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An extensive programme of construction of higge social housing is being
carried out in Kuala Lumpur which does not addresfull the issues of thermal
comfort and indoor air qualityThis situationi mpact s humands, heal't
and it becomes even more critical considetimgclimate changeAs a hot-humid
country, Malaysia experiences uniformly high temperature and humidity as well as
low wind speeds. Approximately5% of the time in the year air temperature and
humidity lie outside the thermal comfort zoestablished bASHRAE and CIBSE.
As household incomes #&s residentsesortto retrafitting wall mounted split, air
conditioning units to provide indoor comfpat strategy that is neither cost nor carbon
effective.The indoor and outdoor air quality conditions also surpas@/tiréd Health
Organization \WHO) limits and there areinsufficient local regulations on indoor
comfort Therdore, this research addresses thar main issueglentified during the
fieldwork: high temperature, high humidity, air poilrt and low air movementith
aproper and possibkplution.Following a previous outlinproposabfan6 Ai r hous e 6
Concept several systems have beentesttdeT combi nati on of O6Dyn.
Permeabl e Ceilingé (DEWIEdBpam@aaidl 0 RBEH amMD F
could produce bettendoor thermalcomfort and air quality in the housing units,
reducing the air temperature, humidity, airborne particle and gases as well as
constantly providinganadequate airflow rate. This integedisystem has been tested
through physical and computerodels ands based on a combination of dynamic
insulation, hybrid ventilation anchilled beantechniquesvhich reduces the ambient
air temperaturand humidityby up to 20%. The DHAPC alone could efficiently filter
particulate matters (PMand PM:s) circa90% from the incoming air intakelf this
outcome can be delivered in practit@vould represent an overall saving of circa 66%
in power consumption and carbon emission for cooling purpdsesystemcould be
incorporaté in thed Ai r hQGoncepgd efficiently providing thermal comfort and
healthyindoor air quality in higkrise residential buildings in Kuala Lumpur and
perhaps irother tropical countriesdowever thisis only one of the possible systems
and the research should encoerégrther studies.

XX
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1.CHAPTER 1: Introduction

1.1 Research Area and Context

This research is about the environmental architectural design efibegbocial
housing in Kuala Lumpur, Malaysia. At the momedftiala Lumpur accommodates
81.5% of the total number of higise buildings in Malaysia, 52% afhich are
residential buildings (CTBUH, 2019) In 2015, thegovernment of Malaysia
announced the construction of one million affordable housing units within the
welkk nown soci al housing programme called
coordinated by the National Housing Department (NHD) of the Ministry of Urban
Wellbeing, Housing and Local Government (UHL&). Chen, 2015)According to
the UHLG 2016 annual report, the government proposed 169 PPR projects all over the
country with a total of 102,89ousingunits (Ministry of Urban Wellbeing, 2016)

By December 2016, 81,352 unitgere 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 rénoge 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-hsghformat(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 comi@kt Aflaki, Mahyuddin, & Baharum,
2016)

F s

2 4

y == K
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—

Figure 1.1: Current scenario of highise socialhousing 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 factor@re worsenedby the poor air quality coupled with high egg
demand. This researdbcuseson mitigating these challenges by using an energy
efficient ventilation system, low energy air cooling system and passive air filtering
techniques. Two indoor comfort componentthermal and air qualit{Pigliautile et
al., 2019; Pistore, Cappelletti, & Romagnoni, 209 investigateth detail in this
research. These components, for many years, have been studied in isolation by many
experts including architects and enginegdAmbrosio Alfano,Bellia, Fragliasso,
Palella, & Riccio, 2019)

Other capital cities in the SEA region, such as Singapore and Bangkok, have
also experienced the same problgkdossary, Ali, & Summ, 2016More than half
of the carbon emissions in the world, largely contributing to climate change, will be
produced by Asian cities in the next 20 ydatalawa et al., 2018 he climate change
implications in urban areas, including heat stress and air pollution, have serious
i mpacts on humaortdIBCCh2018)lt is lestinaated that lo2nbillion
Asians will migrate tathe cities over the next 35 yea(4DB, 2019) It has been
estimated that 30% of all international migration occurred in Asibnaarly 50% of
international migrants came from AgidDB, 2019)

Four countries in Southeast Asia (SEAamelyindonesia, Malaysia, Thailand

and Vietnamhave collectively contributed 4% of the total global carbon emissions
(Fulton, Mejia, Arioli, Dematera, & Lah, 2017Malaysia ranked third in the SEA
region, catributesseventonnes of CQin 2017 and will rise to ovegight tonnesn
2030(Fulton @ 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 baseliffailton et al., 2017; UNFCCC, 2017)he high
levels of carbon emissions are directly linked to increments in tempe(#RGE,
2018) The scientific report of @hate Change Scenarios for Malaysia 2@089
produced by the Malaysian Meteorological Department (MET), gragected a
temperature increment of 2@ to 3.6C by 2095 in Peninsular MalaygisIET, 2009)
including Kuala Lumpur that will be increased approximately@.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°QVeteorology, 2019)It was widely accepted théte

El Nifio had contributed to the hot weather in 2015 and 2016, but in 2017 (Figure 1.2),
the hot weather was again taking place withoettesence of El Nifidt was entirely
because of the global warming which the temperatudeir@eased more than 1°C

since the prendustrial periodIPCC, 2018; Meteorology, 2019)

Annual mean temperature anomaly - Global (1850-2018)

T T T T T T
Australian Bureau of Meteorology

Mean surface temperature anomaly (°C )

L I I L I L I I
1860 1880 1900 1920 1940 1960 1980 2000

Year
30-year climatology (1961-1990)

Figure 1.2: Annual global average temperature anom@feteorology, 2019)

Building sector contributeso about onehird of the total global carbon
emissions and consumes about 40% of the world's er{@eiylin, Karimipanah,
Larsson, & Ameen, 2019and nostly utilised for achieving indoor comfort in
buildings. In Malgsia, the emissions are mainly coming from the mechanical and
electrical cooling systems, which have doubled from the 1970s, representing now the
25% of the t ot allLuconcetah,t201¢)therefoeenmithssgpeiod,n s
the construction of residential buildings has quintup(édcon et al., 2014)
Thereafter, the appropriate building design in these residential buildings, pdsticular
thehigh-rise buildings, is a key element to find dodas 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
(sevenmillion per annum) is caused by finerpeulate air pollution(Osseiran &
Lindmeier, 2018) wi th 91% of the worl dbés popul at |
levels exceed their guideling/HO, 2018a, 2018b)SouthEast Asia is gollution
hot-spot frequently surpassing more than five times the Waf@uallimits (Osseiran
& Lindmeier, 2018)and the level§<20eg/m?® for PMio and <10eg/m? for PM.5) are
currently increasing at circa 1% per ann(mMHO, 2018a) A study reported that the
concentrations oPMzs and PMo in Kuala Lumpur were between 21 toegfm® and
44 to 5&g/nT respectively(S. A. Rahman et al., 2015)

Positioned tropical €Camergentd @dne (doldrums), Kuala
Lumpur 6és wind speed i s r eMimg R2OEE@AWitlyarrl ow (1
movement inthe urban areas both inconsistent and unreligblend Sahabuddin &
GonzalezlLongo, 2017) When combined with the standard flat layout (sirsitked)
crossventilation driven by ambient air movemem not a particularly effective
technique for providing evaporaé cooling(Prajongsan, 2014)t 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 roughnessce@radseries 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
changecurrent building design, standards and practices have to transform, but without
comproni si ng the i nhabitantsd comfort and
ventilation systems, particulsuin high-density residential buildings, is critical for this
purpose. Although current building regulations, standards and green rating tools have
propogd 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 ocCingattis and
comfort a s wel | as the reduction of carbon
By-L aws 6 (i thB Bidndlatory building regulations in Malaysia, especially the
clauses 39(1) and 40(1) that regulditesizes of openings and light well requirements,
were informed bythe British building standards and have not been reviewed and

further researched in accordance witie local climate conditions. These clauses,
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which have beem usefor 33 years without revision, should be revised and improved

in order to reduce carbagmissions while ensuring occupantealth 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 anddiative heat from entering and permeating hiigle

residential units in Kuala Lumpur (Figure 1.3).
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Figure 1.3: Factors affecting indoor comfort in a typical higise building within an urban
area in ahothumid climate

In tropicalregions 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 equipsheatnaular
houses. The climatic adaptation of its design to the local climate has succeeded in
achieving cooling and comfoft.ucon et al., 2014)This research was started in 2012
by exploring theantroduction of a new proposed desigonceptc a | | ehdd u@tAeior
was based on the thermal comfort and natural ventilation strategies presdet in
vernacular Malaysian architectuidohd Sahabuddin & Gonzaldongo, 2015)The
conceptpropo®d that the percentage of openings in the building facade should be
more than 15% depending on the height of the residential Arfiidl -height opening

configuration was also proposed with three elemémt&in 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 uniteaéry tme.

The proposedoncepthas also suggested that the depth of rooms should be
decreased to enhance cresatilationand 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 temperatuincrease the indoor air movement and
significantly reduce energy consumption as well as carbon emissions. However, the
previous research was entirely focusedh@thermal comfort aspects. Therefore, this
new research explores a more comprehensiveeptwhich provides both comfort
and health in higlrise living in atropical climate.

This research has now continued with thel@pth investigation and analysis
of the current practices, the identification of the critical problems to addme$she
exploration and testing of possible solutiofe arrent practices in building
regulations and design have failed to achieve the required environmental conditions
for health and comfortiving. The resul't i's that t he bu
increase the amount of mechanical ventilation to achieve cooling shortly after they
occupy the building.

On the other hand, building regulations in Malaysia, wbamficernthe natural
ventilation, should be revised in order to reduce energy congumahd 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 ventilationetthance 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, highise residential buildings in Kuala Lumpur woulccbene
healthy and comfortable places to live in and great contributors to the mitigation of

climate change.

1.2 Aims and Objectives

This researcls developed from the initial idea of wind harvesting technique

for optimising thermal comfort using naturakwutilation/ low energy approaches to
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design high rise buildings in the tropics to a wider consideration of comfort and health

iIssues. It aims to define the actual environmental problems of the design -oiskigh
social housing in Kuala Lumpur and expldhe potential energiefficient and low
carbon emissions systems to ensure health and comfort for the occupants. Considering
the above, t he hypot hesi AneW paradigmhiothe r e s e ¢
design ofan environmentallyfriendly ventilation and lowenergy cooling system in
high-rise social housing buildings in Kuala Lumpur that improves the comfort and
health of the occupants and reduces carbonssion®
The main objectiveés to find an effective low cost and low carbon tecjus,
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 IED@E, 2016b)
which is common across Asig¢ruller, 2018; H. A. Rahman, 2013hay delay this
horizon.Therefore, this research tries to address these criéisehrclguestions:
a) What is the existing level ehermalcomfortand indoor air qualityn high-rise
social housing buildings in Kualaumpur?
b) What are the key environmental problenws indoor discomfort and air
pollutionin Kuala Lumpu®
c) What is the optimum strategy or system that could be apfdieceducing
indoor discomfort and air polluti@n
d) How feasble is the proposeslystemo reduce heat, humidity and air pollution
as well as provide constant air moventent
e) What are the most effective design configurations of the proposed system for
achieving best results tiermalcomfortand indoor air quality
f) Howcantheresultx ont ri bute to the deComcépbp ment

and how the research should continue?

The specific objectives of the research are:

a) To carry out imsitu data gathering to evaluate the perfange of theexisting
andrecently built highrise 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 actuasibe conditions.

d) To develop an energgfficient system that can reduttes air temperature and
humidity as well as filtetheairborne particles, providing adequate airflow rate
for achieving comfort in highise social housing in Kuala Lumpur.

e) To evaluate the outcomes and suitability to address the problems of indoor
discomfort and indoor air pollution in higise social hasing.

) To reflect on t he o0utComeptmerdettoprodued i n e
integrated designs with energ¥ficient ventilation, lowenergy air cooling

system and passive air filtering.

1.3Research Methodology

This thesis follows a dantitative research approach, a quantitative method in
its data collection with a deductive approach of analysis based on quantitative
numerical dataJonker & Pennink, 2010)in order to ensure that the aims and
objectives established above are fully addressed, a methodebsyglannedand

conducted with five main activities:

a) Literature review,

b) Fieldwork with insitu 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 prontiodéiag movement.
Throughthe literature review, two sets of requirements, each for thermal comfort and
air quality were identified.

Two fieldwork campaigns were carried out, with a prelanjnpilot 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 findihghermal ad 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 activitywascontinued with a computational simulation which completely
measured the thermalomfort 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 (comparisorT2g. results of the
analysis of the data gatherddring 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 st low energy efficiecy and low carbon emissions.

A series of experiments were carried out using a redsicalé physical model
to test the performance of the new proposed system. These experiments completely
evaluated the system lponsideringthe man 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 refsthiese
experiments were compared to discover thectffeness 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
systembébs energy consumption and carbon e
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 experimentsd asomputational
simulations (final comparison). The outcomes informed the definition of the proposed
conceptand further research. These activities that were explained before, were

combined in different stagasfollows and illustrated in Figure 1.4.

a) Stage I building the research protocol and context of the research,
b) Stage 2 finding the issues, gaps and potential solutions,

c) Stage 3 defining actual issues and problems,
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d) Stage 4 developing a prototype,
e) Stage 5 improving the prototype with additional technique in a-adale
building and real context, and

f) Stage G establishing a newoncept

RESEARCH STARTS
Building Research
Protocol and

Context of the STAGE 1
Research
” COMPARISON 1
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Figure 1.4: Flowchart of theresearchprocess

1.3.1Stage 1: Buildinghe Research Protocol and Contexthef Research

This stage aimetb build the research context and background of the research.
Usingtheliterature review,hemethod for thalata collection was based on a series of
literature reviews on the main topics seledteldealth and comfort, and how these
topics affect the current global scenario and local environment in Malayséa.
Malaysian building requirements such as regulatistendard and green rating tools
were included and discussed in detail. The motivating factors of the research derived
from vernacular buildings were also includadhis stage.

The data analysis was carried out by several metkadsy, by observinghe
global and local climate change patterns that affect global warming and urban heat
island; seconlg, comparing the building requirements that are available in Malaysia

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

10
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living in the country; and thilg, discussing the findings proposed by firevious

authos from otherpublicatiors. The establishment of a concise research protocol
which includes the research aims and objectives, research methodologies, thesis

structurejimitations and the research significance and impact was made in this stage.
1.3.2Stage 2: Finding the Issues, Gaps aatkRtialSolutions

For stage 2, another literature review process was conducted to define the
issues, gaps and potential solutionsndoor comfort and indoor air quality (IAQ)
studies. This stage explained the two crucial issues for this researatdoor
discomfort and indoor air pollution. Examining some earliest until most recent studies
about these topics has led to a conclusion about hdsbeen achieved so far in
dealing with theproblems. 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 @magrand comparison tables.
Each of the strategies was compared-biglside with additional information such as
the objectives of the strategif®h e st r at egi esd positive and
listed down with areasyto-understanagpproachThis stage revealed the gap tlst
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.
1.3.3Stage 3: Defining Actal Issues andrBblems

Stage 3 has three phase&airing phase 1, fieldwork study 1 was conducted
evaluate the indoor comfort condition in higke residential buildings in Kuala
Lumpur. The fieldwork campaigrbeganwith a pilot study on ten highse social
housing in Kuala Lumpur to observe the current situation of the buildings and to
initially suggest the problems associated with kigk living in urban areas. Was
then followedby the fieldwork study 1 which gathered a full set of datairidioor
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 heighind two different fagadfacing conditions. Onefo

the case studies was just completed and unoccupied, therefore, this fidbevanke

11
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a benchmark for the building. This fieldwork was conductetiendry season @iso

calledas the6 S o-We b t M o lmesaonsdhe dighest ambient air temperatire
(above 34°Cjrequently occuduring this period

Using the Excel program, the collected daeretransformed into graphical
results to make it easy to analyse. These graphical results edoesigthumber of bar
charts that compared the selected parameters according to different room $pcation
heighs and facaddacing conditions. The establishment of trend lines of air
temperature, relative humidity and airspaesaccording to different rau locations,
different heights and different facafBcing 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 assgbghermal
comfort andindoor air quality in higkrise residential buildings in Kuala Lumpur.
Using the same samples in the fieldwork study 1, this fieldwork study stayted
defining the fieldwork protocol such as data collection period, duration of
measirement, proposed equipment parameters and points to be measured. This study
which examined the air quality in the case studies was conductedviretheason or
cal | e dE asNto r Mdin thie seasénoutdoorair quality improvesbut not
indoor airbecause 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
thearchitectural drawings as background, the continuing pattern of the air quatty fro
outdoor to indoor could be easily assesSdte establishment of trend lines from
outdoor to indoor of particulate matter (Pdand PMo), carbon dioxide (Cg) and
carbon monoxide (COyas according to different point locations and different
heights.

Finally, at phase 3, a compuieased 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;scal# computesedmodel
using a simlation software was constructed. The locations of housing units chosen
wereconsistent with the units used in the fieldwork studies. The closest construction

technigues used in the actual building were assigned to the model. This method

12
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gathered a full yar 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. Thusf dtleoanalyses were simulated by
the software before it was transferred tother progransuch asviicrosoft Excel for
further data analysing. For indoor comfdtte parameters simulated are consistent
with the parameters measured in the fieldwork studibis 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.
1.3.4Stage 4Developing a New totype

Stage 4 also haspghases. It started withest 1 to evaluate the performance of
dynamic insulation and hybrid ventilation using synthetic insulatibnthis phase,
the highly recommended approach by many researchers was\gyaugducedcale
model. The construction of the model started with a theoretical model diagram and
after several modifications, the real rediscaled model was approved to be built.
This test used two identical equipment placed in the outdoor chamtéeéndoor
compartment of the test mod@&hese instrumentseasuredhe parameters of indoor
comfort and air quality such as air temperature, relative humiditysBMl PMo by
using several ventilatioprotocols. The test procedutieat controls the measng
procedures such as log time interval, options of ventilgtimtiocok and synthetic
insulations details was determined earlier.

The data analysis included all the readings recorded oteghisheet. The
information gatheredwvas then transferred tdhe 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 ventipettocok.

In this test,high reduction rates definetthe 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 gimyalfactorsi 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, &st 2 was conducted to improve the performance of the new

proposed systemsing different insulation materials and an additional element to the
system. Correspondingly as describeglrasel of this stage, @st 2 also used the
same physical model as used iasT 1. On the contrary, thtestapplied recycled
insulations, activated carbon granules in a cartridge and used different airspeeds.
Test2 wasa continuity from the previousebt 1, thereforeonly configurations that

were suggestefilom the previous testere beingested.

Test 2 usd asimilarapproach to analysing data as describelest1. These
identical and related characteristics of results were used to identify similarities in the
results of the two tests. This analysis process of Watuseful for exploring and
forecastingthe relevant circumstances in which the results or patwyuakl occur
(Walliman, 2017) The tabulation of heat and humidity results on the same
psychrometric chart suggedthe improvement of the systems in terms of reducing
the heat, moisture and particulate matteetdas est 1 and fieldwork studies results.

In phase 3, &st 3 was conducted to add the value of the research which also
enhanced the performance of thewy proposed system with toxigases from
vehicles using different activated carbon technigleshe same way, as tested in
Testl and Est 2, this phasesedthe same methods and procedwsrsept forthe
selection of air pollution substances. Ttastused substances that were produced by
petrol and diesel engines. Théstwas crucial as it gave a vahaelded to the research
contribution in different perspectivek.means that the proposed system was tested
in-depth using several types of poitut 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 gasyehrometricchart. This stage
rigorously tested the proposed system thabnbt cateeda wide range of modern air

pollution types but alstheindoor comfort criteria.
1.3.5Stage 5: Improving thErototype with Additional &hnique(s)

This stage has 2 phases which at phase 1, a conijaged model was
developed to test anchprove the thermal performance of the new proposed system in
high-rise social housing typology with an enesgfjicient air cooling techniquéhis
Simulation 1 adopted the same environmental software used in the baseline simulation

exercise. The model wabased on the actual size and conditions of the selected
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samples used in the fieldwork studies. An enegfiizcient air cooling technique was

introduced in the model as a strategy to further redoe&eat and moisture in the
supply air. This combinatioaf passive air filtering technique, hybrid ventilation and
energyefficient air cooling strategywas simulated and analysed using an
environmental software. A few other criteria such as different supply air temperature
and different air flow rate were alsested 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 obtaineim this exercise.

The results generated by the software were transferred Miorasoft Excel
program forin-depth data analysing.iBulation 1 suggested thmitially added
performance of the proposed system ghdn would bestudied in detail in
Simuation 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 technigsavere selected and carried forward for the next phase.

At phase 2, another simulation exercise was conducteditiateathe results
gathered in Bnulation 1. A more accurate housingit was developed and used in
Simulation 2. Instead of two rooms welbeingtested inSimulation 1, this exercise
modelled the eme housing unit with an additional element of active hgiedl. 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 #n energyefficient air cooling strategy), actual building design
conditions (fultscale housing unit with lighwell) and climate contexts (hbumid
climate conditions).

Similarly, with other phases, this phase suggested the final performance of the
newproposed 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
psychrometc chat for a general overview of the proposed systéis is to illustrate
the optimum performance that this proposed system could offer at the time of this

thesis being written.
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1.3.6Stage 6: Refining the New Propogednceptin Building Construction mdustry

At this final stageall the results were summsedand the key findings were
refined to suit the previolysproposed A i r hGorcgeeThis phase gathered all of
the results obtained in Stage 1 to 5 and seek for potential adaptation on a social housing
unit in Kuala LumpurThe explanation othe system application in existing and new
buildings were proposed in detail.

The explanatiomvasillustratedthrough graphical diagrams. The application of
the proposed system in the higke social housing design was outlined as a new
0 Ai r hConcem Binally, a new conceptin building industry in Malaysids
recommended. Thissablishment of theonceptwas not only forthe Malaysian
context but also fothetropical region entirely.

1.4 ThesisStructure

Thethesisstructure comprisasf four steps oinvestigatiors. Figure 1.5 shows
the research structure and outlimiere at the first step (Chapter 1) is about defining
the research background and contéoltowed 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)ftwe theresearch concludes the last step (Chapter
7).

Research Structure

(Outline)
(ghi': & HSV;C Why Findings Conclusion
ackgroun (Problem Statement) (Result & Discussion) (Recommendation)
Context)
t Chapter 2: Chapter " . L Chapter_ 5
Chapter 1: Achieving Indoor || Dynamic-Hybrid Conclusion,
Introduction Air Permeable Recommendations
Comfort and € HAP. and Limitations
— Reducing Carbon Ceiling (D) ©
Emissions:
Literature Review Chapter 5:
and Baseline Data | | Dynamic Hybrid
Chilled Beam
Ceiling (DHCBC)
Chapter 3:
Actual Indoor
Comfort in High- i
] Rise Social .Chapt?r &:
o Discussion and
Housing in Kuala e
. Refining the
Lumpur: N
Fieldwork and 6Airhot
leldwork an Concent
Computer
Simulation

Figure 1.5: Research structure and outline
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Chapter 1thoroughlyexplains 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 insightegardinghow 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 takemo account during the research progress are the
complement of this chapter.

Chapter 2 explains in detail the indoor comfort and air quality issues ila Kua
Lumpur. In this chapter the conditions and potential of air temperature, relative
humidityandar movement in the city are discus
zone through standards (local and international) and regulations, previous studies and
recommendations are also established. An overview ofrisghsocial housingn
Kuala Lumpuiis also ncluded. 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 intropical 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 explaibetbre the current
implementation of theelected system is discussed

Chapter 3 gathers allformation on two fieldwork studiesonducted 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 @atefrequipment
that were applied in the case studies. The fieldworks assessed the current indoor
comfort conditions in highise social housing in Kuala Lumpur. The first fieldwork
findings are discussed and written comprehensivehen t continues wit the
protocol of the second fieldwork study that meastieindoor and outdoor air quality
in the same case studies. The results are discussed and explainedl ifrsetadoor
air quality requirements from several institutidngnternational and laa, are also
determined and compared. Graphical findings and analyses are inserted to complement
the chapter.
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Chapter 4 investigates t he -HymidArpropos
Per meabl e Ce i Thisnngovatiohi®telsted y)using a redutscale
model. Three stages st conducted to verify and validate the technique from many
aspectsi macro to micro, are explained in detail in this chapter. Thereafter, the
improvement results achievenh the testsare tabulated and compared @n
psychrometric chart.

Chapter 5 addresses the continuity of the DHAEXESby adding up an energy
efi ci ent str at e ¢lyridcChilled BeamCdilibgg (DAABC).cUsing
environmentals i mul ati on softwar e, t he swra ategy
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 CO
emissions whe applying this systens also béng proposedn this chapter. Finally,
the integration oboth system&as established a neefineddé Ai r hQonocepe 6

Chapter 6 discusses the applicatiod A i r hGoncepinid the real context
of highrise 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 alsexplains someadditional benefitswhen applying the
0 Ai r hGoncspéndigh-rise buildings

Chapter summarsesevery stage, methodology and key findings invdlire
this research into one complete but compact chapter. It discusses several challenges
that may arise in implemengnthe conceptand alsopredics and suggestthe
implication of this system in Malaysia and other tropical countries. Several
recommendationsf 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 tothe constructionndustry people,but alsothe scientists such aghe
physiciss and chersts.

1.5 Significance and Impact of the Research

There is a lack of awareness and exploration of the erdfigient system that
can reducehe air temperature and humidity as well as filtee airborne patrticles,
providing adequateairflow rate for achieving comfort in highse residential

buildings. This system could solve the two crucial and demanding issues in many
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tropical citiesi health and comfort. However, its adaptation in kigle residential

buildings is not yet discoved. Thus, this research aims to close the gap that exists in
building construction, especially for higlse residential buildings, by developing a
system which could address four crucial indoor comfort issues in tropical urban areas
I excessive temperairhumidity 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 energfficient system and integrate the system
with the building layout in highise buildings. This innovation will create a
new highrise housing typology for existing and new buildings which will not
be exclusive to Malaysiaub also applicable in countries with similar
climates, such as in tropical regions.

b) To promote public awareness and enhapesitive attitude towards energy
efficiency buildings by establishing new design conceptThis awareness
will trigger a demandor the development of theonceptfor the housing
industry and perhaps could promote in revising the mandatory building
regulations in Malaysia.

c) To develop a system that can be esfétctively retrofitted into the existing
building stak 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 industryThe 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 developmeritas compliedwith the 6 Ai r hous ed
Concept

e) To support and enhance the developing energy efficiency program in
Malaysia. This research aims to produce a-effstctive energefficient
building typology that will not compromise hun@somfort and health.

f) By using a coseffective 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 givesew hope to the existing building owners which

would providecomfort and heblhy living with low maintenance. Without
hesitation, this contribution will give a vakagldedto 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 Lumjre 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., 201Bdr many years these components have
been researched in isolation by physidgtg) engineers, architects, occupational
health and industrial hygiene expefisAmbrosio Alfano et al., 2019As explained
in Chapter 1, this research foeg®n thermal comfort and indoor air qualigyth the

ultimate scope to maxisénatural ventilatiorpotentials
2.1.1 Thermal Comfort

Thermal comfort is one of the most important aspects of daily l(\Jiagnaludin,
Mohammed, Khamidi, & Wahab, 2015; Lechner, 204¥d e f i ned as o6t hat
of mind which expresses sat i (@Edhgec1970d n wi t
The two establishednternational orgamsatiors that provide guidelines on thermal
comfotcondi ti ons are the O&6dAmerican Society
Conditioning Engineersd (ASHRAE) and th
Services Engineersd6 (CIBSE). I1AGThdeerfmanlied
Environmental Conditions forHum&dc cupancy 6, t her mal comf o
mind that expresses satisfaction with the thermal environment and is assessed by
subj ect i v AASHRAR, PO13 The standard has set six primary factors that
must be addressed when defining thermal comfort: metabolic rate, clothing insulation,
air temperature, radiant tgmrature, airspeed and humidiySHRAE, 2013) They
have mentioned thadefining thermal comfort is complex and involves both
Ophysiologicall y6 anASHRAES2918;hPliactig ietcah, | | y 6
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2019) as different people in the same space have different perceptions of comfort,
neither warmer nor cool¢€IBSE, 2012; Fanger, 1970)
The CIBSE has defined i-Gutdei A6GEhwatr o

comfort is a personds sens aevarabparancefers,war mt

from main physical parameters to personal factors. They have established four main
physical factorsn consequenceair temperature, mean radiant temperature, relative
humidity and airspeed (Figure 2.(GIBSE, 2015) On the contrary, metabolic heat
production and clothing are also listed as personal factors that could affect thermal
comfort(CIBSE, 2015)
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Figure 2.1: Factors for definingconditions for thermal comfort

For air temperature, the ASHRAE Standard 55 describes the sensation of this
parameter as Othe temperature of the air
also means as the average temperature of the air surroundingjltheg where the
correctness of this assumption is very dependent on the localchioate (CIBSE,

2015) Meanwhi |l e, mean radiant temperatur e
temperature of an imaginary black enclosure in whiclo@upant would exchange

the same amount of radiant heat as in the actualinori f o r TASHRAR,QEL3)

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 winay differ greatly from the air temperature
(Lechner, 2014)Hence, the combination of air temperatufg,)(and mean radiant
temperaturesTg.7) will produce a single average value to express their joint effect

(CIBSE, 2015) (Figure 2.2) calledthe 6oper ati ve temperature

ASHRAE Standard 55, the comfort zone is defined in terms of a rangeendtive
temperatures that people find thermally accepteh&HRAE, 2013)
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Figure 2.2: Mean Radiant Temperature (MRT) in pract{@ean, 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 H@Hattacharya & Milne, 2009)

In tropical climate,tihasa fairly noticeablesffect on feelings focomfort (CIBSE,
2015; Djamila, Chu, & Kumaresan, 201#pwever, when the operative temperature
rises above 28C to 28C, the skin damp with sweat may become apparent especially
for lightly clothed peopldCIBSE, 2015) On the other hand, controlling the good
range of humidity{40-70%)is also important in the context of microbiological growth
which inhigh humidity environments, mould spores will develop and adversely affect
health and wellbein¢CIBSE, 2015)

Airspeedi 6t he rate of air movement at a
another thermal comfort factor includedthis research. In indoor spaces, this factor
is crucial to stimulate evaporative cooling effédteatloss rate by both convection
and evaporatiorfLechner, 2014)lt is widely accepted that in a Rietimid climate,
using fanis one of the common methods to achieve thermal corfifechner, 2014)

and air movement is the main factor for achievir{itoni, 1994) Many reseatuers
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(Lechner, 2014; Medinilha & Labaki, 2016; Prajongsan, 20%4}l elevated airspeeds
to increaseheoperative temperature limit for comfort zone.

Forthisresearch on highise residential buildings in Kuala Lumpur, the indoor
thermal conditionsvill be evaluatd, considering only the main physical parameters:
air temperaturerelative humidity and airspeed, because they can be measured with
simple instruments and compared with ranges and limits set by established standards.
However, fo operative temperatura,specific equationeed to be applied as follows:
(tr + (ta x ai@eriyey from air témpérdidey nean radiant
temperature and air speed which could be repredargingdry bulb temperature as
suggested in psychometric chen 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 occupantéCIBSE, 2012; WHO, 2010)ti s def i ned as Oair
contaminants at h(GIBSESf2012)asdeemunechby cognizanb n s 6
authoritieASHRAE, 2016a)Cognizant authorities medme organsationor agency
that has the expertise and jurisdiction to establish and regulate concentration limits for
airborne contaminants. Among the cognizant irggomal authorities that establish
guidelines to be used to improve IAQ in buildings theWorld Health Organization
(WHO), ASHRAE and CIBSE whereas for local context, the Department of
Environment Malaysia (DOE) is the main responsible oggditinthat specify the
ambient air quality standard in Malaysia since 1@39E, 2013) CIBSE, through its
OKnowl edge Sielrnckesdr (AXiSrl7Quality and Vent
pollutants, volatile organic compounds, odours and particulate matter ameng
common contaminants and pollutag@&BSE, 2012)(Figure 2.3). While ASHRAE
Standard 62.1 Ventilation forAcceptable 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)(C&rbon
monoxide (CO), nitrogen dioxide (M) nitrogen dioxide (N®), sulphur dioxide
(SO, ozone (@), radon and particulate matter (Rd&nd PMo). However t he O New
Mal aysia Ambient Air Quality Standardo e
pollutants that need to be considered which aregPRMp 5, SO, CO, G and NQ.
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Figure 2.3: Categories of common contaminants or pollutants in indoor spaces.

Particulate matter has adversely affectdee public health of urban
populations in both developed and developing counivi#sO, 2006) Although PMo
is awidely reported measui@HO, 2006) smaller particles (Pb%) also contribute
to the health effects observedurban environmen{$. A. Rahman et al., 201Hetrol
and diesel engines generate similar materials in their exhausts but the propogtions a
different(Watkins, 1991) CO mainly produced by petrol engines anc 8@issions
from diesel engines are much greater thatrol enginegWatkins, 1991)Like CO
and SQ, benzene is harmful to humans and there is no safe level of expusioan
be recommendedqWHO, 2010) It presents in both outdoor and indoor air but
generally higher indoor concentrations than outdMHO, 2010) These two
categories of air pollution are directly linked to urban living where particulate matter
usually come fronthe combustion of wood and other biomass fu@sller, 2018;
Keywood, Ayers, Gras, & Boers, 2003; H. A. Redn, 2013)and toxic gases come
from vehicular engineéCionita, Adam, Jalaludin, Mansor, & Siregar, 2014; Colls,
1997; Fuller, 2018; Watkins, 1991)

Thisresearch has the ultimegeope to maximise natural ventilation, thereafter,
these two categories of pollutanparticulate matter (PM and PM ) and gaseous
pollutants (carbon monoxide, benzene and sulphur dioxide) will be studied in detail.

In achieving acceptable IAQ and mamsing 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 simps&ruments and compared with ranges

and limits set bgeveral international and locgtndards.

2.2 Environmental Conditions in Kuala Lumpur
2.2.1 Thermal Comfort Conditions

Establishing Kuala Lumpurdés actual O ul
environmental context for the research. Located at the west coast of Peninsular
Malaysia, at approximate®0 km from the Straits of Malacca (the nearest sea), the
city is located at a latitude of 3.1¥ and a longitude of 102°E (Daghigh, 2015)

(Figure 2.4). Two main seasons are occurregt (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 ydamaludin et al., 2015; MET, 2019)

The mean, low and high temperatures are betwedD &td30°C, 22°C and 26C and

29°C and 35C respectively (Figure 2.5for humidity, the mean humidity for the city

is high between 70% and 90% and the lowest 40% (FigureBx#)gy positioned on

the 6l ntertropical Convergence Zoneo (1T
wind speed idow (Leary, 1979)averaging from 1.5 m/s to 2.0 m{SIET, 2017a;

Milne, 2016)(Figure 2.7).
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Figure 2.4: Map of Malaysia andhelocation of Kuala Lumpu(CIA, 2019)
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Figure 2.5: Outdoor air temperature (full year) for Kuala Lump{Milne, 2016)
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Figure 2.6: Relative humidity (full year) for Kuala Lump(vilne, 2016)

Wind Speed (OneYear Data)

——KL - Wind Speed (Mean) —— KL - Wind Speed (Low) KL - Wind Speed (High)

Wind Speed (M/S)
[o)]

4

2
0 A A | A\_N'\/H M\_/V\\IL
e e e o e e e o v e e e e e e e e e e e e e e e e e e e e e e e e
AN MNMTUOLOMNMNODOOATATNMSTSLOMNMNOOO A NN ONODOAANMS LW O
T A A A A A A A AN NN NANNANNANNOOOOOOO®M

Number of Days

Figure 2.7: Wind speed (full year) for Kuala Lump(Wilne, 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 pmThe high temperature of over @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 generaiyabove 70% (Figure 2.9). With a low
diurnal temperate in between 8 to 10°C (MET, 2019) Kuala Lumpur receives low
air movement in between 1.5 m/s to 2.0 aridcolder windgenerallycomes from the
North (946 hours, 29%), NorWest (593 hots, 18%) andeast (430 hours, 136
(Tang & Chin 2013) (Figure 2.10) Due to the urban roughness, the wind movement
in this city becomes neaniform, inefficient and unreliablé_echner, 2014; Mohd
Sahabuddin & Gonzalelzongo, 2017) As for comparisons, the suggested operative
temperature range for naturally ventil a
outdoor mean temperature is betweef4dnd 28.4C (ASHRAE, 2013) Whereas,
for relative humidity and airspeed, the ASHRAE Standarias5%et elow 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 & Gonzaldongo, 2018) Hence, in this kind of environment,
constant air movement has) 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
increag andreach its peak. At the same tintlbe wind speed at this period will be
significantly low where for stimulating evaporative cooling, it shall be constantly
moving at a minimum ratésenerally, the three possibilities associated with indoor
discomfort in highrise residential buildings in Kuala Lumpur are high air temperature,
high humidity and low air movement. The high ambient air temperé&tome urban
heat island effectéYusuf, Pradhan, & Idrees, 20143 the esult of the combination
of direct solar radiation, diffuseadiation from the skydome and reflected radiation
from both adjacent buildings and hard surfaces in urban @vedsd Sahabuddin &
GonzalezLongo, 2017) It has increased heat penetration into indoor spaces through

convection, conduction and rad@tieffects(Chenvidyakarn, 2013; Nave, 2012)
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