It is estimated that 1.2 billion 

Asians will migrate to the cities over the next 35 years (ADB, 2019). It has been 

estimated that 30% of all international migration occurred in Asia and nearly 50% of 

international migrants came from Asia (ADB, 2019).  

Four countries in Southeast Asia (SEA), namely Indonesia, Malaysia, Thailand 

and Vietnam, have collectively contributed 4% of the total global carbon emissions 

(Fulton, Mejia, Arioli, Dematera, & Lah, 2017). Malaysia ranked third in the SEA 

region, contributes seven tonnes of CO2 in 2017 and will rise to over eight tonnes in 

2030 (Fulton et al., 2017). To address this problem, its government has recently signed 

the Paris Agreement, committing to reduce 45% of carbon emissions by 2030 in 

accordance with the 2005 baseline (Fulton et al., 2017; UNFCCC, 2017). The high 

levels of carbon emissions are directly linked to increments in temperature (IPCC, 

2018). The scientific report of Climate Change Scenarios for Malaysia 2001-2099 

produced by the Malaysian Meteorological Department (MET), has projected a 

temperature increment of 1.1°C to 3.6°C by 2095 in Peninsular Malaysia (MET, 2009) 

including Kuala Lumpur that will be increased approximately 1.2°C by 2050 (ESRI, 

2015).  
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A more recent report has found that the warmest year on the record was 2016 

with the increment of ± 0.1°C (Meteorology, 2019). It was widely accepted that the 

El Niño had contributed to the hot weather in 2015 and 2016, but in 2017 (Figure 1.2), 

the hot weather was again taking place without the presence of El Niño. It was entirely 

because of the global warming which the temperature had increased more than 1°C 

since the pre-industrial period (IPCC, 2018; Meteorology, 2019).  

 
Figure 1.2: Annual global average temperature anomaly (Meteorology, 2019) 

Building sector contributes to about one-third of the total global carbon 

emissions and consumes about 40% of the world's energy (Cehlin, Karimipanah, 

Larsson, & Ameen, 2019) and mostly utilised for achieving indoor comfort in 

buildings. In Malaysia, the emissions are mainly coming from the mechanical and 

electrical cooling systems, which have doubled from the 1970s, representing now the 

25% of the total countryôs emissions (Lucon et al., 2014). Therefore, in this period, 

the construction of residential buildings has quintupled (Lucon et al., 2014). 

Thereafter, the appropriate building design in these residential buildings, particularly 

the high-rise buildings, is a key element to find solutions to reduce carbon emissions 

and to overcome the damaging effects of air pollution and indoor discomfort in future 

generations.  
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 The World Health Organisation (WHO) has established that one in nine deaths 

(seven million per annum) is caused by fine particulate air pollution (Osseiran & 

Lindmeier, 2018), with 91% of the worldôs population living in cities where pollution 

levels exceed their guidelines (WHO, 2018a, 2018b). South-East Asia is a pollution 

hot-spot, frequently surpassing more than five times the WHO annual limits (Osseiran 

& Lindmeier, 2018) and the levels (<20ɛg/m3 for PM10 and <10ɛg/m3 for PM2.5) are 

currently increasing at circa 1% per annum (WHO, 2018a). A study reported that the 

concentrations of PM2.5 and PM10 in Kuala Lumpur were between 21 to 35ɛg/m3 and 

44 to 56ɛg/m3 respectively (S. A. Rahman et al., 2015). 

Positioned on the óIntertropical Convergence Zone (doldrums), Kuala 

Lumpurôs wind speed is relatively low (1.0 m/s to 3.0 m/s) (Milne, 2016) with air 

movement in the urban areas both inconsistent and unreliable (Mohd Sahabuddin & 

Gonzalez-Longo, 2017). When combined with the standard flat layout (single-sided), 

cross-ventilation driven by ambient air movement is not a particularly effective 

technique for providing evaporative cooling (Prajongsan, 2014). It suggests that both 

air pollution and temperature issues are worsened by the insufficient wind movement 

(Figure 1.3); the issue together with the high air temperature, excessive humidity, the 

presence of airborne particulate matter and urban roughness produce a series of 

challenges in order to provide health and comfort living in the city.  

Therefore, in order to reduce carbon emissions and other effects of climate 

change, current building design, standards and practices have to transform, but without 

compromising the inhabitantsô comfort and health. The design of appropriate 

ventilation systems, particularly in high-density residential buildings, is critical for this 

purpose. Although current building regulations, standards and green rating tools have 

proposed many natural ventilation strategies in Malaysia, they have not been able to 

acknowledge the current and future climatic conditions of Kuala Lumpur. At the same 

time, they are not able to address the required improvements in occupantsô health and 

comfort as well as the reduction of carbon emissions. The óUniform Building 

By-Lawsô (UBBL) ï the mandatory building regulations in Malaysia, especially the 

clauses 39(1) and 40(1) that regulate the sizes of openings and light well requirements, 

were informed by the British building standards and have not been reviewed and 

further researched in accordance with the local climate conditions. These clauses, 



Investigating Design Solutions for High-Rise Social Housing in Kuala Lumpur  

with Reference to Thermal Comfort and Indoor Air Quality 

5 

 

which have been in use for 33 years without revision, should be revised and improved 

in order to reduce carbon emissions while ensuring occupantsô health and comfort. 

Likewise, other standards and green rating tools have also failed to devise strategies 

that could reduce airborne particulate matter and toxic gases as well as to prevent 

convective, conductive and radiative heat from entering and permeating high-rise 

residential units in Kuala Lumpur (Figure 1.3). 

 

Figure 1.3: Factors affecting indoor comfort in a typical high-rise building within an urban 

area in a hot-humid climate 

In tropical regions, cooling is more important than heating. The clear precedent 

that could lower the carbon emissions by introducing a design that could maintain 

indoor comfort temperatures without using any mechanical equipment is vernacular 

houses. The climatic adaptation of its design to the local climate has succeeded in 

achieving cooling and comfort (Lucon et al., 2014). This research was started in 2012 

by exploring the introduction of a new proposed design concept called óAirhouseô. It 

was based on the thermal comfort and natural ventilation strategies present in the 

vernacular Malaysian architecture (Mohd Sahabuddin & Gonzalez-Longo, 2015). The 

concept proposed that the percentage of openings in the building façade should be 

more than 15% depending on the height of the residential units. A full -height opening 

configuration was also proposed with three elements ï main windows, fixed louvres 
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and adjustable louvres. Fixed louvres are introduced at the upper level of the internal 

walls to allow air to circulate throughout the units at every time.  

The proposed concept has also suggested that the depth of rooms should be 

decreased to enhance cross ventilation and the overhangs should be provided to protect 

all windows from solar radiation at any angles. This initial research proved that an 

appropriate envelope and plan layout configuration could assist to successfully achieve 

the acceptable operative temperature, increase the indoor air movement and 

significantly reduce energy consumption as well as carbon emissions. However, the 

previous research was entirely focused on the thermal comfort aspects. Therefore, this 

new research explores a more comprehensive concept which provides both comfort 

and health in high-rise living in a tropical climate.  

This research has now continued with the in-depth investigation and analysis 

of the current practices, the identification of the critical problems to address and the 

exploration and testing of possible solutions. The current practices in building 

regulations and design have failed to achieve the required environmental conditions 

for health and comfort living. The result is that the buildingôs occupants have to 

increase the amount of mechanical ventilation to achieve cooling shortly after they 

occupy the building.  

On the other hand, building regulations in Malaysia, which concern the natural 

ventilation, should be revised in order to reduce energy consumption and carbon 

emissions as well as to deal with the challenges of heat stress and air pollution which 

affect the comfort and health of building occupants. This revision should take into 

consideration the critical conditions, which allow for ventilation to enhance air 

movement, reduce the airborne particulate matter and maintain the acceptable 

operative temperature and humidity. By improving the regulations and maximising the 

potential of ventilation, high-rise residential buildings in Kuala Lumpur would become 

healthy and comfortable places to live in and great contributors to the mitigation of 

climate change.  

1.2 Aims and Objectives 

This research is developed from the initial idea of wind harvesting technique 

for optimising thermal comfort using natural ventilation/ low energy approaches to 



Investigating Design Solutions for High-Rise Social Housing in Kuala Lumpur  

with Reference to Thermal Comfort and Indoor Air Quality 

7 

 

design high rise buildings in the tropics to a wider consideration of comfort and health 

issues. It aims to define the actual environmental problems of the design of high-rise 

social housing in Kuala Lumpur and explore the potential energy-efficient and low 

carbon emissions systems to ensure health and comfort for the occupants. Considering 

the above, the hypothesis for this research is as follows: óA new paradigm for the 

design of an environmentally-friendly ventilation and low-energy cooling system in 

high-rise social housing buildings in Kuala Lumpur that improves the comfort and 

health of the occupants and reduces carbon emissions.ô  

The main objective is to find an effective low cost and low carbon technique, 

to improve thermal comfort and indoor air quality in the short to medium term. It is 

hoped that the introduction of electric vehicles may start to improve external air quality 

in the long term, however, the cyclical burning of agricultural land (DOE, 2016b), 

which is common across Asia (Fuller, 2018; H. A. Rahman, 2013), may delay this 

horizon. Therefore, this research tries to address these critical research questions: 

a) What is the existing level of thermal comfort and indoor air quality in high-rise 

social housing buildings in Kuala Lumpur? 

b) What are the key environmental problems to indoor discomfort and air 

pollution in Kuala Lumpur? 

c) What is the optimum strategy or system that could be applied for reducing 

indoor discomfort and air pollution? 

d) How feasible is the proposed system to reduce heat, humidity and air pollution 

as well as provide constant air movement? 

e) What are the most effective design configurations of the proposed system for 

achieving best results of thermal comfort and indoor air quality? 

f) How can the results contribute to the development of the óAirhouseô Concept 

and how the research should continue? 

The specific objectives of the research are: 

a) To carry out in-situ data gathering to evaluate the performance of the existing 

and recently built high-rise social housing blocks in Kuala Lumpur concerning 

comfort and health. 

b) To analyse the data and evaluate the results to identify the main problems in 

providing comfort and health to the occupants. 
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c) To address the problems found by identifying the most suitable system to test 

using physical and virtual modelling and the actual on-site conditions.  

d) To develop an energy-efficient system that can reduce the air temperature and 

humidity as well as filter the airborne particles, providing adequate airflow rate 

for achieving comfort in high-rise social housing in Kuala Lumpur. 

e) To evaluate the outcomes and suitability to address the problems of indoor 

discomfort and indoor air pollution in high-rise social housing. 

f) To reflect on the outcomes to refine the óAirhouseô Concept in order to produce 

integrated designs with energy-efficient ventilation, low-energy air cooling 

system and passive air filtering. 

1.3 Research Methodology 

This thesis follows a quantitative research approach, a quantitative method in 

its data collection with a deductive approach of analysis based on quantitative 

numerical data (Jonker & Pennink, 2010). In order to ensure that the aims and 

objectives established above are fully addressed, a methodology was planned and 

conducted with five main activities: 

a) Literature review,  

b) Fieldwork with in-situ data gathering,  

c) Physical experiments,  

d) Computational simulations and  

e) Analysis and evaluation  

An initial literature review stage, international and local standards, Malaysian 

building regulations and three local green rating tools were analysed. The review 

process was continued to the literature on other research aiming to tackle the issues of 

excessive heat, moisture and airborne particles as well as promoting the air movement. 

Through the literature review, two sets of requirements, each for thermal comfort and 

air quality were identified. 

 Two fieldwork campaigns were carried out, with a preliminary pilot study to 

get an overview of the actual scenario followed by two fieldworks to measure the 

actual thermal and air quality conditions in two selected social housing in Kuala 

Lumpur. Through these fieldwork studies, two sets of findings ï thermal and air 
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quality, were established. These sets of findings, then, were compared with the sets of 

requirements proposed in the previous activity (comparison 1).  

This activity was continued with a computational simulation which completely 

measured the thermal comfort data for a year in this city. The data, then, were 

compared with the fieldwork findings to form the final actual thermal conditions for 

the selected social housing in Kuala Lumpur (comparison 2). The results of the 

analysis of the data gathered during the fieldwork informed the selection of the most 

suitable system to test. The system was selected by considering its capabilities in 

addressing the four major issues of thermal comfort and indoor air quality without 

neglecting the criteria of low cost, low energy efficiency and low carbon emissions.  

  A series of experiments were carried out using a reduced-scale physical model 

to test the performance of the new proposed system. These experiments completely 

evaluated the system by considering the main parameters of thermal comfort and 

indoor air quality in urban contexts such as temperature, humidity, airspeed (and 

airflow rate), particulate matter and toxicant gases from vehicles. The results of these 

experiments were compared to discover the effectiveness and readiness of the system 

in addressing the thermal and air quality issues using different materials and additional 

elements added in that system (comparison 3). 

Computational simulations took place after that to verify as well as to refine 

the system to the optimum capacity. These simulations were used to determine the 

systemôs energy consumption and carbon emissions. This activity was started with an 

initial simulation (small scale) followed with the actual scale of the social housing 

building. The results from these simulations were compared with the results gathered 

in the previous activity (comparison 4).  

The final activity involved analysis and evaluation of the results from the 

literature review, fieldwork studies, physical experiments and computational 

simulations (final comparison). The outcomes informed the definition of the proposed 

concept and further research. These activities that were explained before, were 

combined in different stages as follows and illustrated in Figure 1.4. 

a) Stage 1 ï building the research protocol and context of the research,  

b) Stage 2 ï finding the issues, gaps and potential solutions,  

c) Stage 3 ï defining actual issues and problems,  
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d) Stage 4 ï developing a prototype,  

e) Stage 5 ï improving the prototype with additional technique in a full-scale 

building and real context, and 

f) Stage 6 ï establishing a new concept. 

 

 

Figure 1.4: Flowchart of the research process 

1.3.1 Stage 1: Building the Research Protocol and Context of the Research 

This stage aimed to build the research context and background of the research. 

Using the literature review, the method for the data collection was based on a series of 

literature reviews on the main topics selected ï health and comfort, and how these 

topics affect the current global scenario and local environment in Malaysia. The 

Malaysian building requirements such as regulations, standard and green rating tools 

were included and discussed in detail. The motivating factors of the research derived 

from vernacular buildings were also included in this stage. 

The data analysis was carried out by several methods. Firstly, by observing the 

global and local climate change patterns that affect global warming and urban heat 

island; secondly, comparing the building requirements that are available in Malaysia 

and how these requirements suffice the challenges of providing health and comfort 

Refining 
Ψ!LwIh¦{9Ω 

Concept 



Investigating Design Solutions for High-Rise Social Housing in Kuala Lumpur  

with Reference to Thermal Comfort and Indoor Air Quality 

11 

 

li ving in the country; and thirdly, discussing the findings proposed by the previous 

authors from other publications. The establishment of a concise research protocol 

which includes the research aims and objectives, research methodologies, thesis 

structure, limitations and the research significance and impact was made in this stage.  

1.3.2 Stage 2: Finding the Issues, Gaps and Potential Solutions 

For stage 2, another literature review process was conducted to define the 

issues, gaps and potential solutions in indoor comfort and indoor air quality (IAQ) 

studies. This stage explained the two crucial issues for this research ï indoor 

discomfort and indoor air pollution. Examining some earliest until most recent studies 

about these topics has led to a conclusion about what has been achieved so far in 

dealing with the problems. A number of selected solutions found by many researchers 

were discussed in detail. These include solutions on reducing heat and moisture and 

airborne particles as well as enhancing air movement. 

The data analysis used was through graphical diagrams and comparison tables. 

Each of the strategies was compared side-by-side with additional information such as 

the objectives of the strategies. The strategiesô positive and negative impacts were also 

listed down with an easy-to-understand approach. This stage revealed the gap that is 

still unexplored in reducing heat, moisture and airborne particles in ambient air as well 

as promoting air movement in an optimum solution approach. A potential solution was 

suggested and proposed. 

1.3.3 Stage 3: Defining Actual Issues and Problems 

Stage 3 has three phases. During phase 1, fieldwork study 1 was conducted to 

evaluate the indoor comfort condition in high-rise residential buildings in Kuala 

Lumpur. The fieldwork campaign began with a pilot study on ten high-rise social 

housing in Kuala Lumpur to observe the current situation of the buildings and to 

initially suggest the problems associated with high-rise living in urban areas. It was 

then followed by the fieldwork study 1 which gathered a full set of data for indoor 

comfort parameters such as air temperatures, relative humidity and indoor airspeeds. 

Several points of measurement were defined which located at two different room 

conditions, three different heights and two different façade-facing conditions. One of 

the case studies was just completed and unoccupied, therefore, this fieldwork became 



Investigating Design Solutions for High-Rise Social Housing in Kuala Lumpur  

with Reference to Thermal Comfort and Indoor Air Quality 

12 

 

a benchmark for the building. This fieldwork was conducted in the dry season or also 

called as the óSouth-West Monsoonô because the highest ambient air temperatures 

(above 34°C) frequently occur during this period. 

Using the Excel program, the collected data were transformed into graphical 

results to make it easy to analyse. These graphical results consisted of a number of bar 

charts that compared the selected parameters according to different room locations, 

heights and façade-facing conditions. The establishment of trend lines of air 

temperature, relative humidity and airspeed was according to different room locations, 

different heights and different façade-facing conditions. This method established the 

actual thermal condition benchmark for the newly completed and still unoccupied case 

study. 

At phase 2, another fieldwork study was conducted to assess both thermal 

comfort and indoor air quality in high-rise residential buildings in Kuala Lumpur. 

Using the same samples in the fieldwork study 1, this fieldwork study started by 

defining the fieldwork protocol such as data collection period, duration of 

measurement, proposed equipment parameters and points to be measured. This study 

which examined the air quality in the case studies was conducted in the wet season or 

called óNorth-East Monsoonô. In this season, outdoor air quality improves, but not 

indoor air because of the amount of time that people stay inside with poor ventilation.  

Similar to the first fieldwork, this fieldwork also used graphical figures such 

as tables and trend lines for analysing the results. By combining these trend lines with 

the architectural drawings as background, the continuing pattern of the air quality from 

outdoor to indoor could be easily assessed. The establishment of trend lines from 

outdoor to indoor of particulate matter (PM2.5 and PM10), carbon dioxide (CO2) and 

carbon monoxide (CO) was according to different point locations and different 

heights. 

Finally, at phase 3, a computer-based model was simulated to predict the 

baseline data of indoor comfort conditions for a full year in Kuala Lumpur. Using the 

design parameters stated in the architectural drawings, a full-scale computerised model 

using a simulation software was constructed. The locations of housing units chosen 

were consistent with the units used in the fieldwork studies. The closest construction 

techniques used in the actual building were assigned to the model. This method 
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gathered a full year data of indoor comfort parameters before comparison of the data 

with the results from the fieldwork studies could be made. 

As mentioned before, this study used an environmental simulation software as 

one of the tools in the research methods. Thus, all of the analyses were simulated by 

the software before it was transferred to another program such as Microsoft Excel for 

further data analysing. For indoor comfort, the parameters simulated are consistent 

with the parameters measured in the fieldwork studies. This phase produced the full-

year results of air temperature and relative humidity together with the total hours that 

fall within recommended ranges. These results then were compared and discussed with 

the fieldwork studies results. 

1.3.4 Stage 4: Developing a New Prototype 

Stage 4 also has 3 phases. It started with Test 1 to evaluate the performance of 

dynamic insulation and hybrid ventilation using synthetic insulations. In this phase, 

the highly recommended approach by many researchers was by using a reduced-scale 

model. The construction of the model started with a theoretical model diagram and 

after several modifications, the real reduce-scaled model was approved to be built. 

This test used two identical equipment placed in the outdoor chamber and indoor 

compartment of the test model. These instruments measured the parameters of indoor 

comfort and air quality such as air temperature, relative humidity, PM2.5 and PM10 by 

using several ventilation protocols. The test procedure that controls the measuring 

procedures such as log time interval, options of ventilation protocols and synthetic 

insulations details was determined earlier. 

The data analysis included all the readings recorded on the test sheet. The 

information gathered was then transferred to the Microsoft Excel program for 

generating a series of bar charts. Like other stages described before, these charts were 

sorted by comparing the performance of all reduction rates for all ventilation protocols. 

In this test, high reduction rates defined the performance of the test configurations. 

Ultimately, among all the configurations tested, a few were defined and studied in 

detail in the next tests. The selection criteria were based on the highest reduction rates 

achieved for indoor comfort and air quality factors ï heat, humidity and airborne 

particle. The heat and humidity reduction rates were converted and tabulated on a 

psychrometric chart for better comparison. 
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  In phase 2, Test 2 was conducted to improve the performance of the new 

proposed system using different insulation materials and an additional element to the 

system. Correspondingly as described in phase 1 of this stage, Test 2 also used the 

same physical model as used in Test 1. On the contrary, this test applied recycled 

insulations, activated carbon granules in a cartridge and used different airspeeds. 

Test 2 was a continuity from the previous Test 1, therefore, only configurations that 

were suggested from the previous test were being tested.  

Test 2 used a similar approach to analysing data as described in Test 1. These 

identical and related characteristics of results were used to identify similarities in the 

results of the two tests. This analysis process of data was useful for exploring and 

forecasting the relevant circumstances in which the results or patterns could occur 

(Walliman, 2017). The tabulation of heat and humidity results on the same 

psychrometric chart suggested the improvement of the systems in terms of reducing 

the heat, moisture and particulate matter based on Test 1 and fieldwork studies results. 

In phase 3, Test 3 was conducted to add the value of the research which also 

enhanced the performance of the newly proposed system with toxic gases from 

vehicles using different activated carbon techniques. In the same way, as tested in 

Test 1 and Test 2, this phase used the same methods and procedures except for the 

selection of air pollution substances. This test used substances that were produced by 

petrol and diesel engines. This test was crucial as it gave a value-added to the research 

contribution in different perspectives. It means that the proposed system was tested 

in-depth using several types of pollution sources from organic smoke to toxicant gases. 

Like in phase 1 and 2, this phase used the same data analysis methods. The 

results were compared and tabulated on the same psychrometric chart. This stage 

rigorously tested the proposed system that not only catered a wide range of modern air 

pollution types but also the indoor comfort criteria.  

1.3.5 Stage 5: Improving the Prototype with Additional Technique(s) 

This stage has 2 phases which at phase 1, a computer-based model was 

developed to test and improve the thermal performance of the new proposed system in 

high-rise social housing typology with an energy-efficient air cooling technique. This 

Simulation 1 adopted the same environmental software used in the baseline simulation 

exercise. The model was based on the actual size and conditions of the selected 
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samples used in the fieldwork studies. An energy-efficient air cooling technique was 

introduced in the model as a strategy to further reduce the heat and moisture in the 

supply air. This combination of passive air filtering technique, hybrid ventilation and 

energy-efficient air cooling strategy was simulated and analysed using an 

environmental software. A few other criteria such as different supply air temperature 

and different air flow rate were also tested with the system. The software generated a 

series of results such as total hours of operative temperature and relative humidity that 

fell between the selected international standard requirements. The total system energy 

results were also obtained from this exercise.  

The results generated by the software were transferred into a Microsoft Excel 

program for in-depth data analysing. Simulation 1 suggested the initially added 

performance of the proposed system and then would be studied in detail in 

Simulation 2. In phase 1, the performance of a few configurations of the air cooling 

technique together with the passive air filtering strategy was assessed. A few options 

of the air cooling techniques were selected and carried forward for the next phase.  

At phase 2, another simulation exercise was conducted to validate the results 

gathered in Simulation 1. A more accurate housing unit was developed and used in 

Simulation 2. Instead of two rooms were being tested in Simulation 1, this exercise 

modelled the entire housing unit with an additional element of active light-well. It 

means that the data collection in this phase was done in the most complete scenario in 

terms of the new proposed system (integration of fully tested passive air filtering 

technique and the energy-efficient air cooling strategy), actual building design 

conditions (full-scale housing unit with light-well) and climate contexts (hot-humid 

climate conditions).  

Similarly, with other phases, this phase suggested the final performance of the 

new proposed system with its additional element for thermal improvement. The results 

gathered in this phase were compared and discussed. Ultimately, at this phase, all of 

the results gathered from the previous stages were also tabulated on the same 

psychrometric chart for a general overview of the proposed system. This is to illustrate 

the optimum performance that this proposed system could offer at the time of this 

thesis being written.  
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1.3.6 Stage 6: Refining the New Proposed Concept in Building Construction Industry 

At this final stage, all the results were summarised and the key findings were 

refined to suit the previously proposed óAirhouseô Concpet. This phase gathered all of 

the results obtained in Stage 1 to 5 and seek for potential adaptation on a social housing 

unit in Kuala Lumpur. The explanation of the system application in existing and new 

buildings were proposed in detail. 

The explanation was illustrated through graphical diagrams. The application of 

the proposed system in the high-rise social housing design was outlined as a new 

óAirhouseô Concept. Finally, a new concept in building industry in Malaysia is 

recommended. This establishment of the concept was not only for the Malaysian 

context but also for the tropical region entirely. 

1.4 Thesis Structure  

The thesis structure comprises of four steps of investigations. Figure 1.5 shows 

the research structure and outline where at the first step (Chapter 1) is about defining 

the research background and context, followed by determining the problem statement 

in the second step (Chapter 2 and 3). The research contributions are outlined in the 

third step (Chapter 4, 5 and 6) before the research concludes in the last step (Chapter 

7). 

 

Figure 1.5: Research structure and outline 

Chapter 6: 

Discussion and 

Refining the 

óAirhouseô 

Concept 

Chapter 7: 

Conclusion, 

Recommendations 

and Limitations 
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Chapter 1 thoroughly explains the background, overview and context of the 

research. The current scenario of global and local conditions regarding health and 

comfort are discussed in general. The research motivating factors are also included to 

give an insight regarding how this topic was chosen by the author. In addition, this 

chapter has also specifically structured the research protocol such as the hypothesis, 

the research aims, objectives and questions. The contributions of the research and 

limitations that need to be taken into account during the research progress are the 

complement of this chapter. 

 Chapter 2 explains in detail the indoor comfort and air quality issues in Kuala 

Lumpur. In this chapter, the conditions and potential of air temperature, relative 

humidity and air movement in the city are discussed. The Kuala Lumpurôs comfort 

zone through standards (local and international) and regulations, previous studies and 

recommendations are also established. An overview of high-rise social housing in 

Kuala Lumpur is also included. At the end of this chapter, all of the relevant strategies 

that have been proposed by a number of researchers are explained in detail. The 

strategies are divided into four main areas that become the main problems and issues 

in high-rise living in tropical urban areas. Apart from proposing the gaps and potential 

solutions, at the end of this chapter, the probability of indoor comfort and air quality 

in a social housing block in Kuala Lumpur is also explained before the current 

implementation of the selected system is discussed. 

Chapter 3 gathers all information on two fieldwork studies conducted in hot 

and dry seasons in Malaysia. The chapter starts with the protocol related to indoor 

comfort monitoring exercise such as the size of samples and placement of equipment 

that were applied in the case studies. The fieldworks assessed the current indoor 

comfort conditions in high-rise social housing in Kuala Lumpur. The first fieldwork 

findings are discussed and written comprehensively. Then it continues with the 

protocol of the second fieldwork study that measures the indoor and outdoor air quality 

in the same case studies. The results are discussed and explained in detail. The indoor 

air quality requirements from several institutions ï international and local, are also 

determined and compared. Graphical findings and analyses are inserted to complement 

the chapter.  
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Chapter 4 investigates the new proposed system called óDynamic-Hybrid Air 

Permeable Ceilingô (DHAPC). This innovation is tested by using a reduced-scale 

model. Three stages of tests conducted to verify and validate the technique from many 

aspects ï macro to micro, are explained in detail in this chapter. Thereafter, the 

improvement results achieved in the tests are tabulated and compared on a 

psychrometric chart. 

 Chapter 5 addresses the continuity of the DHAPC tests by adding up an energy-

efficient strategy called óDynamic Hybrid Chilled Beam Ceilingô (DHCBC). Using 

environmental simulation software, the strategyôs effectiveness and ability were 

measured and assessed. This chapter explains in detail the IES simulation protocol and 

its results on achieving the optimum indoor comfort conditions by using DHAPC and 

DHCBC combination. The reduction results of the total energy demand and CO2 

emissions when applying this system is also being proposed in this chapter. Finally, 

the integration of both systems has established a new refined óAirhouseô Concept.  

Chapter 6 discusses the application of óAirhouseô Concept into the real context 

of high-rise social housing in Kuala Lumpur; physically and environmentally. The 

applications of the system in existing and new buildings are explained in detail in this 

chapter. This chapter also explains some additional benefits when applying the 

óAirhouseô Concept in high-rise buildings. 

Chapter 7 summarises every stage, methodology and key findings involved in 

this research into one complete but compact chapter. It discusses several challenges 

that may arise in implementing the concept and also predicts and suggests the 

implication of this system in Malaysia and other tropical countries. Several 

recommendations of future development and study are also introduced by suggesting 

some new areas for future research work for other researchers and other parties not 

limited only to the construction industry people, but also the scientists such as the 

physicists and chemists. 

1.5 Significance and Impact of the Research  

There is a lack of awareness and exploration of the energy-efficient system that 

can reduce the air temperature and humidity as well as filter the airborne particles, 

providing adequate airflow rate for achieving comfort in high-rise residential 

buildings. This system could solve the two crucial and demanding issues in many 
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tropical cities ï health and comfort. However, its adaptation in high-rise residential 

buildings is not yet discovered. Thus, this research aims to close the gap that exists in 

building construction, especially for high-rise residential buildings, by developing a 

system which could address four crucial indoor comfort issues in tropical urban areas 

ï excessive temperature, humidity and airborne particles as well as low air movement. 

Therefore, the contributions of the present research to the body of knowledge are listed 

as follows: 

a) To develop an innovative energy-efficient system and integrate the system 

with the building layout in high-rise buildings. This innovation will create a 

new high-rise housing typology for existing and new buildings which will not 

be exclusive to Malaysia but also applicable in countries with similar 

climates, such as in tropical regions.  

b) To promote public awareness and enhance a positive attitude towards energy 

efficiency buildings by establishing a new design concept. This awareness 

will trigger a demand for the development of the concept for the housing 

industry and perhaps could promote in revising the mandatory building 

regulations in Malaysia. 

c) To develop a system that can be cost-effectively retrofitted into the existing 

building stock in Malaysia. This initiative is derived from the relatively poor 

performance of the existing stock which led to the poor indoor thermal and 

health conditions.  

d) To define a new benchmark for comfort and health standards in the national 

housing industry. The benchmarks need to be based on the indoor comfort 

and health conditions such as the required indoor temperature, humidity, 

airflow rate and the values of particulate matter. Fulfilling these criteria will 

confer that particular development has complied with the óAirhouseô 

Concept. 

e) To support and enhance the developing energy efficiency program in 

Malaysia. This research aims to produce a cost-effective energy-efficient 

building typology that will not compromise humanôs comfort and health. 

f) By using a cost-effective retrofitting approach, this new proposed system will 

also increase the value of the existing building stock in many tropical 
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countries. This effort gives new hope to the existing building owners which 

would provide comfort and healthy living with low maintenance. Without 

hesitation, this contribution will give a value-added to the existing stock 

properties. 

Given the above overview of the research context, in the next chapter, the 

indoor comfort and air quality issues in Kuala Lumpur are discussed in detail. This 

includes the overall conditions of air temperature, relative humidity and air movement 

in Kuala Lumpur and the potential solutions.  
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2.CHAPTER 2: Achieving Indoor 

Comfort and Reducing Carbon 

Emissions: Literature Review and 

Baseline Data 

2.1 Definitions and Parameters 

Indoor comfort constitutes acoustic, thermal, visual and indoor air quality 

(Pigliautile et al., 2019; Pistore et al., 2019). For many years these components have 

been researched in isolation by physiologists, engineers, architects, occupational 

health and industrial hygiene experts (d'Ambrosio Alfano et al., 2019). As explained 

in Chapter 1, this research focuses on thermal comfort and indoor air quality with the 

ultimate scope to maximise natural ventilation potentials. 

2.1.1 Thermal Comfort 

 Thermal comfort is one of the most important aspects of daily living (Jamaludin, 

Mohammed, Khamidi, & Wahab, 2015; Lechner, 2014). It is defined as óthat condition 

of mind which expresses satisfaction with the thermal environmentô (Fanger, 1970). 

The two established international organisations that provide guidelines on thermal 

comfort conditions are the óAmerican Society of Heating, Refrigerating and Air-

Conditioning Engineersô (ASHRAE) and the óChartered Institution of Building 

Services Engineersô (CIBSE). As defined in ASHRAE Standard 55 ï óThermal 

Environmental Conditions for Human Occupancyô, thermal comfort is a ócondition of 

mind that expresses satisfaction with the thermal environment and is assessed by 

subjective evaluationô (ASHRAE, 2013). The standard has set six primary factors that 

must be addressed when defining thermal comfort: metabolic rate, clothing insulation, 

air temperature, radiant temperature, airspeed and humidity (ASHRAE, 2013). They 

have mentioned that defining thermal comfort is complex and involves both 

óphysiologicallyô and ópsychologicallyô factors (ASHRAE, 2013; Pigliautile et al., 
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2019) as different people in the same space have different perceptions of comfort, 

neither warmer nor cooler (CIBSE, 2012; Fanger, 1970).  

The CIBSE has defined in their óEnvironmental Design - Guide Aô that thermal 

comfort is a personôs sensation of warmth that is influenced by several parameters, 

from main physical parameters to personal factors. They have established four main 

physical factors in consequence: air temperature, mean radiant temperature, relative 

humidity and airspeed (Figure 2.1) (CIBSE, 2015). On the contrary, metabolic heat 

production and clothing are also listed as personal factors that could affect thermal 

comfort (CIBSE, 2015).  

 

Figure 2.1: Factors for defining conditions for thermal comfort 

For air temperature, the ASHRAE Standard 55 describes the sensation of this 

parameter as óthe temperature of the air surrounding the occupantô. Air temperature 

also means as the average temperature of the air surrounding the building where the 

correctness of this assumption is very dependent on the local micro-climate (CIBSE, 

2015). Meanwhile, mean radiant temperature is known as óthe uniform surface 

temperature of an imaginary black enclosure in which an occupant would exchange 

the same amount of radiant heat as in the actual non-uniform spaceô (ASHRAE, 2013). 

It means that in indoor spaces, there are several elements such as ceilings, walls and 

floors that radiate different values of mean radiant temperatures (Figure 2.2). These 
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temperatures should be considered when they differ greatly from the air temperature 

(Lechner, 2014). Hence, the combination of air temperature (Tdb) and mean radiant 

temperatures (T1-7) will produce a single average value to express their joint effect 

(CIBSE, 2015) (Figure 2.2), called the óoperative temperatureô. According to 

ASHRAE Standard 55, the comfort zone is defined in terms of a range of operative 

temperatures that people find thermally acceptable (ASHRAE, 2013).  

 

Figure 2.2: Mean Radiant Temperature (MRT) in practice (Bean, 2010) 

Another thermal comfort factor that will be assessed in this research is relative 

humidity. The relative humidity is the percentage of humidity in the air relative to the 

saturation line, which is the maximum that it can hold (Bhattacharya & Milne, 2009). 

In tropical climate, it has a fairly noticeable effect on feelings of comfort (CIBSE, 

2015; Djamila, Chu, & Kumaresan, 2014), however, when the operative temperature 

rises above 26°C to 28oC, the skin damp with sweat may become apparent especially 

for lightly clothed people (CIBSE, 2015). On the other hand, controlling the good 

range of humidity (40-70%) is also important in the context of microbiological growth 

which in high humidity environments, mould spores will develop and adversely affect 

health and wellbeing (CIBSE, 2015). 

Airspeed ï óthe rate of air movement at a point, without regard to directionô, is 

another thermal comfort factor included in this research. In indoor spaces, this factor 

is crucial to stimulate evaporative cooling effect ï heat-loss rate by both convection 

and evaporation (Lechner, 2014). It is widely accepted that in a hot-humid climate, 

using fan is one of the common methods to achieve thermal comfort (Lechner, 2014) 

and air movement is the main factor for achieving it (Givoni, 1994). Many researchers 
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(Lechner, 2014; Medinilha & Labaki, 2016; Prajongsan, 2014) used elevated airspeeds 

to increase the operative temperature limit for comfort zone.  

For this research on high-rise residential buildings in Kuala Lumpur, the indoor 

thermal conditions will be evaluated, considering only the main physical parameters: 

air temperature, relative humidity and airspeed, because they can be measured with 

simple instruments and compared with ranges and limits set by established standards.  

However, for operative temperature, a specific equation need to be applied as follows:  

(tr + (ta x ã10v)) / (1+ã10v). It derives from air temperature, mean radiant 

temperature and air speed which could be represented using dry bulb temperature as 

suggested in psychometric chart in ASHRAE 55 (ASHRAE, 2013).  

2.1.2 Indoor Air Quality (IAQ) 

Good IAQ is a basic requirement and essential in ensuring the health and 

comfort of occupants (CIBSE, 2012; WHO, 2010). It is defined as óair with no known 

contaminants at harmful concentrationsô (CIBSE, 2012) as determined by cognizant 

authorities (ASHRAE, 2016a). Cognizant authorities mean the organisation or agency 

that has the expertise and jurisdiction to establish and regulate concentration limits for 

airborne contaminants. Among the cognizant international authorities that establish 

guidelines to be used to improve IAQ in buildings are the World Health Organization 

(WHO), ASHRAE and CIBSE, whereas for local context, the Department of 

Environment Malaysia (DOE) is the main responsible organisation that specify the 

ambient air quality standard in Malaysia since 1989 (DOE, 2013). CIBSE, through its 

óKnowledge Seriesô (KS17) ï Indoor Air Quality and Ventilationô, listed gaseous 

pollutants, volatile organic compounds, odours and particulate matter among the 

common contaminants and pollutants (CIBSE, 2012) (Figure 2.3). While ASHRAE 

Standard 62.1 ï Ventilation for Acceptable Indoor Air Quality, has compared several 

guidelines pertinent to indoor environments. Among the common contaminants and 

pollutants found in buildings according to them include carbon dioxide (CO2), carbon 

monoxide (CO), nitrogen dioxide (NO2), nitrogen dioxide (NO2), sulphur dioxide 

(SO2), ozone (O3), radon and particulate matter (PM2.5 and PM10). However, the óNew 

Malaysia Ambient Air Quality Standardô established by DOE has listed six types of 

pollutants that need to be considered which are PM10, PM2.5, SO2, CO, O3 and NO2. 
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Figure 2.3: Categories of common contaminants or pollutants in indoor spaces. 

  Particulate matter has adversely affected the public health of urban 

populations in both developed and developing countries (WHO, 2006). Although PM10 

is a widely reported measure (WHO, 2006), smaller particles (PM2.5) also contribute 

to the health effects observed in urban environments (S. A. Rahman et al., 2015). Petrol 

and diesel engines generate similar materials in their exhausts but the proportions are 

different (Watkins, 1991). CO mainly produced by petrol engines and SO2 emissions 

from diesel engines are much greater than petrol engines (Watkins, 1991). Like CO 

and SO2, benzene is harmful to humans and there is no safe level of exposure that can 

be recommended (WHO, 2010). It presents in both outdoor and indoor air but 

generally higher indoor concentrations than outdoor (WHO, 2010). These two 

categories of air pollution are directly linked to urban living where particulate matter 

usually come from the combustion of wood and other biomass fuels (Fuller, 2018; 

Keywood, Ayers, Gras, & Boers, 2003; H. A. Rahman, 2013), and toxic gases come 

from vehicular engines (Cionita, Adam, Jalaludin, Mansor, & Siregar, 2014; Colls, 

1997; Fuller, 2018; Watkins, 1991).  

This research has the ultimate scope to maximise natural ventilation, thereafter, 

these two categories of pollutant ï particulate matter (PM10 and PM2.5) and gaseous 

pollutants (carbon monoxide, benzene and sulphur dioxide) will be studied in detail. 

In achieving acceptable IAQ and maximising the potential of natural ventilation, 
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filtering the pollutants in outdoor air and removing the contaminants in indoor air 

become a priority in this research. Similar to thermal comfort parameters, these 

pollutants can also be measured with simple instruments and compared with ranges 

and limits set by several international and local standards. 

2.2 Environmental Conditions in Kuala Lumpur 

2.2.1 Thermal Comfort Conditions 

Establishing Kuala Lumpurôs actual outdoor thermal conditions provides the 

environmental context for the research. Located at the west coast of Peninsular 

Malaysia, at approximately 40 km from the Straits of Malacca (the nearest sea), the 

city is located at a latitude of 3.14°N and a longitude of 101.7°E (Daghigh, 2015) 

(Figure 2.4). Two main seasons are occurred ï wet (November to March) and dry (May 

to September) (MET, 2019).  

Due to its location near the equator line, Kuala Lumpur receives a uniform mean, 

low and high temperatures throughout the year (Jamaludin et al., 2015; MET, 2019). 

The mean, low and high temperatures are between 25°C and 30°C, 22°C and 26°C and 

29°C and 35oC respectively (Figure 2.5). For humidity, the mean humidity for the city 

is high between 70% and 90% and the lowest 40% (Figure 2.6). Being positioned on 

the óIntertropical Convergence Zoneô (ITCZ) or called ódoldrumsô, the cityôs mean 

wind speed is low (Leary, 1979) averaging from 1.5 m/s to 2.0 m/s (MET, 2017a; 

Milne, 2016) (Figure 2.7).  

 
Figure 2.4: Map of Malaysia and the location of Kuala Lumpur (CIA, 2019) 
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Figure 2.5: Outdoor air temperature (full year) for Kuala Lumpur (Milne, 2016) 

  
Figure 2.6: Relative humidity (full year) for Kuala Lumpur (Milne, 2016) 

  
Figure 2.7: Wind speed (full year) for Kuala Lumpur (Milne, 2016) 
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Located near to equatorial line, this city has almost equal 12 hours period of 

day and night all year round. Generally, the daytime in Malaysia starts at 7 am and 

finishes at 7 pm. The high temperature of over 30°C usually starts from 9 am until 

9 pm every day with peak times from 2 pm to 5 pm (Figure 2.8). However, from 9 am 

to 9 pm the humidity will reach as low as 40%. The city only experiences high 

humidity from 9 pm to 9 am which generally is above 70% (Figure 2.9). With a low 

diurnal temperature in between 5°C to 10°C (MET, 2019), Kuala Lumpur receives low 

air movement in between 1.5 m/s to 2.0 m/s and colder wind generally comes from the 

North (946 hours, 29%), North-West (593 hours, 18%) and East (430 hours, 13%) 

(Tang & Chin, 2013) (Figure 2.10). Due to the urban roughness, the wind movement 

in this city becomes non-uniform, inefficient and unreliable (Lechner, 2014; Mohd 

Sahabuddin & Gonzalez-Longo, 2017). As for comparisons, the suggested operative 

temperature range for naturally ventilated spaces according to Kuala Lumpurôs 

outdoor mean temperature is between 24°C and 28.4°C (ASHRAE, 2013). Whereas, 

for relative humidity and airspeed, the ASHRAE Standard 55 is set below 65% RH 

and between 0.15 m/s to 0.80 m/s respectively. 

This indicates that when using natural ventilation approaches without any 

assistance from a fan, the indoor comfort conditions are almost impossible to achieve 

(Mohd Sahabuddin & Gonzalez-Longo, 2018). Hence, in this kind of environment, 

constant air movement has an important role in determining the indoor thermal 

comfort. It could be deduced that the most crucial time for thermal comfort in Kuala 

Lumpur is between 9 am to 9 pm where the ambient air temperature will gradually 

increase and reach its peak. At the same time, the wind speed at this period will be 

significantly low where for stimulating evaporative cooling, it shall be constantly 

moving at a minimum rate. Generally, the three possibilities associated with indoor 

discomfort in high-rise residential buildings in Kuala Lumpur are high air temperature, 

high humidity and low air movement. The high ambient air temperature from urban 

heat island effects (Yusuf, Pradhan, & Idrees, 2014), is the result of the combination 

of direct solar radiation, diffuse radiation from the skydome and reflected radiation 

from both adjacent buildings and hard surfaces in urban areas (Mohd Sahabuddin & 

Gonzalez-Longo, 2017). It has increased heat penetration into indoor spaces through 

convection, conduction and radiation effects (Chenvidyakarn, 2013; Nave, 2012). 






































































































































































































































































































































































































































































