UN?MAS

i!’

ENERGY EFFICIENT
O\ __ BUILDING FOR
,\ RESILIENT CITIES

lr_ | Azhaili Bahar
N

A
. ‘\\\ :
\

f AN
;———-' ‘“\
B\
) A




| HADIATS

ENERGY EFFICIENT BUILDING FOR
RESILIENT CITIES



ENERGY EFFICIENT BUILDING FOR
RESILIENT CITIES

Azhaili Baharun



© UNIMAS Publisher, 2022

All nghes reserved. No part of this publication may be repraduced, stored in retrieval system,
or transmicred, in any form or by any means, cleertonic, mechanical, photocopying, recarding
or otherwise, withour the prior permission of the publisher.

Published in Malaysia by
UNIMAS Publisher,

Universici Malaysia Sarawak,
94300 Kota Samarahan, "
Sarawak, Malaysia. !

Princed in Malaysia by

Lee Ming Press Sdn Bhd
Lor 2050, Jalan Swasta, '
Pending Industrial Escate,

93450 Kuching,

Sarawak, Malaysia.

Perpustakaan Negara Malaysia Cataloguing-in-Publication Dara

Azhaili Baharun
ENERGY EFFICIENT BUILDING FOR RESILIENT CITIES / Azhaili Baharun.
ISBN 978-967-0054-05-6
1. Sustainable buildings.
2. Energy conservation.
3. Architccture and encrgy conservation.
4. Government publicitions--Malaysia.
I. Title.
720.472



List of Figures
List of Tables

Preface

Contents

Acknowledgement

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Energy and Environment
Introduction

Global Warming

Malaysia Action Plan and Scracegies

Sarawak Acrion Plan

Urbanization and Climate Change
Resilienc Cicy

Low-Carbon Smart City towards Resilient Ciry

Sustainable Building and Green Building
Sustainable vs Green
Concepr Differences of Sustainable wich Green

Green Building supporting Unired Nation's
Sustainable Development Cioul

Green Rating System for Building
[ncernacional Raring System for building
Malaysia Green Rating Tools

Malaysia Green Building lndex

Vil
viil
ix

Xl

L T

L

SN W

14
14
16

o ko —
BN o= D



Chapter 5  Energy Efficient Building 2/

Design Strategy for Energy Efficient Building 28
Thermal Comforr Studies 29
Passive Design Strategy 31

Building Orientacion and Building Configuracion 32

Building Envelope and Fenestration 33
Roof Design and Colour 34
Wall and Insulation 306
Landscaping 38
Shading 40
Building Internal Space Layour 42
Effective Room Depth 43
Chapter 6  Energy Efficient Building for Malaysia 45
Climare of Malaysia 406
Thermal Comforr of Malaysia 48
Lighting Comforc in Malaysia 49
Passive Design Strategy for Malaysia Building 51
Acrtive Design Stracegy for Malaysia Building 57
Conclusion 59
References 61

vi



List of Figures

Figure 2.1
Figure 3.1
Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure 6.1
Figure 6.2

Figure 6.3

Figure 6.4

Figure 6.5

Figure 6.6

Urban Hear Island Profile

Green Offices for Sustainable Development Goals,
Sources:hteps://www.worldgbe.org/green-building-
sustainable-development-goals

Swrategies for Climatic Control Source Watson

(L9938}

Factors Affecting Human Thermoregulation for
Borh Hear Gain and Hear Loss. Source — Nabeeha
AA, Baharun A (2021)

Roof with Insularion
Hear Transfer Sinusoidal Heat Wave Through Wall

Sustainable Landscape for Shading and Reducing
Wind Velocity

External Blind for Sun Radiarion Block

Space Layour — Working Area to Reduce Heat
Through Glazing Area While Harvesting Daylight
Through Lighr Shelf and Reflector

Location of Malaysia as Seen on Google Farth Near
the Equatorial Area

Suggested Building Orientation for Malaysia
Climare

Concrete Flat Roof (Source: Building Energy
Efhciency Technical Guidcline for Passive Design
2013)

Lightweight Pitch Roof with Plasterboard Ceiling
(Source: Building Energy Efficiency Technical
Guideline for Passive Design 2013)

Lightweight Pitch Roofl with Concrere Ceiling
(Source: Building Energy Efficiency Technical
Cuideline for Passive Design 2013)

Layers of Wall wich Insulation

Vil

10

29

30

35
af

e
D) —

47

51

33

23



List of Tables

Table 2.1

Table 4.1

Table 4.2

Table 4.3

Table 4.4
Table 6.1

Sustainable Development Indicators and Leading
Indicarors

Coverage of primary chemes of sustainability by
selecred Malaysian Green Building Raring Tools.

Source: Chee HF (2018)
Malaysia GBI Score and Racing

Comparison Points Allocated for Different
Caregories of Building for GBI

Comparison Green Building Rating Systems

MS 1525 Recommended Room [lluminance
Level for Tasks and Applicarions

viil



Preface

Climate change has a direct impact on the ecosystem, human health, and
the global economy. For the past 30 years, developing countries in Southeast
Asia, including Malaysia have witnessed the highest number of natural
disasters with more than 90 percent related to climate disasters. [In Malaysia,
flood incidents have increased over the past 20 years wich losses exceeding
RMS billion. In Kuala Lumpur, for example, studies show that the sceength of
thunderstorms and extreme rains have increased by 30 percent over the past
three decades, causing floods ro become more frequent. Due to the impace of
climare change as well as other contriburing factors such as narural resource
management and development planning. disaster events will occur more

frequently and on a larger scale.

The main purpose of this book is to introduce the encrgy-efficient
building for resilient cities and why it is important for | parties including
the private sector and government to prepare a future development plan thar
takes climare change facrors into account. Introducing smart and greener
cities in the furure will be able ro tackle turure problems, especially ¢limate
change issues. In ensuring the resiliency and sustainability of a city, new or
old, the ciry must be built green, and the buildings thar comprise them have
to be sustainable and green.
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Chapter 1

Energy and Environment

Introduction

Pressutes on the energy supply and demand ace nor showing decrease in vears
to come. The energy division is blamable for three-quarrers of the emissions
that have already pushed global average temperacuces higher since the pre-
induscrial age. The impacts ate cleady visible in weacher and climare excremes.
The energy division then has to be ac the core center of the solution to dJimarce
change.

The wodld is working towards achieving Goal 7, Affordable and Clean
Energy, of rhe United Nation’s Susrainable Developmenr Goals, with
encouraging signs that energy is becoming more sustainable and widely
available. Access o elecrriciry in poorer countries has begun to accelerate,
energy efficiency conrinues ro improve, and renewable energy is rapidly
becoming mare popular in rhe electricity seccor. Nevertheless. more focused
attention is needed to improve access ro clean and safe fuiels and technologies
for three billion people, and to expand the use of renewable energy beyond
the elecrriciry secror.

Hisrorically, energy is inseparable from the livelihoods and aspirations
of a world population chac is ser ro grow by some two billion people in 2050.
The rising incomes keep pushing up demand for encrgy services. Many
developing economies are experiencing an energy and emissions intensive
period of urbanizarion and indusrrializarion. The energy sector is primarily



blamed and held responsible for climate change. With actions taken by the
sector in handling climace change, still cthe direction of travel is a long way
from alignment with the Internarional Energy Agency (IEA)’s landmark of
Ner Zero Emissions by 2050 Scenario, which maps a narrow but achievable
roadmap co stabilise the rising world temperatures and the achievement of
other energy-related susrainable development goals.

Among different sectors in the energy division, the building sector
consumes about 20% to 60% af the total energy in the different regions of
the world with residential and commercial buildings are amoung the major
consumers.

Global Warming

The global annual temper‘aturﬁ has increased in toral by a litdle more than
1°C since the Industrial Revolurion. The Industrial Revolution is the
rransition of manufacturing processes in Western countries and the United
Srates, in the period from about 1760 to 1840. Berween 1880 and 1980,
the global temperature rose on average by 0.07°C every decade. Since the
beginning of 1981, however, the rare of increase has become doubled. Over
the lasc five decades, the global annual temperature has risen by 0.18°C per
decade.

The Intergovernmental Panel on Climare Change (IPCC) in 2018 with
90 climate scientists from 40 countries concluded thar global warming must
be limited 1o 1.5°C by 2040 if we are *0 avoid the most devasrating effects:
extreme droughes, wildfires, floods, vopical storms, and other disasters thar
are referred to collectively as climare change. These effects are fele by all people
but most severely by the underprivileged, low-income families, and farmers
for whom climare change is often the main factor of povergy, displacemenr,
hunger, and social unrest.

An IPCC Special Report on the impacts of global warming of 1.5°C
(2019) furcher strongly recommended rthe world to reduce global carbon
emissions by as much as 40% by 2030 to avoid global disasters.

b2




Malaysia Action Plan and Strategies

Energy conservarion has an impace on rne way we globally and locally
use energy and can affect climate change. The Malaysian governmenc has
adopred a policy ro teduce its catbon foorprine through more intensitied
energy efficiency measures in induserial, tansport, commercial secrors and

government buildings (Department of Enviconment, 2006).

Given thisand the promise made by the 6" Prime Minister of Malaysia,
in the United Nacion Climare Change Conference (Copenhagen, 2009) o
reduce catbon footpuint o1 emissions by 40% by 2020 compated to 2005
levels. the energy efficiency iniriarive in Malaysia has become ever more
crucial and cricical. Malaysia has made green technology a mainstream
ministerial portfolio in 2009 and followed by the launching of the Nacional
Green Technology Policy 2009 by Minisrry of Energy, Green Technology
and Warer (KeTTHA), later known as Ministry ol Energy, Science,
Technology, Environment and Climate Change (MESTECC) in 2018.

Later, the Nadional Energy Elficiency Action Plan 2016-2025 was
initiared to encourage the adoprion of energy efficiency in rhe public and
privare sectors through reducing electriciry demand growth by 8% over the
10-year period with a rotal reducrion of greenhouse gas (GHG) emissions
of 38 million tonnes of carbon dioxide equivalent.

Along this line, Malaysia also has been promoting che use of renewable
energy and adoprion of energy efficicncy in sustainable developnient
including granting attiactve incentives. The policy also includes more
Foreign Direct Investment (FDIs) and Domestic Direct Investment (DDIs)
and expansion of Green Technology rescarch. developmient, innavarion and
commercialization {(RDIC) actividies by local research and higher learning
institutions.

Dara gathered bas shown thact the residential and commercial building
sector is one of the major energy consumprion sccrors chat consumed
large amounr of the country’s total enerey annually {Siri Birkha Mohd cr
al., 2021). Prior to this, the energy conservation and energy in building
sector has been subjecred ro furcher improvemenr and development. For
the long reom (in the 11" and 12* Malaysia Plan) Research Development
Innovation and Commercializarion (RDIC) on green technology bhas been
given importance under the policy to move forward 1o satisfy criteria such
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as low greenhouse gas (GHG}) emission, conserving the use of enecgy and
natural resources as well as promorting the use of renewable resources.

Sarawak Action Plan

Sarawak’s Post COVID-19 Development Straregy 2030 (PCDS 2030),
launched in July 2022, has been developed specifically to ensure a clean
and healthy environment for all by having policies on sustainable forest
management as well as adopring of new technologies and innovations o
support Malaysia’s commitmenr ro reduce GHG emissions intensity of GDP
by 45% in 2030 and ro support Malaysia’s commitment ro keeping 50% of
the country under forest cover.

The blueprint prioririzes biodiversity conservation and narural resources
management, climare d‘lange mirigation, and adapradon while enabling
the creation of an environment with modern infrastrucrure in line wich the
country’s Industrial Revolurion 4.0 drive. Prior to the PCDS commitment,
Sarawak has moved forward by identifying 38 smart city initiatives in five
focus areas of economic growth, smarc living, clean environment, digital
government and digital infrascrucrure. The iniciatives were implemented
beginning in the year of 2021. The Kuching Smart City Master Plan is the
fiest to be developed with low carbon mobility, resilient, sustainable, and smarc
city infrastructure initiatives to be replicated in orher towns of Sarawak. These
initiative directly support the action plan of United Nation’s and Malaysia
Strategic Acrion Plan in handling global warming.



Chapter 2

Urbanization and Climate Change

Over che last couple of decades, urban areas around the world have been engaged
in a multicude of initiatives aimed at creating berrer environmental, social, and
economic conditions, and enhancing their actractiveness. These efforts have
been numerously labeled by planners and policy makers: from ‘sustainable city’
1o ‘eco city’, from ‘low carbon city’ to ‘resilienc ciry’, and from ‘liveable city’ to
‘smarc city. Often, these concepts appear (o be interchangeable. Nevercheless,
cides arc increasingly vulnerable to natural or artificial disasters due o large
populations, numerous buildings, and complicared social networks.

The United Nations (UN) predicts that by 2050 around 68% of humaniry
will live in cities. Although cities represent only 3% of the planet’s surface, they
consume 78% of energy and produce 60% of greenhouse gas emissions. For
this reason, in 2016 the UN itself released the New Urban Agenda ro advise
councrics on their urbanizadon processes with the goal of making cities more
habitable, inclusive, healthy, resilient, and sustainable.

Resilient City

Making Ciries Resilient was introduced by United Narions International
Serategy for Disasrer Reduction (UNISDR) in 2010. The campaign aims
“promote awareness and commitment for sustainable development practices that
will reduce disaster risk and increase the wellbeing and safety of citizens — ‘to invest
today for a better tomorrow”™ (UNISDR, 2010).
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Five years before UNISDR 2010, Vale and Campanella (2005) had already
described the resilience cides as the symbolic dimensions of disaster and
recovery, and the politics of reconstruction. They argue thar, to understand
urban resilience is ro understand the wayvs in which human narrarives are
consrructed ro inrerprer the meanings of urban reconstruction.

Newman, Beatley, and Boyetr (2009) focus on only one dimension of
resilience for Resilient Cities: the oil cuisis. In this context, they point out that
“a danger that few think about with such immediacy is the threat of the collapse of
our metropolitan regions in the face of resource depletion — namely, the reduction
in the availability of oil and necessary reduction in all fossil fuel use to reduce
human 1mpact on climate change”. Their focus was less on urban resilience
and more on “the challenges posed to metrapolitan areas in the face of responiding
1o their increased carbon footprint, dependence on fossil fuels. and impact on the
irveplaceable natural resources”

Many city governments perceive building urban resilience as a positive,
flexible approach o manage complex, inrerconnecred and unpredicrable
threats such as extreme wearher, shifting climate, ageing infrastructure,
economic insrability and equiry concerns (Woodruff et al., 2018). Funding
from leaders, philanchropic organisations and Hnance agencies has grown over
the past decade, encouraging cities increasingly to cugage in resilience work.
On the other hand, scholars often present urban resilicnce as an innovarive
approach to or framewotk for connecting and managing a wide range of
differenc urban shocks and long-term stresses (Ahern. 2011), (Wardekker er
al., 2010}. Resilience efforts undoubredly build on prior trban sustainability
or climate change adaparion explicitly aiming to ‘transform fundamental
public institutions, funcrions, and operations in ciry government’ (Marrin &
McTarnaghan, 2018; Harris er al., 2018,

Low-Carbon Smart City towards Resilient City

Earth is very susceprible ro climate change, and exposure to climare-driven
natural disasters will increase. By 2050, almost 70% of the total world
population is expecred to be living in towns and ciries, and climare resilience
planning will become increasingly eritical, The emergence of a smart climute
approach bringing rtogether ecco-city, suswinable city, and conventional
low-carbon green city approaches into the climare resilient and low-carbon



smart city development will generate a much higher value with lower cost
implication.

When studying cities, to understand the reum sustainability, one must
take into account the meaning of sustainable utban development. This is
a process of change in which tesource exploitacion. investmenc direction,
technological development and insticutional change ate consistenc with
present and future needs. The erm “sustainable ciry” hecame populac in the
1990s (Roy 2009), signifying the telationsbip berween economic, social and
enviconmental sustainahility aspects (Ahvenniemi ec al., 2017).

The concepr of smart city on the other hand is a relatively new and
perceived as the same as infoumation city, digital city and sustainable ciry
(Yigitcanlar, 2006). After 2013, it has been frequently used exceeding other
teems including sustainable city (Jong et al., 2015; Yigitcanlar, 2016).
Alchough a number of authors have difficulties in placing the concepe
together, these dehnitions are not conuadicrory but pardially overlapping
(Scheel & Rivera, 2013; Cocchia, 2014). In general, however, it is understood
thar smart cities make use of information and communication technology
extensively to help cities build cheir compeditive advantages (Yigitcanlar &
Baum, 2008; Caragliu et al., 2011). Smartr cities can be seen as a conceprual
model where urban development is achieved through che use of human,
collecaive and rechnological capiral (Angelidou, 2014).

Caragliu e al. (2011) conceprualise smart city using the following five
main characteristics: an enhanced adminiscrative and cconomic efficiency
that enables the development of culture and sociery by urilising nerworked
infrastructures; an  undeclying emphasis on  business oriented urban
development; a strong focus on the goal of tealising the social inclusion of
differenc kinds of urban residents in public services: an emphasis on cthe
significant role of high-tech and creadive industries in long-term growth,
paying close attention to che funciion of social and relational capical in city
development, and; a vision to rake social and environmental sustainabiliry as
an important aspect of smart city development. Other authors also point to
the necessary ingredients for the composition of a smure ciry, such as: smart
economy, smare mobility, smacc environment, smart people, smare living
and smact governance (Lazaroin & Roscia, 20125 Lee et al,, 2014; Jong et
al., 2015). Jong ec al. {2015) concluded that, the concepr of smare city goes
beyond the definitions of informarion cities, digital citics, and intelligent
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cities, because it contexrualises technology to be used in favour of systems

and services fO[ l)f_'Oplf_'.

The evaluation of 2 smarr city, as discussed by Marsal-Llacuna ec al.
(2016) should consider past experiences of environmentally frendly and
liveable cities, encompassing sustainability and quality of life, in addition,
-of course, to the composition of technological factors. Lazaroiu and Roscia
(2012) state chac it should represent a rechnological community thac is
intetconnected, sustainable, comforwable, attcactive, and secure. Smarr cities
make use ofciry dara for crafhc management, €nergy CONSUMpLion statisrics,
security, and optimising the operation of municipal services (Hacrison et al.,
2010) and encourage the increase of new suppliers to the smarc city marker
niche, using rechnological resources for rhe management of urban services

(Carvalho & Campos, 2013; Angelidou, 2015).

The term smarc city is, therefore, a concepr thar conains a number of
sub-themes such as smart urbanisin, smart economy, sustainable and smarc

environment, smart technology, smart energy, smact mobiliry, smarc healch,

and more (Gudes er al.,, 2010; Cocchia, 2014; Lara et al., 2016).

According to Dhingra and Chatopadhyay (2016), a smart and
susrainahle city has goals ro be achieved in ap adaprable, reliable, scalable,
accessible, and resilient way, such as: improving the quality of life of ics
citizens; ensuring economic growth with berrer employment opportunities;
Improving the well-being of its citizens by ensuring access to social and
community services, establishing an environmenrally responsible and
sustainable approach to developmenr; ensuring efficient service delivery of
basic services and infrastructures such as public transportation, water supply
and drainage, relecommunicacion and other uriliries; ability o address climate
change and environmental issucs, and; providing an effective regulatory and
local governance mechanism ensuring equitable policies.

A sustainable city specifically aims to achieve the balance berween the
three values, i.e. the economy, rhe environmenrt and impacts on sociery. Ciries
have to find the oprimal balance point based on rhe general indicators of
sustainable development, a sample list of which is presented in Table 2.1.



Table 2.1 Sustainable Development Indicators and Leading Indicarors

Sustainable Development Indicators N
> Leading indicators
(thematic area)

GDP Growth per Capita

Greenhonse Gas Emissions

Climate Change Consumption of Energy from Renewable
Sources

Socio-economic Development

Energy Consumptioo in the Transport
Sector in Relation to GDP

Sustainable Consumption and
Production

Susrainable Transport

Efficiency of Resources

J—

Occurrence of Birds’ Common
Natural Resources y
Protection of Fish Stocks

Public Health The Average Life Expectancy in Good

_ Health
Social Inclusion Risk of Poverty
I Demographic Changes &S Employment Rate of Older People
-_acbal Partnership -O-_H;cial Development Assistance -
E()Od Go-ve:\:mce (no lcadEAinrdicator?

Seurce: L Jodkowska, Stopien realizacii celéw armdwnowazoncza rozwaoju i LIOWIOWIAZOTIERD
spoleczensowa na wybranych przykbadach. lin:) Teendy @ wyzwinia zidwnowaionego rozwoju,
Zapol, Szczedin 2001,

When ic comes to the environmenral issues of smart cities, the discussion is
more political in nature, considering international resolutions and innova-
tive solutions to combat complex urban challenges. According o Dhingra
and Chaccopadhyay (2016). chere are four atrributes of smart and sustain-
able cities: sustainabilicy; quality of life; urban aspects, and; intelligence. The
hindings supported Carrillo er al. (2014) and Kondepudi (2014) statement of
Of[]f:l' FOUI' main [hL'l'ﬂL'.\I SUC‘IC[}'; CCO“O“‘.“-”\ cnyironment, ﬂnd; SO\’CTVU.]?]CC,
These themes are also presented by Yigiccanliv and Velibeyoglu (2008) and
Yigitcanlar and Lonngvist (2013) in their works on concepr that relate 1o the
development of smarc cides. A similar concepr, smart-ece city, proposes that

9


http:Yigir""I1!.lr

the city should be ecologically healthy, use advanced rechnologics and have
economically producrive and environmentally efficient industries, have a re-
sponsible and harmonious systemaric culture, and have a physically aesthetic
and functionally living landscape (Yigitcanlar & Lee, 2014).

The effect of urbanisation, increase numbers of buildings, populacion
density growth and acrivity contribured to another problem, Urban Heac
Istand (UHI) phenomena. The increase in urban remperature provokes an
average increase ol cooling energy loads. The use of air-conditioning sysrems
in housing increases due to climate change, becoming the major share of rthe
total energy consumprion in hot climates, which are greatly impact CO2
emissions (Baharun A e al,, 2018). The use of air-conditioning systems
comes with emission of waste heac inro the atmosphere, contriburing to rhe
ncrease in urban temperaryre, and giving rise 10 a dangerous vicious circle.
Minimizing the temperature incremenc can be achieved by areas suitable for
heac sink (Baharun A et al., 2016). The temperature profile of Urban Hear
Island (Figure 2.1) shows that the peak temperature is ac che cenrer of a ciry
and diminishes down in the rural areas.

Afternoon temperture

Rusral Commerial Urbar Suburhan Feread

Figure 2.1 Urban Hew Island Proble
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The energy impact of the UHI effecr is also detrimental in colder climares
despite the energy saving achievable on the heating demand. The cooling
demand increase derermined by the UHI intensity is morte important than
the heating demand decrease. Cooling demands also increase with the global
climarte change and the increase in the frequency of extreme weather evenrs
such as hearwaves. This consideranion makes the topic of UHI very important
in the field of energy and environmental studies for a sustainable ciry.






