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ARTICLE INFO ABSTRACT

Article history: Application of green technology and sustainabtiignding featured nowadays. Various
Received 18 July 2016 advantages can be achieved if we start from theénbieg to implement green

Accepted 21 August 2016 technology and sustainability starting from the lkoownership. Commencement of
Published 3 September 2016 business from developed countries such as JapanttendUnited States, most

developing countries now participate strides to lemnt green technology and
sustainability in every aspect. Green technology sustainability is no stranger in the

Keywords: construction industry in Malaysia. However, manfpe$ should be intensified so that
Green Technology the implementation of green technology and sudtdlihaaspects of the residential

Sugtainability infrastructure can be accepted by public. Thisesaose the power to buy and own a
Residential infrastructure home with green technology and sustainability cpteés in the hands of the buyer or
Housing Development the public. To ensure that residential green teldgyoand sustainable meet the
Policy characteristics favoured by the public, this stedgure that all parties involved in the

construction industry either from the relevant auties, government agencies, private
organizations and developers can play a key roleroviding the best for the
community, the nation and the future.

INTRODUCTION

The criteria of green residential building consisfssix elements, firstly, the community design and
planning, efficient usage of resources, use ofrtitve resources, natural system, protection afetys and
reusing and recycling approach. All the developeuhtries have their own criteria and their critexia related
to each other. The main purposes of the critegat@isave energy, to use resources in the effiormner and
to conserve the environment. (Ismaibl., 2013)

Green buildings are developed with objectives todpce a minimum destruction influence to the
environment, and healthier spaces in live and warkincrease in interests among construction plagech as
architects, developers, urban planners, constrmicaod government since a decade ago. Green realdent
building is part of a branch of green developmemt green buildings. The green residential has fetm
houses resources which can be controlled from b@iatigted by the environment and stressed on ensaging
features. (Eliast al., 2013)

Nowadays, green technologies play a very importaletto promote a societal move toward sustairtsbili
Green technologies are practical solutions to aehézonomic development and human satisfactiomimbany
with the environment. (Osmaah al., 2012).

Problem Statement:

The concept of sustainable housing requires a melgnstanding of the effective and sustainable Imgpigi
synergy. In order to get the attention about snatae residential it deserves to be implement reffieiently in
Malaysia such as in developing countries.
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Barriers to green building demand, according toagliaet al. (2013) states that demand for green
buildings, both commercial and residential, musheavith some problems and challenges in differeontries
and regions while moving towards sustainable caostin development. A study was carried out in Msia
by Samariet al. (2013) showed that the main barriers to the agraknt of green buildings in the country are
risk of investment, lack of credit resources toeroup front cost, higher final price and lack ofrdand. Others
barriers are lack of incentives, lack of buildirepes and regulation, higher investment cost, ldcitrategy to
promote green building, lack of public awareneasklof design and construction team, lack of exgperiack
of professional knowledge, lake of database andrindtion, lack of government support and lack of
technology.

To prevent global warming, there needs to be neetimes, from the design phase to the operaticheof
building in order to increase the efficiency of Eyeconsumption, so that the carbon footprint, glolarming
potential and ozone depletion potential can becedKomalasarét al., 2014). Abidin and Jaapar (2012) also
listed the some of the hindrances to faster pregoégreen housing in Malaysia as lack of publierest and
demand, the status quo in rules and regulatiorgrizgtion disinterest, project cost escalationigh ltost for
green appliance and local authority enforcementraatised that the reduction in the energy consiomph the
buildings is a major cost-effective way of reducgrgenhouse gas emissions.

Nevertheless, the acceptance of the sustainalibitycept is not industry-wide as many developers,
especially small and medium companies, are stéméng themselves. Implementation is believed eddw
because of several factors such as lack of knowlegolgpr enforcement of legislation, education, erpee and
passive culture (Abidin, 2010).

Objectives:

The objectives of this research are listed below:

1. To analyse the characteristics in design andcttre of green technology and sustainability for
residential infrastructure

2. To determine the most important characteristicgreen technology and sustainability for resident
infrastructure

3. To propose to the right department to implemtiet best characteristics of green technology and
sustainability for residential infrastructure

Analysis Scope:

The analysis for the research will be concentrategreen technology and sustainability on residéntia
infrastructure for building in civil engineeringgme. Questionnaire form for data collection forsthésearch
will be distributed to the public in Northern Makg. The study area encompasses three states timemor
peninsular Malaysia which is Penang, Kedah andkP&@0 respondents were targeted in this studyamfgen
with 106 respondents, while Kedah with 134 resieois and the rest in Perak were 160 respondelyt$cobe
assessed. In all three states, there are diffesencthe number of respondents due to the populaticeach
country.

RESULTS AND DISCUSSION

The Statistical Package for Social Sciences, Stdi¥ersion 20 software used to analyse the dHies
study received responses of 400 sets of questimmad investigate the criteria of green technolegyl
sustainability for residential infrastructure ara determine the level of importance of each cuteriThis
analysis is divided in two sections contained i qluestionnaire:

i. Section A: Personal Information

ii. Section B: Green Technology and SustainabilityResidential Infrastructure

The Cronbach’s Alpha used to measure the intewraistency of questionnaire. Based on this AlpHaeva
for the reliability test, the authors have beemgdhe Cronbach Alpha for the reliability of theegtionnaire.

Table 1: Cronbach’s Alpha Value
Cronbach’s Alpha Number of items Number of Questaire
0.915 20 400

Table 1 shows the reliability coefficients of Crach’s Alpha is 0.915, which indicates a high lewél
internal consistency and considered as excellgft-biakes testing internal consistency. Table @vwbelxplains
the internal consistency Cronbach’s Alpha of thehemalue of Cronbach’s Alpha internal consistengy b
Sekaran and Bougie (2010).
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Table 1: Consistency of Cronbach’s Alpha

Cronbach’s Alpha Internal Consistency

a>0.9 Excellent (High-Stakes testing)
0.7<a<0.9 Good (Low-Stakes testing)
0.6<0<0.7 Acceptable

0.5<a<0.6 Poor

a<0.5 Unacceptable

Analytical Result of Personal Information:

Personal information is the first section of theesfibnnaires. This section designed to provide iggne
information regarding to the gender, age, maritaius, number of family members, race, religiousupation,
highest formal education, household income, permiamgsidence and type of homeownership of respdaden

Table 3: Respondents Gender Information

Personal Information Detail Frequency (F:%centage
Gender Male 192 48
Female 208 52
Total 400 100
Table 4: Respondents Age Information
Personal Information Detall Frequency Percentage (%
18-29 216 54
30-39 136 34
Age 40-49 42 105
50 and above 6 15
Total 400 100
Table 5: Respondents Marital Status Information
Personal Information Detall Frequency Percentage (%
Single 214 53.5
. Married 182 45.5
Marital status Divorced 2 10
Others 0 0
Total 400 100
Table 6: Respondents Number of Family Members Information
Personal Information Detail Frequency Percentage (%
lto2 64 16
. 3to4 133 33.3
Number of family members 5106 153 383
7 and above 50 125
Total 400 100
Table 7: Respondents Race Information
Personal Information Detail Frequency Percentage (%
Malay 341 85.3
Race Chi_nese 36 9
Indian 16 4
Others 7 1.8
Total 400 100
Table 8: Respondents Religious Information
Personal Information Detail Frequency Percent (%)
Islam 343 85.8
Religious Bgddhism 28 7.0
Hindus 17 4.3
Others 12 3.0
Total 400 100
Table 9: Respondents Occupation Information
Personal Information Detalil Frequency Percentage (%
Public Sector 90 225
Occupation Private Sector 144 36.0
Student 136 34.0
Others 30 7.5
Total 400 100
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Table 10: Respondents Highest Formal Education Information

Personal Information Detalil Frequency Percentage (%
PMR and below 2 0.5
SPM 60 15.0
. . Diploma 100 25.0
Highest formal education Degree 193 183
Master/PHD 45 11.3
Total 400 100
Table 11: Respondents Household Income Information
Personal Information Detail Frequency Percentage (%
Below 2000 138 34.5
Household income 2000-4000 148 37.0
4000-6000 75 18.8
6000 and above 39 9.8
Total 400 100
Table 12: Respondents Permanent Residence Information
Personal Information Detail Frequency Percentage (%
Permanent residence Yes 350 87.5
No 50 12.5
Total 400 100
Table 13: Respondents Type of Homeownership Information
Personal Information Detail Frequency Percentage (%
Own house 149 37.3
Type of homeownership Rent'ed house 91 22.8
Family house 152 38
Others 8 2
Total 400 100

Analytical Results Using Ranking Analysis:

This finding indicates green technology and susfality for residential infrastructure in northern
peninsular Malaysia. The analysis classified iotarfparts in Section B in the questionnaire aswelo

Part 1: Architectural Design, Planning and Infrasture

Part 2: Green Technology and Sustainability

Part 3: Housing Development

Part 4: Policy

Part 1: Architectural Design, Planning and Infrastructure:

Table 14: Architectural Design, Planning and Infrastructure

Code Architectural Design, Planning anid Important and Strongly Important Rank
Infrastructure
N %
Consumer perception and knowledge of green
la architectural design and green infrastructurd99 74.8 5

criteria for residential.
Architectural design and infrastructure may
1b effect to the demand and supply of sustaingb&32 83 1
residential building.
Architecture design and infrastructure with
1c green technology and sustainability critefic822 80.5 4
enhance the public interest.
The constructions of smart homes and smart
1d city may improve transportation system, sgv828 82 2
energy, time and cost.
Landscape with walkways, bike lanes, grgen
le and safe is the preferred criteria of a residenti&R27 81.8 3
area.

Based on results of the analysis as shown in Thableespondents perceived that architectural desigh
infrastructure may effect to the demand and supplysustainable residential building. This criterids
important in every architectural design, planning anfrastructure. At the same time, these resnttate that
most respondents aware with green technology amsthisability for residential architecture designdan
infrastructure is important because when a high ateinfrom users certainly supply will be implemented
Second highest ranking is a second question oftinis where the constructions of smart homes arattscity
may improve transportation system, save energy &nd cost. These results indicate that infrastracduch as
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good transportation system, time saving, cost gpaind extremely user-friendly and eco-friendly ifalthe
needs of the public. This item is important asebup the infrastructure will require best plannihg start from
the beginning. Third highest ranking of architeatutesign, planning and infrastructure is the Laags with
walkways, bike lanes, green and safe is the peslerriteria of a residential area. This criterisrimportant to
encourage people to adopt a healthy lifestyle armidacontamination. Overall, respondent concerneoug
architectural design, planning and infrastructliiee average of the results of the analysis indicttat all the
items contained in this architectural design, plagmand infrastructure part is in scale 4, whichmgportant.

Part 2: Green Technology and Sustainability:

Table 15: Green Technology and Sustainability

Important and  Strongly
Code Green Technology and Sustainability Important Rank
N %

311 77.5 5

Consumer perception and knowledge about the négeski
green technology and sustainability for residerntifthstructure.
Green technology installations such as solar pamaiswater
2b harvesting systems or environmentally friendly equént can| 340 85 2
save energy and protect the environment.

Criteria of energy efficiency and renewable enexgg/important
for green residential building.

Assessment of the Green Building Index (GBI) isseful guide
to consumers in choosing a dream home.

Green technology for residential infrastructureuess carbon
2e greenhouse gas, environment issues and improveml-spc340 85 1
ecological system.

2a

2c 328 82 3

2d 323 80.8 4

Based on results of the analysis as shown in THhléased on the results of the analysis, it wasdahat
the first ranking is for the last question whichgi®en technology for residential infrastructuréedb reduces
carbon, greenhouse gas, environment issues andovegrsocial-ecological system. Therefore, most of
respondent knew the importance of preserving natndeprotecting the environment for future. Secbigghest
ranking is about the green technology installatisash as solar panels, rainwater harvesting syst@ms
environmentally friendly equipment can save enesigg protect the environment. This item is importiznt
order to protect the environment from pollutionayes energy and cost. Third highest ranking of green
technology and sustainability part is the critasfaenergy efficiency and renewable energy is ingartfor
green residential building. Most of respondent agret energy efficiency and renewable energy jsomant
for residential building because green technoldgje & provide the best solution for a better fatun short,
green technology and sustainability are very helpfuhe implementation of residential houses. Mokthe
result for this green technology and sustainabpiyt indicate that all the items contained in s&gl which is
important.

Part 3: Housing Development:

Table 16Housing Development

Important and Strongly
Code Housing Development Important Rank
N %
Construction using green technology will enhancee thousing
3a development. 31 .8 5
Consumer perception on satisfaction for housingelb@ment agains
3b . : L 323 80.8 4
sustainable residential infrastructure.
Relevant authorities should support the housingkaetaand economid
3c . : . 337 84.3 2
recovery in sustainable housing development sector.
ad Well plan_ned and strategic sustainable housing ldpreent facing the| 337 84.3 1
increase in house prices issues.
3e A campaign should be planned by encouraging petmpfearticipate in 336 84 3
“sustainable housing community.”

Based on results of the analysis as shown in TH®ldourth question from this housing developmeant p
is the first ranking because of the increase inskgorice issues due to well planned and strategitaimable
housing development. Concerning that if the cidtexf the various initiatives undertaken to impletngreen
technologies and the development of a well-plarareti strategic but the high cost charged to theigulblwill
burden the homeowner and will lead to the develagroésustainable buildings is difficult to accéipe public.
The second highest ranking for housing developrparttis the relevant authorities should supporthibiesing
market and economic recovery in sustainable houdévglopment sector. This item is important to emshat
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sustainable housing development able properly implged. Housing market and economic problems nist b
overcome with conscientious study of the respolisibior ensuring sustainable housing developmemi a
construction are not priced at a higher price. Titied higest ranking is a “sustainable housing camity”
campaign is important to encourage people to ppatie and to create the awareness in instill wiseaiving
energy and costs such as separating garbage,imgtaainwater for use in watering the plants anel tise of
solar energy.

Part 4: Policy:
Table 17:Policy Analysis
Important and Strongly
Code Policy Important Rank
N %
12 The importance I_eyel of general knowledge by pubbout the residential 313 78.3 5
infrastructure policies.
ab g&?csyumer perception and satisfaction of existingtasnable housing 316 79 4
Affordable housing development must apply the elenef sustainable
ac and green technology. 333 83.3 2
ad ;lgﬂéftlfyance of policy may effect to the demand aog@ply of residential 331 82.8 3
le Policy in |mp|ementat|_0n of green technology andtainability should be 333 83.3 1
enforced among housing developers.

Based on results of the analysis as shown in ThHbIdirst higher ranking is a policy in implemerntat of
green technology and sustainability should be eeftramong housing developers. This item is impbiitan
order to ensuring that housing prices will not bberéased indiscriminately without compromising ke t
sustainable development. Second highest rankiaffasdable housing development must apply the etesnef
sustainable and green technology. This item isnafteerlooked because of the particular housesféoedable
housing. This is due to the aspects of sustainadlesing construction should be carried out regasdte the
type of home. Third highest ranking is significamégolicy may effect to the demand and supplyesidential
industry item. Significant of policy play an impart role in ensuring that all parties concernethanhousing
industry and users adhere to the instructions éssue

Conclusions:

Green technology and sustainability for residentiflastructure are committed to create a bett@ndsrd
of living. This research is the review of greenhtealogy and sustainability for residential infrastiure which
gives potential benefits to environment, humamnafland fauna where green technology and sustaityadie
able to reducing impact on health and other enwiremt issues. The research is able to provide aipahc
philosophy about the most popular characteristipénspective of green technology and sustainabitity
residential infrastructure. Finally, policy acticimsterms of politics, technology, economy and abcan make a
difference by provide guidelines to the authoritieeh as Kementerian Perumahan dan Kerajaan Tempata
Kementerian Kesejahteraan Bandar, Perumah Kerdjaampatan and Majlis Perumahan Negara to achieve
green technology and sustainability for resideritifdastructure in future. At the same time, guide$ by the
authorities can be as guidance for developer, @uthiengineer, contractor and public to implemgmen
technology and sustainability in residential infrasture in Malaysia. Malaysia is still less resaron
residential infrastructure that is based on the ofk@reen and sustainable technology. The reseash
conducted by previous researchers may have beqmprivariate use today. For example infrastructure or
facilities in the former residential infrastructuisenot focused on bike paths and bicycle parls léndl to the less
populated residential areas using bicycles as le=shfor daily use or cycling as a leisure activitiis is how
sustainable landscape architecture practice ideasal infrastructure able to convert to a healifegtyle. The
next example about green technology and sustaityafuit residential infrastructure is a green regbtem that
should be used in each residence can reduce theaicosonditioning use during hot weather. In aitdit
through the use of clean energy technologies, asd@dvlar power at home can help reduce the rajeowfth of
greenhouse gas emissions. Green technology andiralstity for each type of building constructiomea
important because it takes an intelligent appraacknergy, minimises waste and maximises reusetese
resilient and flexible structures and promotes theahd well-being. From the above statements, shbaisthe
research about the green technology and sustdtyatuit residential infrastructure that needed hybiic is
important to investigate and to obtain its leveladbption based on the most important charactesisti each
residential infrastructure in green technology andtainability context. This research is importanbrder to
determine the demand and supply to implement theergrtechnology and sustainability for residential
infrastructure in future.
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