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CHAPTER 1

INTRODUCTION

Building construction worldwide consumes 3 billitons of raw materials a year and
produces 10% to 40% of solid waste stream in mosniries [1]. In the United
States, buildings account for 70% of electricitpsomption, 39% of energy use, 30%
of waste output, and 12% of all potable water camsion [2]. On the other hand, a
statistics shows that in Malaysia, buildings acd¢don about 20% of the production
of greenhouse gases that comes in third after goatetion (27%) and industries
(21%) [3]. The energy used in buildings, which ashsnainly of fossil fuels, thus
displace mega-tonnes of earth during mining, comswmlot of energy [4]. For
example, in every tonnes of cement, which is thetmadely used building material,
two tonnes of raw materials are consumed. Thoserral emit nearly one tonne of

CO, and up to 6 kg of NOgreenhouse gases [5].

At the same time, in every country, buildings aodstruction contribute a large
percentage of the world’s gross domestic produberdfore, to mitigate the impact
throughout the life cycle of buildings, the constian industry and the related
activities are the pressing issues faced by allstia&eholders in order to promote
sustainable buildings [6]. Sustainability is thelighto maintain a certain status or
process in existing systems. Based on bruntlanartrem 1987, is the development to
meets the needs of the presence without compraognitie ability of future
generations to meet their needs. One of the theuddut an ecologically sustainable
building is that, rather than being something tlaats forever, it is something that
maintains its amenity while being capable of adaptd change. Sustainable building
use key resources like energy, water, materiald, land more efficiently than the

building that is simply built to code [7].

The International Council of Research and Innovatim Building and
Construction (CIB) working commissions identifieceveral recommendations

towards achieving sustainable buildings. One aftieeto develop green building [8].



In the U.S the term of green building is widely Wmo as ahigh-performance

building. Whole performance building are considers siteygy materials, indoor air
guality, acoustics, natural resources, as wellhag tnterrelation with one another.
[9]. Green building provides financial benefitsttikanventional building is incapable
of, which include cost savings from reduced enevgpter and waste, lower practice,

maintenance costs, improved occupants productwityhealth [10].

Since building had more of financial benefits, pter and public owners require
building projects to be designed and constructednirenvironmentally responsible
manner and to be recognised as green buildings (Irig of the main areas of activity
in the concept of green buildings is the developngmmethods and tools used to
assess the environmental performance of buildiag$. [This matter has led to the
issue on how to assess whether the building pedocen fits into the “green”
category. The International Sustainable Buildingviloent, which came in the early
1990s, on CIB task group 8 of Building Assessm@mbvided an “International
impetus for the development and implementation wfding assessment tools and
guidelines” [13]. This is accomplished by requiritige construction projects to

achieve certifications of green building using iadtiparty rating system.

Environmental assessment methods of building efast a wide range of
applications [14]. There are three categories ofldlmg assessment methods
including Green Building Rating System (GBRS).slta design checklist and credit
rating calculator developed to assist designersdentifying design criteria and
documenting proposed design performance [15]. GBRS be considered to have
three distinct stages, which are defined as follows
1. Classification,

2. Characterisation,

3. Valuation or also known as weighting.

Accreditation of buildings is an essential parttbé international sustainable
building movement in order to give new and renodédtaildings a rating, which is
determined by how green they are [16]. GBRS is lgesl to provide rating points in
order to identify that the building meets the ciaeneeded [17]. Through criteria and



sub-criteria, GBRS evaluates the performances ef lhilding and gives rating
awards [18, 19].

Nowadays, several GBRSs have been used and deddiape international to
local levels. The first system was established e tarly 1990s from UK
accreditation system named Building Research Hshabent Environmental
Assessment Method (BREEAM) [20]. After that, otegstems such as Leadership in
Energy and Environmental Design (LEED) from US, @oemensive Assessment
System for Building Environmental Efficiency (CASBE from Japan, and many

more were developed and are currently applied widel

The development of GBRS is dynamic and it is thesoa for the pioneers of
GBRS namely BREEAM and LEED, to have great infllesh¢o form the newer
GBRS in other countries [17]. As a reflection ofstdynamism, energy efficiency in
building appears as the main criterion in most GBRE 22], including Malaysia’s
Green Building Index (GBI). However, in the fututes hope that the newer GBRS
will consider local context to improve the implentedion of rating system. A green
building rating does not imply to be used acrosdtipia countries and often they
have features with a significant local favour [2Bhaunched in May 2009, GBI
identified “Energy Efficiency” at the first priogt followed by “Indoor
Environmental Quality”, “Sustainable Sites”, “Matdr and Resources”, “Water
Efficiency” and “Innovation” [23]. Based on the GBdunched forum [24], it have
been criticize that GBI have given more emphasiaeégnergy Efficiency” without
consider what is Malaysia’s office building concenost. Research by Universiti
Teknologi Malaysia mentioned that GBI need to idgrapecific criteria to improve
implementation of GBI [22], thus the feedback frempert stakeholders needs to be

addressed.

This research defines new weighting criteria wébpect to the local conditions in
Malaysia by analysing these criteria with questaires from various expert
respondents using Analytical Hierarchy Process (ArEthod. In AHP, respondents
rank the relative importance of each criterion aswb criterion in pairwise
comparison, with the scale of 1 to 9 and then tiiter@a were weighted to meet the

priority [25, 26]. Furthermore, to identify diffeme points of the new weighting, the

3



final analysis evaluates the “SIME office buildingsing the current GBI and GBI

survey result as well as validation by the cedrtiifi@BI facilitators.

1.1 Problem Statement

1. GBRS must represent the geographical location dimdatic condition of its
original country [27, 28]. Since GBI is based omueated guest, and adapt other
GBRSs. Therefore, this research discusses a cotiveaemnalysis of GBI with

five other GBRSs around the world to add knowleidghis particular area.

2. GBI put more emphasis in “Energy Efficiency”, comaag the implementation of
GBI in Malaysia; it would be helpful to identify ¢hfit criteria based on expert

opinions.

3. A building might have different award if it assesdey different rating system
(current GBI and GBI survey result).

1.2 Research Question
1. How different is GBI compare to other GBRSs?

2. How the expert will rank the criteria of GBI based their expectation and

experience in green building concept?

3. What is the result if a building is being assedsedifferent rating system?

1.3 Objectives

The aim of this study is to weight the criteria aud-criteria of current GBI based on
opinions of expert respondents. The aim is supgdijethe following objectives:
1. To identify and compare the GBI with the followiGBRSs:

» BREEAM, UK

* LEED, US

« CASBEE, Japan



» Green Star, Australia
» Green Mark, Singapore
2. To determine the criteria and criteria weightings8I, based on:
2a. Different group of experts:
* Engineers
* Architects
» GBI facilitators
» Government officers and
* Academics
2b. all groups of experts
3. To evaluate “SIME office building” with the curre@BIl and GBI survey result,

and validate the results with the certified GBliligators.

1.4 Research Contributions

To satisfy the research objective, this thesisligbts two main contributions:

1. The first contribution is to develop the current IGB terms of the priority of
criteria. In addition, this study also has givea fhedback collection and analysis
in order to improve the implementation of GBI.

2. The second contribution is to add knowledge in gadicular area, where expert
respondents have proposed different weightingraiten current GBI. From the
AHP questionnaires the respondents have their e@&sppctives in measuring the

level of importance of each criterion.

1.5 Scope of Study

Some scope definitions are set to keep the researdts focused and be done within

the specified time.

1. The comparison of GBRS from different countriesstow the similarities and
differences of GBI and other GBRSs. The comparigorfocused on Non
Residential-New Construction building type. The GBRovered in this study
include BREEAM, LEED, CASBEE, Green Star, Green kand GBI.

5



2. AHP analysis focuses on analysing criteria and gitbria weighting of current
GBI based on expert respondents to provide infaomator the formation of

standard GBRS for the region in the future.

1.6 Limitations of Study
The Limitations of this study are mentioned asoiat:

1. This research only studies on criteria and sulemat weighting, without
mentioning specifically on each criterion, and ofdy GBI-Non Residential New
Construction (GBI-NRNC) building type.

2. In this research over 300 questionnaires were tgergspondents, however only
few questionnaires are returned.

3. This research was mainly based on questionnair@egurhowever some
respondents were interviewed for further clarificat

4. The proposed case study is only to view the diffepmints that a building scores

from similar rating system based on two differenitiecia weighting.

1.7 Thesis Organization

The thesis is organized as follows:

« Chapter 1 consists of the background study, oljestiscope of study and thesis
outline.

» Chapter 2 discusses theoretical background to supmp® research objective and
addresses the role of green building rating systenaddition, there are some
previous studies related to the field of discussitindiscusses what other
researchers have done in the field, and the ismeghallenges faced.

» Chapter 3 presents useful information about GBle €Thapter also provides the
details on how the system gives points to the mgldbased on the specifications
in each criterion and sub criterion.

 Chapter 4 provides research design, tools for amalgnd data collection,
methodology and specifications of the multi-cridediecision making software, i.e.

Expert Choice-2000 version.



Chapter 5 contains the results and discussionsiglilights the comparative
analysis of GBRSs, pairwise comparison of critema sub-criteria in different
group of experts, and justifications of the results

Summary of the conclusion and future works are dremChapter 6.






CHAPTER 2

LITERATURE REVIEW

2.1 Introduction of Sustainable Building and Constuction

The World Commission on Environment and Developmeldfines sustainable
development as development that meets the needsth®f present without
compromising the ability of future generations teantheir own needs [29]. When
this concept is applied to the built environmentgan be viewed in the context of
“green” or environmentally sensitive, consciousigiesnd construction projects [30].
Ever since modern design and construction practieg® introduced, the building
industry has given less consideration towards imipgenvironmental performance,

resulting in less action taken [31].

Building and construction sectors contribute onrage 10% of Gross National
Product (GNP) and more than half of capital invesimin all countries [32].
Statistics suggest that there is a strong link betwbuilding construction and
urbanisation. Current human development has seeanaitional demographic shift
from predominately rural based societies to urbamtres [33]. By more than 50% of
the global human population currently live in cti@nd this percentage is on the rise
as the human population increases. It is preditbedeak at approximately seven
billion peoples by early 2012 , and might reacthelgjllion by 2025-2030 [34]. This
situation presents the building and constructioctase with  many challenges,
requiring it to go beyond simply providing suffioieshelter.

Even though many of the urbanisation and humares®hts issues expand
beyond the scope of building and construction, ehier large potential for the
sustainable building and construction sector tatete influence in these areas [33].
This sector therefore holds great importance tb@athan activities, as well as ecology



and environmental. Sustainable design considers udditg’s environmental
implications holistically, starting from the plamgi process to the building's
deconstruction at the end of its useful life [3Bfoper planning during the design
phase is important and must consider all of thgepts environmental and their
related impacts, as well as their actions takemiaimize the impacts. A building
project has the potential to affect the healthaetl-being of the building’s occupant
and the surrounding community, including its opgaces, ecosystems, plants,
animals, air quality and natural resources [36].

For example, studies shows that an average pepsords over 90% of their time
indoors [37]. Many buildings that have been builtdaoccupied provide little
exposure to natural daylight and limited outdo@ws. Studies also show that people
who work in buildings that do not provide outdodews have a higher risk of
running into health problem [38]. Many projects igwliminately destroy natural
areas or damage them more subtly by affecting tharoclimates. For example, the
ecosystem may be affected by heat generated frathsurfaces and buildings, which
is commonly referred to as the heat island eff@g}.[The aim of sustainable building
is not only to mitigate all the impacts, but alsp groduce buildings that exist
harmoniously with their natural surroundings anishdpibenefits to their occupants. A
sustainable building also considers how the bugdwill affect the environment
through its deconstruction [40]. For example, theme certain designs that
incorporate materials and design elements that mali allow the building to be
deconstructed and the materials to be reused omest to their natural state at the

end of the building useful life.

2.2 Green Building

A green building is an environmentally sustainaéding, which is designed,
constructed and operated to minimize environmemahcts. The “green building”
has been used as a generic term to describe augtainability issues associated with
a project. The “green building” apply in every phashich is from construction

strategies, building design and orientation, laagsw, building operations and
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maintenance [41]. The less impact a building has hmman health and the

environment, the more green it is considered to be.

Based on Kibert, The “green building” refers to theality and characteristics of
the actual structure created using the principlesustainable construction. Green
building is healthy facilities designed and built @ resource-efficient way, using

ecological design, ecologically sustainable desagual green design [42].

Based on the American Society of Heating, Refrijegaand Air-conditioning
Engineers (ASHRAE), a green building design is aiethose achieving high
performances, over its full life cycle, in the fmNing areas [43]:

1. Reduce the natural source consumption through reffigient use of non-

renewable natural source;

2. Reduce emissions that negatively impact the indeawironment and

atmosphere of the planet;

3. Reduce disposal of solid waste and liquid efflueatsd the associated

infrastructure needed to hold removal;

4. Reduce negative impacts on-site ecosystems and

5. Maximize the quality of indoor environmental.

As theenvironmental impaadf buildingsbecomes more apparent, one of the
solutions devised was to include sustainabilitycpcas in the construction projects
[44]. The added sense of urgency caused by cofigntaing energy costs has
inspired many involved in the construction indudtryresort to the green movement
for solutions. However, the concept of incorpomgtisustainable practices into
conventional design and construction proceduresuires) a redefinition and
evaluation of the existing roles of project papamts to be able to contribute

effectively to the objectives of a sustainable [45]

2.2.1 Green Building Benefits

Green building is not only beneficial to the healplerformance and well-being of
occupants, it also leads to economic gains andntivess, as well as social aspect
[46].
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Environmental benefits:

* Enhance and protect biodiversity and ecosystem;
* Improvement of air and water quality;
* Reduction of solid waste by using recycled buildingterials, and;

» Conserve and restore natural resources.

Economic benefits:

* Reduction of operating and energy costs;

» Create, expand, and shape markets for green pradddervices;

* Improvement of employee productivity and satistactiby reducing indoor
building environmental characteristics that maydléa Sick Building Syndrome,
and;

* Optimise the life-cycle economic performance ofiding.

Health and Social benefits:

* Improvement of indoor air, thermal, and acoustizimments;

* Enhance occupants’ comfort and health;

* Minimize strain on local infrastructure by usingdeenergy, water, and reducing
solid waste, and;

* Improve the overall quality of life.

2.2.2 Green Building Barriers

While the benefits of green buildings continue how promising results, there are a
number of barriers affecting the realization ofithell environmental, economic and
social potential. At the local, national and inegfanal levels, efforts are underway to
systematically identify and address limitations the implementation of green
building [47]. Economic perceptions, industry aweegs, and availability of green
design technical capabilities are the most sigaificoperational barriers to green
building design and construction. Knowledge and ilianty about green building

practices have progressed relatively slowly actbssindustry. As more architects,
engineers, planners and designers engage in gmaetices, both time and cost

savings will be reduced [48].
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Perception of higher costs and increased upfropitadlafor green buildings
relative to conventional building designs can disoa barrier. In fact, contrary to
general perceptions, the average premium for goeddings is slightly less than 2%
or USD3-5/ft of the cost of a conventional building [49]. A dyuconducted by
California Sustainable Building Task Force, fouhdttbased on a 20 years building
life, an initial increase of 2% in upfront costelgs lifecycle savings of 20% of total
construction costs [50]. Building codes and incemolicies can be instrumental in
facilitating green building practices and technadsg In addition, education and
training programmes can minimise misperceptionandigg the economics of green

buildings design and construction [51].

2.3 Green Building Rating System (GBRS)

In order to meet environmental goals, the buildmdustry must take quantifiable and
measurable actions. Measuring ensures that itcoastantly evaluate and improve
the operations and decrease the harmful impacthernvironment [52]. Based on
[46], there is no universal agreement on calculpembodied energy. In addition,
numerous academics and professionals are devisimgoemental labelling and
accreditation schemes in the hope that it will Imeedhe industry standard [53]. The
aim is to come up with a standardized set of ¢atéar environmental performance
and provenance that will be adopted internationadiyd provide architects,
manufacturers, designers and clients with a sirpé¢em to claim that their building
product or material is environmentally friendly [5A number of tools have been
developed to evaluate building environmental penfomce. A green Building Rating
System (GBRS) is a design checklist and credihgatialculators developed to assist
designers in identifying design criteria and docotmg proposed design

performance [55].

There are various building rating systems baseddifierent parameters for
measurements of performances and efficiency, brhineelements are common
among those systems. Green building rating andfication systems address aspects
of design, construction and operation of buildirggmsisting of site selection and

orientation, energy efficiency, water efficiency, aste management during
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construction and operations, selection of enviromaley preferable materials,

improved indoor environmental and integrated mamesge plans for buildings [56].

A GBRS grades buildings based on a system of cpexlits. Individual buildings
can achieve different levels of certification byirgag a certain number of credit
points. These credits can be achieved by complyitiythe green standards specified
in the rating system. Based on the standards $eboe or more points can be allotted
for every innovation or change that is made indbestruction method of the building

in order to gain compliance with the green stansl@bd].

GBRSs in general focus on the following five ciigerSite; Water; Energy;
Materials, and Indoor Environment. For each criteria number of prerequisites and
credits with a specific design and performancesgatexist [44]. The scores in each
of the sections are weighted and then summed tegathprovide a single score that
is reflected as a rating award. Through each @iteand sub-criterion, GBRS
evaluates the performances of the building [58]e Tating systems incorporate a
coordinated method for accomplishing, validatingd &enchmarking sustainability of
designed projects. As with any generalised metkadh has its own limitations and

may not apply directly to every project regionatlarther specific aspects [59].

Several green building rating systems are in udayt@nd being developed at the
international and national levels. The system oatgd in the early nineties from the
UK accreditation system, Building Research Estabtient Environmental
Assessment Method [60]. It was later followed byestGBRS. The GBRS covered in
this research are listed below:
1. BREEAM - Building Research Establishment EnvirontabmAssessment
Method

2. LEED - Leadership in Energy and Environmental Desig

3. CASBEE - Comprehensive Assessment System for Bigjl&nvironmental
Efficiency

4. Green Star

5. Green Mark, and

6. Green Building Index.
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2.3.1 Building Research Establishment EnvironmentaAssessment Method
(BREEAM)

BREEAM was first launched in 1990 and is curremdlyised annually to keep abreast
with the UK Building Regulation and stay in lineticurrent best practice. The first
version of BREAAM was developed to assess the enmiental performance of
offices and is marked as the building environmeitsgessment method with the
longest record of accomplishment. Since then, rditing system has been developed
to cover the following types of buildings [61];

» Other Building (including leisure complexes, laliorees, community
building and hotels design);

* Courts;

* The code for sustainable homes;

» Ecohomes;

* Ecohomes XB;

» Hospital or healthcare building;

* Industrial building;

 Multi-Residential

e Prisons;
+ Offices;
¢ Retail;

* Education;
e Communities;
 Domestic Refurbishment;

e In-Use

The version discussed in this research is BREEAMNon Residential New
Construction (NRNC) or Offices building. Based @2], in 2008, there have been
more than 100,000 buildings certified by BREEAMvdiich 1358 are non-domestic
buildings, more than 500,000 buildings registem@dyhich 3177 are non-domestic
buildings. In addition, there are 1473 registeredeasors operating within 820

licensed assessor organizations.
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Licensed assessors carry out BREEAM assessmentddingu Research
Establishment (BRE) trains, examines and licensganizations and individuals to
help design teams (or facilities management congsargather the appropriate data
and to carry out the assessments. For each assgs#imeeassessor produces a report
outlining the developments performance against ed¢he criteria, its overall score
and the BREEAM rating achieved [63]. This reporsent to BRE who review the
report using a strictly defined quality assurana®cpss. Once a report has
successfully passed the quality assurance pro®RRE, issues the client with a

certificate that confirms the development’s BREEAsking. The details of the

verification process are concluded in Figure 2.1.

Registration

'

Assessment
reference number
issued

'

Information
collection

Assessment by
independent
BREEAM assessor

'

Assessment report
submitted

!

Quality assurance
process

'

Certification

Via form accessed on extranet submitted online prpbst in scheme
appropriate to development.

Assessor collates information required to demotestreompliance with
BREEAM criteria.

Assessor completes assessments of all informatidheged and calculates
BREEAM rating. Support is provide to assessorsughout, by BREEAM
customer support team

Assessor compiles BREEAM assessment report refeignall relevant
information and submits to BREEAM office

Report submitted for quality assurance. There isximam time form
submission of report to certificate issues.

Upon successful quality assurance, certificateeidga client.

Figure 2.1 Certification Process of BREEAM

The BREEAM methodology calculates an environmem&ing by awarding

points, or credits, for meeting the requirementseries of criteria that, if complied

with, would result in a reduction of the buildingsgative environmental impact and
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an increase in its environmental benefits. Eacteroin is usually worth a single

credit in exception of cases where there is a lamy@tion in the performance of

buildings, which meet the requirements of the gateFor example, criterion of

“Pollution” is assigned 10 credits on the scale alhruns from one credit for a

building that achieves just above the minimum lenegjuired to meet UK building

regulations, up 10 credits for a building which In@s carbon emissions zero. The ten
criteria in BREEAM have different points as seeable 2.1 [64].

Table 2.1 Criteria of BREEAM-NRNC

Criteria Weighting
Management 12
Energy 19
Transport 8
Health and Well-Being 15
Water 6
Materials 12.5
Waste 7.5
Land use and Ecology 10
Pollution 10
Innovation 10
TOTAL 110

Table 2.2 BREEAM Rating Award
TOTAL AWARD
SCORE LEVEL
>85 Outstanding
Ratings >70 Excellent
>55 Very Good
Award >45 Good
>30 Pass
<30 Unclassified

The criteria are weighted according to the perakivenportance of the

environmental issues that the section aims to addiehe weightings are applied to

the percentage score for each issue category. dthedf the weightings gives the

environmental score. The BREEAM rating award isntlaelded based on the score
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achieved. Table 2.2 shows the rating award withi@ $core that is given to the

building successful in the assessment [64].

2.3.2 Leadership in Energy and Environmental DesigiLEED)

The LEED rating system, which was first launched®98, represents the U.S. Green
Building Council (USGBC) effort to provide a natedrstandard of what constitutes a
“green building” [65]. LEED focuses on “market telarmation”. LEED has many
versions on each phase, and the current versidEED V.03. There are different
types of building in use in LEED rating systems][66

* New construction and major renovations

» Existing buildings: operation and maintenance
* Commercial interiors

« Core and shell

* School

* Retail building

* Healthcare building

* LEED for homes

» LEED for neighborhood development

The version discussed in this research is LEEDNBINC or new construction
and major renovations building. The new constructiersion is used throughout the
design and construction phase, and the actual (abgilficate) is only available once

the construction is completed [46].

In LEED, the project team compiles the documentatiequired for the
assessment. A trained assessor is therefore noiredqalthough there is a credit
available for appointing a LEED AP (Accredited Rsdgional) as part of the design
team. Once the project team has compiled all theumentation, it would be

submitted to the USGBC who reviews the evidencecahcllates the score.

Assessments are completed either by using an oafipkcation or submission of
a hardcopy. The USGCB will then proceed to revieRED submissions through
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project teams. The project teams and the USGB iascertificate and plaque with

the rating on it once they have accepted the Bnate. The details of the certification

process are concluded in Figure 2.2:

Registration

'

CIR submission

.

Document
submission

'

Receipt of PILOT
review

Project team
responses

|

Final review

}

Receipt of final
assessment

'

If certified rating
awarded,
submitting image
and project case
study to USGBC

A compliance interpretation request is requiregridject includes features
that do not fit with LEED criteria.

Report submitted either online or hardcopy

It taking review by the assessor.

On receipt of the review, the project team has moeth time to supply
information required.

The USGBC (United States of Green Building Coungil)l process the
information and submit final assessment.

If project disagree with any assessment decistomilliappeal a cost. Receipt
PILOT review.

Once project team accepted the rating given the RISGhere will be issue
plague and certificate.

Figure 2.2 Certification Process of LEED

LEED provides a complete framework using a poinsdoarating system for

assessing building performance and meeting susiéitgegoals. In LEED, the new

construction version is used throughout the deaiggh construction phase. Once the

construction is completed, it can be presentedtioeing for award [49]. To receive a

LEED certification, a building must meet the crideof a particular type of structure

in the appropriate program. Through criteria, itwWabevaluate the performances of

the candidates’ buildings and give rating awarthé buildings meet the standards of
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LEED. Based on [67], LEED emphasizes state of tfegegjies and assessments in the

following criteria, as seen in Table 2.3.

Table 2.3 Ciriteria of LEED-NRNC

Criteria Points
Energy 35
Water Efficiency 10
Materials and resources 14
Sustainable Sites 26
Indoor Environmental Quality 15
Innovation 6
Regional Prior 4
TOTAL 110

Each criterion has sub-criteria that are assigmadtp amounting to a possible
score of up to 110. LEED then adds up the points iasues a rating award. The
assessment is rated based on the total score fofié€e Silver, Gold, and Platinum.
The rating award level used for NRNC building i®wh in Table 2.4 [67].

Table 2.4 LEED Rating Award

TOTAL AWARD
SCORE LEVEL
>80 Platinum
Ratings 60-79 Gold
Award
50-59 Silver
40-49 Certified

An example of the point system is if the projeainsad0 to 49 points of the score
points, the building will be awarded “Certified™el. Earning points for any type of
buildings is accomplished by meeting the criteriestablished for a particular

category within the given award.
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2.3.3 Comprehensive Assessment System for Buildingenvironmental
Efficiency (CASBEE)

CASBEE was first launched in 2004 by Japan Sudt&n8uilding Consortium
(JSBC), which is the methodology used to calcuthéescore called BEE (Building
Environmental Efficiency) that distinguishes betwesnvironmental load reduction
and building quality performance [68]. This appioacas first developed by iiISBE
(International Initiative for a Sustainable Builb&ronment) in the form of a GBTool.
This means that, CASBEE, compared with all otheéngasystems in this research, is
different from the rest. CASBEE comprises a varigtyassessment tools along with

the design process, and include the following [69]:

» CASBEE for Pre-Design Assessment Tool which enablesers and planners
to identify the basic context of the project, swh proper site selection and
basic impact of the project.

« CASBEE for New Construction uses to assess buildlnogng design and
construction stages.
» CASBEE for Existing Buildings for buildings that e been occupied for at

least one year.
» CASBEE for renovation uses to help generate prdgdea building upgrades

and assess improvements

CASBEE New Construction is a complex calculatiorthndology. In CASBEE,
the more measures available to improve environrh@etdormance the more credits
that can be developed. The system adopts an envenatal efficiency approach by
providing results that are based on the qualityepn¥ironmental performance in
relation to the environmental load, representirggasments made within and beyond
the hypothetical boundary of the building concernéture 2.3 concludes the
verification process of CASBEE [70].
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Report complied | Data compiled by CASBEE assessor

Acceptance by | Verification of report template and certificatioosts payment.
CASBEE

.

Credit filter check | Filtering of credits associated with development

,

Final credit Decision is taking on suitability of final credisd certification.
appraisal Precise characteristics of developments agreech (miéeting client etc if
appropriate)

Appraisal/report Report submitted and quality assured
issued

'

Publication of Report published via CASBEE database on homepage.
result

Figure 2.3 Certification Process of CASBEE

BEE is a key concept of CASBEE, which is used tmwnicate the assessment

results that can be translated into a simple egishown below [71]:

25XSq-1)

25x(5 - SiIr) (2.1)

BEE=9=
L

where
BEE = Building Environmental Efficiency;
Q = Building Environmental Quality and Performance;
L = Building Environmental Load;
Q=25x(%-1)
*Sq = & : Score of Q category
S =0.4 X $110.3 X $2+0.3 X 3
L=25x(5-SIr)
* Slr = S r: Score of LR category
SRr=0.4 X $r110.3 X Sr2+0.3 X SRr3
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All the issues divided into two basic types, whare Quality measures (Q) and
Load reduction (L). Once the assessment is complatethe score is calculated, it is
presented as the BEE. CASBEE covers 80 sub-itertieeiassessment, which are re-
categorized into [69]:

* QiIndoor environment

* Q2 Quality of service

e Q3 Outdoor environment on site

* L Energy

* L, Resources and materials

» L 3Off-site environment

BEE values are represented in a plot by the gradients |connecting the
assessments data and the origin. A larger gradsmnth possesses the higher value
of Q and lower value of L, represents higher sastaiity of the building [71]. In
CASBEE, there are five different rating awards klde, as seen in Table 2.5 below
[62].

Table 2.5 CASBEE Rating Award

TOTAL AWARD

SCORE LEVEL
>3 S
Ratings 1.5-2.99 A
Award 1-1.49 B*
0.5-0.99 B
0-0.49 C

CASBEE has independent origins and a strong fonussues, such as earthquake
resistance, which are of particular importanceapabh, its country of origin. In short,
CASBEE is different with other GBRS around the wofThe scoring and weighting

system in CASBEE is complex. There are number edits that would only be of use
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in extreme cases. Therefore, the comparative asatgsvered in this research will

only be focused on CASBEE certification process.

2.3.4 Green Star

Green Star is another national voluntary ratingesyspromoted by Green Building
Council of Australia (GBCA), which is responsibler fevaluating the environmental
performance of buildings [72]. The first version@feen Star was developed in 2003
in a partnership between Sinclair Knight Merz ariRlEB As BREEAM was used as
the basis of the Green Star methodology, the twthods are very similar [62]. The
Star certification system is also similar to theAEsystem, and serves essentially as
a market transformation tool demonstrating goodctpra rather than building
performance itself. However, revisions have beedandue to the various differences

between countries.

Green Star has rating for different phases of théding life cycle. Some
examples of tools are for design, construction@petation, and for different building
classes. These rating tools use the best reg@adatds to encourage the property
industry to improve the environmental performandedevelopment. There are
different types of building in use for Green Sts,following [73]:

* Education v1;

* Healthcare v1,;

* Industrial v1;

* Multi Unit Residential v1;
» Office v3;

» Office Interiors v1.1,;

* Retail Centre v1,

» Office Design v2;

» Office As built v2;

In addition, in 2011, there is Green Star PILOTn@tools consisting of: custom
PILOT, Convention Centre Design PILOT, and publiglding PILOT. Figure 2.4

concludes the verification process of Green Staee® Star registered projects are
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permitted to use the release, which was curretiteatdate of registration [74]. Any

member of a design team or wider project team sanGreen Star assessment.

Registration Project registered via appropriate form

}

Inform GBCA of expected | Report team must inform GBCA when the report waldubmitted
submission date

'

CIR submission 2wk prior | A compliance interpretation request is requiregnbject includes
to submission features that do no “fit” with Green Star criterid. CIRs are
l permitted per assessment.

Confirm submission date
via from to GBCA

'

Report submitted on agreed| Late submissions are charged and will not be asddes 6wks
date

'

Receipt of results 6wks
after submission

}

Inform GBCA of intent and | If project disagree with any assessment decisioeg tnay appeal up

timing of appeal to 5 credits, and it will have a flat fee per assa=snt.
Receipt of results If no appeal to be made certificate will be iss@edks after receipt
submission 4wks after of results
submission

v

If certified rating awarded,
submit image and project
case study report to GBCA

Figure 2.4 Certification Process of Green Star

As with LEED, points are awarded where a membethef design team has
received Green Star training and achieved the Altde@ Professional status.
Although any member of a project team can carrytloeitassessment, no score can be

publicized unless the Green Star assessment iBexbrt

In order to certify an assessment the GBCA comimssa third party assessment
panel to validate the self-assessment rating acmhrtmend, or oppose, a Green Star
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certified rating. If a project achieves a minimuooi® points, certification approved
and released. Figure 2.5 below [74], is a process the actual assessment tool and it

summarizes the credit based approach employed.

Assessment Criteria

Energy Emissions
Transport Materials
Water Land use and ecology
Indoor environmental Management
quality

ﬂ ﬂ Innovation ﬂ ﬂ
ﬂ ﬂ Category scores ﬂ ﬂ

Environmental weighting

41 11

Single score

Green Star Rating

Figure 2.5 Scoring Process of Green Star

The criteria and their points are grouped into ranteria, in which the weighting
is applied to them. The Green Star criteria andl fooint list are shown in Table 2.6
[75]. Once all claimed credits in each criterior @ssessed, a percentage score is
calculated and the Green Star environmental weighfactors are then applied. The

score is determined for the criteria based on #regmtage of credits achieved.

An environmental weighting, derived by consideregariety of scientific and
stakeholder opinions, is applied to each categanres (except innovation). The
overall score is then determined by adding toge#ilethe weighted criteria scores

plus the innovation points (which are not weighted)
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Table 2.6 Criteria of Green Star-NRNC

Criteria Points
Management 12
Energy 29
Transport 11
Water 12
Materials 22
Land use and Ecology 8
Pollution and Emissions 19
Indoor Environmental Quality 27
Innovation (additional) 5
TOTAL 145

The maximum possible score for the weighted catexil40 with an additional 5

points available for “Innovation”. The Green Statimg is determined by comparing

the overall score with the rating award shown ibl&&.7 [75].

Table 2.7 Green Star Rating Award

TOTAL AWARD
SCORE LEVEL
. 75-100 Six Star
Ratings
Award 60-74 Five-Star
45-59 Four-Star

2.3.5 Green Mark

The Green Mark has been developed by BCA (Buildind Construction Authority)
of Singapore in January 2005 to promote environale@awareness in the construction

and real estate sectors [76]. It is supported byNhational Environment Agency, as a

strategic program to encourage developers,

buildowgners, designers and

contractors to adopt “green building” practiceshtigrom the conceptualisation,
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design and construction phases for new projectduong building management and
operations for existing buildings [77]. Green madmprises a variety of assessment

tools categories and these include [76]:

* Residential building;

* Non Residential building;
» Existing building;

» Office Interior;

* Landed house;

* New and Existing parks;
* Infrastructure;
 District;

» Overseas Projects;

It is designed to promote sustainability developimarthe construction industry
through raising environmental awareness and comenitri the sector, as well as
according due recognition to those who comply wthle set criteria. Under the
assessment framework for new buildings, developansl design teams are
encouraged to design and construct green, sustaibabdings, which can promote
energy and water savings, healthier indoor enviemsias well as the adoption of
more extensive greenery in their projects. As fristeng buildings, the building
owners and operators are encouraged to meet tng@igable operations goals and
reduce adverse impacts of their buildings on thérenment and occupants’ health
over the entire building life cycle. The assessnwiteria cover the following key
areas as shown in Table 2.8 [78].

Table 2.8 Criteria of Green Mark-NRNC

Criteria Max Points Minimum
Energy 116 30
Water 17
Sustainable Site 42 20
Indoor Environmental Quality 8
Innovation (additional) 7
TOTAL 190 50
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The assessment process involves a pre-assessngdimghio the project team for
a better understanding and evaluation of BCA Grekmk requirements and the
certification level sought [79]. Actual assessmeotild then be carried out at a later
stage to verify the relevant reports and documgrgeidences as well as confirmation
that the building project meets the intents of ¢higeria and certification level. The
assessment identifies the specific energy efficeemt environment-friendly features

as well as practices incorporated into the projects

Points are awarded for incorporating environmeiefitly features, which are
better than conventional practice. The total nunadfgroints obtained will provide an
indication of the environmental friendliness of thalding design and operation [79].
Depending on the overall assessment and pointrgidhe building will be certified
to have met the BCA Green Mark Platinum, Gold Pfas|d or Certified rating as
concluded in Table 2.9 [78].

Table 2.9 Green Mark Rating Award

TOTAL AWARD
SCORE LEVEL
90 and above Platinum
Ratings 85-89 Gold Plus
Award
75-84 Gold
50-74 Certified

Certified Green Mark buildings are required to beassessed every three years to
maintain the Green Mark status. New buildings #ratcertified will subsequently be
re-assessed under the existing buildings critéésting buildings will be re-assessed
under the existing buildings criteria. The revi®®@dA Green Mark criteria for new
building (Version 4.0) was take effect on 1 Decemd@10 [79]. All Green Mark
applications for new buildings that are submittedoo after this date will be assessed

and certified based on this latest version.
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2.3.6 Green Building Index (GBI)

GBI is developed by Pertubuhan Akitek Malaysia (PAdhd the Association of

Consulting Engineers Malaysia (ACEM) [80]. The matisystem gives an opportunity
to developers and building owners to design andtcoct green, buildings that can
provide energy and water savings, a healthier inéogironment, better connectivity
to public transport and the adoption of recyclimgl greenery in their projects [81].
GBI consists of six criteria with different poirase concluded on Table 2.10 [82]. Of

the six criteria that make up the GBI rating, engiigs placed on energy efficiency.

Table 2.10 Criteria of GBI-NRNC

Criteria GBI
Energy efficiency 35
Indoor Environmental Quality 21
Sustainable Sites 16
Materials and resources 11
Water efficiency 10
Innovation 7
TOTAL 100

The rating system is comprised for two buildingayp/hich are GBI Residential
and GBI Non-Residential respectively. These tootsgoverned by the same criteria
but with different emphasis for each category. Blssessment process involves an
assessment at the design stage leading to the awadhd provisional GBI rating.
There are three stages of GBI certification, whack application and registration,

design assessment, and verification assessment [83]

Figure 2.6 presents the certification process of. @Beenbuildingindex Sdn Bhd
stands as the organizer to associate the appligénthe assessor. Upon registration,
GBI Terms and Conditions will be signed between dpelicant and GSB. A GBI
Certifier will then be appointed for the project.n@h the Applicant is ready, the
project for GBI Design Assessment (DA) will be sutted either directly or through
an appointed GBI Facilitator. Submission shouldlbee when all key criteria of the

design are finalized and preferably before the cemrament of construction to
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enable the project to be monitored and assessisl entirety. The GBI Certifier will

then undertake Design Assessment for GSB [83].

Registration

'

Application If it incomplete Greenbuildingindex Sdn Bhd (GSBlquest for more
submission information from Applicant.

'

Agreement to be
signed between | Applicant make the necessary registration
GSB and applicant

'

Applicant appoints | Submit for Design Assessment (DA) to GSB. On recefpthe review, the

their project project team has one-month time to supply inforaratequired.
coordinator or GBI
facilitator
Certifier GSB notifies applicant of DA result

undertakes the DA

}

Final review GBI certifier undertakes Completion and CertificatiAssessment (CVA)
Receipt of CVA
GBI issues GBI records and publishes in GBI register

provisional GBI
certificate to
Applicant

Figure 2.6 Certification Process of GBI

Upon completion of the project, the applicant sdagtibmit the Completion and
Verification Assessment (CVA). GBI Accredited Pred@nal upon completion of the
CVA assessment will issue the final GBI award. Buigys will have to be re-assessed
every three years in order to maintain their GBihgato ensure that the buildings are
well maintained. The final award is given one yafer the building is first occupied.
Buildings will also have to be reassessed evergethyears to maintain their GBI
rating to ensure that the buildings are well-mairgd. Buildings are rated on a point-

scoring format and depending on their score, thay loe awarded GBI Platinum,
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Gold, Silver and Certified ratings [84]. The ratileyel system for GBI is shown in
Table 2.11.

Table 2.11 GBI Rating Award

TOTAL AWARD
SCORE LEVEL
>86 Platinum
Ratings 76-85 Gold
Award
66-75 Silver
50-65 Certified

2.4 Previous Studies

The availability of accessible and user-friendly B has been instrumental to the
widespread growth of green building practices. Sitige creation of BREEAM,

several methods have been developed across thd thatl provide more targeted
guidelines that apply to region specific buildingagtices and conditions [17]. In
some locations, these efforts can be seen throdgptation of existing system to
reflect local guidelines, such as South Africa’and to launch a national version of
Green Star [18]. Given these facts, many previdusliass have investigated the
formation process, differences and similaritieseath system. The followings are

previous studies and similar to what has been eavierthis research.

2.4.1 Comparative Analysis among Green Building Ratg Systems

1. Comparative Analysis between the LEED and Green Glzes System$85]:

The focal comparison of the study centres on LEEDsion 2.2 and Green
Globes. Both systems pursue a common goal of grgehe building in the U.S.
From a process perspective, Green Globes simplégrageogy, which employs a
user-friendly interactive guide for assessing amdegrating green design

principles for buildings, continues to be a poihtdferentiation to LEED is more
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complex and primarily paper based system. LEEDothiced an online-based
system; it remains more extensive and requires reXpenowledge in various

areas.

Any team member with general knowledge of the gl parameters can
complete Green Globes web based self-assessmdntatab it provides both
PILOT (after assessing the schematic design) andl fratings during the
assessment. In contrast, LEED tends to be morel, rigine-intensive, and
expensive to administer. Overall, the two systenesgaite comparable, and it is
estimated that nearly 80% of available points ia Green Globes system are
addressed in LEED 2.2 while over 85% of the posuscified in LEED 2.2 are
addressed in the Green Globes system. It is folmad the study is not a
comprehensive assessment of every criterion, Stdrtar and methodological
underpinning associated with each system. Theltresiggested in further
research is required to determine whether poténtiaprovements across more

categories can improve overall building performaince

. Comparative Analysis among BREEAM, LEED, Green Glolkes, CASBEE
and GB Tool[17]:

The study was prepared to provide information ostanable building rating
systems for U.S General Services AdministrationA{>&ive rating system were
reviewed in detail based on Federal and GSA drivengech are; BREEAM,

LEED, Green Globes, CASBEE and GB Tool. GSA hastifled that the ratings

systems need to address the following elements:

* A system that is applicable to the large scale aochplexity of federal
building projects.

* A stable rating system such that the evaluatiobuiling performance is not
subject to drastic change

* A system that tracks quantifiable achievementsustanable design and is
verified by a third party qualified assessor.

» A system used in the current market with practgioawareness.

33



The study does not provide a recommendation for ®8Aa summary of
comparative details on each rating systems usiagebiew criteria developed by

GSA and other Federal services.

A comparative analysis of two building rating systms : UK BREEAM and
LEED Canada[86]:

The study compares the two most widely adoptedmsebethe UK BREEAM and

LEED, as implemented by the Canada Green BuildiognCil. The aim of the

paper is to determine the effectiveness of commaséd building rating systems
and to propose improvements to these systems. &dudts show that BREEAM

and LEED Canada have enabled the building industrgvaluate construction
projects in an accessible manner, although bottesysbear lack of consistency.
However, assessment consistency is not vital to derall success of the
operation-the desired market transformation is dpeobserved despite the
apparent limitation. Furthermore, the effect of lthmig users’ actions on the
structure’s performance should be incorporated BREEAM and LEED Canada

in the near future.

Despite the rapid growth of building assessment ¢ke last 15 years, the
construction industry is still undergoing a cullushift towards the widespread
use of such tools. While BREEAM and LEED Canadaehlagen instrumental in
fostering this change, both systems must contiouevblve in order to maintain
the momentum developed thus far while expandingdiude construction sectors

and markets not currently undergoing assessmehé aame time.

. Comparative Analysis of GBRS among BREEAM, LEED, CABEE, and
Green Star[62]:

The environmental assessment methodologies coverethe report include
BREEAM, LEED, CASBEE, and Green Star. The studykfo@t the most
commonly used schemes and how all international &BBmpared to the local
UK benchmark, called BREEAM. The results show Baten Star version 2.0 is
almost identical to BREEAM 2002 as that is the merst was based on. At the
time of development, there were credits that condtl be applied to Australia,
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such as change in ecological value and proximitypublic transport, as these
issues reflect regional norms. The compliance requeénts and benchmark of
these credits were therefore changed significar8ipce that initial work, the

main change has been in progress, which is now aioneto LEED. On the other

hand, CASBEE takes on a very different approachfatt, more than half the

credits in CASBEE do not have a BREEAM equivaldnis therefore much more

difficult to compare the rating bands of the twateyns.

The comparison shows that it is tougher to meet highest rating in
BREEAM than it is to meet the requirements of tlteraative schemes when
building in the UK. If a building is designed to atehe highest LEED or Green
Star rating, it is only likely to achieve a BREEAMting of “Very Good” or
“Good” which are the second and third highest geinespectively. The results
from CASBEE are difficult to compare, as more th&%6 of the criteria included
in CASBEE are not relevant to a country that dastshave a major risk of severe
earthquakes or typhoons. The future directionsedtah the study suggested
developing a set of underpinning standards thaludrcas much “home territory
regulatory effects” as possible to facilitate conngans.

Justification

Many existing GBRSs vary enormously both in theamplexity and in their
application. Although there has been an attempleign rating system applicable to
multiple countries, however this effort is consetkfutile and often ends with GBRS
of a significant local favor. This explains why cpanisons between the GBRS are
necessary. Therefore, this research carried outngparative analysis of GBI with
other GBRS around the world to add knowledge is garticular area. The difference
with previous study is this research covered siXRSB, which are BREEAM, LEED,
CASBEE, Green Star, Green Mark and Green Buildindekx. The comparative

analysis is based on the certification procesgra, and rating award.
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2.4.2 Analytical Hierarchy Process in Selecting Creria

1. Developing a green building assessment tool for deleping countries — Case
of Jordan [87]:

The aim of this study is to provide a framework midr developing an effective
GBRS for Jordan. The outcome is a green buildiegidential type) assessment
tool for Jordan called SABA GBRS. It is recommendkdt this system is a
powerful GBRS for Jordan because it is based ansiic research and technical
knowledge, has patrticipated in multi-stakeholderseviledge and experiences in
collaborative process. In the proposed system (SABéven categories were
addressed that include; site, energy efficiencytewafficiency, material and

resources, waste and pollution, indoor environmentality, and economics.

Some other criteria, sub-criteria and parameterse weuggested by
stakeholders, which had significant value on théfteng system (AHP system)
and were considered in the system. Although thexesimnilarities on the criteria
level between SABA and other GBRS, there are diffees in the weighting of
each criterion. The study suggests number of recemaations to develop a green

building assessment tool in general:

» First, development of assessment tools should bedban scientific research
and technical knowledge.

* Multi-stakeholders should participate in developsgch an approach, as it
requires participating and collaborative processé&xperts, designers,
government officers, working groups, agency playarsl others should be
introduced as key participants in the process.

e Sustainability strategies and goals should be addrbas a major aim

* The assessment framework should suit the localezbndf the country;
depending on its culture, issues, players, praxtarel institutions. It will be
essential for each country to design its own indicain its own way to
achieve its shared goals.

* Countries can learn from each other’s work andsdekence, they should use

the work of experts as inputs in their discussions.
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2. Adapting aspects of GB Tool 2005: case study in Taan [88]:

GB Tool is the software implementation of the GreBuilding Challenge
assessment method, which has been under developsisoé 1996 by
International Initiative for a Sustainable Built \Bonment and participating
teams from more than 20 countries. The method plaoes emphasis on the
ability of local users to adjust the system to sagional technical and cultural

issues.

This study seeks to explore regional customizatibthe GB Tool 2005. It
will utilize the AHP method to investigate the piig of the criteria and sub-
criteria of the GB Tool 2005, by compiling and cdetmg an expert's
guestionnaire. The expert’s opinions, which aresda@n the recent situation and
the domestic environment, can provide a suitabldegtor the GB Tool 2005

adaptation in Taiwan.

It outlines the priority of the criteria, which aréEnvironmental Loadings”,
“Energy and Resources Consumption”, and “Indoori&mmental Quality”. This
study declared that AHP can be a useful tool fatesyatically analyzing the
opinions of experts from diverse fields in GBRSd#ts. It is hoped that the
results will be advantageously employed in SB assest studies in future for

developing countries.
Justification

In Jordan case, the purpose of AHP method is teldpvan effective GBRS for
residential unit in Jordanian. The criteria was sadd built by the respondents. The
AHP questionnaires carried out 60 respondents, ev68%6 of them were experts of
sustainable development. The respondents came frooject managers, field

engineers, design engineers, students, and acalemic

In Taiwan case, the research focuses in adaptean@t Tool 2005 by iiISBE. The
criteria were based on the elements of GB Tool 2008 numbers of experts are 36
respondents, which are from architects, governmefficers, academics and

professors.
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This thesis focuses on criteria weighting of therent GBI. The criteria and sub-
criteria came from the existing one (GBI-NRNC). Tharent GBI criteria weighting
is derived from other GBRS comparison and “educaeess” fact-finding, where
“Energy Efficiency” criterion has the highest parthan other criteria. GBI has its
own limit and may not apply directly to every prdjen the country, where other
specific criteria need to be considered. Thereftoe,implementation of GBI, the
criteria weighting should be based on suitableegatthat suits the Malaysian context.
This research will analyse the criteria weightingséd on expert opinion (the
professionals involved in green building) with thee of pairwise comparison by
Analytical Hierarchy Process (AHP) method. The ekpespondents are come from

engineers, architects, government officers, acackerand GBI facilitators.
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CHAPTER 3

GREEN BUILDING INDEX MALAYSIA

3.1 Green Building Rating System in Malaysia

Buildings and construction industry is a key sedtor sustainable development as
they are amongst the biggest threat to the ecabgigstems. In Malaysia, the
building industry produces about 20% of green hagmseses (GHG). According to
United Nation Development programmes, Human Devekg Report 2007/2008,

instead of reusing by 5% as committed in the KyBtotocol, Malaysia’'s GHG

emissions was more than double the amount in 19@@ording to the report,

Malaysia ranked as the world’s R8argest emitter [89]. In Malaysia there is
increasing public awareness and interest in hovdimgjs affect the environment,
workers productivity and public health. As a reshtith the public and private sector
are beginning to demand buildings that optimizergyeause, promote resources
efficiency and improve indoor environmental qualiBevelopers, owners, operators,
insurers and the public at large are beginning a&lmes and market the benefits of

sustainable building [90].

In 2009, Malaysia has developed its rating systemnkew office building, i.e.
GBI-NRNC. The green building in Malaysia so far]yoaddress “Energy Efficiency”
(EE) measures, which is only one part of the erdustainable building assessment
criteria. The GBRS rating system is an adaptatiohEED, modified to Malaysian
construction requirements. Various aspects ap@tgto the needs and its pertinence
were considered when developing the ratings syf®in GBI was at first only a tool
used for Non Residential-New Construction buildifigne present GBI has rating
systems for Residential building, Non Residentigilding, Township, and Industrial
building [82]. This research focuses nn GRI for NRasidential-New Construction
building (GBI-NRNC).



The GBI-NRNC rating system evaluates the sustdliityalof newly constructed
buildings that are commercial, institutional andlustrial in nature. These include
factories, offices, hospitals, universities, coleghotels and shopping complexes. Of
six criteria, current GBI-NRNC emphasises “EE” wittaximum 35 points. The six
criteria are divided into 19 sub-criteria. Each-suiberion has pre-requisite, totalling

52 pre-requisites in all [84].

Each criterion was assigned a weighting factor,duse translate credits into
points. Some criteria are more heavily weightechtbthers are, meaning credit for
some criteria is more important than in others. &ample, the ‘energy and carbon
dioxide’ are heavily weighted, whereas creditsha tmaterials’ category has a low
weighting. In order to achieve a particular ratiatymandatory standards relating to a
rating must be achieved.

3.2 Green Building Index

This chapter illustrates how GBI works, and briefkamines the sub-criteria and pre-
requisites of each for NRNC building type. Eacherion is further sub-divided into
prerequisite. The classification of measuring b# pre-requisites can be found in
Appendix F.

3.2.1 Energy Efficiency (EE)

A building project utilizes energy during both cbmstion and ongoing operations.
Therefore, it is increasingly important to focus thke energy use of buildings. For
example, community health is best served by usimijght and natural ventilation for
ambient lighting and temperature modulation. By mg@kbuildings more energy
efficient, energy consumption and costs are reduakwhg with the pollution
associated with the burning of fossil fuels.

The GBI-NRNC “EE” criterion addresses the issue emiergy use in high-
performing buildings. It also covers issues thanmart building systems to

environmental impacts on air and the atmospherg [B# goals are to reduce total
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energy consumption and lower electrical demandndupieak times. This could lead
to reduction in air pollution; lower contributiont® global warming and ozone
depletion caused by energy production; slower digpleof fossil fuel reserves and
savings on energy cost due to upgrades in infretstress [30]. This criterion has three
sub-criteria with a total of 35 points. Each prgtisite has a different point value.

Table 3.1 present the breakdown of points for “EEerion.

Table 3.1 Sub-Criteria of EE (GBI-NRNC)

EE Sub-Criteria Max Points
Design
EE1 1
EE2 3
EE3 1
EE4 5
EE5S 15
Commissioning
EE6
EE7 2
Verification and Commissioning
EES8 2
EE9 3
TOTAL 35

3.2.1.1 EE Design
This sub-criterion holds 25 points, with nine pegisites [84] are as follows:

1. EE1 (Minimum EE performance): One point is grantatie building is designed
to meet the mandatory provisions of Energy Managen@®ntrol systems and
follows the minimum “EE” requirements as stipulatedS 1525:2007:

e OTTV <50, RTTV < 25. Submit calculationssing the BEIT software or
otherGBI approvedsoftwae(s),and

* Provision of EnergyManagemen€ontrol systemwhere Air-conditioned
space> 4000n?

2. EE2 (Lighting Zone): Three points are granted #& thuilding provides lighting

controls, auto-sensor controlled lighting, or motgensors.
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3. EES3 (Electrical Sub-Metering and Tenant Sub-Metgri®ne point is granted to
buildings that provide sub-metering for all eneuggs.

4. EE4 (Renewable Energy): Two to five points are giviethe use of renewable
energy is encouraged. Higher points are grantedthd total electricity
consumption is generated by renewable energy tdinestandards.

5. EE5 (Advanced EE Performance): Buildings receive tw fifteen points if the
Building Energy Intensity (BEI) is achieved 150 kWh/ni/year as defined under

GBI reference.

3.2.1.2 EE Commissioning

The “commissioning” sub-criterion is worth five pts, which are divided into two

pre-requisites, as follows [84]:

1. EE6 (Enhanced Commissioning): Three points are chdida building’s energy
related systems are designed and installed to\azlpi@per commissioning, so as
to realize their full potential..

2. EE7 (Post Occupancy Commissioning): The remainmg points are given if a
building carries out post occupancy commissionmydll tenancy areas after fit-

out changes are completed.

3.2.1.3 EE Verification and Maintenance

1. EES8 (Verification): Building is given another twaipts if there is verifiable

predicted energy use of key building services.

2. EE9 (Sustainable Maintenance): Three points aresilples if the building’s
performance in energy related systems is ensuredoimdinue to perform as

intended beyond 12 months after construction.
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3.2.2 Indoor Environmental Quality (IEQ)

Research has shown that buildings with dayliglgshrair, and occupant control are
consistently rated as more comfortable and congibw occupants’ performance and
productivity [92]. Evidence suggests that day lightcan enhance the rate of learning
for elementary students and lead to higher testescd@’he benefits of good indoor

environmental quality extend to the performance puodluctivity of occupants.

Table 3.2 Sub-Criteria of IEQ (GBI-NRNC)

IEQ Sub-Criteria Max Points

Air Quality
IEQ1
IEQ2
IEQ3
IEQ4
IEQ5

P NP R

Thermal comfort
IEQ6
IEQ7

=N

Lighting, Visual and Acoustic Comfort
IEQS8

IEQ9

IEQ10

IEQ11

IEQ12

IEQ13

PNRREN

Verification
IEQ14
IEQ15

NN

TOTAL 21

The goal is to monitor and avoid indoor air quaptpblems during renovation,
demolition, and construction activities; providecopants with operational control of
lighting and HVAC systems whenever possible; prevahvironments that enhance
human comfort, well-being, performance and prodaitgt{30]. Indoor Environmental
Quality (IEQ) has four sub-criteria that allow axmum of 21 points. Table 3.2
shows an overview of the “IEQ” structure in theremt GBI-NRNC.
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3.2.2.1 IEQ Air Quality
The ‘air quality’ is worth six points from five prequisites, as follows [84]:

1. IEQ1 (Minimum Indoor Air Quality Performance): Ommint is granted if a
minimal level of indoor air quality performancedemonstrable by meeting the
requirements of ASHRAE 62.1:2007 or the local baddcode, whichever is most
stringent..

2. IEQ2 (Environmental Tobacco Smoke ‘ETS’ Control)nédpoint is given for
satisfying two standards of compliance: prohibitimgdoor smoking and
designating external smoking areas at least 10 aydvom entries and having
operable windows and outdoor air intakes.

3. IEQ3 (Carbon Dioxide Monitoring and Control): Oneiqt is awarded if the
building has a carbon dioxide (GAQnonitoring and control system. Systems must
have at least one G@ensor at all main return points on each flooraailitate
continual monitoring and adjustment of outsidevaintilation rates to each floor,
and must ensure independent control of ventilatadas to maintain CQevel <
1.000ppm.

4. IEQ4 (Indoor Air Pollutants): Two points are givéar reducing the VOC'’s
emitted by building materials. First, low uses dD® paint, carpet or flooring
thorough out the building are necessary. Seconolduyat with no added urea
formaldehyde must be used.

5. IEQ5 (Mould Prevention): One point is granted fomintaining a relative
humidity below 70% RH. Programs to reduce the asknould growth and its
associated detrimental impact on occupant healtst ine implemented. To earn
this point, building must also have earned crediitsng the Design, Construction

and Operation stages.

3.2.2.2 IEQ Thermal Comfort

Building designs must show the intent to provide treermally comfortable
environment, supporting the productivity and wedisig of its occupants. Thermal

comfort is an important component of IEQ and thédng can acquire three points
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for demonstrating that the sub-criteria for thisasige have been met [84]. The two

pre-requisites are as follows:

1. IEQ6 (Thermal Comfort: Design and Controllability ®ystems): Two points are
earned if the project meets the requirements of R&8H 55 in conjunction with
the relevant localized parameters, as listed in 52512007.

2. IEQ7 (Air Change Effectiveness): One point is geantfor a mechanically
ventilated building, with ventilation systems dewsd to result in ACE greater
than or equal to 0.95 according to ASHRAE 129-1997.

3.2.2.3 IEQ Lighting, Visual and Acoustic Comfort

The ability of building occupants to control lighgi conditions, views of the outside
and acoustic comfort have emerged as importanesssu providing a high-quality
indoor environment. This sub-criterion has six prquisites, and a total of eight

points.

1. IEQS8 (Day lighting): Two points are achieved if thesign provides a good level
of day lighting for building occupants. The desmgust allow 30% or 50% of the
occupants to adjust the lighting for their taskd preferences.

2. IEQ9 (Daylight Glare Control): One point is giverthere is reduced discomfort
of glare from natural light.

3. IEQ10 ((Electric Lighting Levels): One point is gtad if a building demonstrates
an office lighting design that maintains a luminanével according to
MS1525:2007.

4. IEQ11 (High Frequency Ballasts): Installation ofglni frequency ballasts in
fluoresces luminaries over minimum of 90% of NLAués in one point

5. IEQ12 (External Views): Two points are given foreduction in eyestrain for
building occupants by allowing long distance viearsd a provision of visual
connection to the outdoors.

6. IEQ13 (Internal Noise Levels): One point is givérihrough out of the entire
baseline building general office, space noise ftm building services does not
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exceed 40dBA(, or within the baseline building aéfspace, the sound level does

not exceed 45dBAeq for open plan and not excee8A48d for closed offices.

3.2.2.4 |IEQ Verification

1. IEQ14 (IAQ Before and During Occupancy): A develd@end implemented IAQ
management plan for the Pre-Occupancy phase resultsvo points being
granted. In addition, a permanent air flushing eystof at least 10
airchanges/hour operations needs to be installedude during the occupancy
phase.

2. IEQ15 (Post Occupancy Comfort Survey: Verificatiohjvo points are given if

a post-occupancgomfortsurvey to confirm occupant comfort is provided.

3.2.3 Sustainable Site Planning and Management (SM)

Building projects affect the environment and transf the land in both obvious and
subtle ways. Traditionally, project sites were defl in terms of metes and bounds,
setbacks and height limits, points of entry andesgr fire lanes and utility

connections etc. While these definitions are usefindl necessary, sustainability
requires a broader set of issues to be includedrbarporate community health and
welfare; economy in terms of resource utilizatiamidg and after development and
environmental impacts with regard to local and eagi microclimates as well as

biodiversity [30].

Sustainable site planning identifies ecologicalfrastructural and cultural
characteristics of the site to assist designeitheir efforts to integrate the building
and the site. The goals are to maintain and enhteceiodiversity of natural systems
and/or the existing character of the site; resptmdmicroclimates and natural
conditions; reduce energy use for transportatiod aite related activities and

contribute to the cohesiveness of the existing.area

The Sustainable Site criterion has four sub-caterith a maximum of 16 points.
The structure of the Sustainable Site Planning Elashagement of GBI NRNC
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building assessment system are as follows, inctudim overview of the credits and

points on Table 3.3:

Table 3.3 Sub-Criteria of SM (GBI-NRNC)

SS Sub-Criteria Max Points
Site Planning
SM1 1
SM2 1
SM3 2
SM4 2
Construction Management
SM5 1
SM6 1
SM7 1
Transportation
SM8 1
SM9 1
SM10 1
Design
SM11 1
SM12 2
SM13 1
TOTAL 16

3.2.3.1 SM Site Planning

The “Site Planning” aims to channel developmentutban areas with existing
infrastructure and preserve habitat and naturaluregs. It has four prerequisites with

a maximum six points [84].

1. SM1 (Site Selection): One point is given if theestion of a site is based on
minimal environmental or ecological system impactery important feature of a
high performance green building. This credit regsithat buildings, road and
parking area on a site or part of a site have tdadards of GBI-NRNC.

2. SM2 (Brownfield Redevelopment): If the land hasealty been impacted by
human activities (developed site), one point isntgd. This is preferable for

building project rather than “undeveloped land.”
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Although “Brownfields” are generally urban sitesthviaccess to excellent
infrastructure, there are numerous issues witheesip remediating or cleaning
up these properties. This is a complex and poténitastly process; hence, it
applies to only a very small number of buildingjpots. A site can be designated
as “Brownfield” via an Environmental Site Assessimenby a federal, state, or
local government agency.

3. SM3 (Development Density and Community Connectjvitfhere are two
preferences for earning two points. First, consteunew building or renovate an
existing building on a previously developed siteddn a community with a
minimum density of 20,300hper hectare net. Second, construct a new building
or renovate an existing building on a previouslyadeped site and within 1 km of
a residential zone or neighborhood.

4. SM4 (Environment Management): The key to earnirgttho points associated
with this pre-requisite are conserving existingunalt areas and restoring damaged
areas to provide habitats and promote biodiversity] to maximize open space
by providing a high ratio of open space to the tlgu@ent’s footprint to promote

biodiversity.

3.2.3.2 SM Construction Management

The overall points of the “‘construction managemeaaitowing for three points, are
as follows [84]:

1. SM5 (Earthworks-Construction Activity Pollution Ciool): The purpose of this
prerequisite is to minimize the environmental intpadf erosion on the
environment. The primary requirement, earning ooiatpis having a design and
implementing an Erosion and Sedimentation Contlah phat prevents soil loss
via water or wind and sedimentation of storm watérastructure and receiving
bodies of water.

2. SM6 (Quality Assessment System for Building Cortan Work-QLASSIC):
One point is given if there is intent to achievealgy workmanship in
construction work, based on CIDB’s CIS 7: QLASSIG.order to earn these

points, a score of 70% is necessary.
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3. SM7 (Workers Site Amenities): Reducing pollutiorfr construction activities
by controlling pollution from waste and rubbishrravorkers is given one point.
In addition, creating and implementing a Site AntiesiPlan for all construction
workers associated with the project is required.

3.2.3.3 SM Transportation

For building to be truly green, it should be iroathtion where there is ready access to
reach. The “transportation” sub criterion has tatakimum three points, with three
prerequisites [84] as follows:

1. SM8 (Public Transportation Access): Earning onenpaequires the building
project to be within 1km of an existing, or plannaad funded, commuter rail,
light rail or subway station, or within 500m oflaaist one bus stop.

2. SM9 (Green Vehicle Priority-Low Emitting and FudfiBent Vehicles): Another
approach to reducing the impacts associated witugants having to travel to
and from the building is to facilitate the use diemative-fuel vehicles. This
credit can be achieved by providing low-emittingl &nel-efficient vehicles for
5% of Full-Time Equivalent occupants and providprgferred parking for these
vehicles. One point can be earned by reaching tresgiirements

3. SM10 (Parking Capacity): One point is granted foe treduction of parking
capacity for automobiles to the bare minimum neettedneet local zoning
requirements. To earn this point, non-residentraiget parking capacities must
be sized to meet, but not exceed minimum localrpnequirements and provide
preferred parking for carpools or vanpools capaifleserving 5% of the total

provided parking spaces.

3.2.3.4 SM Design

This sub-criterion has a maximum of four pointsttban be achieved by three pre-

requisites, as follows [84]:
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1. SM11 (Storm water Design-Quantity and Quality Cohir One point is given if
storm water management is required because of ifréfisant reduction in
pervious surfaces caused by buildings and thewcested parking and paving.
The goal of this credit is to ensure that the impersness of the building site
does not increase. In cases where there is signtfimmperviousness, it should be
decreased. This credit requires that if existingamiousness is less than or equal
to 50%, a storm water management plan must be megileed that prevents the
post development peak discharge rate and quantiyn fexceeding the
predevelopment peak discharge rate and quantigoiiormance to the Storm
Water Management Manual for Malaysia (MASMA). Ifiging imperviousness
is greater than 50%, storm water management mustfflemented that results in
a 25% decreases in the volume of storm water ruegftiired under MASMA.

2. SM12 (Greenery-Roof): Two points are granted fas thre-requisite. The air
temperature in urban areas can be higher thaneirstirounding countryside, a
consequence in solar energy absorption and rer@aadliay components of the built
environment, particularly dark, non-reflective swd#s used for paving and
roofing. This increase in air temperature means stgmificantly more energy is
needed for cooling and even that distinct microalies are created in the affected
areas. Reducing the heat islands effect can markedlice energy use. To earn
the point associated with this credit, at least 58f%he site hardscape must be
shaded within 5 years of occupancy, paving materiaust have a Solar
Reflectance Index (SRI) of at least 29, or an oget pavement system can be
used. Roofing materials must have an SRI equal tgreater than 78 (for low-
sloped roof < 2:12) or 29 (for steep-sloped rod:%2). Optionally, a vegetated
roof covering at least 50% of the roof area camsathe requirements for this
credit. A combination of high-albedo roof and vegetl roof can also meet the
requirements.

3. SM13 (Building User Manual): One point is giver faroviding a building user
manual, documenting green building design featiaed strategies for user

information and serving as a guide to sustain perémce during occupancy.
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3.2.4 Material and Resources (MR)

The building industry consumes three billion tofsaw materials annually, forty
percent of the total material flow in the globabromy. Construction materials are
‘reorganized matter’ and this reorganization pregagates significant environmental
and social impacts. From a sustainability perspectihe best building materials are
those that are long-lived, least disruptive to katy ship and install, and are also

easiest and safest to maintain and reuse.

The goals are to reduce consumption and depletiormaterial resources,
especially non-renewable resources; minimize tfeedycle impact of materials on
the environment; enhance indoor environmental tuyaliencourage better
management of waste [30]. The material provisioh&BI-NRNC with respect to
credits and points in MR criteria are listed in Tea$.4 [84].

Table 3.4 Sub-Criteria of MR (GBI-NRNC)

MR Sub-Criteria Max Points
Reused and Recycled Materials
MR1 2
MR2 2
Sustainable Resources
MR3 1
MR4 1
Waste Management
MR5 1
MR6 2
Green Product
MR7 2
TOTAL 11

3.2.4.1 MR Reused and Recycled Materials

1. MR1 (Materials Reuse and Selection): Two points granted for reducing
materials used in building. Reusing componentsrogxisting building has the

greatest benefit in lowering the overall materiaigpacts. Reusing building
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materials and products can result in the projaet®iving up to two points. One
point is achievable if reused products or materi@sstitutes> 2% of the
project’s total material cost value, or two poimifl be add if it> 5%.

2. MR2 (Recycled Content Materials): The use of reegclcontent building
materials provides up to two points in the GBI-NRMNilding assessment
process. One point is achieved if the total redy/dentent value of the building
materials (calculated as the percentage of postcosisrecycled content plus half
of the percentage of pre consumer recycled contsent)10%. Two points are

achievable, if the total recycled content valuatiteast 30%.

3.2.4.2 MR Sustainable Resources

The ‘sustainable resources’ sub-criterion addres$isesissues of materials in two

prerequisites with a total of two points [84]:

1. MR3 (Regional Matters): If an emphasis is placedomal or regional materials, a
point is granted. This reduces the transportatiopaicts associated with the life
cycle assessment of the materials>I120% of the value of the materials and
products in the projects were extracted, harvestad, manufactured within 500
km of the project site, one point is awardable.

2. MR4 (Sustainable Timber): One point is granted ifnaimum of 50% of the
wood-based materials and products in the projextcartified (Compliance with
Forest Stewardship Council and Malaysian Timber tift=ation Council
Requirements). In the context of GBI-NRNC, wooddzhgroducts include, but
are not limited to, structural framing, dimensiofraiming, flooring, sub-flooring,

wood doors and finishes.

3.2.4.3 MR Waste Management

1. MR5 (Storage and Collection of Recyclables): Onmfpis given to project that
provide areas and storage for collection of noralgaus materials for recycling.

During building occupancy, there must be permanerycle bins.
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2. MR6 (Construction Waste Management): Reducing coatbn waste is a critical
part of construction operations for the productidrgreen buildings; GBI-NRNC
provides a maximum of two points for constructioaste diversion: one point if
diversion rate of 50% and two points if the diversrate is75% (volume of non-

hazardous construction debris).

3.2.4.4 MR Green Product

1. MR7 (Refrigerant and Clean Agents): Two points @pé&ined if the project used
environmentally friendly refrigerants and clean rageexceeding Malaysia’'s

commitment to the Montreal and Kyoto protocols.

3.2.5 Water Efficiency (WE)

Sustainable design dictates that water and itstioakhip to building design,
development and operation are managed carefullg.cBmmunity requires adequate
potable water in the times of drought, and plansinguld provide for protection from
storm waters and flood. At the same time, the i@dity of each region is dependent
on water for maintaining appropriate habitat caods. The principles of sustainable
building seek to increase the value from the waesources by designing and
operating the structures more efficiently. The “@faEfficiency” criteria of GBI-
NRNC cover water harvesting and efficiency. A maxmof 10 points are available

in the WE category, as summarized in Table 3.5.[84]

Table 3.5 Sub-Criteria of WE (GBI-NRNC)

WE Sub-Criteria Max Points

Water Harvesting and Recycling

WE1 2
WE2 2
Increased Efficiency

WE3 2
WE4 2
WE5 2
TOTAL 10
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3.2.5.1 Water Harvesting and Recycling

1.

WE1 (Rainwater Harvesting): Two points are granfedrainwater harvesting.
One point is given for rainwater harvesting thade to> 15% reduction in
potable water consumption. Both points are grarfteginwater harvesting leads
to> 30%.

WE2 (Water Recycling): Two points are earned if evatecycling leads to a
reduction in potable water consumption. One panachievable, if a building
treats and recycles 10% of wastewater leading to reduction in potalbder

consumption. Two points are given if a buildingatieeand recycles 30%.

3.2.5.2 Increased Efficiency

1.

WE3 (Irrigation/Landscaping): Two points are grahfer thoughtful irrigation
and landscaping. The intention of these credittbiseduce the use of potable
water or natural surface waters or natural grounemér outdoor irrigation.
Potable water is water that is assumed acceptablédfman consumption. In
GBI-NRNC, reduce potable water consumption for taagbe irrigation by 50%
will gain one point. Two points are achieved fot osing any potable water.
WE4 (Water Efficiency Fittings): Two points are aded for encouraging a
reduction in potable water consumption through wo$eefficient devices: a
reduction in annual potable water consumption>b$0% is given one point.
Alternatively, reducing annual potable water conptiom by> 50% earns two
points.

WED5 (Metering and leak Detection System): Projeetgiven one point for using
sub-meters to monitor and manage major water ugagecooling towers,
irrigation, kitchens and tenancy use. Another oo@tpis given for linking all

water sub-meters to MES to facilitate early detectof water leakage.

3.2.6 Innovation (IN)

Currently, projects pursuing GBI certification hawe opportunity to earn up seven

points from two pre-requisites in “IN”, as summadzn Table 3.6 [84]:
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3.2.6.1 IN1 Innovation in Design and EnvironmentaDesign Initiatives

The purpose of IN is to reward design teams angegi®for innovative performance
in green building categories not covered by GBIngatsystem and/or exceptional
performance beyond the GBI requirements. Six paatsbe obtained [84].

3.2.6.2 IN2 GBI Accredited Facilitator

At least one principal participant of the projesam must successfully complete GBI
accredited professional (facilitator) for credithevement [84]. Only one point is
awarded regardless of how many GBI Facilitatorar¢he team.

Table 3.6 Sub-Criteria of IN (GBI-NRNC)

IN Sub-Criteria Max Points
IN1 Water Harvesting and Recycling 6
IN2 GBI Accredited Facilitator 1
TOTAL 7

3.3 Summary

From the review above, it can be concluded thah eaiterion has a unique role in
green building certification. “EE” refers to usimgminimum amount of energy to
provide the same level of service and to reducentipact of energy generation on the
environment. “IEQ” refers to the building’s indo@nvironmental quality, which

consists of thermal quality, heating, ventilatimspnd air conditioning (HVAC) and

lighting elements. “SM” is concerned with site stien, planning, assessment of
surrounding areas and landscaping, constructiohadst environmental management

of the site and planning for sustainability.

“MR”, promotes the use of environmentally-friendiypaterials sustainably
sourced. WE refers to accomplishing a water usageimmam and utilising
technologies that deliver equal or better serviith less water. “IN” is introducing or
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creating new concepts to further “green” buildingaegies. Currently among all the
criteria, “EE” stands as the main criteria with aximum of 35 points, followed by
“IEQ”, “SS”, “MR” and “IN”. The current GBI for NRNC give more emphasizes in
HEE”.

Large number of building assessment tools are enarsund the world. Those
GBRSs have their own weighting and criteria, sorve gmphasizes in “Energy”,
some in “Environmental’. Most GBRS have emphasireEnergy Efficiency, since
office building most used lot of energy in theiilgaperation. As might be expected,
energy receives the most emphasis in LEED, Grean &bd especially Green Mark
as well as in GBI. While BREEAM and CASBEE have ghi®rity in both, which are

energy and environmental.

A BCI survey in 2007 acknowledged that commercialdings in Malaysia [93],
relied heavily on mechanical air conditioning thgbout the day. GBI-NRNC so far,
emphasises energy efficiency measures, which iy ome part of the entire
sustainable building assessment criteria. Basediloert [13], office building should
consider the natural air system in the buildingemhit might the most important
human-related issues of green building, as it tiyexdfects the health of the building

occupants. While using natural air system, lessggnesed.

With regards with this issue, Malaysia should cdesiwhat the main priority is
when it comes to the implementation of green bngdtoncepts. However, a green
building rating system by its nature is very depmaridon the local environment,
including climate, resources and current state edfetbpment. As Malaysia differs
markedly in these areas with other countries, #img criteria must be customized

accordingly.

According to the forum of GBI on 29th May 2009, GBRNC V.01 was based
on “educated guess”. Critical issues have beengresed by professionals of the

construction industry and they are as follows:

* More research is needed on the GBI rating systenorder to increase the
effectiveness of the rating system, since it wastan educated guesses.
» Feedback from the user and the stakeholder nedisdaddressed.
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» Concentrated research related to the local culame climatic conditions is
necessary
» GBI criteria need to be evaluated from all persipestto continuously improve

the quality of green building design and orientatiidelines.
A research concerning implementation of GBI [94gntions that:

* GBI has only been implemented for one year. Theegfieedback collection and
analysis are the most effective and important tasksder to improve GBI.

» Universities should identify specific areas of impement for GBI.

* GBI promotes efficient energy savings. It would epful if a study can be
conducted to look into the construction of buildinfom many aspects of

environmental concern.

Achieving sustainable development requires collatimn among sectors and
institutions, and the participation of all stakedet and individuals. This research
adopts a multi criteria decision making, AHP apptowhich is a method to analyze
and select the appropriate criteria of GBI basedifierent group of experts. The
expert opinions which are based on the recenttetuand the domestic environment
can provide a suitable guide for current GBI. la ttext chapter it will be shown the

methodology of the research.
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CHAPTER 4

METHODOLOGY

4.1 Introduction

This chapter begins with comparative analysis ofRSB, either used locally or
globally. The comparative analysis of rating systeras conducted to find the
similarities and differences between GBI and otheing systems. This analysis
mainly consists of literature review and criticaview of commonly used GBRS. The
result will become factor of consideration to preddurther analysis. Multi Criteria
Decision Making (MCDM) is then described in ternfsntethod and justification on
the decision to use the AHP for this research. N#m$ chapter reviews the basic
concept of the Decision Support System (DSS) anuags why Expert Choice

software was chosen as the DSS tool for reseamysas

Multiple Criteria Decision Making (MCDM) approacls utilized to solve the
selection problem, considering the capability aé tmethod in solving multi-criteria
problem with mutual conflict. A quantitative and ajjtative approach includes in
AHP method. Qualitative used to calculate weighteath criterion. Furthermore,
matrix pairwise comparison algorithm is then uétizto convert preference of experts
into, consecutively, probability assignment, totptobability assignment and
preference degree eventually. Quantitative critar@also converted into preference
degree and entropy methods are used to weightidgaark the criteria. A suggested

criteria weighting was developed from questionrsaekciting expert opinions.

This chapter also describes data collection ofpilet survey, the questionnaires
survey, expert respondents who involved in theare$eand the process involve in
the questionnaires analysis. For validation purptieelast phase present a case study
on the evaluation of “SIME office building” with éhcurrent GBI and GBI survey
result. The results are then validated by the fesitiGBI Facilitators. This research

methodology has three phases as presented in Hdure
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GBRSs as a factor for weighting analysis using
consideration to proceed Expert Choice 2000.
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further analysis ! ! « To evaluate "SIME office
* To determine the criteria building " project with the
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Figure 4.1 Research Methodology Process Flow

4.2 Comparative Analysis
Lee in his social science knowledge reported watlowing description [95]:

“Comparative methods are used for both quantitatwel qualitative studies. Three
strategies are used in comparative methodologiésstrative comparison, complete

or universe comparison, and sampled-based compasiso

lllustrative comparison is the most common forncoimparative analysis and has
been employed extensively by theorists from divgreeip items are chosen based on
illustrative value, and were not selected to besdieally representative. This research

used illustrative comparison to benchmark GBI wvaither rating systems as follows:

* BREEAM
* LEED
» CASBEE

« Green Star

*« Green Mark
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The comparisons are based on the process of catitin, and the criteria and
sub-criteria used for each rating system. This aete focuses on comparative

analysis of GBRS in NRNC building type only.

4.3 Multi Criteria Decision Making (MCDM)

MCDM is part of a general area of research ca\lledti Criteria Decision Aid [96].

The descriptive approach in MCDM aims to help deaisnakers understand the
problems and guide them in identifying a prefercedirse of action. The typical
MCDM problem evaluates a set of alternatives fateda, helping to determine the
best alternatives. It is important to assess cheniatics of a problem when choosing

a MCDM method. The characteristics of the problarthis research involve [97]:

* Type of problem — Identifying the most importaniteria and sub-criteria used
in the current GBI, to determine what constitute=eg building.

» Decision Maker — Stakeholders in Malaysia are thosehe construction
industry and have good knowledge of GBI.

* Type of Data — Goals, criteria, and sub-criteria determined before applying
the decision method. It also involves quantitawe qualitative information

e Output — Improving the decision-making process bgating a structured
selection process, with criteria and sub-criteramked based on experts’

opinions.

Therefore, based on these expected outcomes, a M&ipkbach is required. The
single criterion synthesis approach matches theeagd outcome of the research.
This allows decision makers to clearly visualisalg@and criteria having influence on
the selection process. Several methods of MCDMirarese today, i.e. Analytical
hierarchy process (AHP), Analytic network proceSNPR), Weighted Sum Model,
etc. The choice of which model is most appropragpends on the research problem
and may be to some extent dependent on which ntbdetlecision maker (expert
respondents) is most comfortable with. This thasis to weight the criteria based on
expert opinions. The AHP method was selected owkeromethods due to the

following reasons:
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It has a more effective decision making proces® Hilerarchical structure used
in formulating the AHP model enables the respondenselect the pairwise

comparison process for criteria and sub-criteria.

It has the capability to compare both qualitativel aqjuantitative criteria by

using informed judgment to derive weights and [ities.

The AHP pairwise comparison scale makes it easycreate a pairwise

comparison matrix. It also has the capability toamge inconsistency in
opinions or judgments.

Decision Support System (DSS), called Expert Cheaféwvare is based on the

AHP theory makes it user friendly.

4.4 Decision Support System (DSS)

DSS is based on an assumption about the role opetars in supporting decision
making [98, 99]:

DSS should require human intervention. It shoulgpsut the decision maker
but not replace his/her judgement. It should theeeheither provide answers
nor impose a predefined sequence of analysis.

DSS is particularly effective for semi-structuraeaunstructured problems, but
the computer systemizes the analysis, and givespdéional for the user to
control the process.

Effective problem solving is interactive and enrethby dialogue between the

user and system.

The most suitable DSS for this research based ®rsdme method of AHP's is

Expert Choice. Some of the features of this soéveae [100, 101]:

It offers user-friendly displays that make the daan model straightforward and
simple.

It works by examining judgments made by the denisiaker and measures the
consistency of those judgments.

It does not require numerical judgments from theislen maker; rather,

pairwise comparisons may be performed numericakybally or graphically.
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This is because the software converts subjectidgments into a one to nine
scale then into meaningful priority vector.

« |t allows for re-examination and revision of judgme for all levels of the
hierarchy. It shows where the inconsistencies ggest ways to minimise them

in order to improve the decision.

In short, Expert Choice asks the user how much nmopertant, or preferred, X is
compared to Y with respect to some property. Agjudnt is made using the AHP
verbal or graphical scale or the equivalent 1 taudnerical scale. Expert Choice
determines if the comparisons are logical and st&st and if not assists the user to
improve consistency through its "inconsistency mesls Expert Choice does not
make a choice in some mysterious way, or assunietlthaanswer is hidden in the
method of the underlying mathematics, but helpserak informed choice based on
knowledge, experience and preferences.

4.5 Pilot Survey

A pilot survey was conducted involving seven preifesals in green building and
sustainable construction in Malaysia. These seveperes were selected from
Malaysia Green Building forum. The purpose of castohg a preliminary survey was
to choose the best methods and estimate reseasth dte most important part of
this research is to have a suggested criteria wiagybf GBI from expert respondents,
without disregarding the current GBI. The judgmestbased on the experts’
knowledge, experiences and intuitions. The expedpondents were carefully
selected so that they could provide the researaitérthe required knowledge and

cooperation.

In the pilot survey, interviews with seven respamtdewere carried out after all
returned questionnaires are analyzed. Each interndested approximately 15
minutes. It was decided to use semi-structurednire® to encourage in depth
discussions and greater interaction and at the stame maintained a level of
comparability between respondents. The objectifeth® interview were to define

and justify which stakeholders/parties, are relévanhe research project.
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Stakeholders Analysis

Stakeholder analysis is fundamental in situatioalyasis. It identifies all primary and
secondary stakeholders who have a stake with tbgqtrconcerned [102]. A
stakeholder is defined as any person, group oitutish that positively or negatively
affects or is affected by a particular issue, gaaidertaking or outcome. An
alternative way of conducting stakeholder analysi® identify all parties, and then
determine what each supply delivers or receives filee others. Determining parties
who want to be involved is the first step. Follogims a table of stakeholders

identified based on respondents’ feedback in tla purvey.

Table 4.1 Stakeholders

Parties
Government Government officer
Researchers Academics (Lecturer/Assoc.Prof./Prof}),

Student

Professional (technical) | Designer, Planner, Electrical Engineer,
Architect, Environmental Engineer,
Project Manager

Others Society member, building owner, GBI
facilitator

A group of expert respondents was selected frokektaders who have expertise
in GBI and construction in Malaysia. From Table,4sfiakeholder mapping is then
performed under the influence and importance asvsho Table 4.2. Based on the
stakeholder analysis, it was concluded that expehis should be involved in this

research are as follows:

Government officers;
Academics;

Architects;

0N PE

GBI facilitators and
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5. Engineers (Inclusive of environmentalists, plannestectrical engineers,

project managers and developers)

All expert respondents were identified from sensnameeting projects,
conferences, GBI launches and social communitidserev all parties involved are

concerned with green building construction.

Table 4.2 Stakeholders Influence

Influence of Little/ No Some Moderate Very Critical
Stakeholders | importance | importance importance importance player
Little/ No
Influence
Some -Student
influence -Society

member
Moderate Building
influence owner
Significant
influence
-Designer
-Electrical Eng. | - Government
Highly -Environmental | officer
influence Eng. - Lecturer
-Planner - Professor
-Architect
-GBI facilitator

4.6 Questionnaire Survey

Questionnaire surveys were used in this study muca the experts’ knowledge.
These surveys helped to establish an analyticaaitiey of the selection process. A
guestionnaire can be defined as a “list or groupphgnritten questions which a
respondent answers”, also known as a “manual exjpen system” or “expert self
report” [103]. The questionnaire used the self-regmb data collection method. The
guestionnaires were collected using mail surveypubh postal services, internet

surveys through the web, email and fax.
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Type of Questionnaire

The questionnaire was designed for data collectioth the format was synthesized
with references to the AHP pairwise comparison thaseSaaty [26]. The survey was
conducted in direct and indirect setting, as alipomdents were notified of the
background and objectives of the survey beforehaHdey were then given

instructions on how to complete the questionndineorder to ensure a common
understanding of the decision-maker and criteri@gonveighted by the respondents,
key terms used in the questionnaire were clearplagixed and the respondents were
allowed to ask questions to avoid any ambiguitidss is an indispensable process
used to guarantee consistent interpretations ofdireinology and to ensure results

can be analysed in a meaningful way.

Questionnaire Design

To facilitate the feedback, a structured format wesed. AppendixA presents

the parts ofjuestionnaireThe questionnaire was designed in four parts:

1. The introduction/cover letter.

2. Particulars of the respondent.

3. An input matrix of pairwise comparison for priorirdering. The respondent
had to choose the intensity of importance betweendifferent criteria as well
as sub-criteria.

4. Open-ended questions were also included in thetignesire to capture certain
knowledge that needs further explanations or rewieMppendix A shows a

copy of the questionnaire.

Sampling of Questionnaire

The questionnaires were sent to 300 respondentspresing engineers, architects,
GBI facilitators, government officers and academilise targeted respondents were
chosen as the basic sampling of pilot survey, wiremlot survey, 30 questionnaires
were sent out and have received seven respond&dsed on the AHP

recommendation, stakeholder analysis was conductadalyse an expert’'s influence

in green building construction. Selective samplingthod is being used to choose the

66



respondent, when there are a limited number of ixpe a particular area. All
respondent have been identified from the Malaysiae@ Building Confederation
(MGBC) members, ACEM members, PAM members, GreenldByg forum,

sustainable building conferences, seminars, meepngject, GBI launches and social
community, where all parties are players in greeildmg construction. A total of 44

respondents completed the questionnaires.

4.7 Analytical Hierarchy Process (AHP)

AHP is based on the MCDM approach developed by ySaat 1970 [26].
Fundamentally, the AHP works by developing a midtiel hierarchy structure of
goals, criteria, sub-criteria and their alternagiy#04]. Saaty described the AHP as a
decision making approach based on the innate huaiality to make sound
judgments about small problems. Desirable chanatity of such an approach
include simplicity, usefulness for both individuadsid groups, accommodative of
intuition, compromise, consensus building and withprejudice towards specialised

skills or knowledge [105].

Saaty suggested AHP as a process that requirestusing of the decision
problem to demonstrate key elements and relatipsshiThis process elicits
judgments reflecting feelings or emotions, and gassi judgments meaningful
numbers represented by ratios. These numericakseptatives can be used to
generate weights that represent the relative impod of the criteria. Finally,
alternatives can be compared to an absolute sthngdarcomparison results can be
synthesized into single statistics. Each value esgmts an alternative that can be
further analyzed for sensitivity to changes. Howevkis research uses an analysis
concerned with priorities of the criteria and suitecia only, without needing

alternative suggestions.

The power of AHP lies in its variants, and the o$gair wise comparisons in
decision-making [26]. The hierarchical structuredign formulating the AHP model
enables respondents to visualize problems systeafigitin terms of relevant criteria

and sub-criteria. Furthermore, by using the AHRpomdents can systematically
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compare the priorities of criteria and sub-critedddP involves the following basic
steps: model building, pairwise comparisons, cdescy ratios, weightings and an
evaluation [106, 107].

4.7.1 Structuring Issues into a Hierarchy

The structure of AHP consists of a hierarchy ofecia and sub-criteria cascading
from a decision objective or goal [26]. This resbainvolves formulating an

appropriate AHP model consisting of a goal, levantl level 2. The current GBI has
six main criteria, classified as level 1. Eacheasidn has corresponding sub-criteria,

comprising level 2.

Figure 4.2 presents the current 6 criteria andulBcsiteria of GBI, including the
currently assigned point values. The “EE” critereomd ‘design EE’ sub-criterion are
regarded as the main priorities. This model fai#is selection, comparison and
prioritisation of each criterion and sub-criteritmased on respondents’ knowledge.

Goal

(GBI Survey Result)

I l I l l l
Indoor . .
Energy . ) Sustainable Material Water )
Efficiency En\gggl?gfnt‘ Site Resources Efficiency I?;g\é?r:g]
(35 points) (21 points (16 points) (11 points) (10 points)
e N ama N - e N - N - R
. L_|ght|ng, . . Reused Increased Innovation in
Design EE Visual and Site Planning recycled - :
. - o . . e Efficiency | Design =
(25 points) Accoustic (6 points) materials . :
- . (6 points) (6 points)
_ Y, \_ (8 points ) \_ \_ (4 points ) \_ ) \_ )
e ™ e ™ e ™ e Wast ™ e ™ el )
Verification | Air Quality e Design SS | Manaasefnent- h Watef = Accredited
(5 points) (6 points) (4 points) 3 g t arvesting Facilitator
(3 points) (4 points) (1 poin
( ( ) 4 R\ 4 bI\
o oo L4 | Construction| ] Sustainable |_|]
Cor(l;mlcs)isr:gﬁ)ln V(in:)lgie:]ttlgy Management RESOUICES
P (3 points) (2 points)
— \ J —
) 4 N 4
Thermal Transportatiof~ | Green Produ
Comfort (3 points) (2 points)
(3 points) P P

- J -

Figure 4.2 Criteria and Sub-criteria of GBI-NRNC
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The top level of the hierarchy represents the ahjeof the goal; in this case, the
suggested GBI model is addressed. The set of chfiiceselection is made from the
first level of the hierarchy. The problem formulkten Figure 4.2 is selection of
criteria and sub-criteria for the GBI which best fhe Malaysian construction
Industry. The decisions are based on the resposdé&nbwledge of GBI and
construction projects in Malaysia. The criteria a&utb-criteria with the highest total
weighting, obtained through a synthesis process eaentually selected as the main

criterion/sub-criterion.

4.7.2 Pairwise Comparison

A pairwise comparison of elements allows prioritgights to be derived. Pairwise
comparisons at each level of the hierarchy helparedents develop relative weights,
called priorities, to differentiate the importancé the criteria [108]. The scale

recommended by Saaty is one to nine, with one mgatompared criteria are of the
same importance, and 9 meaning one criterion iy more important than the
other, with increasing degrees of importance inwben[109]. Respondents scaled
each pairwise comparison of the criteria and sutier@ in the questionnaire. Table

4.3 shows the level of importance of each critebased on the AHP scale.

Table 4.3 The Fundamental Scale of AHP by Saaty

Intensity of Definition Explanation
Importance
1 Equal importance | Two elements contribute equally to the property.
2 Weak or slight
3 Moderate importance Experience and judgment slightly favour one
of one over another | element over another.
4 Moderate plus
5 Essential or strong | Experience and judgment slightly strongly favouyr
importance one element over another.
6 Strong plus
7 Very strong An element is strongly favourable and its
importance dominance is demonstrated in practice.
8 Very, very strong
9 Extreme importance| The evidence of favouring one element over
another is of the highest possible order of
affirmation.
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The importance of one element in respect to anoitherepresented by the
reciprocal value. Values are assigned in the fahgwmanner, using X and Y as
compared elements [26]:

. 1if Xand Y are equally important

. 3 if X is weakly more important than Y

a

b

c. 5if X is strongly more important than Y

d. 7if X is very strongly more important than Y
e. 9if X is absolutely more important than Y

f.

Reciprocal values are used when X and Y are inaergd

The respondent will be asked to scale the levehpbrtance of each criterion and
sub-criterion. For example, comparing the critermtween “EE” and IEQ”, as to

choose which criterion is more important, is doadadiow:

Ener Indoor
neray 1o lg| 7l 6|5 4] X8| 24 1l 2 3 4 b5 6 [7 |8 |9Environmental
Efficiency Quality

Respondent chose 3 which mean that “EE” is modenap®rtance than “IEQ”.
Process pairwise comparison is used for making meids regarding the relative
importance of the elements in each level with respge the higher level of the

hierarchy, using the AHP pair wise comparison sadegiven in Table 4.3.

AHP calculations are then required in solving thgeevalue problem by
involving a reciprocal matrix of comparisons. Expenoice software carries out the
scale above; it is also makes approximating salstigelatively simple. The
spreadsheet software used involves only computatioh normalised values if

conditions are met [108].

4.7.3 Consistency Ratio

Several issues in the AHP process deserve spét@atian. The first is its ability to
analyse consistency of judgments. As Saaty destrjB6], the method involves

redundant comparisons to improve validity, recomgjzthat participants may be

70



uncertain or make poor judgments in some of thepasmons. This redundancy
results in multiple comparisons that may lead tonerdcal inconsistencies. For
example, if criterion A is just as important agerion B, the pairwise judgments for
A and B to any other criterion should be identidalthe event this does not happen,
inconsistencies are accounted for. Consistencyosaf{CR) are calculated and
compared to indexes derived from random judgmehssliong as the CK 0.10,
analysis of results can be done. Saaty also engasatiat greater consistency does
not imply greater accuracy and judgments shouldaliered only if they are
compatible with one’s understanding. Otherwise,arinformation may be necessary

or the hierarchy may need re-examination.

Saaty shows that to maintain reasonable consistghen deriving priorities from
paired comparisons, the number of factors beingidened must be less or equal to
nine. AHP allows inconsistency, but provides a raea®f the inconsistency in each
set of judgments. The consistency of the judgmemiadrix can be determined by

Consistency Ratio (CR), defined as:

Consistency Ratio, (CR) or Inconsistency Ratio) 4RI/RI
(3.2)
Here, CI is the Consistency Index and RI is the d®am Index. Furthermore,
Saaty [26] provided average consistencies (Rl ®wlaérandomly generated matrices

as conclude in Table 3.2. Cl matrix for a matriboodern is defined as [25]:

CI = (Xmax_ n) / (n‘l)
(3.2)
n = matrix size

xmax = eigenvalue max

Random Index(RI) is a simulation of a large number of randomly gatest
pairwise comparisons for different sizes of masjazarried out by Saaty, with regard
to calculation of the average CI. The significanE®l is the ratio of the CI to the R,
in a particular set of judgements in the same afzeatrix. The values of standard RI

are given in Table 4.4

71



Table 4.4 The Average Consistencies of Randomikést(RI values)

Size 1 2 3 4 5 6 7 8 9 10

RI 0.00| 0.0O0O| 052 | 0.89| 1.11 | 1.25 | 1.35| 140 | 145|149

4.7.4 Weighting

A relative weight is assigned to each criterionsdsh on its reported level of
importance. The sum of all the criteria belongiagatcommon direct parent criterion
in the same hierarchy level must be equal to 100% [L10]. A global priority is
computed to quantify the relative importance ofisedon within the overall decision
model. AHP scores each criterion in a hierarchyoanting for all levels and
computes an overall score. Finally, rankings aredu® compare the criteria and
select the one that best fits the goal.

4.7.5 Evaluation

Evaluation has been conducted to evaluate the &kdfivom the respondent. As
discussed before, in the questionnaire, the respusadwill scale each pair wise
comparison of the criteria and sub-criteria, by thenber of 1 to 9. To analyse the
guestionnaire, the judgment matrixes were computadhe use of Expert Choice
2000 software, and the CR must $@.10. A higher CR (greater than 0.10) at any

level or in the final synthesis revealed that thdgments are inconsistent [111].

Although not invalidating the entire model, incatencies suggest that an
expert’s opinion should be investigated to detearthre cause. If the modification of
judgments fails to lead to an improvement of the, @Rs likely that the problem
needs to be restricted by grouping the elements aha interrelated by common
characteristics. In this research, questionnain#is &CR score greater tharLowas

investigated. The process is illustrated in FiguBe
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Figure 4.3 AHP Flowchart
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4.8  Validation by the Certified GBI Facilitator

The final phase will be evaluation one of new huidd construction projects in
Malaysia, the “SIME office building”. The aim is walidate the workability of the
GBI survey result and its scoring differences witle current GBI. “SIME office
building” was chosen because it was designed andtieated to fulfil LEED silver
rating certification. The result of this buildingssessment will be then validated by the

certified GBI facilitators.

4.9  Summary of Methodology

The comparative analysis was an initial step inyemag the criteria and sub-criteria
of GBI. The result of the comparative analysis wamsbined with literature reviews
that are critical to GBI. The main focus of thedstus to determine if experts would
rate the criteria of GBI differently than the exigt weighting currently in use. AHP
was selected apart from other MCDM methods becafigs ability to overcome the
problems characteristic of this type of researohorider to choose the criteria based
on expert opinions, this thesis applied the anedythierarchy process, developed by
Saaty (1980), which decomposes the decisional psoicea hierarchy of criteria and
sub criteria through a set of weights that refteetrelative importance. The AHP has
become a significant methodology due to its capgghibr facilitating multi-criteria

decision-making.

In AHP, Expert Choice Software, was used as a @85t assist in structuring
the hierarchy and in synthesizing judgments. Thofiware eliminated tedious
calculations. The details of research design aptamed in Figure 4.4. In the next
chapter, results of the comparative analysis @ri@tional rating system with GBI, in
order to find the similarities and differences argher discussed. The aim is to find
out whether GBI closely resembles (to be alike iorilar) other GBRSs in term of
certification process, criteria and rating awardisTwill be followed by analysis of
the criteria and sub-criteria weighting of GBI badsen expert respondents.
Respondent will scale and choose the criteria abecsiteria which according to their

expertise and experience is the most suitablegmMalaysian local context.
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CHAPTER 5

RESULT AND DISCUSSION

5.1 Introduction

There are large numbers of environmental ratindgesys internationally, but only
several have gained significant market acceptandevadely in use. The two that
have achieved the greatest prominence within thespective market sectors are
LEED in the US, and BREEAM in the UK. In other madf the world, efforts are
being made to adapt existing systems to reflecllgaidelines. For example, South
Africa is planning to launch a national versionGreen Staiin the near future. Many
similarities exist among the different systems;heacbased on the levels of rating
award as well as criteria use. However, significgustions remain in which content
and process differences among the systems, signific influence environmental

perform ance outcomes.

This chapter attempts to address the content aadtigs specific to GBI when it
is compared to the other five GBRSs, as well agptioeess related to implementing
the systems. Therefore, issues associated withibdigd (certification process),
flexibility (applicability and rigidity of point sgtems), and the criteria chosen by six
rating systems, form a life cycle perspective uhldermuch of the discussion. As
mentioned in Chapter 3, GBI was based on a combmaft “educated guess” as well
as an adaptation of LEED. Thus, it will be inteirggtto systematically evaluate
weighting of criteria and sub-criteria of GBI based the opinions of expert
respondents. Finally, a “SIME office building” shosen as a case study to be
evaluated with the current GBI and GBI survey resthe results were then validated
by certified GBI facilitators.



5.2 Comparative Analysis

The purpose of this comparison is to identify samiles and differences between the
GBI and other GBRSs. This comparison includes BREEAEED, Green Star,
Green Mark and CASBEE. The comparisons are baseth@rbuilding type, the
certification process, the criteria and sub-cratesieighting, as well as the rating of
each of GBRS. This study aims to establish ther#imal background in order to

prepare for further analysis in the next phasdafiss.

5.2.1 General Comparison

In general, all GBRSs have a similar aim; to adsltee sustainability of buildings in
specific locations. Benchmarking schemes are usesdess best practices in design
and construction in terms of sustainability. All B8s have differences, as each one
IS unique to the environment of its intended us@eferal summary comparing GBI
and other GBRSs is shown in Table 5.1.

The process in which GBI is formed greatly diffexeam other GBRSs. BREEAM,
LEED, Green Star, and Green Mark were developedsisen Building Council
(GBC) in their respective countries based on loegds and requirements. However,
GBI was created by a group local architects andneregs, namely the members of
Malaysia Association of Architects (PAM) and the sAsiation of Consulting
Engineers Malaysia (ACEM). CASBEE was first develdy the iiSBE in the form
of a GB Tool. This system is unique and the md$¢int among other GBRSs.

In term of projects certification, BREEAM and Grektark are the only systems
that are compulsory in their countries of origin.the UK, BREEAM certification is
required. Government departments utilise BREEAMrfon-domestic buildings and
apply the code to most sustainable homes for daenkstldings. The Singaporean
government has encouraged obtaining Green Marlogpprrequiring certification in
some cases, in an effort to promote environmentareness in the construction and
real estate sectors. In Malaysia, GBI certification building projects is still on
voluntary. This is also applied for Green Star, DE&nd CASBEE.
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Table 5.1 General Comparison of GBRS

BREEAM LEED Green Star Green Mark CASBEE GBI
Establish 1990 1998 2003 2005 2004 2009
Country of . ) )
o UK us Australia Singapore Japan Malaysia
Origin
Status Compulsory Voluntary Voluntary Compulsory Voluntary Voluntary
. National/ . .
Local/ National/ National/ National/
) ) Multi ) ) ) ) National National
Global Multi National ) Multi National | Multi National
National
Pertubuhan
. o Akitek
) o United States o Building and Japan .
Third Building Green Building . ) Malaysia and
green ) Construction Sustainable o
party Research o Council . o Association of
o . Buildings . Authority Building .
validation Establishment ) Australia ; Consulting
Council (BCA) Consortium )
Engineers
Malaysia
. . BCA Design/ GBI
Assessor Trained Accredited
USGBC ) assessment | Management | Accreditation
Assessors Professionals
team Team of JSBC Panel
Update ) )
Annual As required As required Per three yeg
Process

s

BREEAM, LEED, Green Star and Green Mark were systertended to be used
both locally and globally. Green Star was initiailytended to be used only in

Australia but later is also used in New Zealand kmlbnesia. CASBEE is used only

in Japan, and on a voluntary basis. As for GBI, iimplementation is only in

Malaysia.

There are no required deadlines to renew certifinawvith either LEED or Green

Mark. Requirements for BREEAM vary depending onrabteristics of use; “assets,”

are required to be updated every three years, whdragement and organizational

policies need to be updated every year. CASBEHficattons are valid for three

years upon completion of construction of a new ROWASBEE certifications for

existing buildings or urban development are vabd five years and valid for three

years for renovation projects. Green Star curremily no required renewal date, but is

expected to have one in the future. GBI's legalqueof certification is three years.
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In these ways and others, GBRS systems vary iractarstics. The most distinct
differences of GBI, compared to other GBRSs, are tertification renewal

requirements and “third-party support”.

5.2.2 Building Type and Certification Process

Each rating system is used during different stagdsuilding, and on different types
of buildings. Some GBRSs’ have very detailed catiegoof building type. BRE was
a government funded research body when BREEAM wascaived in 1990.
BREEAM'’s mission was to provide relevant reseancti mformation to the building
industry regarding the best methods to support renmental protection and
sustainable development. Because of this, BREEAMtha most detailed categories
of building types, totalling 15. BREEAM'’s ratingsgm is considered to be the most
valuable because of the detailed requirements @i bailding type. BREEAM uses
various assessment tools to determine a buildingtegory. Each building type’s
unique specifications are continually identified BREEAM, and accounted for by
updated versions, such as the new BREEAM 2011.

Currently, LEED is known as the leading rating eystin the global market.
Since its inception in 1998, LEED has changed thestruction industry by using a
consensus approach. It has also adopted a commempaoach to marketing,
attracting paying members and bringing in US$24lionl a year. LEED is a
registered trade mark and a brand name. A totaliré building types have been
covered by LEED thus far. In order to be more widatcepted, LEED intends to
update its processes. The most current versionEBDL 3.0, which includes an
upgrade for the 2009 rating system. LEED for Newn&lauction 2009 is adapted
from the Green Building Design and ConstructiondRefice Guide.
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Table 5.2 Building Type and Certification Proce6&S8RS

Building Types Covered

Certification Process

1. Other Building (including leisure
complexes, laboratories, community
building and hotels design);

There are several licensed assessment|
organizations mainly in UK.

2. Courts For each assessment, the assessor
3. The code for sustainable homes; produces a report outlining the
4. Ecohomes; development’s performance against each
5. Ecohomes XB; of the criteria, its overall score and the
6. Hospital or healthcare building; BREEAM rating achieved.
7. Industrial building;
BREEAM | 8. Multi-Residential
9. Prisons;
10.0Offices;
11.Retail;
12.Education;
13.Communities;
14.Domestic Refurbishment;
15.In-Use
1. New construction and majarUSGBC conduct third party verification
renovations prior to awarding a certification
2. Existing buildings: operation and
maintenance Cost of certification depending on
3. Commercial interiors member status, building type and size.
LEED 4. Core and shell
5. School Significant documentation required for
6. Retail building submittal.
7. Healthcare building
8. LEED for homes Accredited professional is recommended
9. LEED for neighborhood developmentbut not required to be part of design team.
1. Education v1; In Australia, GBCA validates the
2. Healthcare v1i; project’'s achievement through a formal
3. Industrial v1; assessment.
Green 4. Mu_lti Unit Residential v1;
5. Office v3; The GBCA encourage users of the
Star 6. Office Interiors v1.1; schemes to give feedback.
7. Retail Centre v1,;
8. Office Design v2; Unlike BREEAM assessment, Green Star
9. Office As built v2; can be carried out by any member of
project team.
1. CASBEE for Pre-Design AssessmgnCASBEE is sold primarily as a “self
Tool assessment check system” to permit users
CASBEE | 2. CASBEE for New Construction to raise the environmental performance|of

3. CASBEE for Existing Buildings
4. CASBEE for renovation

buildings under consideration.
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Building Types Covered Certification Process
1. Residential building; The assessment will include design and documentary
2. Non Residential building; reviews as well as site verification. Documentary
3. Existing building; evidences are to be submitted at the end of the
Green 4. Office Interior; assessment.
Mark 5. Landed house;
6. New and Existing parks; Upon completion of the assessment, a letter of dwal
7. Infrastructure; showing the certification level of the projectsiviaié
8. District; sent to the team
9. Overseas Projects;
1. Residential Application & Registration, The Registration Feelwil
2. Non-Residential : New be set depending on the size of the project
Construction and Existing
Building Design Assessment (DA),
GBI 3. Township The GBI Certifier will then undertake the Design
4. Industrial Assessment for GSB
Completion & Verification Assessment (CVA),
The final GBI award will be issued by the GBIAP
upon completion of this CVA assessment.

Green Star is known for frequently updating buitfdiassessment tools. Early
formed, Green Star adapted BREEAM. Through timese@rStar developed its own
rating system. The new system took into accountryexaspect of building in
Australia. CASBEE involves complex calculation hwologies. Although utilising
only four types of buildings, the system is suffitlly detailed. Green Mark’s systems
have been improved since becoming a compulsoryssissmnt for building by the
Singaporean government. GBI currently has onlyehdédferent types of building
assessments. All GBRSs have a third-party veriboaprocess, where assessors
verify all projects and estimate costs. The congoariof building type and the

certification process is shown in Table 5.2.

5.2.3 Criteria

All GBRSs use point systems, and have minimum regquents for projects to receive
certification. The necessary criteria impacts bogddesigns and also influence
development of construction methods. Points sconeg be as simple as having a

design feature or may call for a detailed analisigerify the building’s performance.
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With CASBEE, it is impossible to calculate the walof each criterion, as values
are dependent on the final scores. CASBEE has arugteria for point scoring; it is
a complex calculation based on the Building Envinental Efficiency equation. The
efficiency of the point system continues to develap more measures of
environmental impact are created. However, thisrasnecessarily shown a direct

correlation with levels of environmental impact.

BREEAM uses a different system to evaluate enviremial impact. Their system
calculates the criteria by weighting the scoresteAfll characteristics have been
examined, a score is determined. This process giviesl environmental score. The
BREEAM rating is then added based on the scoreesaeti BREEAM also is unique
because it has 10 different criterions.

LEED, Green Star and Green Mark use similar scoasgessment procedures.
These systems calculate all the criteria, and agsagnts. No weighting is used for
either criteria or sub-criteria. Buildings earn mqsi which accumulate to earn an

approval rating.

Green Star uses similar criteria to BREEAM. Thesterga were developed by
BREEAM, and adopted later by Green Star. Green @tatinually evolves based on
the local needs in order to remain applicable tweru standards. Green Mark differs
from GBI most greatly because Singapore emphatsegnergy consumption. The
system currently most similar to GBI is LEED, whigtilises the same six criteria for

scoring.

Points earned for each criteria:

» BREEAM has 9 criteria, plus one additional critetioThe main criterion is
“Energy” receiving 19 points. BREEAM point valuer féWater Efficiency” is the
lowest of all the criteria.

 LEED utilises 6 criteria, plus one additional, tbtey 110 points. The main
priority is “Energy Efficiency”, which is valued &5 points. The least priority is

“Innovation”, valued at only 6 points.
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» Green Star’s rating system consists of 7 critend ane additional item. Green
Star emphasizes “Energy”, with a value of 29 poifitse least priority is “Land
use and ecology”, scoring 8 points.

* Green Mark’s emphasis is on “Energy” assigning fdiits to this category.

* GBI, similar to LEED, assigns “Innovation” the logtepoint value. Innovation is
considered only a minor influence in a buildingisseonmental impact. “Energy

Efficiency” is the most significant criteria, hofdj 35 points, similar to LEED.

Table 5.3 shows the classification of the comparisb criteria in each GBRS.
GBI and LEED are very similar in terms of critegad its points, although the two
systems are used in different geographical zonderudifferent climatic conditions.
Priority ranking of these criteria is also compagali he criteria for both GBRSs are
energy efficiency, water, materials, land use, auoable sites, indoor environmental

guality and innovation.

Table 5.3 Comparison of GBRS in Criteria and Points

Criteria BREEAM | LEED | Créen | Green | g
Star Mark
Management 12 12 -
Energy 19 35 29 116 35
(min30)
Transport 8 11 -
Health and Well Being 15 -
Water Efficiency 6 10 12 17 10
Materials 12.5 14 22 11
Waste 7.5
Land use and Ecology 10 8 -
Pollution and Emissions 10 19 -
Sustainable Sites 26 42 16
Indoor Environmental 15 27 8 21
Quality
Innovation 10 (add) 6 5 (add) 7 7
Regional Prior 4 (add)
Building environmental
management
110 110 145 190 100
TOTAL
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5.2.4 Rating Award

Each GBRS has its own approach to scoring. A péagenof each criterion is
calculated and a rating awarded after scores amrmdmed. A rating award is a
certification given to buildings determined envineentally friendly or “green”.

BREEAM has four rating awards. The highest sconmes giving a rating of
“excellent” if the total score is 70 points. Thewlest rating awarded is labeled
“passing” with 25 points to 39 points scored. Thaxmum points achievable are 70
points. Green Star has three certified ratingslabi®. “Four stars”, is awarded for
utilising best practices, “Five stars” representssthalian excellence, and “Six stars”
represents the world leadership accomplishmenal patints possible for Green Star

is over 140 points, since points for innovation adeed.

CASBEE has five rating awards. “S” means the bogts environmental quality
is excellent. “C” is a poor rating. Scores andngsi are assigned in a variety of ways,
leading to confusion for many who are not famileith the rating system. Even
though Green Mark has a maximum of 190 points, higlest ranking requires a

minimum of only 90 points.

As concluded in Table 5.4, LEED and GBI have vemyilar ratings. Both awards
award ratings from “Platinum” to the lowest levabéled “Certified”. Difference lies
in the “Certified” level, since LEED assigns scoletween 40 and 49 points, while
GBI assigns between 50 and 65 points. The “Platinievel, for GBI requires 86
points and LEED requires a total of 80.

Table 5.4 Comparison of GBRS in Rating Award

BREEAM LEED Gsrfaer” CASBEE | Green Mark GBI

Rating | Outstanding: | Platinum: | Six Star: S:>3 Platinum : Platinum >86
Award | >85 >80 75-100 >89

Excellent : Gold: A:1.5-2.99 Gold: 76-85

>70 60-79 Five-Star: Gold Plus:

Very Good: 60-74 B':1-1.49 85-89 Silver: 66-75

>55 Silver:

Good>45 50-59 Four-Star: | B : 0.5-0.99 | Gold : 75-84 | Certified:

Pass>30 45-59 50-65

Unclassified: | Certified: C :0-0.49 Certified:

>30 40-49 50-74
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5.2.5 Summary

It has been found that GBI is very similar to oriehe GBRS. Of all GBRSs, LEED
and GBI are the most similar, even though the systevere developed for use in a
totally different climate. Comparative analysis wisothat GBI closely adopted
LEED'’s rating system. It is important each GBRSws@onsideration for locality of
its intended use. Therefore, next analysis willvslhow experts respondents judge the
criteria used in GBI in terms of knowledge spectficthe construction industry in
Malaysia. Each respondent will evaluate each @oterand sub-criterion,

corresponding to the overall weighting of GBI.

5.3 AHP Analysis of the GBI Survey

This analysis presents experts’ opinions of theega and sub-criteria used for GBI,
and its suitability for use in Malaysia specifigallThis analysis is divided into four
sections: pilot survey, questionnaire survey, agialpn different groups of expert

respondents and an analysis of all groups of respus.

5.3.1 Pilot Survey Result

The aim of the pilot survey was to give an overyiewensure the evaluation covered
relevant areas of focus. The survey involved segspondents, professionals in green
building and sustainable construction in Malay&aspondents were an architect, an
engineer, a project manager, an environmental eegira design engineer, a GBI
facilitator and an academic. Seventy-two percehteegpondents have five to nine
years of experience in green building. Remainispoadents had two to four, or over
fifteen years of experience. A pilot survey was duimried to gather feedback from
experts. A total of 50 questionnaires were sentwéfe returned, and seven included
usable responses. The criteria and sub-criteriae weeighted by the pairwise
comparison method, requiring respondents to chadseel of importance, on a scale
from one to nine, in two different issues, as shawrthe Instructions section of

Appendix A.
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The feedback from respondents was converted irgeoanetric mean. Later, the
total value of the geometric mean for each critefieas compared to other criterion
and calculated through Expert Choice software. Weehting of criteria and sub-
criteria was determined by geometric means. Exphdice software weighs criteria
and compares to one another. The value of the €Rhawn in Appendix B: Figure
Bl and B2, is 0.05 and 0.02 respectively. It is lgwn 1, which is consistent. It was
concluded that the respondents clearly understbpdiovise comparison method and
found its use acceptable. Respondents’ opiniong w&ealyzed through the pair wise
comparison method of AHP to determine weightingp@&pdix B shows the weighting
process for each criteria and sub-criteria, whighresults are as follows:

Indoor Environmental Quality “IEQ” (0.281),

Energy Efficiency “EE” (0.252),

Water Efficiency “WE” (0.151),

Sustainable Site Planning and Management “SM” @,12
Material and Resources “MR” (0.099) and

Innovation “IN” (0.097).

o 0k 0w NP

Discussion

As shown in Table 5.5, ranks of criteria and subeda revealed that the pilot survey
weighted results differently than the current GBIsummary of the survey findings
are as follows:

 ‘[EQ was perceived as the most important coreedoh in green building
assessment. Respondents considered ‘air qualitye nmportant than ‘lighting
and visual’ in the sub-criteria of this category.

 “EE” was considered the second most important rizitdRespondents’ reported
that all sub-criteria in this category are of equgbortance.

» Current GBI rates “WE” in the fifth rank, but thelgs survey ranked it third.
According to feedback ‘water harvesting’ was mamgpaortant than ‘increased
efficiency’ in this category’s sub-criteria.

 “SM” was rated the fourth most important criterRespondents stated that the
best locations to build projects were near massspartation areas. For this
criterion, both systems (current GBI and pilot syrwesult) weight the sub-

criteria, as all equally important.
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* “MR” was rated fifth. All sub-criteria were weighdef almost equal importance.

* The pilot survey rates “IN” the least important.

Table 5.5 Share Points in Criteria and Sub-Crit@?ibot Survey Result)

Points of Points of Sub- L
oo o Points in
Item Criteria criteria
. . Current GBI
(pilot survey) (pilot survey)
Energy Efficiency
Design EE 25 8.4 25
Commissioning 8.4 5
Verification n
Maintenance 8.4 5
Total 25.2 35
Indoor Environmental Quality
Air quality 28 11 6
Thermal comfort] s 3
Lighting, visual, &
acoustic 5 8
Verification 4
Total 28 21
Sustainable Site Planning And Management
Site planning 12 4 6
Construction management 2.5 3
Transportation 2.% 3
Design SM 3 4
Total 12 16
Material Resources
Reused, recycled materials L0 2.5 4
Sustainable resources 3 2
Waste managemenmnt 2 3
Green Produc 2.5 2
Total 10
Water Environment
Water harvesting &
recycling 15 10 4
Increased Efficiency 5 6
Total 15 10
Innovation
Innovation in desigr 10 B
GBI accredited facilitato 2
Total 10
TOTAL 100 100 100
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GBI is typically point based and involve assignimagings to building projects in
order to classify them as environmentally sustdmabhe pilot survey showed that

“IEQ” is the main priority of GBI rating system.

5.3.2 Questionnaires Survey Result

The guestionnaire was designed based on the AHRooheallowing respondents to
compare each criterion and sub-criteria. AppendighA@ws the questionnaire sent to
the expert respondents. Most questions alloweddspondents to give additional
information. Some open-ended questions were indiuide allow for unforeseen

expert opinion and advice.

GBI was launched May 2009, a month before thisystuglgan in June. At that
time, only a few people were acquainted with GBd green building construction in
Malaysia. Targeted respondents were contacted lephene, email and fax to
encourage participation and confirm mailing addees$hone interviews were also

conducted to determine which respondents madeidesiselated to GBI issues.

Based on the stakeholder analysis in chapter 8,darties had high influence in
GBI decision making. Architects, engineers, GBIiilfetors, government officers and
academics were among the experts involved. Theeguonsist of a questionnaire
sent to 300 respondents that were selected frombmesmof ACEM, MGBC and
PAM, GBI facilitators and government officers invetl in green building. A total of
69 questionnaires were returned as shown in Tal@le I6 addition, there are 25
guestionnaires un-useable, where the CR is mora tha, which means the
respondents are not consistent or understand Wwahstibject matter. Appendix C

shows the CR for each criterion and sub-criterion.

Table 5.6 Responses from the Questionnaire Survey

Total
Number of questionnaire sent 300
Number of replies received 69
Number of useable replies 44
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The surveys indicatéve groups of respondel, based on profile backgrous.
The biggest group was the ngineers’ category, representing 16 respond
followed by ‘academicsivith 11 respondents, ‘GBI félitators’ with 10 respondent
‘architects’ with 5 respondents, angovernment officers’ with 2 respondents. 1

percentage of each group is skn in Figure 5.1.

Engineers 36%

GBI facilitators -m
Architects .ElE.

Lecturers 25%

Government officers

0% 5% 10% 15% 20% 25% 30% 35% 40%

Figure 5. Groups of Respondents (%)

Respondents \th experience between five and r yearsin green building mad
up the largest grougponstitutirg 41% of the total respondents. Twesgwen percer
of respondents had betwetwo and four years of experience. Tweptye percen
had between 1@5 years f experience, while 9% had less thamo years o
experience. The smallegtoup of respondents had a total of 15 years oéespce ol
more, comprising 2%~igure 5.2 shows the breakdown of respondent’s rexpe.
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]
>15years 2%

1015 vears [N 222 [N

2-dyears 27%

<2 years F 9% .

0% 10% 20% 30% 40% 50%

Figure 5.. RespondenYears of Experience (¢

Summary

The method adopted foris survey proved appropriate whehigh response rate w.
achieved. The 44 responses from the survey alseegrto be from person’s ve
knowledgeablen green building practices, lendint Consiséncy Ratio of less than
0.1.

5.3.3 AHP based on Different Group of Expert:

Forty-four questionnaires were analyzed for the AHP. Demogdcaptformation
revealed that all respondents were highly involiiedyreen building constructio
This survey includedl6 engineers, 5 architects, 10 GBI faators, 2 governmer
officers and 1lcademics

The current GBI has six criteria, rati“EE” of most impotance, followed by
“IEQ”, “SM”, “MR”, “WE” and “IN”. Pilot survey results showe‘IEQ” to be the
first priority of experts in this field. However, opinions different groujs of experts

may lead to different resul
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5.3.3.1 Engineers

Total Sixteen respondents were engineResults showhe opinions olexperts on
practical aspects of green building durinrecent time period-igure 5.3 shows tfF
AHP analysis resultdased on engine¢ feedback. Importance of criteria we
weighted as follows;EE” (29.5 points), “IEQ” (24.8 points), “SM” (12.4o0ints),

“WE” (12.1 points), “MR” (11.2 points), and “IN (10 points).

WE

MR

SM

IEQ

EE

GBI survey result  m Current GBI

10.0

i

121
0

=

Il

16

l

24.8
21

|

35

Figure 5.3  Share Point of Criteria based on Engine

5.3.3.2 Architects

The five respondents who wearchitects reported different viewpoints from i
engineersThe criterion of highest importance v “IEQ”, but “IN” was reported &
the next criteria of importance in designibuildings. The other criteria in order

were: “WE”, EE”, “"MR” and “SM". Figure 5.4 shows points given -

importance

each criterion.
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35

Figure 5. Share Point of Criteria based orcAitect:

5.3.3.3 GBI facilitators

The 10 respondents who were GBI facilitators reportadrg the most experience
green building.The survey rests were similar to results from the engins’ group.
The only difference was the first and second s. The criteria were rated in tt
order of importance’lEQ”, “EE”, “SM”, “WE”, “MR” and “IN ". Figure 5.5 shows

point totals

foreach criterio.
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MR
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EE
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16.8
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35

Figure 5.5 Share Point of Criteria based on GBI Facilitas

5.3.3.4 Government Officer

The Malaysian Government is serious in its long t@@mmitment to promotin
green technologylhus, this research involved government officekgo Tespondent
formed this groupThe analysis showsIEQ” as the highest ranking criteria. Ott
criteria were ranked in the following order of importar “EE”, “SM”, “MR”, “IN”

and “WE”. Figure 5.6 shows points given to each criterion this group of

respondents.
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I!

SM 3 18.2

_l
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Figure 5.6  Share Point of Criteria based Government Officel

5.3.3.5 Academics

Academicsare considered experts in this field due to thgdarolume of researc
done in this field of studyThe group of academiagnsists of 11 respondents. 1
findings show “IEQ and “EE” are the most important criteria in green buildi
assessment, both holding 21.1 poi

In comparing results of the current GBI and theveyy it is seem that both assi
the highest rank tolEQ”. Other criteria, in order of importance, : “MR” with 16.1
points, “WE” with 15.7 points,“"SM” with 14 points and “IN”with 12 points. A
comparison of criteria rankings between the cu GBI andAcademicssurveyed is
shown in Figure 5.7.
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Figure 5.7 Share Point of Criteria based Anademics

Discussion

Engineers’ feedbackhows that “IN”is not presentlya concern in green buildi.
Technology is presently more advanced than curestinical standasin this part oi
the world.Architects’ disagree, concluding that innovatioelgt a significant impac
on building design. “IEQ”and “IN” both constitute large part in green buildir

assessment, since batiiluence energy use

Academicswere under the opinion th#IEQ” and “EE” hasthe largest part i
green building assessment kuse it affects the health of occupants. They aisted
that failure of propeenvironmental qualitin a local hospital in Malaysia is linked
the use of GBI.

GBI facilitators comment that the high priority “IEQ” is due to bylaws. IE(
needs to be ablessed to get basic building approvEE” is important to lowe
energy consumption. Government officers ¢«rate “IEQ” as a high priority becau:

designs related to air quality, day lighting, andcanditioner usage can lower enel
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needs. Table 5.7 shows the differences of crifgsiats in each group.

Table 5.7 Comparison of Criteria Priority by Diféeit Group of Experts

EE IEQ SM MR WE IN Priority

EE
IE
SM
MR
WE
IN

Current GBI 35 21 16 11 10 7

oukrwnE

Expert Group Respondents

EE
IEQ
SM

WE
MR

IN

Engineers 295| 248 12.4 11.2 12.1 10

oukrwnE

IEQ
IN
WE
EE
MR
SM

Architects 16.6 | 249 10 11.3 18.4 18.8

oukrwnhpE

IEQ
EE

SM

WE
MR
IN

GBI facilitators 225 27 16.8 11.5 14 8.2

ogkrwnE

IEQ
EE
SM
MR
IN
WE

Government

) 215 | 26.1 18.2 14.3 7.2 12.8
Officers

oukwnE

IEQ
EE
MR
WE
SM
IN

Academics 21.1 21.1 14 16.1 15.7 12

ouhrwNE
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5.3.3.6 Summary

From the analysis above, it can be concluded thertyegroup of experts has a unique
perspective related to GBI criteria weighting. &m of the framework, the groups
with the most similar opinions are engineers and faBilitators. While not agreeing
on the top two most important criteria, their pitypron the rest of criteria is very
similar. In term of the first priority in criterigdhree groups showed similar result,
which ranked “IEQ” as the main top criteria. Theg®ups are aarchitects, GBI
facilitators, government officers and academics féksacademics, they chose “IEQ”
and “EE” as main criteria. Surprisingly, engineessirvey result is similar with
current GBI, where “EE” is the main criteria. Appien C shows the details of AHP
analysis which covered five different expert graufise value of CR in each group is
less than 0.10; thus, the data and result are tatdep It is indicated that the
respondents are consistent and understand of thecsumatter. Appendix C shows

the criteria and sub-criteria weighting processdach group.

5.3.4 AHP based on All Experts Group

This survey shows the results of all groups of oeslents’ feedback. A total of 44
guestionnaires were reviewed to complete this amalyurther analysis was then
conducted to structure criteria into a hierarchydistinguish the most important
criteria from the least important ones. Three lsweére marked, labeled as: goal as
objective, level 1 as criteria and level 2 as sutega. Appendix D shows the details

of AHP calculation in terms of criteria and subteria based on all group of experts.

5.3.4.1 Level 1: Criteria Weighting

Pairwise comparison judgements were made with ot$pehe attributes of one level
of the hierarchy. Table 5.8 shows the judgmentsimétom 44 respondents. Each
respondent chose which criteria they believed tlostnimportant to compare with
other criteria. The feedback helped construct saakk weight for each criterion. In
this level, the value of CR is 0.00, meaning itansistent; respondents understand
and give good responses on the issues. Table évilsstespondents’ of results where
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"IEQ” have the highest weight of all criteria; hoid value of 0.247. Other criteria are
in the following order: “EE”, “MR”, “SM”, “WE” and“IN”.

Table 5.8 Pairwise Comparison Matrix and Relativeiglit of Level 1

EE| IEQ | SM | MR | WE IN | Weighted| Rank
EE 1.12| 154| 1.61| 1.68| 1.76 0.239| 2™
IEQ 1.82| 1.95| 1.58| 1.71 0.247| 1%
SM 1.12| 1.02| 1.15 0.138] 4"
MR 11| 1.22 0.139| 3¢
WE 1.34 0.127| 5"
IN 0.11| 6"

Incon:0.00

5.3.4.2 Level 2: Sub-Criteria Weighting

Level 2 consists of sub-criteria, allowing eachiesion to be broken into relevant

categories. In this level, each respondent chasentbst important sub-criteria of each
criterion. Nineteen sub-criteria were used. Tabh8eshows the Eigen value of the sub-
criteria of “EE”, which contains 3 sub-criteria. dkable shows ‘design EE’ was rated
of highest priority, earning a weighting of 0.48®e smallest weighting was assigned

to ‘ccommissioningat 0.218.

Table 5.9 Pairwise Comparison Matrix and Relativeiyit of Level 2

(Sub-criteria of Energy Efficiency)

Verification
Design EE | Commissioning and Weighted| Rank
Maintenance
Design EE 2.25 1.62 0.486| 1*
Commissioning 1.33 0.218| 3
Verification and
Maintenance 0.296| 2™
Incon:0.00

“IEQ” was divided into 4 sub-criteria. Based on pesdents’ feedback, the

highest priority was ‘air quality’, weighted at @3 The smallest weighting was
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assigned to ‘verification’, with 0.125. Other pitgrweightings are shown in Table
5.10.

Table 5.10  Pairwise Comparison Matrix and Relaweght of Level 2
(Sub-criteria of Indoor Environmental Quality)

Air Thermal| Lighting e .
quality | comfort VA Verification | Weighted| Rank
Air quality 1.58 2.19 3.2 0.415| 1%
Thermal comfort 1.48 2.14 0.271| 2™
Lighting VA 1.58 0.189| 3¢
Verification 0.125| 4"
Incon:0.00

“SM” was also divided into 4 sub-criteria. The pase comparison matrix of the
four point rating scale is shown in Table 5.10.rdsExpert Choice software, the
relative weights of ‘site planning’, ‘constructiananagement’, ‘transportation’ and
‘design SM’ were calculated, equalling 0.309, 0,10851 and 0.342, respectively.
Table 5.11 also shows all sub-criteria of “SM”. Baelsdents rated ‘design SM’ as the
most important sub-criteria of GBI-NRNC.

Table 5.11  Pairwise Comparison Matrix and Relaweght of Level 2

(Sub-criteria of Sustainable Site)

Plzfrlltr?ing ﬁgﬂ?&gﬁ'gﬂi Transportation Dgf\;lgn Weighted| Rank
Site Planning 1.56 2 1 0.309| 2™
Construction
Management 1.35 1.79 0.198| 3
Transportation 2.2 0.151| 4"
Design SM 0.342| 1%
Incon:0.00

Table 5.12 shows the pairwise comparison matrithef“MR” sub-criteria. Four
sub-criteria were weighted. Respondents were agkedsign the four sub-criteria a
rating, which were then converted into a correspundelative weight, shown in

Table 7. After normalising the total scores, ‘gregmduct’, was shown as the
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preferred sub-criteria, receiving the highest weigh0.279, follow with ‘reused and

recycled materials’ at 0.276.

Table 5.12 Pairwise Comparison Matrix and Relaweght of Level 2

(Sub-criteria of Material Resources)

Reused

Sustainable Waste Green .
Recyqled Resources| Management Product Weighted| Rank
Materials
Reused Recycleg
Materials 1 1.47 1 0.276| 2™
Sustainable
Resources 1.28 1 0.252| 3¢
Waste
Management 1.43 0.193] 4"
Green Product 0.279| 1%
Incon:0.00

“WE” was divided into two sub-criteria. Based orspendents feedback, the
highest weighting was given to ‘water harvestingth a weight of 0.514. Table 5.13
shows the weighting of the two sub-criteria of “WEIN” was also separated into
two sub-criteria. Table 5.14 shows ‘innovation aw®sign’ rated as a higher priority

than ‘GBlaccreditedfacilitator’.

Table 5.13  Pairwise Comparison Matrix and Relaweght of Level 2

(Sub-criteria of Water Efficiency)

narvesting | Effciency | Weighted  Rank
Water harvesting 1.05 0.514| 1%
Increased Efficiency 0.486/| 2™
Incon:0.00
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(Suk-criteria of Innovation)

Table 5.14 Pairwise Corparison Matrixand Relative Weight of Level

' Dosign | Faciltator| "Veiohted ~Rant
Innovation in Design 2.63 0.725| 1*
GBI Facilitator 0.275| 2™
Incon:0.00

Rankings of all suleriteria are shown in Figure 5.The most important si-
criterion was ‘air quality’receiving a weighting of 0.1l. The kast importanwas
‘GBI accredited Facilitatorfeceiving a score of 0.0.

GBI Acce Faci 0.018
Transportation 0.02¢
Verification (1.031
Construction Management 0.034
Waste Management 0.037
Comnussioning 0.045
Tinovation i Design 0.047
Sustamable Rezources 0.048
Lighting VA 0.048
Reused Recycled Malerials 0.053
Site Planning 0.053
(ireen Product 0.054
Increased Efficiency 0.053
Design SM 0.058
Water harvesting 0.059
Verification and Maintenance 0.062
Thermal comfort 0.068
Desion EE 0.101
Air qualily 0.104

Figure 58 Sub-Criteria Weighting
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Discussion
1. Ranking

Results show that the current GBI weightings ofom@nce are different from expert
opinion, derived from the survey results. Decisimaker did a pairwise comparison
based on their knowledge of green building practiClee aim was to develop a
criteria weighting suitable to Malaysia specifigallhese results do not indicate that
the current GBI is of no good, but gives collectfiegedback from experts in this field
on improving the implementation of GBI. As mentidnia chapter 2 and 4, GBRSs

should continually evolve to meet the changing seddhe intended country of use.

Respondents’ opinions were analyzed through pasewiomparison to AHP,
assigning weightings to the criteria. The resuleseawery similar to the preliminary
survey, where “IEQ” stood as the main criterionit€ia, in order of importance, are:

Indoor Environmental Quality (0.247)
Energy Efficiency (0.239)

Water Efficiency (0.139)

Sustainable Sites (0.138)

Material (0.127) and

Innovation (0.110).

o gk w b E

As seen in Table 5.15, “EE” was the second mosbmniapt criteria. “IEQ” was the
first priority of GBI-NRNC. “MR” was the % priority, although it's rated of fourth
priority in the current GBI. The fourth was “SM” hich is rated third in the GBI. The

rest of the criteria have the same priority ranking

Majority of the experts agreed “IEQ” was the fipstority because it is the only
criteria that directly affect occupants’ health. #floengineers and architect
respondents commented on the wide use of air dondis and lighting in Malaysian
office buildings. In “IEQ”, considerations are itesad for day-lighting, reducing the
need for lighting fixtures during daytime, therelsducing daytime peak cooling
loads and justifying a reduction in the size of hreucal cooling systems. This results

in lower energy costs over a building’s life span.
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Table 5.15 Comparison of Current GBI and SurveyuRas Criteria Ranking

Ranking of Ranking of GBI

Current GBI Survey Result
Energy Efficiency 1% 2"
Indoor Environmental
Quality 2" 1%
Sustainable Site 3 4"
Material Resources 4" 3
Water Efficiency 5 5
Innovation 6" 6"

Consistently, as seen in Figure 5.8 majority regpots rated ‘air quality’ as the
most important sub-criteria of “IEQ”. The most dkuj and under-utilised resource
for creating high-performance green buildings aatural systems (day lighting and
air quality). Natural systems can shade and coidlings, yet allow sunlight through
for heating during appropriate seasons. The ulengmeen building features a deep
integration of ecosystems and structures and alfowan exchange of matter-energy

between human systems and natural systems, bagdjuth entities.
2. Share Point

Table 5.16 shows the scoring of the current GBI @id survey results. The current
GBI assigns 35 points to “EE” and 21 points to “IE@ 14 point difference. As
mentioned before, “IEQ” is the first priority of @hexpert respondents. In terms of
scoring, only small differences were shown betw#en first and second criteria.
“IEQ” was assigned 25 points and “EE” was assige¥goints. Similar scores results
obtained mainly because these criteria are relaedanother. Based on respondents’
feedback, office buildings in Malaysia used enengymuch different ways than
Malaysian households. Most energy used in officédimgs is for lighting, heating,
and cooling. Typically, this energy comes in tharfaof electricity, the highest-cost
fuel. Consequently, the primary targets for enesgying were cooling and lighting.
Appliances are also a major opportunity to savetetaty. Recently, a program was
initiated in Malaysia for the consumers to purch&sergy Star labeled computers

and peripherals.
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Table 5.16 Comparison of Current GBI and SurveyuR&s Scoring

Sub-criteria of EE Current GBIl GBI survey resylt
Design EE 25 12
Commissioning 5 5
Verification and Maintenance 5 7
35 24
Sub-criteria of IEQ Current GBIl GBI survey resylt
Air Quality 6 10
Thermal Comfort 3 6
Lighting, Visual and Acoustic Comfort 8 6
Verification 4 3
21 25
Sub-criteria of SM Current GBI| GBI survey resylt
Site Planning 6 4
Construction Management 3 3
Transportation 3 3
Design SM
16 14
Sub-criteria of MR Current GBI| GBI survey resylt
Reused and Recycled Materials 4 3
Sustuinable Resources
Waste Management
Green Products
11 12
Sub-criteria of WE Current GBI| GBI survey resylt
Water Harvesting and Recycling 4 7
Increased Efficiency 6 7
10 14
Sub-criteria of IN Current GBI| GBI survey resylt
Innovation in Design and environmental design
initiatives 6 8
Green building index facilitator L B
7 11
TOTAL 100 100

The four sub-criteria of “EE” share 25 points ire tturrent GBI. ‘Design EE’, is
allocated only 12 points in the survey results.f@aissioning’ was given the same

amount of points by both. Survey results gave npaiats to ‘verification’ than the
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current system. Respondents felt that continualbyitoering energy use would result
in a “green” status over a long period, giving thelding a high value throughout its

lifespan.

“IEQ” survey results attributed high points to ‘ajuality’. Ten points were
allocated by the survey, while the current GBI gdivenly six points. ‘Thermal
comfort’ and ‘lighting’ both received six pointsofn the survey, while the current
system gave three and eight points respectivelgrélwas no large difference in
points assigned to ‘verification’.

The survey result of “SM” shows that ‘design’ asité planning’ share the same
point values, which are four points. The same @shby ‘construction management’
and ‘transportation’, each receiving three poiftse current GBI allows six points
for ‘site planning’. The rest were rated the safepert respondents mentioned that
both ‘design’ and ‘site planning’ were the simplesib-criteria to achieve in GBI-

NRNC, relative to ‘transportation’.

In the category “MR”, the current GBI assigned kgest point value to ‘reused
and recycled materials’, a value of four pointse Barvey results has ‘green product’
deserved an equal value. ‘Sustainable resources’assigned three points according
to survey results, with an equal amount of pointéng to ‘reused and recycled

materials’. The current GBI assigns two and threets respectively.

In the category “WE”, the current GBI gives ‘watearvesting’ and ‘increased
efficiency’ four and six points each. The survegules give the same weighting to

both sub-criteria, each holding seven points.

The last criteria, “IN”, consists of ‘innovation idesign’ and “GBI accredited
facilitator’. The current GBI and the survey resufate both of the same priority.

Summary of points assigned are listed in Table &sl@ell as in Appendix E.

5.3.5 Summary

GBRSs are expected to continually evolve, in otdeadapt to the countries of its
intended use. This analysis shows that there amsdor improvement in term of the
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criteria weighting, since expert respondents gafferdnt weightings to most criteria
and sub-criteria. GBI survey results show “IEQ” diftE”, having the 1 and 2¢
priority. In fact, the survey results gave moren®ito “IEQ” than “EE”. This
analysis shows the opinion of expert respondehét,tEQ” has a larger influence in

building design than “EE”, especially for NRNC hiliiig type.

Pilot survey and four groups of respondents hase démonstrated that “IEQ” is
the top priority for building assessment in thiglding type. The fact that Malaysian
office buildings depends more on air conditioningl artificial lighting throughout
day, made the use of energy higher. The surveytsesonclude that to build a new
office building in Malaysia, stakeholders need tmsider the use of natural system,
so that the use of energy will be more efficiemotighout the building life-span.
Moreover, office buildings with daylight, fresh amnd occupant control are
consistently rated as more comfortable and cortiibm occupants’ performance and

productivity.

The aim of sustainable building based on resposdéddback is also to produce
office buildings that exist harmoniously with theiatural surroundings and bring
benefits to their occupants. For environmental bendat can preserve and restore
natural resources and improve outdoor air quahtyere in term of economic impact,
there will be reduction of operating and energytsothere will also be improvement
of employee productivity and satisfaction by redgcindoor building environmental
characteristics that may lead to Sick Building Synde (SBS); in term of health and

social aspect: it can enhance occupants’ comfattaalth.

However, today’'s green building designers make anlgninimal effort to use
natural systems for anything other than amenitieshe future, it is hoped that more
comprehensive knowledge of ecology and ecologigstesns used in GBI will result

in nature being incorporated into building design.

5.4 Evaluation of SIME Office Building: Case Study

Case studies bring understanding to complex isandsenrich literature review of

what is already known through previous researchfuFier explore the differences
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between the current GBI and survey result, a cdsdyshas been conducted.
Evaluation is made by using current GBI and GBIlveyrresults on the same

building, i.e. “SIME office building” for the finaanalysis.

SIME building is an office building owned by Simeaidy Bhd. It is under
construction in Subang Jaya within the local autiesr of Majlis Perbandaran
Ampang Jaya territory. The building consists okfivlocks, with buildings ranging
from five to thirteen storeys. These buildings cois® of cafeterias, grocery stores,
day care centers and an auditorium. The construdiegan in June 2009, and is
expected to be completed on™30lovember 2011. The main contractor for this

project is Brunsfield Construction Sdn. Bhd.

This project was chosen because it was initiallystacted under LEED
guidelines, as shown in Appendix G. Based on LEE3essment, the project
tentatively obtains LEED “silver certification”, ti a total of 57 points. The expected
results will be different set of scores when rabgdthe current GBI and the GBI
survey results. The assessment of this project @eamslucted in duration of one

month.

5.4.1 Current GBI Weighting

The current GBI has six criteria, listed in sequenc

Energy Efficiency (35 points)

Indoor Environmental Quality (21 points)

Sustainable Site Planning and Management (16 points
Material and Resources (11 points)

Water Efficiency (10 points)

o a0k w0 N PF

Innovation (7 points)

The total point achievable is 100 points. Buildiregsn GBI classifications based
on the following point values:

1. Platinum :>86 points

2. Gold : 76 to 85 points

3. Silver : 66 to 75 points
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4. Certified :50 to 65 points

The “SIME office building” project was assessedhatite current GBI, based on
Appendix F, and received a tentative total scor@lopoints. The building achieved a
GBI rating of “Certified”. As listed in Table 5.165IME office building” obtained 14
points for “EE” criterion, 16 points in “IEQ”, 13gnts in “SM”, 5 points for “MR”
and “IN”, and 8 points for “WE”".

In sequence, “SIME office building” gain more panin “IEQ”, followed by
“EE”, “SM”, "WE”, “IN” and “MR”. Table 5.17 showspoint awarded brake down

by criteria and sub-criteria.

Table 5.17  SIME Office Building Assessment basedCarrent GBI

Assessment Criteria
Over All Points Score

ITEM Current GBI

Energy Efficiency :
1. Design : 7/25
2. Commissioning : 5/5
3. Verification and maintenance : 2/5

Indoor Environmental Quality:
1. Air quality : 4/6
2. Thermal comfort: 2/3 16/21
3. Lighting : 6/8
4. Verification : 4/4
Sustainable Site Planning & Management:
1. Site Planning : 4/6
2. Construction management : 2/3
3. Transportation : 3/3
4. Design : 4/4 13/16
Material & Resources:
1. Reused, recycled materials : 3/4
2. Sustainable Resources : 0/2
3. Waste management : 1/3
4. Green Product : 1/2 5/11
Water Efficiency:
1. Water harvesting : 4/4

14/35

2. Increased Efficiency : 4/6 8/10
Innovation:

1. Innovation in Design : 5/6

2. GBI facilitator : 0/1 5/7
TOTAL SCORE 61/100
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5.4.2 GBI Survey Result Weighting

GBI survey results provide a rating system basedxpert respondents’ opinions,

valuing “IEQ” and “EE” as the most important criter

Indoor Environmental Quality (25 points)

Energy Efficiency (24 points)

Sustainable Site Planning and Management (14 points
Water Efficiency (14 points)

Material and Resources (12 points)

S o

Innovation (11 points)

Table 5.18  SIME Office Building Assessment based>@| Survey Result

ASSESSMENT CRITERIA
OVER ALL POINTS SCORE

ITEM GBI survey result
Energy Efficiency :

1. Design : 5/12

2. Commissioning : 5/5

3. Verification and maintenance : 3/7
Indoor Environmental Quality:

1. Air quality : 8/10

2. Thermal comfort: 4/6 20/25

3. Lighting : 5/6

4. Verification : 3/3
Sustainable Site Planning & Management: 12/14

1. Site Planning : 3/4

2. Construction management : 2/3

3. Transportation : 3/3

4. Design : 4/4

Material & Resources: 6/12
1. Reused, recycled materials : 3/3
2. Sustainable Resources : 0/3
3. Waste management : 1/2
4. Green Product : 2/4

Water Efficiency: 12/14
1. Water harvesting : 7/7
2. Increased Efficiency : 5/7
Innovation: 7/11
1. Innovation in Design : 7/8
2. GBI facilitator : 0/3

TOTAL SCORE 70/100

13/24
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Rating awards based on survey results were sitailtre current GBI results. As
shown in Table 5.18, the project was granted 7@tpoBased on GBI survey result,
the building gain more points in “IEQ” as much & @ints, followed by “EE” with
13 points, “SM” and “WE” with 12 points, “IN” witty points, and last “MR” with 6
points. Thus, the building achieved a GBI “Silvegttification.

Discussion

The aim of the AHP analysis was to create a waighlbiased on experts’ opinions of
the criteria and sub-criteria. Respondent’s feeklbaere systematically analysed by
pairwise comparison, tapping into their knowleddegoeen building practices in

Malaysia. The survey result shows the weightingggesated by the respondents.
Appendix F illustrates the “SIME office buildingssessment using current GBI and
GBI survey result. The results indicate the workgbof GBI survey results. In fact,

it is right to say that with more emphasis put ¢8J”, more points are score able in

GBI survey results as compared to current GBI.

The differences for current GBI and GBI survey teswoth ratings, are show in
their pre-requisites. Pre-requisites are the afessessment that stands for each sub-
criterion. Some pre-requisites of sub-criteriaumrent GBI are no longer valid in GBI
survey result. This is because of how responderighted the criteria and in some

cases, there are no sufficient points cover alptieerequisites.

According to survey results, there are four prairgites for ‘renewable energy’,
but for current GBI only has three pre-requisifEsis may be because it is hard to
achieve the first and second pre-requisites in dda leading respondents to suggest
combining both pre-requisites. Opinion on BEIl wasoasimilar. Details are
concluded in Table 5.19.
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Table 5.19  SIME Building Assessment (Sub-Critefi&E)

Current GBI GBI Survey Result
Item Area of Assessment Detail Max Detail Max
. . Score ; . Score
points | points points | points
Design
EE4 Renewable Energy
Where 0.5 % or 5 kWp whichever is the greatef,
of the total electricity consumption is generateg 2
by renewable energ@R 1
Where 1.0 % or 10 kWp whichever is the greatgr,
of the total electricity consumption is generateg 3
by renewable energyQR 5 5 3 3

Where 1.5 % or 20 kWp whichever is the greatgr,
of the total electricity consumption is generateg 4 2
by renewable energyOR
Where 2.0 % or 40 kWp whichever is the greatgr,
of the total electricity consumption is generateg 5 3
by renewable energy

EE5 Advanced EE Performance — BEI

Exceed Energy Efficiency (EE) performance
better than the baseline minimum to reduce engrgy
consumption in the building. Achieve Building

Energy Intensity (BEIx 150 kWh/m2yr as 2 L
defined under GBI reference (using BEIT
Software or other GBI approved software(§)R
BEI < 140,0R 3
15 0 2 4 0
BEI <130,0R
BEI <120,0R 3
BEI < 110,0R 10
BEI <100,0R 12 4
BEI< 90 15

The current GBI has a pre-requisite of day lightiog“IEQ”, dividing it into two
sub-criteria. GBI survey results suggest combinthgm into one pre-requisite.

Similar was found for external views. Details ah®wn in Table 5.20.

Table 5.20  SIME Building Assessment (Sub-CritefiEQ)

Current GBI GBI Survey Resul
Item Area of Assessment Detail Max Detail Max
- . Score B . Score
points | points points | points

Lighting, visual & Acoustic comfort

IEQ8 Daylighting

Demonstrate that 30% of the NLA has a daylight
factor in the range of 1.0 — 3.5% as measureceat th 1
working plane, 800mm from floor level, OR

Demonstrate that 50% of the NLA has a daylight
factor in the range of 1.0 — 3.5% as measureceat th 2
working plane, 800mm from floor level

IEQ12

External Views

Demonstrate that 60% of the NLA has a direct line
of sight through vision glazing at a height ofrh.#om
Demonstrate that 75% of the NLA has a direct line off 2 2 1 1 1
sight through vision glazing at a height of 1.2omfr 2
floor level.
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The current GBI has two pre-requisites for “SM”,vdpment density &
community connectivity. GBI survey results suggéstembining these as one pre-
requisite. The reason for this is difficulty in diimg locations to build a new building
near community services in Malaysia. ‘Environmemnagement’ has a similar case.

Details are shown in Table 5.21.

Table 5.21  SIME Building Assessment (Sub-Critefi&M)

Item Area of Assessment Current GBI GBI Survey Result
Detail Max Detall Max
; . Score ; . Score
points | points points | points
SM3 Development Density & Community Connectivity
A) Development Density 1
- — 2 2 1 1 1
B) Community Connectivity 1
SMi4 Environment Management
A) conservation 1
2 1 1 1 1
B) Open Space: 1

Two pre-requisites are mandated under the curr&itf@ ‘waste management'.
The GBI survey results suggested combining botlo iahe pre-requisite. The
respondents shared an opinion that developingraptementing a construction waste
management system would be difficult. Details dn@ in Table 5.21.

Table 5.22  SIME Building Assessment (Sub-CritefidR)

Item Area of Assessment Current GBI GBI Survey Result
Detall Max Detall Max
8 . Score . . Score
points | points points points

Waste management

MR6 | Construction waste management

Recycle and/or salvage50% volume of 1
non-hazardous construction debris, OR

Recycle and/or salvage75% volume of 2
non-hazardous construction debris.
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5.4.3 Summary

Although the advantages of green buildings pragimesist to demonstrate promising
results, there are a number of barriers identified limitations to be addressed on the
implementation of green building. Economic percapsi industry awareness and
availability of green design technical capacities the most significant operational
barriers to green building construction. Percemioh higher cost and difficulties in
implementing green building practices have spredatively across the industry. As
theenvironmental impaadf buildingsbecomes more apparent, thus one of the
solutions devised was to develop a more user-ftyenating system, in order to

increase the effectiveness of the rating system.

The criteria and sub-criteria of current GBI wegstematically weighted using
AHP method by 44 expert respondents. The purposé ishow the different
weighting based on respondent knowledge that su#tlajian building and
construction needs and requirements. As currentgs@hote energy saving criterion,
it is hoped that more revise look into how to mak@ding assessment friendlier to
implement through other criteria.

As more architects, engineers, designers, resaarcheademics and government
officers engage in green practices, there are mmalie now for a simple approach in
promoting sustainable building. Based on “SIME a#fi building” assessment
conducted, it can be concluded that GBI survey lrasuworkable and easier to
comply points. In current GBI, “SIME office buildii obtained only 61 points while
in GBI survey result, the same building achievedg@ihts. In term of the sub-criteria
weighting and points, there are some pre-requisiteSBI survey result that have
been eliminated in order to make it user-friendlg anore points are score able.

For example, Table 5.18 shows the pre-requisitasitave been combined which
are ‘renewable energy’ (EE4) and ‘EE performandeER), since both consume
higher cost to be implemented. GBI survey resujgested ‘EE4’ to be reduced from
five to three points, as for ‘EE5’ from 15 to 4 pts only. The remaining credit point

will go to other pre-requisites which are more scable.
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GBI has been implemented for almost two years reow, it’s still on voluntarily
basis. In order to improve the implementation of IGBe survey results will
encourage more stakeholders to take a part in goedding practices due to its
practicality. Moreover, this research attempts évelop the framework of current
GBI so that it is more users friendly, and morengoiare score able to encourage

participants from the stakeholders.

5.5. Validation of GBI Survey Result by Certified @I Facilitators

The GBI survey results were validated by two cexdifGBI facilitators:

Name : Ar. Menaha Ramanath (GBIF 0016)
Gender : Female

Age : (40-50)

Degree : Bachelor of Architecture

Profession : Architect/ GBI facilitator

Company : Menaha Architect

Experience in Construction Industry: 10 years

Experience in GBI: 2 years

Remark about survey results:

1. The current GBI ratings and weightings are basedwbrat is suitable for
Malaysia, especially regarding resources and tdoggavailability, but still need
to be evolved from time to time. GBI survey resudte based on respondents’
opinions about current needs and requirements laydia.

2. LEED and other rating systems are based on resoueailability and the
practicality, in its country of origin. The curre@BI will need continual re-
evaluation based on Malaysia local context.

3. Point values are not important, but using commarsaseegarding the practicality
of achieving green and sustainable buildings ihSaractical thinking must be

put in place during the concept stage of design.
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4. Support from the government is needed to contradtevaand mandate, waste
recycling in policies for urban and utility mainterce. Otherwise, all efforts to

create green buildings are useless.

Name : Ahmad Ridha Abd Razak (GBIF 0052 / MGBO&)0

Gender : Male

Age : (20-30)

Degree : Bachelor of Architecture

Profession : Project Architect / GBI facilitator

Company . AbRAZ arkitek/ Green Earth Design Solu{GEDS Sdn Bhd)

Experience in GBI: 3-5 years

Remarks on the GBI:

1. It would be interesting for research to focus am¢hallenges of implementing the
GBI benchmarking tool. Also, identification of othé&pes of tools, possibly
useful for Malaysians in the future, should be ohsideration. Tip: Commercial
Interiors, Infrastructure tools etc.

2. Making comparisons between Indonesia and Malagsiséful because of similar
climatic conditions. Many projects in Indonesia remtly use Green Star.
Recommendations as to whether the GBI tools woeldwtable in Indonesia in
areas other than Jakarta would be valuable.

3. The establishment of the Green Building Index byMPand ACEM is awaited by
many young professionals. The establishment of GBI step above other green
rating systems since the rating system tackleonlytthe shell and core, but also
the continuous operations of the buildings, as spddo LEED and Green Star.

4. Addressing the question as to whether the GBIM wifluence Malaysia’s
building industry in the future. This shall creat@areness of the importance of a
green building industry.

5. The effectiveness of GBI is dependent on acceptéycthe developers, home
owners and purchasers. While having been provesttefé in other countries,
GBI will be a step forward, not only as a benchmtrkgreen building, but to
promote a maintenance mentality in the industrythWhe participation of
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developers, it is hoped that the construction itrguwill soon reduce energy

consumption, slowing Malaysia from becoming a medrgy importer in the near

future.

Remarks regarding survey results:

1. Main priority was given to “IEQ” because of by law$EQ” needs to be

addressed to receive basic building approval.

2. “EE” is important to lower energy consumption.

Site Management is a trend among developers andactors, addressed in
ISO 9001, 14001 and 18001.

Water is the next best method in saving energy.

5. Material points are low, as not many recycling leasllexist and materials are

difficult to source, making these criteria diffittd achieve.
Innovation causes high expenses in building, angerseived as an optional

add-on.

Summary

As a review from both certified GBI facilitatorsf ican be concluded that

implementation of GBI needs to consider:

Practicality: As Ar. Menaha mentioned that actua#ifing system is not only
about the points, but the common sense practitallgchieve green and be
sustainable. This is shown in GBI survey resultesehfew pre-requisite are
combined and credits to other pre-requisites wigakasier to be achieved, in
order to score more points. Since it will need tadibcost and investment in
saving and renewable energy, GBI survey resultsstgd reduction of points
in “EE” criterion from 35 to 24 points. While théEQ” increases from 21 to
24 points.

Bylaws: According to Mr.Ahmad Ridha, “IEQ” is picfeas main top criteria

because of bylaws and it also need to be addressegt basic building

approval. Also, IEQ could affect the health andlweing of the users as well
as their performances. This is where building quadi actually felt and easily

measurable.
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Future versions of GBI should consider increashregimportance of “IEQ”. In

order to cover the full array of issues, qualitylighting also should receive
additional consideration in term of weighting arangs.

Government and stakeholders support: Both famlitsabelieve support from
government and all of stakeholders are requirebtuitding construction to

improve the quality of GBI. The effectiveness of IGBall be dependent of
the acceptance of the stakeholders inclusive th#iquGBI survey results
demonstrated participation from all stakeholdersGBI criteria and sub-

criteria weighting analysis.
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CHAPTER 6

CONCLUSIONS

6.1 Conclusion

A large number of GBRS exist internationally, butlyoseveral are widely used.
LEED in the US and BREEAM in the UK have achieved greatest prominence
within their respective market sectors. Many sintikes exist between the systems,
which are based on the levels of rating award @angperformance criteria. However,
significant questions remain as to the degree iithvbontent and process differences
will influence environmental performance outcomEserefore, comparative analysis
based on certification process, criteria and sutiera and rating award by six rating

systems form a perspective.

achieved the greatest prominence within their retbpe market sectors. Many
similarities exist between the systems, which aged on the levels of rating award
or along performance criteria. However, significgoestions remain as to the degree
in which content and process differences will ieflae environmental performance
outcomes. Therefore, comparative analysis basestuification process, criteria and
sub-criteria and rating award by six rating systdarm a perspective that underlies
the thrusts of this research.

The purpose of the comparison was to understandiffegences and similarities
between the GBI and other GBRSs. Based on litexaiwiew, a green rating system
should be designed according to individual coustneeds and requirements. This is
because parameters of each system should be catsidé local issues. As the GBI
has been implemented for two years to date, fusheties and feedback from users

are timely.



GBI was based on “educated guess”, where majortatiap of LEED’s system is
made. Thus, systematic analysis of the weightingcriteria and sub-criteria is
necessary. The three objectives of the study haga beached as follows:

1. A comparison analysis of GBI with the other five BSs.

The comparative analysis covered common internatidBBRS (BREEAM,

LEED, CASBEE, Green Star), as well as Green Marld @BIl. The results
indicate that GBI is very much similar to LEED,term of the criteria and rating
award, although both intended for use in differeountries, with different
geographical and climatic condi The next oloye was to create a new

weighting for criteria based on expert opinions.

2. Determination of criteria and sub-criteria weiglgtiof GBI using AHP, based on:
a. Different group of experts:

There are five different groups involved in thisabsis, namely are engineers,
architects, GBI facilitators, government officeradaacademics. The results
concluded that each group of experts had diffemeferences regarding the
weighting of GBI criteria. Three groups (architectSBI facilitators, and
Government Officers) chose “IEQ” as a first prigriOnly engineers group show
similarity with the current one, where “EE” is thep priority of criteria.

Meanwhile, academics group have “EE” and “IEQ” asain priority.

b. All group experts:

This analysis covered 44 respondents, a total fatingroup of experts. The
results show that there is a significance diffeesndhe main priority goes to
“IEQ”, and the scores increased from 21 to 25 @oiAs for “EE”, it is ranked as
second criterion, with scores decreasing from 324qgoints only. The survey
results conclude that to build a new office buitdim Malaysia, one has to
consider the use of natural system, so that thetuseergy will be more efficient
throughout the building life-span. It is hoped that more comprehensive
knowledge of ecology and ecological systems waldi¢o a better green building

design in the near future.
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3. Evaluation of “SIME office building” with current B and GBI survey result,

and validation by certified GBI facilitators.

Some of the difficult sub-criteria points like ‘EE4nd ‘EE5 need high
investment, hence both have been combined. GBeguesult suggested “EE4”
to be reduced from five to three points, as for SEEom 15 to four points only.
The remaining credit point is transferred to otes-requisites that are more score
able. As for this case study, on the current Gisd, huilding was awarded with 61
points, achieving a GBI “Certified” certificationVhen GBI survey results is
used, the building received 70 points and achi€&Bt“Silver” certification. As a
conclusion GBI survey result translate into a lvetsing system, in term of

practicality more points and can be scored.

6.2 Recommendation for Future Research

» A further study of the GBI rating system for diféat building types, especially on
the effectiveness of the rating system specificallilalaysia should be made.

* Further evaluation of indoor environmental quattiteria should be carried out,
regarding the continuous improvement of guideliimegyreen building design and
orientation.

» Since the current system heavily promotes enerfigiagicy, a study of the other
criteria is highly recommended.

* Further study may include the expert’s respondé&ais developers, investors,
contractors.

* Another method of analysis can be carried outDiegphi analysis to tackle low

respondent.
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APPENDIX A

QUESTIONNAIRE

Appendixes A consist of a questionnaire that hagnbdistributed to 300
respondents. Number of questionnaires received4hyakt obtained via email, mail,

interview and fax.
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UNIVERSITI TEKNOLOGI PETRONAS
CIVIL ENGINEERING

Research Questionnaire of Criteria Weighting of

UNIVERSITI
- . G
Green Building Index Malaysia FETRONAS

INTRODUCTION

Dear respective respondent,

The purpose of the questionnaire is to supportsearh on of green building criteria weighting. sThi
research is a master’s thesis study, which conger@reen Building Index (GBI) Criteria and Sub Critefiais
research gives a better understanding in the coradegreen building rating systems and its role dohieving
sustainable development through an effective gteelding rating system. This research also focusedsreen
Building Index Non Residential-New Construction builgli(GBI-NRNC) in Malaysia, the GBI-NRNC tool
evaluates the sustainable aspects of buildings ateatcommercial, institutional and industrial intura. This
includes factories, offices, hospitals, universitieolleges, hotels and shopping complexes

Recently a number of Green Building Rating System (GBRSE been introduced around the world namely
Comprehensive Assessment System for Building Enviestah Efficiency (CASBEE) from Japan, Leadership in
Energy and Environmental Design (LEED) from US, é&r&tar from Australia, Building Research Establighime
Environmental Assessment Method (BREEAM) from UK, Green Mark form Singapore. Developing such
system is becoming necessary in developing worldalee of the considerable environmental, social and
economical problems. Malaysia has launched the GBI009 and adopted LEED as well. Both systems have
same criteria and priority, yet they have differelithate and location.

Therefore, this research studied comparison of G wthers GBRS. Then, it will define new criteria of
GBI which gives priority respecting the local comalits of Malaysia by discussing it with various resgents
having expertise in sustainable/green buildingeAfhe assessment criteria selection, they arehtegigusing the
Analytical Hierarchy Process (AHP) method usingezkghoice 2000 software. The outcome of the rebeiara
green building assessment criteria based on expspondents that suits the Malaysia context in seah
environmental, social, and economic.

As a part of the AHP, questionnaires are needebletdlistributed to the person who concerns on Green
Building. In the questionnaires, a respondent neeadrik and give a priority on each of criterion @t criterion.
The feedback will be use to weighting the critaaiad sub criteria of GBI. The questionnaire considtthree
sections as explain above. The name of respondémtot/be used in any reports of the research taed rights
will be protected. The respondent’s answers wiltdmorted and aggregated with other respondents.

Thank you for your willingness to answer this syrwehich focuses on your experiences with and opisi
concerning green building index. We appreciate yone and participation. If you have any questioegarding
this survey procedure or wish to make suggestiplesse do not hesitate to contact the researche @gain,
thank you for your cooperation.

Researcher:

Retno Rahardjati

MSc Student of Civil Engineering
University Technology PETRONAS
Tronoh, Perak, Malaysia

Ph: +60195455109

E-mail: enog46@gmail.com
retno_rahardjati@ymail.com

Supervisor:

Dr. Mohd Faris Khamidi

Lecturer of Civil Engineering
University Technology Petronas
Tronoh, Perak, Malaysia
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Green Building Index Hierarchy

of Analytical Hierarchy Process (AHP)

Goal
(New GBI Rating)

Level 1:
Criteria
A B. C D E F
Energy Indoor Sustainable Material & Water Innovation
Efficiency Environmental Site Planning Resources Efficiency
Quality and
Management
Level 2:
Sub-Criteria
L AL | BL | | c1 D1. EL. o
Design Air Quality Site Planning — Reused Water _
Recycled Harvesting — Innovation
B2. Materials &recycling in design
H 'éz' S | Thermal c2. )
ommissioning Comfor - Construction D2, 2.
Management | | . E2.
Sustainable Increased L1 GBI
A3. B.3' ) Resources Effici Accredited
— | Lighting, iciency i~
Verification A Facilitator
& Visual ) | | cs3. ) D3
Maintenance & Acoustic Transportation I Waste
Management
B4. ca.
| Verification | Design D4.
L{ Green
product
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INSTRUCTIONS

The purpose of this questionnaire is to rank tHative importance of evaluation factors as showrhia table
below by utilizing the AHP method. The question gsk to:

(1) rank evaluation factors (criteria),

(2) compare two factors of them as a pair, and

(3) repeat such pairwise comparison for all comtoma.

The question starts from level 1 for Criteria angkle2 for Sub-Criteria.

Table Al. Analytical Hierarchical Process Scale ofudgments by Saaty 1990

Intensity of Definition Explanation
Importance
1 Equal importance Two elements contribute equallyne property.
2 Weak or slight
3 Moderate importance of one Experience and judgment slightly favour one elenosetr
over another another.
4 Moderate plus
5 Essential or strong importar CEelxperlence and judgment slightly strongly favoueon
€lement over another.
6 Strong plus
. An element is strongly favourable and its dominaisce
7 Very strong importance ; :
demonstrated in practice.
8 Very, very strong
9 Extreme importance The evidence of favouring one element over anathef
P the highest possible order of affirmation.

Referring to the ranking that you have above, gleasnpare two factors in each table below as a geliect one
that is more important than the other 8wd/Underline the coresponding box. If you think from two criggrA
is moderate important other than B, please leavedoxthe A row number labelléd”.

Example:
If “Energy Efficiency” is moderate importance than “Indoor EQ”, then théntensity of Importance is 3,
afterward numbeB had to beBold/Underline in Energy Efficiency row number.

Energy Indoor
Efficiency 9 8 7 6 5 41 3| 2 1 2 3 4 5 6 7! 8 EQ

©

If “Energy Efficiency” isequal importancethan “Indoor EQ”, then thintensity of Importance is 1, afterward
numberl had to beBold/Underline.

Energy Indoor
Efficiency EQ

RESPONDENT PROFILE

Name PR PVRUPRURRPN

Gender : Male/Female *

Age : (20-30) / (31-40) / (41-50) / (>50) years
Degree : Bachelor/Master/Doctorate//Other........... *
Profession e

Organisation/Institution/: ..........ccccoocoioeeiiiiniinnnnn.
Company

Experience in Green Building : <2 /3-5/6-10 {18/ >15 years *

Date PSP
*Bold/Underline
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SECTION A: LEVEL 1 - CRITERIA

Referring to the instructions on page 3, please emenfwo Criteria/Sub-Criteria and judge the relaiaportance
in each pair in the table below (i.e. how much marportant one of paired factors is than the othgrusing the
judgement scale of AHP methdBold/Underline the number in one box corresponding to your judggnon the
side of the more important criteria than the otlifemvo criteria are equally importartipld/underline the number
of “equally=1" in the centre of the scale.

Please rank the followong six criteria’s in ordéiraportance, and indicate an appropriate numbéhénbracket
on the left of each factor. If you think two or rediactors are equally important, please assigisdinge number to

them.
A. Energy Efficiency (EE):
The Energy efficiency criterion encourages a widaety of energy strategies in building.
B. Indoor Environmental Quality (IEQ):
Monitoring and controlling of tobacco smoke, CO2d ather indoor air pollutants.
C. Sustainable Site Planning & Management (SM):
Choosing a building's site and managing that sitendwconstruction are important considerations&or
project’s sustainability.
D. Material Resources (MR):
This credit category encourages the selection sthsably grown, harvested, produced and transporte
products and materials. It promotes the reductiowaste as well as reuse and recycling, and itstake
into account the reduction of waste at a prodistisce.
E. Water Efficiency (WE):
The goal of the Water Efficiency credit categoryaencourage smarter use of water, inside and out.
F. Innovation (IN):
The Innovation in Design credit category providesus points for projects that use new and innogativ
technologies and strategies to improve a buildipgisormance.
Energy L
A Efficiency 6| 5| 4| 3| 2| 1 3 b 9 IEQB
Energy A L Sustainable|
A Efficiency 6] 5] 4 3 2 1 7 P 0 Site ¢
Energy A L Material
Al Efficiency 6] 51 4] 3] 2 1 N P Resources] °
Energy 1 L Water
A Efficiency 61 5 4 3 7 1 ) P Efficiency E
Energy L .
A Efficiency 6| 5| 4| 3| 2| 1 3 3] 9 InnovatiprF
4 L Sustainable
B |IEQ | 9 5 4 3 2 1] 2 3 b 9 Site C
B|IEQ| 9 5| 4| 3| 2 1 4 3 5 Material |
Resources
4 L Water
B |IEQ | 9 5( 4| 3 2 1 2 3 ) Efficiency E
B|IEQ| 9 5/ 4] 3] 2 1 2 3 3 g Innovation |
Sustainable| q | Material
c Site 61 5| 4] 3 2 1 ) P Resources| D
Sustainable 4 L Water
c Site 61 5| 4] 3 2 1 ) P Efficiency E
C | Sustainable 6| 5| 4| 3] 2/ 1 3 5 9 InnovatiprF
ite
p | Material 6| 5| 4| 3| 2| 1 3 5 Water |
Resources Efficiency
Material X .
D ResoUrces 6 5| 4| 3| 2| 1 3 b 9  InnovatiprF
Water L ;
E Efficiency 6 5| 4 3| 2| 1 3 b 9  InnovatiprF
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SECTION B: LEVEL 2 — SUB CRITERIA

Please rank the followong Sub Criteria in ordermpartance concerning Green Building Index Malayaiz
indicate an appropriate number in the bracket @nléft of each factor. If you think two or more tias are
equally important, please assign the same numbaeto.

A. Sub-Criteria of Energy Efficiency.
Please repeat ranking and pair wise comparisontheffollowing three sub criteria’s of energy
efficiency:
Al. Design: provide flexible design to optimize enesgyings.
A2. Commissioning : enhanced and post occupancy ofibgikehergy systems
A3. Verification : sustainable maintenance of building
AL | Design 70 6| 5| 4 3 2 1 2 3 5 B 9 Commissionjng2
. 4 Verification &
Al | Design 77 6 § 4 3 1 L 5 |6 Maintenance A3
A2 | Commissioning 7 6 % 4 B p 1 5|6 Verlf!cat|on& A3
Maintenance

B. Sub-Criteria of Indoor Environmental Quality .
Please repeat ranking and pair wise comparisonsh@ffollowing four sub criteria’s of indoor
environmental quality:
B1. Air Quality: establish minimum IAQ performance tohance IAQ in building.
B2. Thermal Comfort: provide effective delivery of cleain.
B3. Lighting, visual and acoustic: provide good levafsday lighting, noise, external views in building.
B4. Verification: provide for the assessment of comédrthe building occupants.
Air A j L Thermal
BL | Guaiity 9 6| 5| 4| 3| 2| 14 2 3 6 9  Comfort | B2
Air Lighting,
B1 Qualit 9 6| 5| 4| 3| 2| 1 2 3 g b 9 visual, | B3
Y & acoustic
BL | Al 9 6| 5| 4| 3| 2[ 1| 2 3 5 6 9 VerificatipnB4
Quality
Lighting,
B2 | Lhermal | g 6| 5| 4] 3| 2 1 2 3 5 6 9 visual, | B3
& acoustic
Thermal A j L I
B2 Comfort 9 6 5| 4| 3| 2 1 2 3 b 9 VerificatipnB4
Lighting,
B3 ‘gsua" 9 6| 5| 4| 3| 2/ 1| 2 3 5 6 9 VerificatipnB4
acoustic
C. Sub-Criteria of Sustainable Site Planning & Managerent.
Please repeat ranking and pair wise comparisotiseofollowing four sub criteria’s of SustainabldeSi
Planning & Management:
C1. Site planning: reduce pressure on undevelopeddgmdhabilitating damaged sites.
C2. Construction management: assessment system foirguddnstruction.
C3. Transportation: access of public transportatioaegrvehicle priority, and park capacity.
C4. Design : building design futures and strategies
Site 4] L | Construction
€1 | Planning 18154339 P P Management ©2
Site 4 L L A
Cl Planning 71 6| 5| 4] 3 20 Y 2 7 5 b 9 Transportatio83
Site 4 L L .
Cl Planning 71 6| 5| 4/ 3 20 Y 2 3 b P 9 Desigrc4
Construction 4 L L |
Cc2 Management 71 6| 5| 4/ 3 20 Y 2 3 b P 9 Transportatjo@3
Construction 4] L | :
Cc2 Management 71 6| 5| 4 3 22 1 23 3 b P 9 Desigic4
C3 | Transportation 1 1 BRI 6 g Desiani oy

D. Sub-Criteria of Material Resources.

138




Please repeat ranking and pair wise comparisontheffollowing four sub criteria’s of Material
Resources:

D1. Reused and recycled materials: reuse and recyclitingumaterials to reduce creation of waste.
D2. Sustainable resources: use building materials naatwried within the region.

D3. Waste management: facilitate reduction of wasténdwonstruction.

D4. Green products: use environmentally friendly reframts and clean agents.

D1 Eiﬁig‘id 9|8l 7| 6|5 4 3 2/ 4 4 3 4 5 p [ g [|oSustainable
Materials ) Resources|

D1 Eiﬁig‘id o|8| 76| 5| 4 3 2 1 2 3 4 & 5 7 810 waste | 4
Materials ) Management
Reused | Il roon

D1 szggﬁgelcsi o8| 7|6/ 5 4 3 2 13 3 45 F [ B |9 poju D4

D2 ggzgal;?febf ols|7[6/ 5 4 3 2 1 23 45 b [ B (9., aggﬁ‘fgﬁt D3

D2 gzzglj?(?:sle o|ls| 76| 5| 4 3 20 1 4 3 4 85 5 7 8o Prgsceg D4

D3 \l\’ﬂvgrf;egemem o|s8|7|6|5 4 3 2 41 2 3 4 5 6 [ B |9 Prfgﬁg& D4

E. Sub-Criteria of Water Efficiency.
Please repeat ranking and pair wise comparisotteedbllowing two sub criteria’s of Water Efficieyic
E1l. Water harvesting: encourage rainwater harvestiignater recycling.
E2. Increased efficiency: encourage the design sydtatmtonitors water consumption.

Water
Harvesting 4 X Increased
El& 9876543212\1)378EfﬁciencyEZ
Recycling

F. Sub-Criteria of Innovation.
Please repeat ranking and pair wise comparisotigeedbllowing two sub criteria’s of Innovation:
F1. Innovation in design and environmental desifiatives.
F2. Green building index accredited facilitator.

Innovation p L GBI
F1 in design 98| 7| 6] 5 4 3 2 1 7 3 1 i accredited

Oy
=3
[e3]

F2

SECTION C: General Questions

[1] What is your opinion about Malaysia Green Buildingédx (GBI)?

# thank you for your cooperation and greatly appreciates for your time and early response#
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APPENDIX B

PILOT SURVEY RESULTS

Appendix B shows the pilot survey results from seegpert respondents. They
are come from various backgrounds of profession@le results shows Indoor

Environmental Quality have first priority among etferiterion.
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B1. Pairwise matrix for criteria

‘ Fle Edit Assessment Inconsistency Go Tools Help

il-1" CD@W D& stucurlags ‘
80 = F ) i B |

TB7R 0432123466781

Compare the relative impartance with respect to: Goal: GBIM Criteria

e “'Energi EficlEQ |88t Material R, Water E.  Innovaton
Energi Efceney C Bl v u ou uwow
[N | T
Sk [ |

WaletE.

Innovation

B2. Ranking of criteria

| File Edit Assessment Synthesize Senstivity-Graphs View Go Tools Help

LETEEIETOET Y

§19 %= F 1 wE)
1

ool GBI Citeria
-1 Energi Eficiency (L: .252)
WIEQ(L: 281)

[ 5.5ite (L:.120)

- Material R. (L: .099)

-l Water E. (L: .151)

-l Innovation (L: .097)
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B3. Pairwise matrix for sub-criteria

Design  Commisior |
e B 0w
MRl .
Vetfcatln sod Walnlenance.

| — i ualty Thermal e Lighting ¥ Ve
i Oty Moowmw

B

Site Plan Consucc Tranpo Deslgn

S g W
e

HE=

s Reused et Sishinah] Waste ma Greed P
R ma | T
Sustanable Resoures: B 2
Wl niugenent 1
Pt

B Wt b e
et et eylng h 2

limovatiin GBI acered
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B4. Ranking of criteria and sub-criteria (local agidbal)

| Eile Edit Assessment Synthesize Sensiivity-Graphs Yiew Go Tools Help
Dﬁﬂé'@ﬁ ‘I'P!.'@Etdraw @R; @ | Combined - |
& = v B

1

|Goal: GBIM survey result
= Energy Efficiency (L: .252 G:.252)
M Design EE (L: .333 G: .084)
B Commissioning (L: .333 G: .084)
B Verification&Maintenance (L: .333 G: .084)
= [ Indoor Environmental Quality (L: .281 G:.281)
I Air Quality (L: .391 G:.110)
B Thermal Comfort (L: .276 G:.078)
I Lighting, Visual, Acoustic (L: .195 G:.055)
B Verification (L: .138 G:.039)
= Sustainable Site (L: .120 G:.120)
M Site Planning (1: .347 G:.042)
B Construction management (L: .204 G: .025)
B Transportation (L: .204 G:.025)
H Design SS (L: .246 G: .030)
= [l Material Resources (L: .099 G:.099)
B Reused, Recycled materials (L: 246 G: .024)
B Sustainable Resources (L: .298 G:.029)
B Water Management (L: .210 G:.021)
B Green Product (L: .246 G:.024)
- M Water Efficiency (L: .151 G: .151)
I Water, Harvesting & Recyding (L: .667 G:.101)
M Increased Efficiency (L:.333 G: .050)
= M Innovation (L: .097 G: .097)
I Innovation in Design (L: .833 G: .080)
B GBI Accredited Fadilitator (L: .167 G: .016)

B5. Priority of all sub-criteria respect to the joa

File: Edit

© Dwithvemeds  © dednode |

Surnay | Deials |

Synthesis with respect fo:
Gioal: GBIK suivey iesull
Overal lezonsistency = (3

Air Hualty

Design EE
Commissioning
YerificalionkMaintenance
Themal Comfait

Waler, Harvasting & Hacyeling |
Lighting, Yizual, Acoustic
Site: Planning

Verilicalion

Sustainable Resowcet
Innovation in Design
Design §5

Reused, Recycled matenals
Green Product

Incieased Efficiency
Constuction management
Transporation

Water Management

G Accredited Facilitator
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B6. Convert eigenvalue to

points (refer to local)

Item weighting value of sub-criteria %?iigz;f sSlt?—i(r:]:i?ec;]i(a
ENERGY EFFICIENCY
Design EE 0.333 8.391p 25 814
Commissioning 0.333 8.3916 8.4
Verification n Maintenance 0.333 8.3916 8.4
Total 0.999 25.1748 25.p
INDOOR ENVIRONMENTAL QUALITY
Air quality 0.391 10.9871 28 11
Thermal comfort 0.27¢ 7.7556 8
Lighting, visual, & acoustiq 0.196 5.4795 5
Verification 0.138 3.877§ 1
Total 1 28.1 28
SUSTAINABLE SITE
Site planning 0.347 4.164 12 4
Construction management 0.204 2.448 2.5
Transportation 0.204 2.448 215
Design SM 0.246 2.95p 3
Total 1.001 12.012 12
MATERIAL RESOURCES
Reused, recycled materiJIs 0.246 2.4354 10 25
Sustainable resources 0.2D8 2.9502 3
Waste management 0.21 2.0[79 2
Green Produc 0.24p 2.435%4 4.5
Total 1 9.9 10
WATER ENVIRONMENT
Water harvesting & recycling 0.667 10.07(7 15 10
Increased Efficiency 0.338 5.0283 5
Total 1 15.1 15
INNOVATION
Innovation in design 0.833 8.0801 10
GBI accredited facilitato 0.16} 1.6199
Total 1 9.7 10
TOTAL 100 100.2
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B7. Comparison of current GBI and pilot surveydiiteria)

Criteria current GBI Pilot Survey
innovation 7 10
water efficiency 10 15
material and resources ] L0
sustainable sites 18 12
indoor environmental quality 21 28
energy efficiency 35 25

TOTAL 100 100
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APPENDIX C

SURVEY RESULT (DIFFERENT GROUP)

Appendix C is the result of a survey which covesatifferent groups of respondents

consisting of several experts, as follows:

C1. Engineers

C2. Architects

C3. GBI facilitators

C4. Government officers

C5. Academics
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C1. Engineers (16 respondents)

C1.1 Pairwise matrix for criteria:

Flle Edit Assessment Inconslstency Go Tools Help

DB’QQB é& l @ ﬂStructuraIadJust
@3 ko= v (BB |

JoBoE BusR2 2 34 b B TR0
IIIIIIIII1IIIIIIII

Compare the relative importance with respect to: Goal: GBIM survey results

 Energy Eff Indoor Env Sustainabl Material R Water Effic Innovation
Energy Efficiency 141803 21717 253685 2.64092  2.56542
Indoor Environmental Quality P 230004 228992 2.14064  2.40851
Sustainable Site P e 127828 1.05012 1.21063
Material Resources P e 104748 114227
Water Efficiency
Innovation

C1.2 Priority of criteria respect to Goal:

Flie Edit Assessment View Go Tools Help

ﬁﬂ@%&m

v B |
Unsort \ ™ Nomalize

Priotities with respect to; Combined
Goal: GBIM survey results

Energy Efficiency
Indoor Environmental Quality
Sustainable Site
Water Efficiency
Material Resources
Innovation
Inconsistency = 0.00
with 0 missing judgments,
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C1.3 Pairwise matrix for sub-criteria:

ﬁ - ﬁ

Compare the relative importance with respest to; Cnergy Efficiency

[Weriticztinn
200730 170616
1.68144

Dexign £E
[Commizsloning

Compare the relative importance with reapeet to: Indoor Ensdronmental Quality

_Air Qualitg  Thermal Ce| Lighting Vi Verificatio
168213 187351 352605
1.2225  2.30244

Verification

_ S _
A o e R N e

Compare the relative Imporance with respect to; Sustainable Site

| Bir. Qualln
| Thermal Comfon
Lighting %A

Slte [“Hmnl:i:nnetruﬂl(;'rmns_pqrta Deslgn 3
235047 1.94361 S1038

[Eite Planning
(Constraction Management
Tranzportation

Diezign S

Cmnpare the relative importance. with respect bl Malerial Resou

| Reused Re Sustainahl Waste Mar Green Proc

FASRIT 22206 L71TE

[ 121057 109057
I

JR:uscd Rirovoled Materials

Vaste Management
Green Product

TE7EE4TELEIL 50T

Compare the relative Importanc: with respect to: Water Efficiency

| Water hary Incresead |
120648

= ﬁ
P e et e e e e

Compare the relative importanice. with respect to2 Innovation

Walkr harvestingdiecycling
Incresead Efiiciency

innovaition In Dcélgﬁ
GBl Ace Fact
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C1.4 Ranking of criteria and sub-criteria:

s ——————————————11
Eile Edit Assessment Synthesize Sensitivity-Graphs View Go Tools Help

D < &M@ ED @ QRedaw [ A o7 | @ | Combined  ~ |

131 | PEC = = i (BB

|

Goal: GBIM survey results|
= Energy Efficiency (L: .295)
----- H Design (L: .487)
Bl Commissioning (L: .245)
----- M Verification & Maintenance (L: .269)
=3l Indoor Environmental Quality (L: .248)
----- i Air Quality (L: .412)
-3l Thermal Comfort (L: .259)
H Lighting VA (L: .215)
----- B Verification (L: .113)
=B Sustainable Site (L: .124)
-1 Site Planning (L: .387)
----- B Construction Management (L: .178)
----- M Transportation (L: .191)
----- B Design (L: .244)
=3l Material Resources (L: .112)
----- B Reused Recycled Materials (L: .380)
----- I Sustainable Resources (L: .217)
----- B Waste Management (L: .179)
‘B Green Product (L: .224)
=B Water Efficiency (L: .121)
I Water harvesting&recycling (L: .439)
M Incresead Efficiency (L: .561)
=3l Innovation (L: .100)
.. Innovation in Design (L: .679)
! GBI Acc Faci (L: .321) s

Information Document

m

C1.5 Priority of all sub-criteria respect to theago

IC Dotbivemede @ ldedmode |

i summary | Detal |

St by Mame I i Qmoul I
Synthesis with respecl to:
Goak GRIM survey resulls
Dvmral Ircorsistency = 00

Desian £E 7 S
Air Quality 14 [
Vesification & Maintenance 074 [

Themal Comfort U ———————————

Commissioning ey 0 0 ]

Lighting VA = I

Site Planning =

Incresead Eificiency = I

Reused Recyced Motwiok 01 [

Innovation in Design oy 0

Wales harvestinghrecyeling 0+

Design 5M ey

Verification o [

Green Product 03

Sustainable Aesouces = I

Tranzportation oz

Construchion Management i

Waste Management ¢ I

GBI Ace Faci 22
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C1.6 Convert eigenvalue to points:

ltem weighting_ va_lue of sub po_ints_ of point_s 01_‘
criteria criteria sub-criteria
ENERGY EFFICIENCY
Design EE 0.487 14.3665 29.5295 14.3665
Commissioning 0.24% 7.2275 7.22[5
Verification n Maintenance 0.269 7.9355 7.9355
Total 1.001 29.5295 29.5296
INDOOR ENVIRONMENTAL QUALITY
Air quality 0.412 10.2176 24.775p 10.21716
Thermal comfort 0.259 6.4232 6.42B2
Lighting, visual, & acoustiq 0.21b 5.332 5.3B2
Verification 0.113 2.8024 2.8024
Total 0.999 24,7752 24.775R
SUSTAINABLE SITE
Site planning 0.387 4.7988 12(4 4.7988
Construction management 0.178 2.2072 2.2072
Transportation 0.191 2.3684 2.36p4
Design SM 0.244 3.025p 3.02%6
Total 1 12.4 12.4
MATERIAL RESOURCES
Reused, recycled materials 0.38 4.256 11.2 41256
Sustainable resources 0.217 2.4304 2.4304
Waste management 0.179 2.0048 2.0p48
Green Produc 0.224 2.5088 2.5088
Total 1 11.2 11.2)
WATER ENVIRONMENT
Water harvesting & recyclin 0.439 5.3119 12.1 BBL
Increased Efficiency 0.561 6.7881 6.7881
Total 1 12.1 12.1
INNOVATION
Innovation in desigr 0.679 6.79 10 6.9
GBI accredited facilitato 0.321 3.21 3.21
Total 1 10 10
100.0047 100.0047
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C1.7 Comparison of current GBI and GBI based onreags (in criteria):

CRITERIA Current GBI GBI based on
engineers
Energy Efficiency 35 29.5
Indoor Environmental Quality 21 24
Sustainable Site Planning & Management 16 ]
Material & Resources 11 11.2
Water Efficiency 10 12.1
Innovation 7 10.0
TOTAL 100 100
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C2. Architects (5 respondents)

C2.1 Pairwise matrix for criteria:

| File Edrt Assessment Inconsrstency Go Tools Help

D & E <.‘-D @@. l n ﬁ ﬁ Structural adjust
& = F e B

R R 52 234 BEFAY

1

Compare the relative importance with respect to: Goal: GBIM survey results

l:Energy Effi Indoor EIW Sustalnahl Material Rl Water Effic Innovation
B 0250 162007 143097 11487 116466
P 275632 270192 1.37973  1.05155

EnergyEﬂlmency
Indoor Environmental Quality

Sustainable Site D 11487 1.82509
Material Resources - _- 1.6437%
Water Efficiency -

Innovation

C2.2 Priority of criteria respect to goal:

F||e Edrt Assessment ‘u‘|ew Go Tools Help

E 4 8 &
ﬁ |31 (%= F e B |
St by Mame l Ursort ‘ [™ Momalze
Priorities with respect to: Combined

Goal: GBIM survey results

Indoor Environmental Quality
Innovation
Water Efficiency
Energy Efficiency
Material Resources
Sustainable Site
Inconsistency = 0.00
with 0 missing judgments.
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C2.3 Pairwise matrix for sub-criteria:

Compare the rekalive importance with respect o Enenpy Eiciency

Disslgn EE 5% 1.55105
Commizsioning 1.40343
¥erlilcation & Malnicnance
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Alr Thaliny i 74258 1.O3HE  ABNIAZ
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Compare the relathee Importance with respect to: Sustalnable Sie
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Stte: Flanning 1.311951 220017
Construction Management P 130765
Transporation I

Design SH i —

Compare the relative importance with respect to: Material Hesources

e i [ Peuged Fe Sustainabl Waste Mar Green Prog
Flewsed Reeycled Materials 131284 112837
Suatainable Flesources
Waste Management
Greon Product
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Incresead Efflclency
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C2.4 Ranking of criteria and sub-criteria:

File Edit Assessment Synthesize Sensitivity-Graphs View Go Tools Help

-

D &R LD m| QRedaw (2 A & | @ | Combined
gy | a1 e = O F e (B

i y
| &2 Energy Effi CIEI‘ICY (L: .166)
----- B Design (L: .493)
----- B Commissioning (L: .205)
----- B Verification & Maintenance (L: .302)
=3 Indoor Environmental Quality (L: .249)
----- H Air Quality (L: .462)
----- B Thermal Comfort (L: .207)
----- M Lighting VA (L: .237)
----- B Verification (L: .093)
= Sustainable Site (L: .100)
----- M Site Planning (L: .294)
----- B Construction Management (L: .200)
----- B Transportation (L: .147)
----- M Design (L: .359)
=3l Material Resources (L: .113)
----- B Reused Recycled Materials (L: .213)
----- B Sustainable Resources (L: .197)
- Waste Management (L: .221)
----- B Green Product (L: .369)
Water Efficiency (L: .184)
- Water harvesting&recycling (L: .500)
- Incresead Efficiency (L: .500)
=3l Innovation (L: .188)
M Innovation in Design (L: .608)
E GBI Acc Faci (L: .392)

m

Infarmation D ocurent

C2.5 Priority of all sub criteria respect to thebo

Fite Edit
™ Distnbutive moede & Idaalmods
Sutiman ] Dealz |

l Sort by Hame: |

ot |

Goak GEBIM survey rezults

Overal Inconsistency « 00

Ajr Quality

Inmovation in Design
‘Water harvestinghiecychng
Incrasead Efficiency
Design EE

Lighting VA

GBI Ace Faci

Gieen Product

Thermal Combort
Verification & Mainlenance
Detign 5

Site Planning
Commmitsioning

‘Wazte Hanagoment
Reused Recpled Materals
Sustainable Resources
Construction Management
Werification

Transportation

Synthesis with respect to:

154



C2.6 Convert eigenvalue to points:

ltem weighting. va!ue of points_ of point_s 01_‘
sub-criteria criteria sub-criteria
ENERGY EFFICIENCY
Design EE 0.493 8.183B 16|6 8.18138
Commissioning 0.205% 3.403 3.403
Verification n Maintenance 0.302 5.0182 5.0132
Total 1 16.6 16.6
INDOOR ENVIRONMENTAL QUALITY
Air quality 0.462 11.5038 24.875[L 11.5088
Thermal comfort 0.207 5.1543 5.1543
Lighting, visual, & acoustiq 0.23y 5.9013 5.9013
Verification 0.093 2.3157 2.3157
Total 0.999 24.8751 24.8751
SUSTAINABLE SITE
Site planning 0.294 2.94 10 2.94
Construction management 0.2 2 2
Transportation 0.14Y 1.47 1.47
Design SM 0.359 3.59 3.99
Total 1 10 10
MATERIAL RESOURCES
Reused, recycled materigls 0.2013 2.4069 11.3 2.4069
Sustainable resources 0.197 2.2261 2.2261
Waste management 0.221 2.4973 2.4p73
Green Produc 0.36p 4.1697 4.1697
Total 1 11.3 11.3
WATER ENVIRONMENT
Water harvesting & recyclin 0.b 92 18.4 9.2
Increased Efficiency 0.5 9.p 9|2
Total 1 18.4 18.4
INNOVATION
Innovation in desigr 0.608 11.4304 18.8 11.4304
GBI accredited facilitato 0.392 7.3696 7.3696
Total 1 18.8 18.8
100.0 100.0
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C2.7 Comparison of current GBI and GBI based ohitacts (in criteria):

CRITERIA Current GBI GBI based on
Architects
Energy Efficiency 35 16.6
Indoor Environmental Quality 21 24
Sustainable Site Planning & Management 16 1
Material & Resources 11 11.3
Water Efficiency 10 18.4
Innovation 7 18.8
TOTAL 100 100
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C3. GBI facilitators (10 respondents)

C3.1 Pairwise matrix for criteria:

| File Edit Assessment Inconsistency Ge Tools Help
: Nedd S8R Era & '§ Stuctural adjust
& | | = F v (B

3876 543223456783

||||||||l||||||

Compare the relative importance with respect to: Goal: GBIM survey results

‘Energy Eﬂif_lndqqr Env Sustainabl E.Mate_rip_l FlléWlater_I.E_I.‘[il;é Innovation:
Energy Efficiency 1.06246 1.25517 1.95958  1.49913 255922
Indoor Environmental Quality P 233413 279649 159714 272898
Sustainable Site P 175183 13449 2.08965
Material Resources 1.22425  1.33514
Water Efficiency 2.11774
Innovation

C3.2 Priority of criteria respect to goal:

File Edit Assessrent View Go Tools Help

NEEIER T
[& V3 phe = E i B |
Sart byﬂame] Unaort J [ Momalize
Priorities with respect to: Combined

Goal: GBIM survey results

Indoor Environmental Quality
Energy Efficiency
Sustainable Site
Water Efficiency
Material Resources
Innovation

Inconsistency = 0.02

with 0 missing judgments.
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C3.3 Pairwise matrix for sub-criteria:
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T Slte Mannl Constructic Transporta Dealgn S
itz Manning | TR TR
Constuction Management P ismad

Tranapoation ===

_ -
I
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Compare the relative importance with respect to: Water Efficiency.

‘Water hary Incresead |
‘Water harvesting&recycling _ 1.00364
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C3.4 Ranking of criteria and sub-criteria:

Eile Edit Assessment Synthesize Sensitivity-Graphs View Go Tools Help

D@E@|§@LE‘H§P!;'Qﬂedrawé@ﬁA"|@:Ccmbmed -

K3 |31 1fEC = & viea  EH

| * |

oal: GBIM survey
- Energy Efficiency (L: .225)
----- I Design (L: .453)
----- B Commissioning (L: .261)
----- B Verification & Maintenance (L: .286)
= Indoor Environmental Quality (L: .270)
----- B Air Quality (L: .423)

B Thermal Comfort (L: .236)

Information D ocumnent

----- B Lighting VA (L: .185)
----- B Verification (L: .156)
= Sustainable Site (L: .168)
----- I Site Planning (L: .267)
----- B Construction Management (L: .207)
----- B Transportation (L: .136)
B Design (L: .389)
=38 Material Resources (L: .115)
----- B Reused Recycled Materials (1: .301)
-----  Sustainable Resources (L: .244)
----- B Waste Management (L: .195)
----- B Green Product (L: .260)
= Water Efficiency (L: .140)
- F Water harvesting&recycling (L: .501)
.5 Incresead Efficiency (L: .499)
= Innovation (L: .082)
I Innovation in Design (L: .774)
g GBI Acc Faci (L: .226) =

m

C3.5 Priority of all sub-criteria respect to theago

File Edit
™ Dighibative mods ¥ Jidedt mode

Sumnay | Defale |

St by Mame l
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Synthesis with respect to:
Goal: GBIM survey results
DOverall Inconsistency = 00

Air Quakity

Dezign EE

Design S5M

Thormal Comfort
Verification & Mainlenance
‘Water harvestinglrecycling
Inciesead Efficiency
Commis sioning

Lighting ¥

Site Planning
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Yerification
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Sustainable Resources
Constiuction Management
Innovation in Design
Wasle Management
Transpoitation

GBI Ace: Faci
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C3.6 Convert eigenvalue to points:

ltem weighting. va!ue of points_ of point§ of
sub-criteria criteria sub-criteria
ENERGY EFFICIENCY
Design EE 0.453 10.1925 22|15 10.1925
Commissioning 0.261 5.8725 5.87pR5
Verification n Maintenance 0.286 6.435 6.435
Total 1 22.5 22.5
INDOOR ENVIRONMENTAL QUALITY
Air quality 0.423 11.421 27 11.4211
Thermal comfort 0.236 6.372 6.372
Lighting, visual, & acoustiqg 0.18p 4.995 4.9p5
Verification 0.156 4.217 4.21p
Total 1 27 27
SUSTAINABLE SITE
Site planning 0.267 4.4856 16.7882 4.4856
Construction management 0.207 3.4776 3.4776
Transportation 0.136 2.2848 2.2848
Design SM 0.389 6.535p 6.53%2
Total 0.999 16.7832 16.7832
MATERIAL RESOURCES
Reused, recycled materigls 0.3p1 3.4615 115 3.4615
Sustainable resources 0.244 2.806 2.B06
Waste management 0.195 2.2425 2.2425
Green Produc 0.26 2.99 2.99
Total 1 115 11.5
WATER ENVIRONMENT
Water harvesting & recyclin 0.501 7.014 4 7.014
Increased Efficiency 0.499 6.986 6.9B6
Total 1 14 14
INNOVATION
Innovation in desigr 0.774 6.3468 8.2 6.3468
GBI accredited facilitato 0.226 1.8532 1.8532
Total 1 8.2 8.2
100.0 100.0
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C3.7 Comparison of current GBI and GBI based on faBilitators (in Criteria):

CRITERIA Current GBI GBI based on GBI
facilitators

Energy Efficiency 35 22.5
Indoor Environmental Quality 21 27)0
Sustainable Site Planning & Management 16 16.8
Material & Resources 11 115
Water Efficiency 10 14.0
Innovation 7 8.2

TOTAL 100 100
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C4. Government Officers (2 respondents)

C4.1 Pairwise matrix for criteria:

| Eile Edit Assessment Inconsistency Go Ioels Help
DR d & (& B ) =@ Q'Y structural adjust
& 31 (% = | F i (B

b TR e A W

1

Compare the relative importance with respect to: Goal: GBIM survey results

Energy Effi Indoor Env Sustainabl Material Re Water Effic Innovation

Energy Efficiency 1195683  1.36931 1.46385 3.87298  1.30089
Indoor Environmental Quality P 195116 2.52262 3.0 1.34629
Sustainable Site P 152753 277489 1.88414
Material Resources --_- 3.4641 1.0
Water Efficiency - [ R
Innovation |

C4.2 Priority of criteria respect to goal:

File Edit Assessment View Go Tecls Help

DEEJ B8R L
"RERL NN i B
Sort by Narme ‘| Unsan | [~ Momaize
Priorities with respect to: Combined

Goal: GBIM survey results

Indoor Environmental Quality
Energy Efficiency
Sustainable Site
Material Resources
Innovation
Water Efficiency
Inconsistency = 0.04
with 0 missing judgments.
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C4.3 Pairwise matrix for sub-criteria:

9876 5432123858783

Compare the relative importance with respect to: Energy Efficiency
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Verification & Maintenance
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1.41421  1.29089  1.14018
1.34164
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Construction Management
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Sustainable Resources
Waste Management
Green Product
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Compare the relative importance with respect to; Water Efficiency

‘Water hary Incresead |

[Water harvesting&recycling 1.58114

incresead Efficiency

ﬁ e
R X ;

Compare the relative importance with respect to: Innovation

Innovation GBI Acc Fa

Innovation in Design
GBI Acc Faci
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C4.4 Ranking of criteria and sub-criteria:

File Edit Assescment Synthesize Sensitivity-Graphs Miew Go Tools Help

D@m&!%lﬁ:‘mf‘!!'@ﬂedraw;‘%ﬁavi@;Combined o5

3 |3 B = F viea BB |

al: GBIM survey res
B Energy Efficiency (L: .215)
----- I Design (L: .750)
----- B Commissioning (L: .111)
- Verification & Maintenance (L: .139)
| = Indoor Environmental Quality (L: .261)
- Air Quality (L: .617)
- Thermal Comfort (L: .188)
----- I Lighting VA (L: .088)
----- B Verification (L: .107)
| =-H Sustainable Site (L: .182)
----- B Site Planning (L: .291)
----- B Construction Management (L: .164)
- Transportation (L: .210)
- Design (L: .335)
| = Material Resources (L: .143)
----- B Reused Recycled Materials (L: .137)
----- I Sustainable Resources (L: .137)
----- B Waste Management (L: .338)
----- B Green Product (L: .387)
Water Efficiency (L: .072)
B Water harvesting&recycling (L: .387)
M Incresead Efficiency (L: .613)
| =l Innovation (L: .128)
I Innovation in Design (L: .800)
B GBI Acc Faci (L: .200) -

it

Information [ ocument

C4.5 Priority of all sub criteria respect to thebo

HFiIe Edit
™ Disirbuiive mod= @ lealmode |
Summary | Detals |

Stk by Nama Urssat |

Synthesis with respectto:
Goal GRIM survey resulls
Dverall Inconsictency = 01

Air Guality

Dresign EE

Design 5W

Site Planning

Green Product

Innovation in Design
Waste Management
Transpoitation
Construction Management
Themmal Comiol

Incresead EHiciency
Reused Recpeled Materials
Suzlainable Resowces
Yerification

Water harvestingliecyeling
Verification & Maintenance
Lighting ¥4

Commizsioning

GBI Ace Faci
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C4.6 Convert eigenvalue to points:

ltem weighting. va!ue of points_ of point§ of
sub-criteria criteria sub-criteria
ENERGY EFFICIENCY
Design EE 0.75 16.12H 21)5 16.1p5
Commissioning 0.111 2.3865 2.38p5
Verification n Maintenance 0.139 2.9885 2.98485
Total 1 21.5 21.5
INDOOR ENVIRONMENTAL QUALITY
Air quality 0.617 16.1037 26.1 16.1037
Thermal comfort 0.18¢ 4.9068 4.90p8
Lighting, visual, & acoustiqg 0.088 2.2968 2.2968
Verification 0.107 2.7927 2.7927
Total 1 26.1 26.1
SUSTAINABLE SITE
Site planning 0.291 5.2962 18(2 5.2962
Construction management 0.164 2.9848 2.9848
Transportation 0.21 3.82P2 3.822
Design SM 0.335 6.09Y 6.097
Total 1 18.2 18.2
MATERIAL RESOURCES
Reused, recycled materigls 0.1B7 1.9591 14.2857 591.p
Sustainable resources 0.1B7 1.9591 1.9591
Waste management 0.338 4.8334 4.8B34
Green Produc 0.38f 5.5341 5.5341
Total 0.999 14.2857 14.2887
WATER ENVIRONMENT
Water harvesting & recyclin 0.387 2.7864 7.2 2486
Increased Efficiency 0.6138 4.4136 4.41136
Total 1 7.2 7.2
INNOVATION
Innovation in desigr 0.8 10.24 12,8 10.p4
GBI accredited facilitato 0.2 2.56 2.56
Total 1 12.8 12.8
100.1 100.1
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C4.7 Comparison of current GBI and GBI based oreguwent officers (in criteria):

TOTAL

CRITERIA Current GBI govi?r:rggitegfﬁgers
Energy Efficiency 35 21.5
Indoor Environmental Quality 21 26]1
Sustainable Site Planning & Management 16 18.2
Material & Resources 11 14.3
Water Efficiency 10 7.2
Innovation 7 12.8
100 100
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C5. Academics (11 respondents)

C5.1 Pairwise matrix for criteria:

F|Ie Edit Assessment Incon5|5tency GD Tools Help

D Ern & @@. l D g‘, & Structuralad}ust
‘i 3 | = F 46 1E

9876 BA4321 2345678
I||||||||1|||||||I

Compare the relative importance with respect to: Goal: GBIM survey results

) |Energy Effi Indoor EI'IV Sustainabl | Materlal Rl Water Eﬁlc Innovation
Energy Efficiency B 00566 147196 124113 146561 177614
Indoor Environmental Quality P 125254 172523 138504 152768
Sustainable Site D 15162 1.21136  1.02037
Material Resources P 104141 160177
Water Efficiency
Innovation

C5.2 Priority of criteria respect to goal:

Flle Edrt Assessment View Go Too[s Help

Eeléﬁﬁl

& V3 = | F ‘] e (B

Unsar: ‘ [™ Nomalizs

Sirt by Name

Priorities with respect to: Combined
Goal: GBIM survey results

Energy Efficiency

Indoor Environmental Quality

Material Resources

Water Efficiency

Sustainable Site

Innovation
Inconsistency = 0.01
with 0 missing judgments.
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C5.3 Pairwise matrix for sub-criteria:

9876 5432123456789
e ;

Compare the relative importance with respect to: Energy Efficiency

Design EE Commissic Yerification
Design EE 2.52089 1.21488
Commissioning e (1104
\erification & Maintenance

_ FE

Compare the refative importance with respect to: Indoor Environmental Quality

\ Air Quality | Thermal Co Lighting VA Verification
| Air Quaiity 112165 236285 252298
| Thermal Comfort B 253681

| Lighting VA [

| Veritication ocon: @00

- Extreme

- Wery Skang
- Stiong

~ Moderate
(o] the relative i with

pectio: i Site - Equal
- Maderate
- Strong

- Very Strong

Planni| Constructic| Transporta| Design SM
Site Plan DN 116821 2.27498  1.79866
Construction Management I 217652 2.19713
Transportation N 4.24837
Design SM

- Extreme

-

9976543212345

Compare the relative importance with respect to; Material Resources

_b‘us!am_a‘hl Waste Mar GIEEHIPFUI_
2.03037 1.18823  1.65827

e ﬁ

Compare the relative importance with respect to: Water Efficiency

Reused Recycled Materals
Sustainable Resoutces
Waste Management

Green Product

Water hary Increscad |
Water harvesting&recyeling 1.83697
Incresead Efficiency

§B76 5432123458783
e v T R N

Compare the relative importance with respect to! Innovation

Innoseation in Design

I 335808
GBI Acc Faci \InGom: 0,00
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C5.4 Ranking of criteria and sub-criteria:

it A;;e;;ment Synthesize Sensitivity-Graphs View Go Tools Help

| Eite Ed
|DE’=E@I@®.IEI'E 9 Recran |20 A 4| @ | Combined -

_31§ABE;—1—_1 T | EH B

=8 - Energ\«r Effi uean (L .211)
- Design (L: .449)
----- B Commissioning (L: .174)

-3 Verification & Maintenance (L: .377)
=8 Indoor Environmental Quality (L: .211)
-H Air Quality (L: .342)

----- B Thermal Comfort (L: .370)

Information Docurnent

-3 Lighting VA (L: .157)

----- B Verification (L: .131)

- B Sustainable Site (L: .140)

----- M Site Planning (L: .242)

----- B Construction Management (L: .211)
----- B Transportation (L: .103)

----- B Design (L: .445)

=-Jl Material Resources (L: .161)

----- B Reused Recycled Materials (L: .182)
----- B Sustainable Resources (L: .357)

----- B Waste Management (L: .159)

----- B Green Product (L: .302)

Water Efficiency (L: .157)

I Water harvesting&recycling (L: .660)
B Incresead Efficiency (L: .340)

=l Innovation (L: .120)

I Innovation in Design (L: .771)

. GBI Acc Faci (L: .229)

iik

C5.5 Priority of all sub-criteria respect to theago

file Edit
(C Dietnbutive ode T lded mode
Surimary | Detals |

| Sutbibieme | Lnsoet |

Synthesis with respect to:
Goal: GBIM zurvey results
Dveral Incansstency = 00

Design EE

Thermal Comfort

Air Quality

Verification & Maintenance
Suslainable Resources
Water harveshinghrecycling
Design SM

Green Product

Innovalion in Design
Lighting VA

Comimissiaming

Reuzed Recpcled Matenials
Incresead Efficiency

Site Plarnning

Verification

Waile Management
Construction Management
GBI Act Faci
Transportation
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C5.6 Convert eigenvalue to points:

ltem weighting_ va!ue of points_ of point_s 01_‘
sub-criteria criteria | sub-criteria
ENERGY EFFICIENCY
Design EE 0.4449 9.4739 21j1 9.47B9
Commissioning 0.174 3.6714 3.67[L4
Verification n Maintenance 0.377 7.9547 7.9547
Total 1 21.1 21.1
INDOOR ENVIRONMENTAL QUALITY
Air quality 0.342 7.2162 21.1 7.2162
Thermal comfort 0.37 7.80)7 7.807
Lighting, visual, & acoustiq 0.15y 3.3127 3.3127
Verification 0.131 2.7641 2.7641
Total 1 21.1 21.1
SUSTAINABLE SITE
Site planning 0.242 3.388 14.014 3.388
Construction management 0.211 2.954 2.p54
Transportation 0.103 1.442 1.442
Design SM 0.445 6.28 6.23
Total 1.001 14.014 14.014
MATERIAL RESOURCES
Reused, recycled materials 0.182 2.9302 16.1 2.9302
Sustainable resources 0.357 5.7477 5.71477
Waste management 0.1%9 2.5599 2.5p99
Green Produc 0.30p 4.8622 4.8422
Total 1 16.1 16.1
WATER ENVIRONMENT
Water harvesting & recyclin 0.66 10.362 15.7 10.86
Increased Efficiency 0.34 5.338 5.3B8
Total 1 15.7 15.7
INNOVATION
Innovation in desigr 0.771 9.252 12 9.252
GBI accredited facilitato 0.229 2.748 2.748
Total 1 12 12
100.014 100.014
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C5.7 Comparison of current GBI and GBI based onl@aecs (in criteria)

CRITERIA Current GBI GBI based on
academics

Energy Efficiency 35 21.1
Indoor Environmental Quality 21 2151
Sustainable Site Planning & Managemgnt 16 14.0
Material & Resources 11 16.1
Water Efficiency 10 15.7
Innovation 7 12.0

TOTAL 100 100
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APPENDIX D

SURVEY RESULT (ALL EXPERTS GROUP)

Appendix D is the result of a survey which covebgd44 respondents from different
kind of background. They are all expert in greeitidng constructions. The result is

similar with pilot survey, where “IEQ” hold the @ points and being the first
priority among other criteria.
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D1. Pairwise matrix for criteria:

; File Edit Assessment Inconsistency Go Tools Help

-. 0 & HCD S8 H D @Ed§ structural adjust |
& 1 M= F v (B

387654321 2345E67873

1

Compare the relative importance with respect to: Goal: GBIM survey results

 Energy Effi Indoor Env Sustainabl Material Rt Water Effic Innovation

Energy Efficiency 112942 154019 161185 1.68391 1.76677
Indoor Environmental Quality P 1823 195207 1.58522  1.71953
Sustainable Site P 12578 102526 115194
Material Resources 11075 1.22129

\Water Efficiency
Innovation

D2. Priority of criteria respect to goal:
IETEE
108 =F i | |

SUrlbyName‘ ety | Lot ‘ [ Nomez

Proites with respect o (ombined
Goal GBI survey resuts

e, 0 00000
vty . [
i - I

sl [

ateral Resourees B} _

o 1

Inconsistency = 0.00
Wit missig judgments
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D3. Sub-criteria of energy efficiency:

JE7H BHEIT| 234 56789
i

i

Compare the relative importance with respect to: Energy Efficiency

Design EE Commissic Verification
Design EE 205301 16207
Commissioning | R
Verification & Maintenance: T [

I8 =% = F v (B

Sattylione | Sty | g | T Mo

Priorities with respect to: Combined
(zoak GBIM survey results

#Energy Hficiency

besant -
i y

Inconsistency = 0,00

with 0 missing judgments.

di i FE e 1 I
12330 Ereergy Zllicienze L 230 G 238 Chignicl Zunsel H fﬂ_

Detign EE I Abb

Goal: GBIM survey results
CR- | Encruy Eifitieny L1 | Commissionine 218
5 Dsign EE (L: 46 G:.116) Verlfication & 296
[ Commissioning (L: 218 &:.052) '
' B Verification & Maintenance (L: 296 G:.071)
& Indoor Environmental Quality (L: .247 G:.247)
- Sustainable Site (L: 138 G: 138)
[ Material Resources (1: A3 G: 127)

Irfimetun (ocunak

ol Water Cffidency (L: 130 G:.130) . D 1
o [ Innovation (L: .110 G: .110) e
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D4. Sub-Criteria of Indoor Environmental Quality:

SRTEBEEL) ZA 56T 6N
s

Compare the relative importance with respect to: Indoor Envirenmental Quality

Air Quality 'Thq:mal Ci| Lighting V2 Yerification

#ir Quality 158251 219725  3.20547
Thermal Comfort D raes2 24824
Lighting ¥4 [ [ | eE

Verification mean:oo0

b (31 1= F | B |
S0t by Name ‘ b Uneot | [ Momajee
Priorities with respect to: T
Goak GBIM survey results
»Indoor Envireamental Qual..
i Qualty e ]
Thermal Comfrt 21 [
koo YA 1 [
Verbcsto 25 I
Inconsistency = 0.00
with 0 missing judgments,

@0 =R i (B )

247 Irdnzr Ermeimnmantel Quse L A7 6; 247

I Crider o Curmer! ‘m

E Goal: GBIM survey results
« Fnergy Filiency (1,239 G:.239) Mhamal Coml 21
=l Indoor Enviranmental Quality (L: 247 G:.247) Ei'.i_ghthg VA 189
| AN Quallty (L 415 6:.102) Valifiation 126
i EThermal Comfort (L: 271 G: .067) '

. -H Lighting VA (L: 189 G; .047)

o -H Verification (1: 125 G: .031)
+ [l Sustainable Site (L: 138 G:.138)

: el Do
i M Materlal Resources (L: 127 G: 127} T
7 I Water Efficiency (L: .139 G:.139) %I';’»L.:ﬁ"ﬁm
« Innavation (1; 110 G: 110} 4 it
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D5. Sub-Criteria of Sustainable Site:

3B76 432123458788
A e T
o

Compare the relative importance with respect to; Sustainable Site

Site Planni Congtruetic Transporta Design SM

Site Planning [ 16633 200076 1.06737
Construction Management I 197503 179267
Transpontation I 007
Design SM LT

B = F v |8 |
Sort by lame ‘, A Unsat | [ Homisfes
Priorities with respect to; Combined
Goak GBIM survey results
>Sustainable Site
Design SH e e e e e e e e e e e e
Site Planning ey
Construction Hanagement 198 |
Transpartation e | ——
Inconsistency = 0.00
with 0 missing judgments,
R vl (B
|12 Sushanack: Sim (L 13 G20 ! Chiber o Cument b
Eﬁ Goal: GBIM survey results Sile Pani 304
@ W Energy Efficlency (L: 239 G:.239) {Gonstruction t 198
o B Indoor Environmental Quality (L: 247 G:.247) :'T.I.é'ngpnr!almr 151

3 [ Snskain
- Site Planning (L: 309 G:.043)
- Construction Management (1: 198 G: 037)
B Teansportation {L: .151 G:.021)

[l Deslgn SM (L: 342 G:.047)

DesignSHT 342

Ielisaion D]

© ] Materlal Resources (L: 127 G:.127) I, Desgn
o I Water fficiency (L: 139 G:.139) el
« H Innovation {L: 110 G: 110} 4 Tianiptalaon
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D6. Sub-Criteria of Material Resources:

9876 5432123456783
e e R
e

Compare the refative importance with respect to: Material Resources

Reused Re Sustainabl Waste Mar Green Prac

Reused Recycled Materials 100262 147437 1.033131
Sustainable Resources N 18517 109682
Waste Management R .o
Green Product feomgpo

|1 = F B |

Suthﬂ{amJ 50ﬂhyEﬁiusﬁ_lf| rsatt J [ Nomeize

Priorities with respect to: Combined
Goak GBIM survey results

>Material Resources
Green Product e |
Reused Recyced Haterils 276 |
Sistanable Resourees ey
Waste Hanagement 19 |

Inconsistency = 0.00

with 0 missing judgments.
L =R

X "y
T tatia B L 1A T [icken o Cliren B _1&

7 Goal: GBIM survey results

+ M Cnargy Effidency (L:.230 6:.230)

i H Indoor Environmental Quallty (L: .247 G:.247)
7 [ Sustainable Site (L: 138 G: .138)

8 [Mata 7

o B Rensed Recyded Materals (1: 276 G:.035)
\ - Sustainable Hesources (L: 252 G:.032)

|| HWaste Management (L: .103 G:.024)

‘Sustainable R 262
Wetsle Manag: 193
WGregn Produc 270

N i Do ies]
. EGreen Product (L: 279 G:.035) Y- B P

+ I Water Efficiency (L: 139 G: .139) il
+8 Innovation {1: 110 G: 110) 4 iwazz ey
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D7. Sub-Criteria of Water Efficienty

9876 5432123456783

Compare the relative importance with respect o Water Efficiency

[ Water harvesting8recyeling

Waler hary Incresead |
Incresead Efficiency

105799
o000

|ﬁ M=

St by Name i )

Priorities with respect to:

Combined
Goal GBIM sirvey results
Water Efficiency

Water harvesting&recychng
Incresead Eficency |
Inconsistency = 0.00

with 0 missing judgments,

B =0 w0

[l R 0 o i ] Chiles ol Consed B _%J
I Goal: GBIM survey results Vater harve

o B Energy Filiciency {1: 239 G: .)39)

» M Indoor Cavironmental Quality (L: .247 G:.247)
© [ Sustainable Site (L: .138 G:.138)

« T Material Resources (L: 127 G:.127)

1 Water harvesting&recycling (L: 514 G: 071)
[ Incresead Lfficiency (L: 486 G: .067)

© B Innovation (L: 110 G:.110)

hiapishun Dok
jl. Wiele harveating |
12 Inoosesed Silicienzy

178



D8. Sub-Criteria of Innovation:

YRTE 54321204 587809
|||||||I|||\l\-|||

Compare the relative importance with respect to: Innovation

Innovation in Dﬁsigri
GBI Acc Faci

LTS v |8
Sotbyllane (St PiOR] et | Nomaie

Prioities with respect to: Combined

Goak GRIM survey results
>Innovation

wosterntsgn 25 |
- i

Tnconsistency = 0.00
with 0 missing judgments,

@i = F g (B |

i f
L) Ivw o (L 40 G 100 o of Cument e _(ﬁ_'_

Goal: GBIM survey results Innavation iﬂ 126
# B Energy Efficiency (L: 239 G:.239) GBlAc Faci 275

- Indoor Foviranmental Qualily (1: 247 G:.247)
& Sustainable Site {L: 138 G: .138)

o B Material Resources (L2 .127 G: .137)

# [ Water Efficiency (L: .139 G:.139)

Gk | nnovation (L1 ).
-l Innovation in Design (L: /25 G:.080) e
B GBI Acc Fad (L: 275 G:.030) i

2 GOl 2z fan el
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D9. Ranking of criteria and sub-criteria

S M =F
1

g B

(Goal: GBIM survey resuls
H Energy Effidency (L: .239 G:.239)

-0 Design EE (L: 486 G: .116)

- Commissioning (L: 8 G: .057)

‘- Verification & Maintenance {L: 296 G:.071)
\l= H Indoor Environmental Quality {L: .247 G: .247)
| Air Quality {L: 415 G:.102)

\ & Thermal Comfort {L: 271 &:.067)
“H Lighting VA (L; .189 G: .047)
L Verification {1: 125 G .031)
|| =- M Sustainable Site (L: .138 G: .138)
: [H Site Planning (L: .309 G:.043)
; H Construction Management (L: .198 G: .037)
+-H Transportation (L: .151 G:.021)
T Design SM (L: 342 G: .047)
-l Malerial Resources (L 127 G AH)
-8 Roused Recyclad Materials (L: 276 G .033)
- [ Sustainable Resources (L:.251 G:.032)
. B Waste Management (L: .193 G: .024)
" Green Product {L: .279 G:.035)
||= 8 Water Efficiency (L: .139 G: 139)
- Water harvesting&recyding (1: 514 G: 071)
B Incresead Efficiency {L: 480 G: .067)
= [l Innovation {L: .110 G:.110)
« E Innovation in Design (L: .725 G:.080)
* [ GBI Acc Faci (L: .275 G:.030)

D10. Priority of all sub-criteria respect to theago

Chlcien ol CunectHi

4

MFil: Edit
© Distrbuiive miod | caal mode

Summey | et |

sattyave | | Sotyfiy | |

Upesiitt

Synthesis with respect to:
Goal: GBIM survey resulls
DOvenal Incomsistancy = 00

Air Quality

Detign EE

1 hermal Combort
Yeification & Mamlenance
Water harvestingbrecyclng
Design SM

Inciezead Efficiency
Green Product

Site Planning

Aeused Recycled Matenals
Lighting VA

Sustainable Aesources
Innirv alion in Design
Commizsioning

Waste Management
Conztiuction Management
Veafication

Transportation

GBI Ace Faci
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D11. Convert eigenvalue to points (based on lo@gjkating):

ltem weighting_ va!ue of po_ints_ of point_s 01_‘
sub-criteria criteria sub-criteria
ENERGY EFFICIENCY
Design EE 0.486 11.6154 23|19 | 2
Commissioning 0.218 5.2102 5
Verification n Maintenance 0.296 7.0744
Total 1 23.9 24
INDOOR ENVIRONMENTAL QUALITY
Air quality 0.415 10.25085 24.7 1p
Thermal comfort 0.271 6.6937
Lighting, visual, & acoustiqg 0.189 4.6683
Verification 0.125 3.0874 B
Total 1 24.7 25
SUSTAINABLE SITE
Site planning 0.309 4.2642 138
Construction management 0.198 2.7324
Transportation 0.151 2.0838
Design SM 0.342 4.7196 A
Total 1 13.8 14
MATERIAL RESOURCES
Reused, recycled materigls 0.2[/6 3.5052 12.7
Sustainable resources 0.252 3.2004
Waste management 0.193 2.4911
Green Produc 0.27p 3.5433
Total 1 12.7 12
WATER ENVIRONMENT
Water harvesting & recyclin 0.514 7.1446 18.9
Increased Efficiency 0.48p 6.75%4
Total 1 13.9 14
INNOVATION
Innovation in desigr 0.725 7.975 11
GBI accredited facilitato 0.275 3.025
Total 1 11 11
TOTAL 100 100
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D12. Comparison of current GBI and GBI based orgtlerts group (in criteria):

CRITERIA Current GBI Gf)('p%?fsegrgﬂ;‘”

Energy Efficiency 35 24
Indoor Environmental Quality 21 2b
Sustainable Site Planning & Management 16 14
Material & Resources 11 12
Water Efficiency 10 14
Innovation 7 11

TOTAL 100 100
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D13. Comparison of current GBI and GBI based omeagpondents (in sub-criteria):

Sub Criteria of EE Current GBI GBI survey result
Design EE 25 12
Commissioning 5 5
Verification and Maintenance 5 7
Sub Criteria of IEQ Current GBI GBI survey result
Air Quality 6 10
Thermal Comfort 3 6
Lighting, Visual and Acoustic Comfort B8 6
Verification 4 3
Sub Criteria of SM Current GBI GBI survey result
Site Planning 6 4
Construction Management 3 3
Transportation 3 3
Design SM 4 4
Sub Criteria of MR Current GBI GBI survey result
Reused and Recycled Materials 4 3

Sustuinable Resources

Waste Management 3 2

Green Products

Sub Criteria of WE Current GBI GBI survey result
Water Harvesting and Recycling 4 7
Increased Efficiency 6 7
Sub Criteria of IN Current GBI GBI survey result
Innovation in Design and environmental design
initiatives 6 8
Green building index accredited facilitator 1 3
TOTAL 100 100
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APPENDIX E

CURRENT GBI AND GBI SURVEY RESULT

E1l. Scoring:
ASSESSMENT CRITERIA
OVER ALL POINTS SCORE

ITEM Current GBI GBI survey result
Energy Efficiency 35 24
Indoor Environmental Quality 21 25
Sustainable Site Planning & Management 16 14
Material & Resources 11 12
Water Efficiency 10 14
Innovation 7 1

TOTAL

SCORE 100 100
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E2. Assessment criteria (score summary):

o Current GBI GBI Survey
Part | Criteria Iltem - -
Points | Total P0|nt$ Total
Energy Efficiency
Design
EE1 Minimum EE Performance 1 1
EE2 Lighting Zoning 3 3
EE3 Electrical Sub-metering 1 1
EE4 Renewable Energy 5 3
EES5 Advanced EE Performance - BEI 15 4
commissioning % 24
EE6 Enhanced Commissioning 3 3
1 [EE7 Post Occupancy Commissioning 2 2
\verification & maintenance
EES8 EE Verification 2 3
EE9 Sustainable Maintenance 3 4
Indoor Environmental Quality
Air Quality
EQ1 Minimum IAQ Performance 1 2
EQ2 Environmental Tobacco Smoke (ETS) Control 1 P
EQ3 Carbon Dioxide Monitoring and Control 1 2
EQ4 Indoor Air Pollutants 2 3
EQ5 Mould Prevention 1 1
thermal comfort
EQ6 Thermal Comfort: Design & Controllability of 8gmg 2 2
EQ7 Air Change Effectiveness 1 1
Lighting, visual & Acoustic comfort 21 25
EQS8 Daylighting 2 1
EQ9 Daylight Glare Control
EQ10 Electric Lighting Levels 1 1
EQ11 High Frequency Ballasts 1 1
2 EQ12 External Views 2 1

EQ13 Internal Noise Levels 1 1
\verification
EQ14 IAQ Before & During Occupancy 2 2
EQ15 Post Occupancy Comfort Survey: Verification 2 1
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o Current GBI GBI Survey
Part | Criteria Item - -
Points| Total | Points| Total
Sustainable Site Planning & Management
site planning
SM1 Site Selection 1 1
SM2 Brownfield Redevelopment 1 1
SM3 Development Density & Community Connectivity 2 1
SM4 Environment Management 2 1
construction management
SM5 Earthworks - Construction Activity Pollutionofitrol 1 1
SM6 QLASSIC 1 1
SM7  |Workers’ Site Amenities 1| 16 1| 14
transportation
SM8 Public Transportation Access 1 1
SM9 Green Vehicle Priority 1 1
3 SM10 |Parking Capacity 1 1
Design
SM11 |Stormwater Design — Quantity & Quality Control 1 1
SM12 |Greenery & Roof 2 2
SM13 |Building User Manual 1 1
Materials & Resources
reused & recycled materials
MR1 Materials reuse and selection 2 1
MR2 Recycled content materials 2 2
sustainable resources
MR3 Regional Materials 2
MR4 Sustainable Timber 1 11 1 12
Waste management
4 MR5 Storage & Collection of recyclables 1 1
MR6 Construction waste management 2 1
Green products
MR7 Refrigerants & Clean Agents 2 4
\Water Efficiency
\Water Harvesting & recycling
WE1 Rainwater Harvesting 2 3
WE2 Water Recycling 2 4
Increased efficiency 10 14
5 WE3 Water Efficient - Irrigation/Landscaping 2 3
WE4 Water Efficient Fittings 2 2
WES5 Metering & Leak Detection System 2 2
Innovation
IN1 Innovation in Design & Environmental Desigritiatives| 6 8
6 N2 Green Building Index Accredited Facilitator 1 ! 3 1
TOTAL POINTS 100 100
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APPENDIX F

SIME PROJECT: CASE STUDY

Appendix F is the final result of this researchjahhis implementation of current GBI

and GBI survey result to “SIME office building”.
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F1. Energy Efficiency Assessment:

Iltem

Area of Assessment

Current GBI

GBI Survey Result

Detall
points

Max
points

Score

Detail
points

Max
points

Score

EE

ENERGY EFFICIENCY

Design

25

12

EE1

Minimum EE Performance

Establish minimumenergyefficiency
performanceo reduceenergy consumptioim
buildings,thus reducing CQ emissionto the
atmosphereMeet the following minimum EE
requirrmentsas stipulatedin MS 1525:2007:

1) OTTV< 50, RTTV < 25. Submitcalculationsusing
the BEIT software ootherGBIlapproved
softwae(s),AND

2) Provision of EnergyManagemen€ontrol system

where Air-conditioned space 4000n?

EE2

Lighting Zoning

Provide flexible lighting controls to optimiseergy
savings:

All individual or enclosed spaces to be individyall
switched; and the size of individually switchedhlilmg
zones shall not exceed 100m? for 90% of the NLAhwi
switching clearly labelled and easily accessible by
building occupants.

Provide auto-sensor controlled lighting in conjtimae
with day lighting strategy for all perimeter zonasd day
lit areas, if any.

Provide motion sensors or equivalent to complement
lighting zoning for at least 25% NLA.

EE3

Electrical Sub-metering

Monitor energy consumption of key building seescas
well as all tenancy areas: Provide sub-meteringliio
energy uses of 100kVA; with separate sub-metering
for lighting and separately for power at eachoflor
tenancy, whichever is smaller.

EE4

Renewable Energy

Encourage use of renewable energy:

Where 0.5 % or 5 kWp whichever is the greatethef
total electricity consumption is generated by veslele
energy,OR

Where 1.0 % or 10 kWp whichever is the greatethef
total electricity consumption is generated by reaigle
energy, OR

Where 1.5 % or 20 kWp whichever is the greatethef
total electricity consumption is generated by reaigle
energy, OR

Where 2.0 % or 40 kWp whichever is the greatethef
total electricity consumption is generated by reaigle
energy

1w

EES5

Advanced EE Performance - BEI

Exceed Energy Efficiency (EE) performance bettanth
the baseline minimum to reduce energy consumption i
the building. Achieve Building Energy Intensity EB <
150 kWh/m2yr as defined under GBI reference (using
BEIT Software or other GBI approved software(6)R

BEI < 140,0R

BEI < 130,0R

BEI <120,0R

[[o¢]

BEI <110,0R

BEI < 100,0R

BEI <90

Ik 15
a1 [IN o
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Iltem

Area of Assessment

Current GBI

GBI Survey Result

Detail
points

Max
points

Score

Detail
points

Max
points

Score

commissioning

5

5

EE6

Enhanced Commissioning

Ensure building’s energy related systems aregdesi and installed
to achieve proper commissioning so as to realisi thll potential
and intent. Appoint an independent GBI recognisech@issioning
Specialist (CxS) at the onset of the design protessrify that
comprehensive pre-commissioning and commissiorsng i
performed for all the building's energy relatedtegss in
accordance with ASHRAE Commissioning Guideline threo GBI
approved equivalent standard/s by:

1. Conducting at least one commissioning desggiew during
the detail design stage and back-check the reg@wments during
the tender documentation stage.

2. Developing and incorporating commissioninguiegments into
the tender documents.

3. Developing and implementing a commissioniranpl

4. Verifying the installation and performancetioé systems to be
commissioned.

5. Reviewing contractor submittals applicablsystems being
commissioned for compliance.

6. Developing a systems manual that providagéuoperating
staff the information needed to understand anchwgty operate
the commissioned systems.

7. Verifying that the requirements for trainirperating
personnel and building occupants are completed.

EE7

Post Occupancy Commissioning

Carry out post occupancy commissioning fotexllancy areas
after fit-out changes are completed:

1) Design engineer shall review all tenancy fit-plains to ensure
original design intent is not compromised and ugmmpletion of
the fit-out works, verify and fine-tune the insédibns to suit.

2) Within 12 months of practical completion (or learif there is at
least 50% occupancy), the CxS shall carry oullgptst/re-
commissioning of the building's energy related sys to verify
that their performance is sustained in conjunctiith the
completed tenancy fit-outs.

verification & maintenance

EES8

EE Verification

Verify predicted energy use of key building sees:

1) Use Energy Management System to monitor antysaanergy
consumption including reading of sub- meters, ANO-@lly
commission EMS including Maximum Demand Limiting
programme within 12 months of practical completjonearlier if
there is at least 50% occupancy).

EE9

Sustainable Maintenance

Ensure the building’s energy related systemsauititinue to
perform as intended beyond the 12 months

1) At least 50% of permanent building maintenamaart to be on-
board one (1) to three (3) months before practioaipletion and to
fully participate (to be specified in contract cdiwhs) in the
Testing & Commissioning of all building energy siees.

2) Provide for a designated building maintenandie®that is fully
equipped with facilities (including tools and ingtrentation) and
inventory storage. 3) Provide evidence of docueaplan for at
least 3-year facility maintenance and preventivénteaance
budget (inclusive of staffing and outsourced cartgh

TOTAL

35

14

24

13
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F2. Indoor Environmental Quality Assessment:

Item

Area of Assessment

Current GBI

GBI Survey Result

Detail
points

Max
points

Score

Detall
points

Max
points

Score

IEQ

INDOOR ENVIRONMENTAL QUALITY

Air Quality

10

IEQL

Minimum IAQ Performance

Establish minimum indoor air quality (IAQ) perfoance to
enhance indoor air quality in building, thus cdmating to the
comfort and well-being of the occupants:

Meet the minimum requirements of ventilation rateASHRAE
62.1:2007 or the local building code whichevethis more
stringent.

IEQ2

Environmental Tobacco Smoke (ETS) Control

Minimize exposure of building occupants, indsarfaces, and
ventilation air distribution systems to

Environmental Tobacco Smoke (ETS):

Prohibit smoking in the building,

AND Locate any exterior designated smoking aratkeast
10m away from entries, outdoor air intakes andaiple windows

IEQ3

Carbon Dioxide Monitoring and Control

Provide response monitoring of carbon dioxidelg to ensure
delivery of minimum outside air requirements: Iistzarbon
dioxide (CO2) monitoring and control system wathleast one
(1) CO2 sensor at all main return points orheéloor to
facilitate continuous monitoring and adjustmenbuofside air
ventilation rates to each floor, and ensure ieteljent control of
ventilation rates to maintain CO2  levell,000ppm

IEQ4

Indoor Air Pollutants

Reduce detrimental impact on occupant health finishes that
emit internal air pollutants:

Use low VOC paint and coating throughout the Hodd Paints
and Coatings to comply with requirements specified
international labelling schemes recognized by GBI,

AND

Use low VOC carpet or flooring throughout the Hing. Carpets
to comply with requirements specified

in international labelling schemes recognized byl.GRBher types
of flooring to comply with requirements under FiSoore
developed by Science Certification System or emjaivt,

AND

Use low VOC adhesive and sealant or no adhesigealant
used.

Use products with no added urea formaldehyde. &haslude:
1) Composite wood and agrifiber products defiasd
particleboard, medium density fiberboard (MDFyvpbod,
wheatboard, strawboard, panel substrates and dows,

AND

2) Laminating adhesives used to fabricate on-aite shop-
applied composite wood and agrifiber assemblies,

AND 3) Insulation foam, AND 4) Draperies

IEQ5

Mould Prevention

Design system(s) which reduce the risk of mogtdwth and its
associated detrimental impact on occupant health:

Where it is demonstrated that the mechanical @iditioned
ventilation system will maintain a positive indaar pressure
relative to the exterior and can actively contiodioor air
humidity to be no more than 70% RH without tise of active
control that will consume additional energy.

Ensure that excessive moisture in building is aletd during
the Design, Construction and Operation stages &y th
consideration and the control of the following:

1) Rainwater leakage through roof and walls

2) Infiltration of moist air

3) Diffusion of moisture through walls, roof anddks

4) Groundwater intrusion into basements and cepates
through walls and floors

5) Leaking or burst pipes

6) Indoor moisture sources

7) Construction moisture

OR The building is fully naturally ventilated
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Item

Current GBI

GBI Survey Result

Area of Assessment

Detail
points

Max
points

Score

Detail
points

Max
points

Score

thermal

c

omfort

3

6

IEQ6

Thermal Comfort: Design & Controllability &ystems

Provide a high level of thermal comfort systemntrol by
individual occupants or by specific groups in mubitcupant spaces
to promote the productivity, comfort and well-beioigbuilding
occupants:

Design to ASHRAE 55 in conjunction with the reletvéotalised
parameters as listed in MS1525:2007.

Provide individual comfort controls for 50% of the building
occupants to enable adjustments to suit indiviths needs and
preferences. AND Provide comfort system controtsafbshared
multi-occupant spaces to enable adjustments tqsuitp needs and
preferences.

Conditions for thermal comfort include the primdagtors of air
temperature, radiant temperature, air speed andditynComfort
system control for this purpose is defined as tlaipion of control
over at least one of these primary factors in tteupants’ local
environment.

IEQ7

Air Change Effectiveness

Provide effective delivery of clean air througttluced mixing with
indoor pollutants in order to promote a healthyoadenvironment.
Demonstrate that the Air Change Effectiveness (A@Eets the
following criteria for at least 90% of the NLA:h& ventilation
systems are designed to achieve an ACE @05 when measured i
accordance with ASHRAE 129-1997: Measuring air gjean
effectiveness where ACE is to be measured in tbathing zone
(nominally 1.0m from finished floor level)

Lightin:

s

visual & Acoustic comfort

IEQ8

Day lighting

Provide good levels of day lighting for buildingaupants:

Demonstrate that 30% of the NLA has a daylight factor in the
range of 1.0 — 3.5% as measured at the workingep@®0mm from
floor level, OR

Demonstrate that 50% of the NLA has a daylight factor in the
range of 1.0 — 3.5% as measured at the workingep@®0mm from
floor level

IEQ9

Daylight Glare Control

Reduce discomfort of glare from natural lighth&ve blinds or
screens are fitted on all glazing and atrium base building,
incorporate provisions to meet the following aiitie 1) Eliminate
glare from all direct sun penetration and keepzoatal workspace
lux level below 2,000;

2) Eliminate glare from diffuse sky radiation fazamupant workspace
at viewing angles of 15° to 60° from the horizdrtbeye level
(typically 1.2m from floor level)

3) Control with an automatic monitoring systenor @&trium and
windows with incident direct sun light only - repplicable for
fixed blinds/screens);

AND 4) Equip with a manual override function assible by
occupants (not applicable for fixed blinds/screens)

IEQ10

Electric Lighting Levels

Baseline building office lighting not to be owgsigned:
Demonstrate that office lighting design maintairiarainance level
of no more than specified in MS1525:2007 for 909oA as
measured at the working plane (800mm above the foel).

IEQ11

High Frequency Ballasts

Increase workplace amenity by avoiding low fregpeflicker that
may be associated with fluorescent lighting: Ingtah frequency
ballasts in fluorescent luminaries over a minimu@@% of NLA.

IEQ12

External Views

Reduce eyestrain for building occupants by alfmnbng distance
views and provision of visual connection to thedwatr.

Demonstrate that 60% of the NLA has a direct line of sight
through vision glazing at a height of 1.2m from

Demonstrate that 75% of the NLA has a direct line of sight throu
vision glazing at a height of 1.2m from floor level 1

=0

IEQ13

Internal Noise Levels

Maintain internal noise levels at an approprlatel. Demonstrate
that 90% of the NLA do not exceed the following aemi internal
noise levels: Within the entire baseline buildirengral office, space|
noise from the building services does not exceetBA@q. OR
Within the baseline building office space, the sbievel does not
exceed 45dBAeq for open plan and not exceed 40dBdecjosed
offices
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Item

Area of Assessment

Current GBI

GBI Survey Result

Detail
points

Max

points Score

Detail Max

points points Score

verification

4

3

IEQ14

IAQ Before & During Occupancy

Reduce indoor air quality problems resulting from the coctsom
process in order to help sustain the comfort and weilghsf
building occupants. Develop and implement an Indoor Aali@ju
(IAQ) Management Plan for the Pre-Occupancy phasellasv:

1) Perform a building flush out by supplying outdoor air fmvjrle not
less than 10 air changes/hour for at least 30 minuteatapebefore
occupancy and continuous minimum 1 ACH during the initiadidys
occupancy of the completed building

OR 2) If low VOC materials and low formaldehyde compositedvo
are used, then building flush out can be performedipplging
outdoor air to provide not less than 10 airchanges/howatfleast 15
minutes operation or not less than 6 airchanges/hour feastt 30
minutes operation and continuous 1ACH during the initial 7 days
occupancy of the completed building

OR 3) Within 12 months of occupancy, conduct IAQ testing to
demonstrate maximum concentrations for pollutants are ceeded
according to the Indoor Air Quality Code of Malaysia.

During Occupancy Stage: Where a permanent air fluslystgrs of
at least 10 airchanges/hour operation is installed for usegdur
occupancy stage

IEQ15

Post Occupancy Comfort Survey: Verification

Provide for the assessment of comfort of the buildingjoeots:
Conduct a post-occupancy comfort survey of building oants
within 12 months after occupancy/ building completion. Thisesur
should collect anonymous responses about thermal comifarglv
comfort and acoustic comfort in a building. It should include a
assessment of overall satisfaction with thermal, visual angséico
performance and identification of thermal-related, visukated and
acoustic-related problems.

AND Develop a plan for corrective action if the surveyutessindicate
that more than 20% of occupants are dissatisfied with thelbver
comfort in the building. This plan should include measurenent o
relevant environmental variables in problem areas. The amev
environmental variables include 1) Temperature, relative ditymi
air speed and mean radiant temperature, 2) Lighting ledeglare
problem, 3) Background noise level, 4) Odour problem, CG@&el,
VOCs, and particulate concentration

TOTAL

21

16

25

20

F3. Sustainable Site and Planning and Managememssessment:

Iltem

Area of Assessment

Current GBI

GBI Survey Result

Detail
points

Max

points Score

Detail
points

Max

points Score

SM

SUSTAINABLE SITE AND PLANNING AND MANAGEMENT

site pla

nning

SM1

Site Selection

Do not develop building, hardscape, road or parkingg on a site or part
of a site that meet any one of the following criteria: lim@farmland as
defined by the Structure Plan of the area or the NationaliédiyPlan ; 2.
Forest reserve or State Environmental Protection Zoresisthpecifically
identified as habitat for any species found on the endeddjsts ; 3.
Within 30m of any wetlands as defined by the Structure Flédmecarea OR
within setback distances from wetlands prescribed in stdoealr
regulations, as defined by local or state rule or law, whighés more
stringent ; 4. Previously undeveloped land that is within 80kean
High Water Spring (MHWS) sea level which supports olccsupport
wildlife or recreational use, or statutory requirements whiehes the more
stringent ; 5. Previously undeveloped land that is within 2Dlake, river,
stream and tributary which support or could support wildlifeegreational
use ; 6. Land which prior to acquisition for the project puatslic parkland,
unless land of equal or greater value as parkland is gavid

SM2

Brownfield Redevelopment

Reduce pressure on undeveloped land by rehabilitatingggahsites where
development is complicated by environmental contaminatioreltiger
reducing pressure on undeveloped land. This would typiiralgive old
rubbish tips, former mining land, old factory sites, etc.
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Iltem

Area of Assessment

Current GBI

GBI Survey Result

Detail
points

Max

points | Score

Detail Max

! . Score
points points

SM3

Development Density & Community Connectivity

Channel development to urban area with existing infrasteigprotect
greenfield and preserve habitat and natural resources:

A) Development Density

Construct a new building or renovate an existing building pregiously
developed site AND in a community with @ minimum density2®@B800m2
per hectare net (87,000 sgft per acre net)

B) community connectivity

Construct a new building or renovate an existing building pre@ously
developed site AND within 1km of a residential zone or rigghhood with
an average density of 25 units per hectare net (10 weritscpe net) AND
within 1km of at least 10 Basic Services AND with pedesttaress
between the building and the services. Basic Services indutlare not
limited to:

1) Bank; 2) Place of Worship; 3) Convenience / Grocerpa) Care; 5)
Police Station; 6) Fire Station; 7) Beauty; 8) Hardware; 9) Laurid))
Library; 11) Medical / Dental; 12) Senior Care Facility; 13) Pa®
Pharmacy; 15) Post Office; 16) Restaurant; 17) School; uigrgarket; 19)
Theatre; 20) Community Centre; 21) Fitness Centre.

Proximity is determined by drawing a 1km radius aroundrtai building
entrance on a site map and counting the services found whttinadius.

SM4

Environment Management

A) Conserve existing natural area and restore damagadaprovide habitat
and promote biodiversity

A) Conservation

On previously developed or graded site, restore or pratethimum of 50%
of the site area (excluding the building footprint) with nativeaeaptive
vegetation. Native or adaptive plants are plants indigencai$oality or
cultivars of native plants that are adapted to the local climataranaot
considered invasive species or noxious weeds. Applicédnied@landscaping
on rooftops and roof gardens so long as the plants medefmition of native
or adaptive vegetation. OR On greenfield sites, limit all site tiatwe to
within 12m beyond the building perimeter; 3m beyond surfaegkway, patio,
surface parking and utilities less than 300mm in diametem Beyond
primary roadway curb and main utility branch trench; abdheyond
constructed area with permeable surface (such as pepé@ding area, storm
water detention facility and playing field) that require additisteging area
in order to limit compaction in the constructed area.

B) Open Space:

Reduce by 25%, the development footprint (defined as theat@talof the
building footprint, hardscape, access road and parkimdfpaprovide
vegetated open space within the project boundary to exceéactd zoning's
open space requirement for the site by 25%. OR for aviasio local zoning
requirement (e.g. university campus, military bases), proxégetated open
space adjacent to the building whose area is equal to tha bilding
footprint.

OR Where a zoning ordinance exists, but there is no recgiitsior open spacq
(zero), provide vegetated open space equal to 20% pfdfect’s site area.

constr

uction management

SM5

Earthworks - Construction Activity Pollution Control

Reduce pollution from construction activities by controlling sa@k®n,
waterway sedimentation and airborne dust generation. Crehtenplement an
Erosion and Sedimentation Control (ESC) Plan for all construetitivities
associated with the project. The ESC Plan shall conform tadser and
sedimentation requirements of the approved Earthworks BIRrisocal
erosion and sedimentation control standards and codedewkitis the more
stringent. The plan shall describe the measures implemenaeddmplish the
following objectives: 1. Prevent loss of soil during congtoncby storm
water runoff and/or wind erosion, including protecting topbgistockpiling
for reuse; 2. Prevent sedimentation of storm sewerceiviag stream.

3. Prevent polluting the air with dust and particulate matter.

SM6

QLASSIC

Achieve quality of workmanship in construction works:

Subscribe to independent method to assess and evaluate qfiality
workmanship of building project based on CIDB'’s CIS 7: Qualiggessment
System for Building Construction Work (QLASSIC). Must achiave
minimum score_of 70%

SM7

Workers'’ Site Amenities

Reduce pollution from construction activities by controlling poltufiom
waste and rubbish from workers. Create and implemeité &Benities Plan
for all construction workers associated with the project.

The plan shall describe the measures implemented to accommgifdilowing
objectives: 1. Proper accommodation for construction werkethe site or at
temporary rented accommodation nearby; 2. Prevent pollutistoion sewer
or receiving stream by having proper septic tank; 3. dntgyolluting the
surrounding area from open burning and proper dismpdsiimestic waste; 4.
Provide adequate health and hygiene facilities for workegsten
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Iltem

Area of Assessment

Current GBI

GBI Survey Result

Detall
points

Max
points

Score

Detail
points

Max
points

Score

Transpo

rtation

3

3

SM8

Public Transportation Access

Reduce pollution and land development impacts)feaitomobile
use: Locate project within 1km of an existing, tarmed and
funded, commuter rail, light rail or subway stati@r, locate
project within 500m of at least one bus stop.

SM9

Green Vehicle Priority

Encourage use of green vehicles:

Provide low-emitting and fuel-efficient vehiclder 5% of Full-
Time Equivalent (FTE) occupants AND provide prede
parking for these vehicles.

“Preferred parking” refers to the parking spotg th@ closest to
the main entrance of the project (exclusive of spatesignated
for handicapped or parking passes provided at@diged price).

SM10

Parking Capacity

Discourage over-provision of car parking capacity

Size parking capacity to meet, but not to excéedninimum
local zoning requirements, AND provide preferpedaking for
carpools or vanpools for 5% of the total provideadking spaces.

Design

SM11

Stormwater Design — Quantity & Quality Coltro

Limit disruption of natural hydrology by reduciimgpervious
cover, increasing on-site infiltration, and managstorm water
runoff. Reduce or eliminate water pollution by reihg
impervious cover, increasing onsite infiltratiofimeénating
sources of contaminants, and removing pollutamis fstorm
water runoff: Condition 1: IF Existing ImperviousslS< 50%:
Implement a storm water management plan that ptsxba post
development peak discharge rate and quantity freeeeding the
pre-development peak discharge rate and quantitpmformance
to the Storm Water Management Manual for Malaysia
(MASMA). Condition 2: IF Existing ImperviousnesS b 50%:
Implement a storm water management plan that sesul 25%
decrease in the volume of storm water runoff rezgliinder
MASMA.

For either condition, implement a storm water mamagnt plan
that reduces impervious cover, promotes infiltnatiand captures
and treats the storm water runoff from 90% of therage annual
rainfall using acceptable best management pract@es).

SM12

Greenery & Roof

Reduce heat island (thermal gradient differdreteveen
developed and undeveloped areas) to minimize impact
microclimate and human and wildlife habitat:

A) hard cape & Greenery Application

Provide any combination of the following strateggfer 50% of

the site hardscape (including sidewalks, courtyapthzas and
parking lots): 1) Shade (within 5 years of occupgn2) Paving
materials with a Solar Reflectance Index (SRI)tdeast 29; 3)

Open grid pavement system;

B) ROOF Application

1) Use roofing material with a Solar Reflectahuaex (SRI)
equal to or greater than the value in the tablevbefor a
minimum of 75% of the roof surface;

OR 2) Install a vegetated roof for at least 50%hefroof area;
OR 3) Install high albedo and vegetated roof s@sathat, in
combination, meet the following criteria: (Area®R| Roof /
0.75) + (Area of vegetated roof / 05)Total Roof Area
Roof Type Slope SRI

Low-Sloped Roof < 2:12 78

Steep-Sloped Roof > 2:12 29

SM13

Building User Manual

Document Green building design features andesiras for user
information and guide to sustain performance dudogupancy:
Provide a Building User Manual which documents pasand
active features that should not be downgraded.

TOTAL

16

13

14

12
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F4. Material and Resources Assessment:

Iltem

Area of Assessment Current GBI

GBI Survey Result

Detall Max
points points

Score

Detail
points

Max
points

Score

MR

MATERIALS AND RESOURCES

reused

& recycled materials 4

MR1

Materials reuse and selection

Reuse building materials and products to redeseathd for virgin materials and
reduce creation of waste. This serves to reduce@mental impact associated
with extraction and processing of virgin resourdategrate building design and
its build ability with selection of reused buildimgaterials, taking into account
their embodied energy, durability, carbon contard life cycle costs:

Where reused products/materials constitat@8s of the 1
project’s total material cost value, OR

Where reused products/materials constitat&8s of the 2
project’s total material cost value

MR2

Recycled content materials

in their production: (Recycled content shall béirtel in accordance with the
International Organization of Standards Document)

Increase demand for building products that ipoaate recycled content materiaks

Where use of materials with recycled content ihghat
the sum of post-consumer recycled plus one-halthefre- 1
consumer content constitutesl0% (based on cost) of the
total value of the materials in the project, OR 2

Where use of materials with recycled content ihghat
the sum of post-consumer recycled plus one-hati@fre- 2
consumer content constitutes at least 30% (basedsth of
the total value of the materials in the project.

sustainable resources 2

MR3

Regional Materials

Use building materials and products that ateaeted and
manufactured within the region, thereby supportimguse
of indigenous resources and reducing the envirotahen
impacts resulting from transportation: Use buitdin
materials or products that have been extractedebted or
recovered, as well as manufactured, within 500kithef
project site for- 20% (based on cost) of the total material
value. Mechanical, electrical and plumbing compasen
shall not be included. Only include materials panerly
installed in the project.

MR4

Sustainable Timber

Encourage environmentally responsible forest mament:
Where> 50% of wood-based materials and products use
are certified. These components include, but atdimited
to, structural framing and general dimensional fragn
flooring, sub-flooring, wood doors and finishes. Molude 1 1
wood materials permanently installed and also teaniy
purchased for the project. Compliance with Forest
Stewardship Council and Malaysian Timber Certifizat
Council requirements.

Waste

management 3

MR5

Storage & Collection of recyclables

Facilitate reduction of waste generated during
construction and during building occupancy thehauled
and disposed of in landfills: During Constructignovide 1 1
dedicated area/s and storage for collection of mmardous
materials for recycling, AND During Building Ocgancy,
provide permanent recycle bins.

MR6

Construction waste management

Develop and implement a construction waste mamageé plan that, as a

minimum identifies the materials to be divertednirdisposal regardless of
whether the materials will be sorted on site ontiogled. Quantify by measuring
total truck loads of waste sent for disposal:

Recycle and/or salvage50% volume of non-hazardous
construction debris, OR

I=

Recycle and/or salvage75% volume of non-hazardous =
construction debris

[N]
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Iltem

Area of Assessment

Current GBI

GBI Survey Result

Detail
points

Max
points

Score

Detail
points

Max
points

Green

products

2

4

MR7

Refrigerants & Clean Agents

Use environmentally-friendly Refrigerants ané&@i Agents exceeding Malaysia’'s

commitment to the Montreal & Kyoto protocols:

Use zero Ozone Depleting Potential (ODP) produuis:-

CFC and non-HCFC refrigerants/clean agents;

Use non-synthetic (natural) refrigerants/clean &geiith zero 1

ODP and negligible Global Warming Potential.

TOTAL

11

12

F5. Water Efficiency Assessment:

Iltem

Area of Assessment

Current GBI

GBI Surve!

Result

Detail
points

Max
points

Score

Detail
points

Max

points Score

WE

WATER EFFICIENCY

Water Harvesting & recycling |

4

WE1

Rainwater Harvesting

water consumption:

Encourage rainwater harvesting that will leadretduction in potable

Rainwater harvesting that leads>t45%
reduction in potable water consumption, O

Rainwater harvesting that leads>t80%
reduction in potable water consumption

WE2

Water Recycling

consumption:

Encourage water recycling that will lead @duction in potable water

Treat and recycle 10% wastewater leading
to reduction in potable water consumption,
OR

Treat and recycle 30% wastewater leading
to reduction in potable water consumption

Increased efficiency

WE3

Water Efficient - Irrigation/Landscaping

Encourage the design of system that does noiree the use of potable
water supply from the local water authority:

Reduce potable water consumption for
landscape irrigation by 50% (e.g. through
use of native or adaptive plants to reduce
eliminate irrigation requirement, OR

Do not use potable water at all for landscal
irrigation

3.0 2.0

WE4

Water Efficient Fittings

Encourage reduction in potable water cons
efficient devices:

umptiooutlih use of

Reduce annual potable water consumptio
by > 30%, OR

Reduce annual potable water consumptio

by > 50%

2.0 2.0

WES

Metering & Leak Detection System

consumption:

Encourage the design of systems that monitorsvamhges water

Use of sub-meters to monitor and manage
major water usage for cooling towers,
irrigation, kitchens and tenancy use

Link all water sub-meters to EMS to
facilitate early detection of water leakage

2.0 1

TOTAL

10

14

12
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F6. Innovation Assessment:

Item

Area of Assessment

Current GBI

GBI Survey Result

Detail
points

Max
points

Score

Detall Max

i : Score
points points

Innovation

7

11

IN1

Innovation in Design & Environmental Desigritiatives

Provide design team and project the opportuinitye
awarded points for exceptional performance above
the requirements set by GBI rating system:

1 point for each approved innovation and
environmental design initiative up to a maximunéof
points, such as: Condensate water recovery
(accounting for at least 50% of total AHUs/FCUg) f
use as cooling tower make-up water etc; Co-
generation / Tri-generation system; Thermal / PCM
Thermal Mass storage system (accounting for at lep. 6
25% of total required capacity); Solar thermal
technology / Solar Air conditioners (generatindeast
10% of total required capacity); Heat recovery sgst
(contributing to at least 10% of total required
capacity); Central vacuum system (serving atlea
50% of NLA);

IN2

Green Building Index Accredited Facilitator

To support and encourage the design integration

required for Green Building Index rated buildinggla
to streamline the application and certificationqass:
At least one principal participant of the projezam

shall be a Green Building Index Facilitator who is 1
engaged at the onset of the design process until
completion of construction and Green Building Inde
certification is obtained.

TOTAL

11 7

F7. Points Score:

ASSESSMENT CRITERIA
OVER ALL POINTS SCORE

ITEM

Current GBI

GBI survey result

Energy Efficiency

14/35

13/24

Indoor Environmental Quality

16/21

20/25

Sustainable Site Planning & Management

13/16

12/14

Material & Resources

5/11

6/12

Water Efficiency

8/10

12/14

Innovation

5/7

7/11

TOTAL SCORE

61/100

70/100
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F8. Rating Award:

Green Building Index Classification Current GBI GBI Survey Result
POINTS GBI RATING
86+ points Platinum
76 to 85 points Gold
70 points
66 to 75 points Silver “SIME Project”
-Silver-
61 points
50 to 65 points Certified “SIME Project”
—Certified-
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APPENDIX G

SIME PROJECT BASED ON LEED SCORE

Appendix E is the assessment of SIME Plantatiofeptdy LEED. SIME Plantation
is an office building that is under construction Stbang Jaya within the local
authorities of Majlis Perbandaran Ampang Jayattesri This project is constructed
under the guideline of LEED Green Building Ratingstém. This project begins its

construction in June 2009 and expected to finishcémpletion on 30 November
2011.
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Blue Snow Consulting and Engineering Sdn. Bhd
BSCE_LEED_Checklist 2009_SIME BRUNSFIELD

LEED Requirement to meet Certification Level 3d 3¢ 30" 26"
(Core and Shell) Sept Oct09 Oct09 Nov 0¢
Block F (26th November 2009) 09
Required Information Prergq Credit Credit Credit Credit Credit Credit Points Remark Respons
uisite | Points Points Points | Points | Points | Actual/Status | (documen | ible
Planned/ Actual | Actual | Actual | Actual | A=Achieved tation)
Potential P=In

Progress

N=No

C=In

Consideration
SUSTAINABLE SITES
SSP1 Create and implement Erosion and Prereq p Pending/
Sedimentation Control Plan uisite Critical
Action Item: Require the following document. Main con | Main
1. Require construction site drawing indicating will Contract
all the measures taken to prevent Erosion submit or Main
Control during construction. next week | Contract
2. Provide photos on the progress during the or Main
construction of basement floors. Contract
3. Provide a Plan in report form explaining the] or
implementation of Erosion and Sedimentation
Control. Remark: Pending Main contractor to
provide drawings and report/In progress
SSC1 Site Selection 1 1 1 1 1 A Pending Owner
Action Item: Owner to provide a letter
indicating that the development land does noj Require
fall into any of the following category: Prime Owner to
farmland as defined by the United States provide
Department of Agriculture in the United State: similar
Code of Federal Regulations, Title 7, Volume letter as
6, Parts 400 to 699, Section 657.5 (citation Plantatio
7CFR657.5) ; Previously undeveloped land n

whose elevation is lower than 5 feet above the
elevation of the 100-year flood as defined by
FEMA (Federal Emergency Management
Agency); Land that is specifically identified ag
habitat for any species on Federal or State
threatened or endangered lists; Within 100 fegt
of any wetlands as defined by United States
Code of Federal Regulations 40 CFR, Parts
230-233 and Part 22, and isolated wetlands ar
areas of special concern identified by state or|
local rule, OR within setback distances from
wetlands prescribed in state or local
regulations, as defined by local or state rule or
law, whichever is more stringent; Previously
undeveloped land that is within 50 feet of a
water body, defined as seas, lakes, rivers,
streams and tributaries which support or coull
support fish, recreation or industrial use,
consistent with the terminology of the Clean
Water Act; Land which prior to acquisition for
the project was public parkland, unless land gf
equal or greater value as parkland is acceptel
in trade by the public landowner (Park
Authority projects are exempt)

Other type of land/Please specify
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LEED Requirement to meet Certification Level 3¢ 3¢ 30" 26"
(Core and Shell) Sept Oct09 Oct09 Nov 0¢
Block F (26th November 2009) 09

Required Information Prergq Credit Credit Credit Credit Credit Credit Points Remark | Responsib
uisite | Points Points Points | Points | Points | Actual/Status (docum le
Planned/ Actual | Actual | Actual | Actual | A=Achieved entation
Potential P=In Progress | )

N=No

C=In
Consideration

SSC2 Development Density & Community 5 5 5 5 5 A Receiv
Connectivity ed

Action Item: Owner to provide a letter Owner
indicating that the development land was Architect
previously used land.

Action Item: Show in a key plan at least 10
basic services are available within 1/2mile
from building entrances. Services includes
thefollowing 1) Bank; 2) Place of
Worship; 3) Convenience Grocery; 4)
Day Care; 5) Cleaners; 6) Fire Station;
7) Beauty; 8) Hardware; 9) Laundry; 1
0) Lbrary; 11) Medical/Dental; 12)
Senior Care Facilty; 13) Park; 14)
Pharmacy; 15) Post Ooffice; 16)
Restaurant; 17) School; 18)
Supermarket; 19) Theatre; 20)
Community Center; 21) Fitness
Center; 22)museum.

Action Item: Provide a key plan to show all the
development within the neighbour hood of
1/2mile, showing the buildup, land area and the
type of development.

Architect

SSC3 Brownfield Development 0

Action Item: Owner to provide a letter N Owner
indicating the status of the land (whether it is
contaminated site)

Develop on a site documented as contaminatg!
(by means of an ASTM E1903-97 Phase Il
Environmental Site Assessment or a local
Voluntary Cleanup Program) OR on a site
defined as a brownfield by a local, state or
federal government agency

)

o

SSCA4.1 Alternative Transportation :Public 6 6 6 6 6 A Receiv
Transportation ed

Action Item: Provide a key plan showing the Architect
location of bus stops, taxi stops and rail stopg
within ¥ mile and %2 mile from the building
main entrance.

SSC4.2 Alternative Transportation: Bicycle 1 1 1 1 A Receiv
storage and Changing rooms ed

Action Item: Provide bicycle parks for 5% of Architect
the building occupant within 200yards from Architect
building main entrance.

Action Item: Provide shower facilities for 0.5%
of the building population within 200yards
from building main entrance.

SSC4.3 Alternative Transportation: Fuel 3 3 3 3 A Receiv
Efficient Vehicles ed

Action Item: Provide a total of 5% preferred Architect
parking spaces marked as LEV parking from
the total parking.

SSC4.4 Alternative Transportation: Parking 2 2 2 2 A Receiv
Capacity ed

Action Item: Provide a total of 5% preferred Architect
parking spaces marked as Carpool or Vanpog Architect
parking from the total parking. Action Item:
Don't exceed the parking requirement of local
authority.

SSC5.1 Site Development : Protect or Restgre 0 N
Habitat

SSC5.2 Site Development: Maximize Open 1 C
Space

Action Item: Reduce the development footprin
(defined as the total area of the building
footprint, hardscape, access roads and park|ng)
and/or provide vegetated open space within tihe
project boundary to exceed the local zoning's
open space requirement for the site by 25%.
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LEED Requirement to meet Certification Level
(Core and Shell)
Block F (26th November 2009)

3d
Sept
09

3
Oct 09

30" 26"
Oct 09 Nov 0¢

Required Information

uisite

Prerg

g Credit
Points
Planned/
Potential

Credit
Points
Actual

Credit
Points
Actual

Credit Credit
Points | Points
Actual | Actual

Credit Points
Actual/Status
A=Achieved
P=In Progress
N=No

C=In
Consideration

Remark
(docum
entation

)

Respons
ible

SSC6.1 Stormwater Design: Quantity Contro|

C

In
progres
S

CASE 1 — EXISTING IMPERVIOUSNESS IS
LESS THAN OR EQUAL TO 50%
OPTION 1

Development peak discharge rate and quantify
for the one- and two-year 24-hour design
storms. OR

OPTION 2

Implement a stormwater management plan that
protects receiving stream channels from
excessive erosion by implementing a stream
channel protection strategy and quantity contrp
strategies.
CASE 2 — EXISTING IMPERVIOUSNESS IS
GREATER THAN 50%
Implement a stormwater management plan tha
results in a 25% decrease in the volume of
stormwater runoff from the two-year 24-hour
design storm.

SSC6.2 Stormwater Design: Quality Control

In
progre
ss

Implement a stormwater management plan that
reduces impervious cover, promotes
infiltration, and captures and treats the
stormwater runoff from 90% of the average
annual rainfalll  using acceptable best
management practices (BMPs).BMPs used to
treat runoff must be capable of removing
80% of the average annual post
development total suspended solids (TSS) lopd
based on existing monitoring reports. BMPs
are considered to meet these criteria if (1) thg
are designed in accordance with standards a
specifications from a state or local program
that has adopted these performance standargis
or (2) there exists in-field performance
monitoring data demonstrating compliance with
the criteria. Data mustconform to
accepted protocol (e.g., Technology
Acceptance Reciprocity Partnership [TARP]
Washington State Department of Ecology) far
BMP monitoring.

=1
Q‘<

SSC7.1 Heat Island Effect (Non-Roof)

In
progres
S

OPTION 1: Use any combination of the
following strategies for 50% of the site
hardscape (including roads, sidewalks,
courtyards and parking lots):* Provide shade
from existing tree canopy or within five
years of landscape installation; landscaping|
(trees) must be in place at the time of
occupancy.« Provide shade from structures
covered by solar panels that produce energy
used to offset some non- renewable resource
use.* Provide shade from architectural deviceg
or structures that have a solar reflectance
index (SRI2) of at least

29.-Have hardscape materials with an SRI2 pf
at least 29.» Have an open-grid pavement
system (at least 50% pervious). OPTION 2:
Place a minimum of 50% of parking spaces
under cover (defined as underground, under
deck, under roof, or under a building). Any
roof used to shade or cover parking must ha:
an SR of at least 29, be a vegetated green
roof, or be covered by solar panels that
produce energy used to offset some non-
renewable resource use.

[

o
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LEED Requirement to meet Certification Level
(Core and Shell)
Block F (26th November 2009)

gd
Sept
09

3
Oct 09

30" 26"
Oct 09 Nov 0¢

Required Information

Prej

quist|
e

reCredit
Points
Planned/
Potential

Credit
Points
Actual

Credit
Points
Actual

Credit Credit
Points | Points
Actual | Actual

Credit Points
Actual/Status
A=Achieved
P=In Progress
N=No

C=In
Consideration

Remark
(docum
entation

)

Respons
ible

SSC7.2 Heat Island Effect (Roof)

C

In
progres
s

OPTION 1: Use roofing materials having a
Solar Reflectance Index (SRI)3 equal to or
greater than the values in the table below for
minimum of 75% of the roof surface. Roofing
materials having a lower SRI value than thosg
listed below may be used if the weighted
rooftop SRI average meets the following
criteria: (Area SRI roof/Total roof area) * (SRI
of installed roof/Required SRH75% OR
OPTION 2: Install a vegetated roof for at leas
50% of the roof area. OR

OPTION 3: Install high albedo and vegetated
roof surfaces that, in combination, meet the
following criteria: (Area of SRI Roof/ 0.75) +
(Area of vegetated roof / 0.5 otal Roof Area

SSC8 Light Pollution Reduction

In
progres
S

SSC9: Tenant Design and Construction
Guidelines

Action: Provide a tenancy Agreement
incorporating a description of the sustainable
design and construction feature

In
progres
s

WATER EFFICIENCY

WEP 1 Water Use Reduction : 20% Reductig

n

Action Item: Provide 20% water efficiency by
using Water Sense recommended low flow

sanitary fittings to meet EPA 2005 requiremert

Pre
req
uis
ite

Confirm

WEC 1.1 Water Efficient Landscaping :
Reduce by 50%

Confirme
d

Action Item: Reduce landscape water use fron
potable by 50%. Replace it with harvested rai

water. Landscape Architect to show calculatiop

on water use and method to reduce 50%
savings.

Lands
cape
Con.

WEC 1.2 Water Efficient Landscaping : No
Irrigation

Pending

Action Item: Reduce landscape water use fron
potable by 100%. Replace it with harvested ra

water. Landscape Architect to show calculatiop

on water use and method to reduce 100%
savings. (No potable water use)

=

Lands
cape
Con.

WEC 2 Innovative Waste Water Technologiep

WEC 3 Water Use Reduction

Pending

Action Item: Provide 30% water efficiency by
using WaterSense recommended low flow
sanitary fittings to meet EPA 2005 requiremer

t.

Archit
ect/
Owne
r

EAP 1 Fundamental of Commissioning

Pr
ere
qui
sit

Pending

Action Item: Appoint C x A as soon as possiblg

Owne

EAP 2 Minimum Energy Performance

Pr
ere
qui
sit

Pending

Action Item: Show by design calculation
compared to ASHRAE 90.1-2007 baselines a
savings of 10% of energy use.

MEP
Engin
eer

EAP 3 Fundamental of Refrigerant
Management

Pending

Action Item: Show that Zero use of CFC-base:
refrigerants in new base building HVAC&R
systems.

1

MEP
Engin

eer
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LEED Requirement to meet Certification
Level (Core and Shell)
Block F (26th November 2009)

d
Sept
09

3¢
Oct 09

30"

26"

Oct 09 Nov 0¢

Required Information

Prereq|
site

bi Credit
Points
Planned/
Potential

Credit
Points
Actual

Credit
Points
Actual

Credit
Points
Actual

Credit
Points
Actual

Credit Points
Actual/Status
A=Achieved
P=In Progress
N=No

C=In
Consideration

Remark
(documen
tation)

Respo
nsible

EAC 1 Optimize Energy Performance

P

In
progress

Action Item: Show by design calculation
compared to ASHRAE 90.1-2007 baseline
a savings of 20% of energy use.

B

MEP
Engin
eer

EAC 2 On Site Renewable Energy

Pending

Action Item: Use on-site renewable
energy systems to offset building ener
cost. Calculate project performance by
expressing the energy produced by the
renewable systems as a percentage of the
building annual energy cost and using
the table below to determine the numb
of points achieved.Use the building annug
energy cost calculated in EA Credit 1 or u:
the Department of Energy (DOE)
Commercial Buildings Energy
Consumption Survey (CBECS) database
determine the estimated electricity use.
(Table of use for different building types is|
provided in the Reference Guide.)

EAC 3 Enhanced Commissioning

EAC 4 Enhanced Refrigerant Manageme

>0

Received

Action Item: Provide calculation for the
following.

Provide calculation for LCODP = [ODPr x
(Lr x Life +Mr) x Rc]/Life on all refrigerant
used in this project; Provide calculation for|
LCGWP = [GWPTr X (Lr x Life +Mr) x
Rc]/Life on all refrigerant used in this
project; Provide calculation for LCGWP +

5
LCODP x 10 on all refrigerant used in thig
project

MEP
Eng.
MEP
Eng.
MEP
Eng.

EAC 5.1 Measurement & Verification

Pending

Action ltem: BAS system design must be
capable of measuring the energy use in th
building by tenant and system. Develop a
implement a Measurement & Verification
(M&V) Plan consistent with Option A :
Calibrated Simulation (Savings Estimation
Method 2), Consisting of 1. Description of
the infrastructure design, 2. Existing meter|
location 3. Single-line electrical schematic:
identifying end-use circuits 4. Existing
meter specification 5. Guidelines for
carrying out tenant sub-metering. OR
Option B: Energy Conservation Measure
Isolation, as specified in the
International Performance Measurement
Verification Protocol (IPMVP) Volume III:
Concepts and Options for Determining
Energy Savings in New Construction, April
2003.Consisting of 1. Description of the
infrastructre design, 2. Existing meter
location 3. Single-line electrical schematic
identifying end-use circuits 4. Existing
meter specification 5. Guidelines for
carrying out tenant sub-metering.

oo

MEP
Engin
eer

EAC 5.2: Measurement and Verification

Pending

Action Item: Include a centrally monitored
electronic metering network in the base
building design that is capable of being
expanded to accommodate the future tena
sub metering as required by LEED for C&I
Rating System EA3:M&V. Develop a tenan
measurement and verification plan that

documents and advices future tenants of thi

nt

it

@

opportunity and means of achievement.
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Required Information

Prereq|
site

bi Credit
Points
Planned/
Potential

Credit
Points
Actual

Credit
Points
Actual

Credit
Points
Actual

Credit
Points
Actual

Credit Points
Actual/Status
A=Achieved
P=In Progress
N=No

C=In
Consideration

Remark
(documen
tation)

Respo
nsible

er

MATERIALS & RESOURCES

MRP 1 Storage & Collection of
Recyclables

Prereq
uisite

Pending

Action Item: Provide an easily accessible
dedicated area or areas that serve the enti
building for the collection and storage of
materials for recycling, including (at a
minimum) paper, corrugated cardboard,
glass, plastics and metals.

4]

Archit
ect

MRC 1.1 Building Reuse: Maintain
Existing Walls, Floors & Roof

MRC 1.2 Building Reuse: Maintain 50%
of Interior Non-Structural Elements

MRC 2.1 Construction Waste
Management: Divert 50% From Disposal

MRC 2.2 Construction Waste
Management: Divert 75% From Disposal

MRC 3.1 Materials Reuse: 5%

MRC 3.2 Materials Reuse: 10%

ofz|z

MRC 4.1 Recycled Content: 10% (post-
consumer + 1/2 pre-consumer) (Excludini

MEP system)

MRC 4.2 Recycled Content: 20% (post-
consumer + 1/2 pre-consumer) (Excludini
MEP system)

MRC 5.1 Regional Materials: 10%
Extracted, Processed & Manufactured
Regionally (Excluding MEP system)

Action Item: Use building materials or
products that have been extracted, harves
or recovered, as well as manufactured,
within 500 miles of the project site for a
minimum of 10% (based on cost) of the
total materials value. If only a fraction of a
product or material is
extracted/harvested/recovered and
manufactured locally, then only that
percentage (by weight) shall contribute to
the regional value. (Provide material cost
tabulation)

ed

Owne

MRC 5.2 Regional Materials: 20%
Extracted, Processed & Manufactured

Regionally (Excluding MEP system)

MRC 6 Certified Wood

Action Item: Provide an easily accessible
dedicated area or areas that serve the enti
building for the collection and storage of
materials for recycling, including (at a
minimum) paper, corrugated cardboard,
glass, plastics and metals.

@

Archit
ect

INDOOR ENVIRONMENTAL QUALITY

Prereq
uisite

EQP 1 Minimum IAQ Performance

2007 for ventilation system is met.

Action Item: Ensure that the ASHRAE 62.1-

MEP
Engin
eer

EQP 2 Environmental Tobacco Smoke
(ETS) Control.

Prereq
uisite

Received
Requires
Review

Action Item: No smoking allowed in the
building.

Archit
ect
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LEED Requirement to meet Certification
Level (Core and Shell)
Block F (26th November 2009)

gd
Sept
09

3rd
Oct 09

30" 26"
Oct 09 Nov 0¢

Required Information

e

Prerequi

sitCredit
Points
Planned/
Potential

Credit
Points
Actual

Credit
Points
Actual

Credit Credit
Points | Points
Actual | Actual

Credit Points
Actual/Status
A=Achieved
P=In Progress
N=No

C=In
Consideration

Remark
(documen
tation)

Respons
ible

EQC 1 Outdoor Air Delivery Monitoring

A

Action Item:

Install permanent monitoring systems
that provide feedback on ventilation
system performance to ensure that
ventilation systems maintain design
minimum ventilation requirements.
Configure all monitoring equipment to
generate an alarm when the conditions
(either airflow value or CO2 level) vary
by 10% or more from the value expected
at design conditions, via either a building
automation system alarm to the building
operator or via a visual or audible alert t
the building occupants.

FOR MECHANICALLY VENTILATED
SPACE
1. Monitor carbon dioxide concentrationg

within all densely occupied spaces (those

with a design occupant density greater
than or equal to

25 people per 1000 sqft.). CO2
monitoring locations shall be between 3
feet and 6 feet above the floor.

2. Provide a direct outdoor airflow
measurement device capable of
measuring the minimum outdoor air
intake flow with an accuracy of plus or
minus 15% of the design minimum
outdoor air rate, as defined by ASHRAE
62.1-2007 (with errata but without
addenda*) for mechanical ventilation
systems where 20% or more of the desit
supply airflow serves non-densely
occupied spaces,

FOR NATURALLY VENTILATED
SPACES

1. Monitor CO2 concentrations within all
naturally ventilated spaces. CO2
monitoring shall be located within the
room between 3 feet and 6 feet above th
floor. One CO2 sensor may be used to
represent multiple non-densely occupied
spaces if the natural ventilation design
uses passive stack(s) or other means to
induce airflow through those spaces
equally and simultaneously without
intervention by building occupants. Note:
CO2 monitoring is required in densely

occupied spaces, in addition to outdoor di

intake flow measurement.

MEP
Enginee
r

EQC 2 Increased Ventilation

EQC 3 Construction IAQ Management

Plan: During Construction

Develop and implement an Indoor Air
Quality (IAQ) Management Plan for the
construction and pre-occupancy phases
the building as follows: *During
construction meet or exceed the
recommended Control Measures of the
Sheet Metal and Air Conditioning
National Contractors Association
(SMACNA) IAQ Guidelines For
Occupied Buildings Under Construction,
2nd Edition 2007, ANSI/SMACNA 008-
2008 (Chapter 3). *Protect stored on-site
or installed absorptive materials from
moisture damage. If permanently
installed air handlers are used during
construction, filtration media with a
Minimum Efficiency Reporting Value
(MERV) of 8 shall be used at each return
air grille, as determined by ASHRAE
52.2-1999 (with errata but without
addenda®). Replace all filtration media

immediately prior to occupancy.

=

206




LEED Requirement to meet Certification
Level (Core and Shell)
Block F (26th November 2009)

3d
Sept
09

3
Oct 09

30" 26"
Oct 09 Nov 0¢

Required Information

Prereq|
site

i Credit
Points
Planned/
Potential

Credit
Points
Actual

Credit
Points
Actual

Credit | Credit
Points | Points
Actual | Actual

Credit Points
Actual/Status
A=Achieved
P=In Progress
N=No

C=In
Consideration

Remark
(documen
tation)

Respo
nsible

EQC 4.1 Low-Emitting Materials:
Adhesives & Sealants

P

Pending

Action Item: Specify that all adhesives and
sealants used on the interior of the building
(defined as inside of the weatherproofing
system and applied on-site) shall comply
with the requirements of the following
reference standards:

Adhesives, Sealants and Sealant Primers
South Coast Air Quality Management
District (SCAQMD) Rule #1168. VOC
limits are listed in the

table below and correspond to an effective|
date of July 1, 2005 and rule amendment
date of January 7, 2005.

Main
Contr
actor

EQC 4.2 Low-Emitting Materials: Paints &
Coatings

Pending

Action Item:
Specify all paints and coatings used on the
interior of the building (defined as inside o
the weatherproofing system and applied op-
site)

shall comply with the following criteria:

1. Architectural paints and coatings applie
to interior walls and ceilings: Do not exceg
the VOC content limits established in Gre
Seal

Standard GS-11, Paints, First Edition, Ma
20, 1993.

2. Anti-corrosive and anti-rust paints
applied to interior ferrous metal substrates:
Do not exceed the VOC content limit of 250
g/L
Established in Green Seal Standard GC-0B,
Anti-Corrosive Paints, Second Edition,
January 7, 1997.

3. Clear wood finishes, floor coatings,
stains, primers, and shellacs applied to
interior elements: Do not exceed the VOC]|
content limits established in South Coast
Air Quality Management District
(SCAQMD) Rule 1113, Architectural

E

Note - The use of a VOC budget is
permissible for compliance with this credit|

Coatings, rules in effect on January 1, 2004.

Jotun
paint is
meeting
LEED.
Jotun to
submit
details
for
sealer.

Main
Contr
actor

EQC 4.3 Low-Emitting Materials: Flooring|
Systems

Pending

Action Item:

Al flooring must comply with the
following as applicable to the project scopg.
All carpet installed in the building interior
shall meet the testing and product
requirements of the Carpet and Rug
Institute’s Green Label Plus program.

All carpet cushion installed in the building
interior shall meet the requirements of the
Carpet and Rug Institute Green Label
program. All carpet adhesive shall meet the
requirements of EQ Credit 4.1: OC limit of
50 g/L.

AND

All of the hard surface flooring must be
certified as compliant with the FloorScore
standard (current as of the date of this
Rating System, or more stringent version)
by an independent third-party. Flooring
products covered by FloorScore include
vinyl, linoleum, laminate flooring, wood
flooring, ceramic flooring, rubber flooring,
wall base, and associated sundries.

Main
Contr
actor
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An alternative «ompliancepathusing FlocrScore

is acceptable for credit achievement according t
the following stipulations. 100% of the non-carpg
finished flooring must be FloorScore-certified,
and it must comprise, at minimum, at least 25%
the finished floor area. Potential examples of
unfinished flooring include floors in mechanical
rooms, electrical rooms, and elevator service
rooms

AND

Concrete, wood, bamboo, and cork floor finishes
such as sealer, stain and finish must meet the
requirements of South Coast Air Quality
Management District (SCAQMD) Rule 1113,
Architectural Coatings, rules in effect on Januar
1, 2004. AND

Tile setting adhesives and grout must meet Sou
Coast Air Quality Management District
(SCAQMD) Rule #1168. VOC limits correspond
to an effective date of July 1, 2005 and rule
amendment date of January 7, 2005.

pf

h

Main
Contractor

EQC 4.4 Low-Emitting Materials: Compcsite
Wood & Agrifiber Products

Pendinc

Action Item:

Composite wood and agrifiber products used
on the interior of the building (defined as
inside of the weatherproofing system) shall
contain no added urea-formaldehyde resins.
Laminating adhesives used to fabricate on-site
and shop-applied composite wood and
agrifiber assemblies shall contain no added
urea-formaldehyde resins.

Composite wood and agrifiber products are
defined as: particleboard, medium density
fiberboard (MDF), plywood, wheatboard,

Main
Contractor

EQC5 Indool Chemica & Pollutant Source
Control

Pendinc

Action Item:

Design to minimize and control pollutant entry
into buildings and later cross-contamination of
regularly occupied areas:

1. Employ permanent entryway systems at least
ten feet long in the primary direction of travel to
capture dirt and particulates from entering the
building at regular entry points directly connecte
to the outdoors. Acceptable entryway systems
include permanently installed grates, grilles, or
slotted systems that allow for cleaning undernea|
Roll-out mats are only acceptable when
maintained on a weekly basis by a contracted
service organization. Qualifying entryways are
those that serve as regular entry points for
building users.

2. Where hazardous gases or chemicals may be|
present or used (including garages,
housekeeping/laundry areas and copying/printin
rooms), exhaust each space sufficiently to creat
negative pressure with respect to adjacent spac
with the doors to the room closed. For each of
these spaces, provide self-closing doors and de
to deck partitions or a hard lid ceiling. The
exhaust rate shall be at least 0.50 cfm/sq.fth wit
no air re-circulation. The pressure differential
with the surrounding spaces shall be at least 5 H
(0.02 inches of water gauge) on average and 1 K
(0.004 inches of water) at a minimum when the
doors to the rooms are closed.

3. In mechanically ventilated buildings, provide
regularly occupied areas of the building with ne
air filtration media prior to occupancy that
provides a Minimum Efficiency Reporting Value
(MERV) of 13 or better. Filtration should be
applied to process both return and outside air th
is to be delivered as supply air.

4. Provide containment (a closed container for
storage for off-site disposal in a regulatory
compliant storage area, preferably outside the
building) for appropriate disposal of hazardous
liquid wastes in places where water and chemic:

@

Y

concentrate mixing occurs.

MEF
Engineer/
Architect
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LEED Requirement to meet Certification
Level (Core and Shell)
Block F (26th November 2009)
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3
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Required Information

Prereq|
site

bi Credit
Points
Planned/
Potential

Credit
Points
Actual

Credit
Points
Actual

Credit
Points
Actual

Credit
Points
Actual

Credit Points
Actual/Status
A=Achieved
P=In Progress
N=No

C=In
Consideration

Remark
(documen
tation)

Respo
nsible

EQC 6 Controllability of Systems: Thermd
Comfort

Provide individual comfort controls

for 50% (minimum) of the building
occupants to enable adjustments to

suit individual task needs and
preferences. Operable windows can

be used in lieu of comfort controls for
occupants of areas that are 20 feet

inside of and 10 feet to either side of

the operable part of the window. The
areas of operable window must meet

the requirements of ASHRAE 62.1-

2007 paragraph 5.1

Natural Ventilation (with errata but without
addenda*). AND

Provide comfort system controls for all
shared multi-occupant spaces to enable
adjustments to suit group needs and
preferences. Conditions for thermal comfor
are described in ASHRAE Standard 55-
2004 (with errata but without addenda*) t
include the primary factors of air
temperature, radiant temperature, air spee
and humidity. Comfort system control for
the purposes of this credit is defined as thg
provision of controlo ver at least ong
of these primary factors in the
occupant’s local environment.

EQC 7: Thermal Comfort: Design

Provide a comfortable thermal environmel
that supports the productivity and well-
being of building occupants.

Design HVAC systems and the building
envelope to meet the requirements of
ASHRAE Standard 55-2004, Thermal
Comfort Conditions for

Human Occupancy (with errata but withou
addenda*). Demonstrate design compliang
in accordance with the Section 6.1.1
Documentation.

Has this been provided in the current
design?

it

MEP
Engin

EQC 8.1:Daylight & Views: Daylight 75%)
of Spaces

EQC 8.2 Daylight & Views: Views for
90% of Spaces

TOTAL POINTS

57

16

25

27

30
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