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Abstract

In recent years, green building technologies (GBiaye gradually been implemented to
minimize negative impacts of the construction indusn the environment, economy, and
society. In order to encourage widespread adoptdnGBTs, a better and deeper
understanding of the drivers for implementing GBS secessary. This study aims to identify
the major drivers of GBTs implementation. The médthogical framework used consists of a
comprehensive literature review and a questionrairgey of international green building

(GB) experts, rather than experts in a particutlamtry. The results of statistical analyses of
104 expert responses indicate that the top fiveedsifor implementing GBTs are energy-
efficiency, reduced environmental impact, wateregghcy, occupants’ health and comfort
and satisfaction, and company image/reputationul®efomt-test analysis confirm that out

of the 21 drivers examined, 13 are perceived taigrificant. The Kendall’'s concordance

test shows that though the experts were from differcountries and with diverse

backgrounds, a good consensus was reached inrtmings of the drivers. The Mann-
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Whitney U-test also verifies the absence of significantedéghces among the experts in
ranking most of the drivers. The findings of thisidy not only contribute to deepened
understanding of the major factors that greatlyelilGBTs implementation, but could also
encourage the industry practitioners and stakehelaiening at achieving better construction
sustainability to further implement GBTs in theud. From the perspective of international
GB experts, this study makes a contribution to Huoely of knowledge about GBTs
implementation drivers, which is important for GBIr®motion.
Keywords. Green building technologies; Drivers; Constructimaustry; Sustainability;
Sustainable development.
1. Introduction

The construction industry significantly impacts ogbe natural environment, economy,
and society. Globally, the construction industryysiemes 40% of total energy production,
12-16% of all water available, 32% of nonrenewadohel renewable resources, 25% of all
timber, 40% of all raw materials, produces 30-40Ralbsolid wastes, and emits 35-40% of
CO, (Green Building Council of Australia (GBCA), 2008pn et al., 2011; Berardi, 2013).
Green building technologies (GBTs) can be a sahutiothese negative impacts; hence, over
the past few years, the construction industry ht@srgted to enhance the sustainability of its
activities through the implementation of various TBBUSGBC, 2003; Zhang et al., 2011a,
b). Sustainability or sustainable development isessary to “meet the needs of the present
without compromising the ability of future geneosis to meet their own needs” (World
Commission on Environment and Development (WCEDBB7). Ahmad et al. (2016) define
GBTs as technologies that are incorporated intédimgy design to make the end product
sustainable, such as solar system technology, atilon of building envelope thermal
performance, and green roof technology. GBTs aimn&iancing the environmental, social,

and economic performance of buildings, which areghdimensions essential to address the
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need for sustainable development in the constmuatidustry (Love et al.,, 2012; Zhang,
2015).

Despite the existence of barriers, such as highams a lack of information, to applying
green building (GB) practices and technologies (Cétaal., 2016), there are many influences
that drive the implementation of GB practices aadhhologies in construction, such as
energy and resource conservation and environmpragdction (Manoliadis et al., 2006; Ahn
et al.,, 2013). A better and deeper understandinthede drivers is essential to encourage
widespread adoption of GB practices and technadpdiecause such an understanding could
significantly impact GB decision-making and helgegodial adopters to accept GB practices
and technologies (Potbhare et al., 2009; Qi et2410). In addition, the willingness of
stakeholders to adopt GB practices and technologiedd be increased, with a better
understanding of the driving factors. Several gsdxist on the driving forces behind the
implementation of GB practices and technologieg.(élanoliadis et al., 2006; Love et al.,
2012; Ahn et al., 2013); however, these studiesigmily focus on analyzing GB practices
and technologies implementation drivers in specdountries. Therefore, conducting an
international study or survey is necessary to énhe body of knowledge for GB. As GBTs
implementation has grown to become an internatistrategic agenda (WorldGBC, 2016), a
comprehensive international investigation and spyree GBTs implementation drivers is
worthwhile.

There are several issues associated with GBTs mmi@ation in the construction
industry. With the objective to investigate andngaicomprehensive understanding of these
issues, an international survey was conducted. stlrgey was conducted to gather and
examine the perceptions of GB experts from diffecauntries around the world to establish
common set of drivers for, barriers to, and striaedor promoting the adoption of GBTs

(Chan et al.,, 2016). The outcomes on the driveesraported in this paper. This paper
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identifies and ranks the major drivers for impletregn GBTs and then compares the
perceptions of experts with actual GB project eigrere and those without actual GB project
experience regarding the drivers. The findings ho$ study not only make a significant
contribution to the existing research on GB by mtmg an in-depth explanation and
understanding of the major factors that greatlyalthe implementation of GBTs, but could
also encourage the industry practitioners and btadlers aiming at achieving better
construction sustainability to further implement T&3Bin the future. To effectively and
efficiently promote and make informed decisions@BTs implementation, advocates and
stakeholders can focus and act based on the draitgrs with high mean ranks or values
and thus high importance. Furthermore, this re$egpcovides an opportunity for
organizations and individuals attempting to enter GBTs market to learn lessons from the
perceptions of international GB experts who have same years of experience in GBTs
implementation activities, as to why GBTs mustiinplemented.
2. Literaturereview

In this research, the term ‘drivers’ is definedtlas reasons why stakeholders decide to
use GBTs. Previous studies have addressed vameotsr$ that drive the implementation of
GB practices and technologies in construction. &@mple, the study by Love at al. (2012)
found the drivers for deciding to use sustainablehmologies in Australia to be improve
occupant’s health and well-being, marketing stiaggreduce the environmental impact of
the building, reduction in whole-life cycle costsarketing and landmark development, and
attract premium clients and high rental returnswlet al. (2014) showed that the important
drivers for greening new and existing buildingsSingapore are return on investments, local
and overseas competitions, rising energy bills,pa@te social responsibility, and
marketing/branding motive. In Greece, Manoliadisaket(2006) identified the following as

the most important drivers of change towards snghdé construction: energy conservation,
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resource conservation, and waste reduction. SeUUSatudies have discussed the drivers of
green or sustainable design and construction (Augenet al., 1998; Augenbroe and Pearce,
1999; Vanegas and Pearce, 2000; Ahn et al., 201dijgdn et al., 2014). For example, Ahn
et al. (2013) presented the major drivers as enargyservation, improving indoor
environmental quality, environmental and resour@eservation, waste reduction, and water
conservation. The highest rank of energy consemat Ahn et al.’s study reinforced the
finding of the earlier study by Augenbroe and Ped®99). Zhang et al. (2011a) discovered
that building up green reputation and good imageainigg competitive advantage,
commitment on corporate social responsibility, &tun in construction costs, developing
unique green products, and reduction in operatiodd @aintenance costs are important
factors driving the application of green technoésgin the Chinese construction industry.
Serpell et al. (2013) highlighted the main drivéss sustainable construction in Chile as
corporate image, cost reduction, and market diftta&on. Edwards (2006) revealed that
green offices in the UK increase the productivitemployees by 2-3%, due to the improved
workplace environment which in turn lessens emmpogksenteeism. Several other previous
studies have investigated the drivers for implemgnGB practices and technologies in
different countries, such as in South Africa (Wipda2014; Windapo and Goulding, 2015),
Turkey (Aktas and Ozorhon, 2015), and India (Atiak, 2009).

The literature review above summarizes past studikeded to the drivers for applying
GB practices and technologies. These studies ®mdimarily focus on analyzing country-
specific drivers, which may limit their applicatidn GBTs implementation in the global
construction industry. As a result, the presentlstaims to examine the major drivers for
implementing GBTs in the construction industry, asen from the perspective of
international GB experts and thereby enrich theylmiknowledge for GB.

3. Methodological framework
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3.1. Identification of GBTs implementation drivers

There are various drivers that influence and shhpeimplementation of GB practices
and technologies in construction, which can be dourthe previous studies (e.g., Manoliadis
et al.,, 2006; Zhang et al., 2011a; Love et al.,Z20After a thorough review of previous
studies, this study identified 21 potential drivefSGBTs implementation, as summarized in
Table 1 with their corresponding literature sourcBsese factors are well documented in
previous research and more applicable. For instar gy-efficiency, water-efficiency, and
reduced environmental impact are widely acknowledgpethe literature as crucial factors
that drive the GB market. Thus, the identificatiointhis set of drivers focused mainly on
factors that have received considerable attentioprévious studies conducted in different
countries. For a research study, Rowlinson (1988yssts that well-known factors are more
applicable, because respondents would be able dpome easily. As they are more
applicable, examining them would be more usefulef@hand Li, 2002) for gaining a deeper
understanding of the factors driving GBTs implenaéioh.

[Insert Table 1 about here€]

3.2. Data collection

The guestionnaire survey is a systematic methodyétinering data based on a sample
(Tan, 2011) and has been widely used in constmictianagement research (Qin et al., 2016;
Annunziata et al., 2016; Huang et al., 2016). Fos study, a questionnaire survey was
conducted to identify the main drivers for implertieg GBTs. Based on a comprehensive
literature review, a survey questionnaire was desig The main questionnaire consisted of
the following three sections: the first section coumicated the primary objectives of the
research and assured confidentiality and anonynthty; second section was intended to
collect the respondents’ background informatiorgluding their organizational position,

profession, and years of GB experience; and tid Haction contained three questions about
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the opinions of the experts on: (1) 21 drivers tfeg adoption of GBTs; (2) 26 barriers to
GBTs adoption; and (3) 12 strategies for promot@®BTs adoption. Note that only the
guestion on the drivers is of interest to this pape a sample of the relevant section of the
guestionnaire is provided in Appendix in order tvé a better understanding of the survey.
Prior to the main survey, a pilot study was adoptedest the comprehensiveness and
relevance of the questionnaire (Li et al., 2011)e Ppilot study involved a team of three
professors, a senior lecturer, and a postgradwstearcher who were experienced in this
research area. They were asked to assess the ogqueste with regard to question
construction, use of technical language/terms, drethe questionnaire covered all possible
drivers, considering the background of GBTs impletaton in the construction industry,
and whether any factors could be added to, oreldlieom the survey. The questionnaire was
finalized based on feedback from the pilot stutiyds then distributed via email to carefully
selected international GB experts (both practitienand academics), who were mainly
identified through research publications and dagebdmember directories) of worldwide GB
councils. An expert refers to someone with speskdls or knowledge evidenced by his/her
leadership in professional organizations, or soraedmwlding office in professional
organizations, or a presenter at national convesti@r someone who has published in
recognized journals (Cabaniss, 2002). Hence, tperéxin this study were selected based on
their knowledge and understanding of use of GB tme€ and technologies in the
construction industry, which was evidenced by thelevant GB research publications (to
respect the anonymity of the experts, exampleshefgublications are not given) and/or
registration as accredited green professionals wattognized GB councils (such as the
USGBC, GBCA, UKGBC, Canada GBC, and WorldGBC).

The experts were emailed attaching a Microgédtrd file and a web link (to allow online

responses). They were asked to express their profied opinions on the main drivers for
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implementing GBTs using a five-point Likert scale< strongly disagree; 2 = disagree; 3 =
neutral; 4 = agree; 5 = strongly agree). Likertlesaa a popular method in construction
management research for rating the relative sigamite or importance of individual factors
based on experts’ opinions (Zhang et al., 2011a;eQal., 2016). To encourage participation,
it was communicated to the experts that the reBeautcomes can be shared with them (Li et
al., 2011). Responses were received, including Sonmmplete responses. After eliminating
the incomplete responses, a total number of 104 vakponses were received from 20
different countriegincluding the US, Canada, Australia, UK, Chinangdong, Malaysia,
Singapore, Mexico, Brazil, India, Egypt, etc.). meet the word-limit requirement, all of the
countries and the number of responses received &ach country, as well as background
information of the experts are reported in fullesitiere (see Chan et al., 2016). As the exact
number of questionnaires distributed is unknowr, tesponse rate cannot be calculated
(similar to Cheng and Li, 2002; Rahman, 2014). &act number of distribution is unknown
because the potential respondents were asked weardrthe questionnaire to any other
experts they thought suitable. However, more tha guestionnaires were sent out and the
resulting sample size of 104 has been deemed aeguod representative when compared
with other similar international surveys reportedtihe construction management literature
(e.g., Wang et al., 2000).

Analysis of the experts’ background information eaked that the reliability and
credibility of the study results are high, becausast of them held top positions in their
organizations, e.g., senior manager (26%), diréCtE0 (21%), and professor (19%). More
importantly, all of the experts had been involvadactivities related to adoption of GBTs
before, such as actual GB projects implementatioth participation in various types of

meetings (e.g., business conferences) in suppo®B®fs adoption, with more than half
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(59%) of them having been directly involved in G®jpcts. Furthermore, most (71%) of the
experts had more than 5 years of experience in GB.
3.3. Data analysis

The research data collected were analyzed by tisen§PSS statistical package. The data
were first tested statistically for their credityliand reliability for the current study. To do
that, the Cronbach’s alpha coefficien),(was used (Nunnally and Bernstein, 1994). &he
value ranges from 0 to +1. The higher the value,dftonger the internal consistency and,
hence, reliability of the data. Generally, anvalue above 0.7 is considered acceptable
(George and Mallery, 2003). In this study, thevalue for the 21 GBTs implementation
drivers was 0.863, indicating a good reliabilitytoé data for further analyses.

To facilitate the intended analysis for this stuthg experts were grouped into two main
categories: experts with actual GB project expegeand those without actual GB project
experience yet have experiences in other activieésted to the adoption of GBTs. It was
reasonable to assume that these two groups maydiident opinions on what drives the
implementation of GBTs, because those two typesxpériences (i.e., having and not having
an actual project experience) are obviously difieréo determine the relative importance of
individual drivers, the mean value technique wasdu3he mean values of individual drivers
were computed, ranked, and compared between thegtagps of experts. Mean value
analysis is considered a typical and effective wetfor identifying key factors amongst
several individual factors (Moungnos and Charoemmga003; Lam et al., 2015). At a
significance level of 0.05, and against a testealfi3.5, statisticat-tests of the mean values
were used to ascertain whether each driver wasfisggmtly important. In a study to analyze
and rank the business reasons that drive GB, Chaal. €2009) applied the Kendall's
coefficient of concordance test (also known as ldiisdW) to examine the agreement

amongst both Hong Kong and Singapore respondentthean rankings of the ‘business



225 reasons’ factors. They further used the Mann-WAHitbketest to measure the degree of
226  association of responses by the respondents framtvwo groups (i.e., Hong Kong and
227  Singapore groups) concerning their rankings ofedéft factors. A similar approach was
228 adopted by Lam et al. (2015), Shi et al. (20133 ham et al. (2009) in their research. As
229  such, in this study, the Kendall&/ has been used to measure the agreement between the
230 experts in each of the two groups (i.e., the growmgs and without actual GB project
231 experience) concerning their rankings of the déferdrivers for implementing GBTs. The
232 Mann-Whitney U-test has also been applied to determine whetharobrthere was any
233 statistically significant difference amongst thetexpert groups on each of the drivers.

234  3.3.1. Kendall's coefficient of concordangéendall’sW)

235 Kendall’'sW was calculated to measure the agreement and tamsyof responses given
236 by experts in a particular group in ranking thevelrs of GBTs implementation based on
237 mean values. Kendall’'$V is a coefficient index for ascertaining the overafjreement
238 amongst sets of rankings. It represents the aairaement amongst the rankings by different
239 rankersW has a value ranging from 0 to +1. Where a com@gteement amongst different
240 groups of respondents exists, the valud\biill be exactly or closer to +1, otherwise the
241 value ofWwill be exactly or closer to O (Siegel and Casill1988). Kendall's coefficient of
242  concordance test does not assume any specificenafutata distribution. In conducting this
243  test, the null hypothesis (HO) is tHttere is no agreement among the rankings givethby
244  respondents’If the value ofW turns out to be at a low significange £ 0.001), the null
245  hypothesis (HO) can be rejected, meaning that stegece of consensus exists amongst the
246 respondents’ scaled answers to a particular quesKendall's concordance test is more
247  suitable if the number of objects to be rankBil (21 drivers in this study) is less than or
248  equal to 7. With more than 7 variablésX 7) and large sample size (sample size > 20}, Chi

249  square test is viewed as the best option for aa@anoximation (Siegel and Castellan, 1988).
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Chi-square provides an approximate distributionhwiN-1 degrees of freedom (df) for
determining the significance of an observéd

The results of Kendall's coefficient of concordarared Chi-square tests are shown in
Table 2. It can be seen that the coefficients atoodance are 0.194 and 0.182 for the expert
group with actual GB project experience (group rid ¢he group without actual GB project
experience (group 2), respectively. Also, the caitivalues of Chi-square for the two groups
are observed to be 236.159 and 156.221 (df = 28ypectively, with probabilities of
occurrence undgr < 0.001 (Asymp. Sig. = 0.000). These results inéiGagood consensus
between both the experts within group 1 and thoghlirwgroup 2 in expressing their
opinions concerning the main factors that driveithglementation of GBTs, which is in turn
reflected in the total sample.
3.3.2. Mann-Whitney U-test

The Mann-WhitneyU-test has been conducted in this study to exantieredegree of
association of rankings of various GBTs implemeatatdrivers from the perspective of
experts within group 1 and experts within groupChgn et al., 2009) (ranking results
presented in Table 2). This test is suitable foentdying any statistically significant
divergences or differences amongst any two indeg@ndroups answering a particular
guestion on any continuous variable. When applying method, it is not required to make
any prior assumption on data distribution, and sheple sizes of various groups can be
varied (Lam et al., 2015). Mann-Whitnel¢test converts the scores given by the respondents
on each continuous measure to ranks, across angroups, and then assesses whether the
ranks for the two groups significantly differ ortn&or this test, the HO is thdhere is no
difference amongst two groupsihich can be rejected if thd value exceeds its critical

value at a significance level equal to or less (h&5.
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Table 3 summarizes thé-test results, showing thevalue of each of the 21 drivers (D1-
D21) and their corresponding significance levelgpofor example, the value of driver
‘D21’ is -0.195 with a significance level qf = 0.846. As shown in Table 3, with the
exception of drivers ‘D1'f = 0.013) and ‘D11’ (p = 0.029), the probabilitwes @) of all
of the drivers are greater than 0.05. This meaas dkide from these two drivers (D1 and
D11), theU-test results for all of the drivers are insigraint, indicating that there are no
statistically significant differences in the rané®s 19 drivers out of 21 by the two expert
groups (Table 2). This shows an optimistic resaticerning the agreement between experts
with and those without actual GB project experience
4. Results and discussion

An overview was obtained from the survey data bygoting the mean values of all of
the 21 drivers of GBTs implementation assessedxperes from two different groups, as
shown in Table 2. The relative rank of each driwais derived from the experts’ opinions
(mean values) in response to the survey questi@tuBsions are made based on the results
within the two expert groups and the overall ress(ile., within the total sample).

[Insert Table 2 about here]
[Insert Table 3 about here]
4.1. Analyses based on the two expert groups

Different stakeholders may have different priogti®r reasons why they decide to use
green technologies in their buildings. In a reahstouction project, several confounding
issues influence decision-making towards the adaptf certain technologies. As such,
experts who have had hands-on experiences in Glegisomay have very different
preferences in identifying the most important ieflges that usually motivate efforts to
implement GBTs, from experts who just follow deyettents relating to the adoption of such

technologies, but are yet to test their experiermces real project. Therefore, in this study,
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the views of experts with actual GB project expseee and those without actual GB project
experience on what drives the implementation of &Bimong construction stakeholders
have been analyzed and compared. These insightsreveled in Table 2, with group 1
representing the views of experts with actual G&equt experience and group 2 representing
the views of experts without actual GB project agrece.

As discussed earlier, the Mann-Whitngstest has been used to identify any significant
differences between these two expert groups om thakings. The test results in Table 3
show that these two drivers: “reduce the lifecyabsts of buildings” (D1) and “better rental
income and increased lettable space” (D11) haveifgignt differences among the two
expert groups. Experts within group 1 regarded lodtthese two drivers as more important
than experts within the second group. Especialty wriver D1, the difference between the
mean ranks across the two groups seems quite Wigite the first group ranked D1 third
with a high mean value of 4.25, the second gromged it ninth with a mean value of 3.79.
For the remaining 19 drivers, significant differeaavere not found between the two groups,
because it can be seen that the data displays/ejyatiose values of means and ranks across
the two groups for those 19 drivers (Table 2). Nesfies the homogeneity and acceptable
guality of the collected survey data as well asasonably low degree of dispersion resulting
in credible and reliable findings. However, it cstill be observed that for all of the drivers
for implementing GBTSs, except Déeduce the environmental impact of buildings” db2l
“improve the performance of the national economg areate jobs”, the first expert group
tended to show bigger mean values than the seaong gTable 2). This implies that experts
with actual GB project experience attached moreekegf importance to most of the drivers
than the other expert group. This is reasonablausscthe experts within group 1 are more

familiar with the multifaceted objectives involvadreal GB projects. They know that most
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of the needs to be addressed in actual GB projaditions are complicated, but highly
important to achieve sustainable development.
4.2. Analyses bases on overall results on drivargniplementing GBTs

The left side of Table 2 displays the overall reswif this study, i.e., results within the
total sample. It shows a list of factors that drilie implementation of GBTs, with a ranked
order that has been agreed by GB experts around/dhd. Thus, it demonstrates a good
consensus of the perceptions on GBTs implementahimers between experts with actual
GB project experience and those without actual Gigept experience yet have experiences
in other activities related to the implementatidrGBTs. From the results, it can be seen that
the most important driver for deciding to use GBiEs “greater energy-efficiency of
buildings” (D2) with the highest mean value of 4.%llowed by “reduce the environmental
impact of buildings” (D6, mean = 4.25) ranked setofigreater water-efficiency of
buildings” (D3, mean = 4.24) ranked third, “enharamupants’ health and comfort and
satisfaction” (D4, mean = 4.18) ranked fourth, &gdod company image/reputation or
marketing strategy” (D8, mean = 4.14) ranked fifside from these drivers, “better indoor
environmental quality” (D7, mean 4.08, rank 6) isobadeemed a good reason driving the
implementation of GBTs. These drivers are consalexffective to attract stakeholders’
interests in adopting GBTs for better constructismstainability. On the other hand,
“efficiency in construction processes and manageénpractices” (D20), “improve the
performance of the national economy and creat€’ j@i1), and “facilitate a culture of best
practice sharing” (D19) are found to be the leagbartant drivers among all the proposed
ones. The results fromtest analysis verify that 13 out of the 21 drivars significantly
important for the implementation of GBTSs.

It appears that the most important driver for impéating GBTs is ‘greater energy-

efficiency of buildings’ (D2). This is echoed withrevious investigations and it is not
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surprising, because energy-saving has become aphigiity all over the world and the
building sector is considered as one of the biggestributors to energy consumption in the
world (Pacheco et al., 2012). Stakeholders aresthier realizing the need to reduce energy
use in buildings. Manoliadis et al. (2006) and Adinal. (2013) also found that energy
conservation is the most important driver influenggcithe implementation of green
construction practices. Most of the energy consumealildings is for cooling, heating, and
lighting purposes. The high levels of energy constion in buildings can be attributed to the
application of traditional electrical appliancesdaaquipment. Moreover, almost all of
construction operations, such as excavating, ctmarasting, curing and finishing, and
pumping and vibrating concrete, are energy consgmime finding of this study suggests
that replacing the traditional construction teclugots with green technologies can help
stakeholders to reduce the energy demand for @palna heating, and for performing other
functions in buildings. Through the utilization &BTs, such as technologies that utilize
natural resources of sun (e.g., photovoltaic paaetsactive western fagcade with automated
louvres) and wind (e.g., roof mounted wind turb)pesd active chilled beams, stakeholders
can achieve a reduction in building energy consiwompfLove et al., 2012). Adopting roof
mounted wind turbines, for example, can resulthi& generation of about 36 MW/hr green
energy (which may represent about 10% of the totallding energy needs). A study by
Wong (2012) pointed out that depending on the paté usage, the application of variable
speed motors can help to reduce energy consumesddayjators (by around 10-15%) and air-
conditioning systems (by around 20%). Moreover, tise of light emitting diode (LED)
bulbs rather than incandescent light bulbs can 3&80% of electricity. Air-conditioning
systems are responsible for a sizeable amountitdfifoy energy use, however, the use of a
water-cooled air-conditioning system in place ofaancooled system can reduce electricity

consumption by 20-30% (Wong, 2012). The reducedggneonsumption and hence cost
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savings from implementing GBTs can be an imporéanomic benefit for the stakeholder
throughout the lifecycle of the building, and ikisown that economic benefits are crucial for
the business survival of every stakeholder (Chaal.e2009). These merits could explain the
reason why stakeholders implement GBTs to redueeggrconsumption and achieve greater
energy-efficiency in their buildings.

The second most important factor driving the impatation of GBTs is ‘reduce the
environmental impact of buildings’ (D6). In factustainability in construction has only
become crucial because of the built environmentipact on climate change and natural
resources, which affects the natural environmehtisT environmental concern has triggered
stakeholders to consider the advantages of subtaimgtions, such as renewable energy
systems. It is not surprising to identify that retion of environmental impacts is an
important factor driving stakeholders in the impértation of GBTs. This concurs with the
literature that stakeholder or managerial enviramiaeconcern is an important driver for the
implementation of green technology (Qi et al., 20Mang et al., 2014). Most of the building
sector’s impact on climate change and, hence, thkeaament is attributable to its pivotal
role in carbon emissions. The high energy conswnptn the industry contributes to
excessive C@emissions, meaning that the application of enefggient technologies can
reduce the environmental impact of buildings. Leval. (2012), for example, demonstrated
that the application of active chilled beams inahgdfloor by floor zoning and thermal
zoning of airhandling units can reduce £@missions, because it minimizes energy
consumption. It can save approximately 447.3/tneC@, annually. Usually, building
emissions are discussed in relation to the prodaf greenhouse gases and consumption of
resources throughout the lifespan of the buildiBgilding construction impacts upon the
environment by excessively consuming notable nhtesources, e.g., land and water, that

are usually nonrenewable. The construction of Ingisl also pollutes the atmosphere in
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many ways. The same study by Love et al. (2012)velothat the adoption of renewable
green technologies, such as wind turbines for t.mrenewable power generation, can reduce
demand for nonrenewable energy sources and congegquelogical impact. This study
suggests that the implementation of green buildileghnologies can reduce the
environmental impact of buildings by favoring ansdion to a low-carbon economy as well
as developments that are less resource-intensive.

‘Greater water-efficiency of buildings’ (D3) is caidered by the experts as the third most
important driver for applying GBTSs, implying thdtet need to reduce water use in buildings
is a typical sustainability issue reinforcing tldoption of GBTS. In almost every well-known
green building rating tool (such as Leadership mergy and Environmental Design (LEED)
and BRE Environmental Assessment Method (BREEAMB@ter-efficiency is an important
requirement that stakeholders that are developiBg @Gwust satisfy. The application of
suitable GBTs has been suggested to be criticatédkeholders to achieve this target, which
is echoed with previous research by Zhang et &11B) who identified that stakeholders
adopt green technologies, such as permeable sutisteology and on-site sewage
treatment, to improve the water-efficiency of thbuildings. Encouraging water-efficient
design can bring about an added value that willebenhe end-user. A water-efficient
building can reduce its lifetime economic costsv@o water bills), because of its lower water
usage, and this can be more than a compensatiothéohigher initial investment. This
economic benefit of cost savings can be well resbiby many stakeholders and thus
encourage them to implement GBTs.

‘Enhance occupants’ health and comfort and satisféic(D4) has been found to be the
fourth important driver seeing through the impletaéion of GBTs. This is in contrast with
Low et al. (2014) who found that ‘improve the welihg of employees’ is the least important

driver for GB. It does not also support the findimigChan et al. (2009) that ‘higher tenant
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satisfaction’ is the least favorable factor for Ieypenting GB. However, the finding echoes
several other discussions in the literature thatedtolders are adopting GBTs, because they
have realized the benefits of enhancing the heaith comfort of occupants (Werna, 2013;
Roseland, 2012). The reduced £#nissions into the atmosphere from GBTs, for exampl
could be an essential social benefit that can n&EEs attractive to stakeholders.

‘Good company image/reputation or marketing strgtd@8) can also make GBTs
attractive to market stakeholders. Stakeholders g@in good image and reputation by
adopting green technologies. For instance, theiagmn of technologies that have less
impact on public health can help stakeholders am®etheir public reputation and gain a
green image. This can help them differentiate theaducts and hence enjoy certain market
advantages, such as high sale prices. The applicafiGBTSs, such as efficient daylighting
systems and solar shading devices, can furtherigeosa ‘better indoor environmental
quality’ (D7) for occupants, which has also beeantified by this study as an important
driver for stakeholders to adopt GBTs. These figdihave been support by the literature as
well-established benefits associated with GBTsi&titey are favorable, can naturally arouse
interests in the technologies.

5. Conclusions

GBTs have the greatest opportunity to reduce tlgathee impacts of the construction
industry on the natural environment, economy, andiety. To encourage widespread
adoption of GBTSs, this study identified the majaivdrs for implementing GBTs in the
construction industry. This study contributes te #xisting body of literature by focusing on
the perspective of international GB experts, rathan experts in a particular country. A total
number of 21 factors were identified through a coghpnsive literature review and presented
in a questionnaire. Afterward, a questionnaire symwas performed with GB experts around

the world to identify the major drivers of GBTs ilementation from these factors. The
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results from statistical analyses of 104 expempaases first showed that energy-efficiency,
reduced environmental impact, water-efficiency, upants’ health and comfort and
satisfaction, and company image/reputation were tbhp five drivers of GBTs
implementation. This finding indicates that the iempentation of GBTs needs consideration
in order for stakeholders to realize sustainablignefits, such as developing buildings that
are highly energy-efficient and have minimal enmimental impacts. The analyses result also
showed that 13 out of the 21 factors were sigmficdrivers of GBTs implementation. In
addition, although the experts were from differeatintries and with diverse backgrounds,
they had a good consensus on their rankings ofdthers. Furthermore, there were no
significant differences amongst experts with actBBI project experience and those without
actual GB project experience in ranking most ofdheers.

As this study attempted to present major factoas ¢ineatly drive the implementation of
GBTs, the empirical results have practical implmas. The major drivers with high mean
ranks or values can be focused on to effectivel efficiently promote and make decisions
regarding the implementation of GBTs. GB advocat@s widely promote these drivers in
society in order to influence the interest indusstakeholders have in GBTs. For
governments, they can take the lead to instigaliei@®, plans, and programs that can boost
the energy and environmental consciousness of indstakeholders and inform the public
of the importance of and range of possibilitieec#tl by GBTs implementation. The findings
of this study can also help the industry practitien and stakeholders make informed
decisions as to whether to use GBTs or not, knowiegotential benefits.

Because this study was designed based upon thd bre@ature and GB experts in the
global construction industry were engaged, the aldindings of this paper may be
generalizable. The findings of this study can beeffieial not only for providing an in-depth

understanding of the major factors greatly drivitlge implementation of GBTs in
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construction, but can also encourage the practiteoand stakeholders to further implement
GBTs in the future for better construction susthilig. The organizations and individuals

that intend to implement GBTs could learn lessoomfthe perceptions of international GB

experts who have had some years of experience irs@Bplementation activities. They are

advised to bear in mind that even though the inmtiestment may be high, benefits will be

reaped in the long run, so they should be patesée the return on their investments.

For the study reported in this paper, the necessaty were collected from GB experts
from different countries having different experieaagn promoting GB. This study compared
the views of the experts with actual GB project engnce and those without actual GB
project experience on the drivers for implement@®@8Ts. However, because the extent of
experience of different experts from different ctiies may differ as GBTs might be
implemented to different degrees in different coestto meet different economic conditions
and regulations, the future research work will cdessand compare the views of the experts
according to countries and/or continents/regiore. €&xample, the perceptions of the GB
experts from developed and developing countrieshenGBTs implementation drivers will
be compared in the future research to observe mapeeific differences. Such a comparison
will be useful to allow developing countries to nedrom the experiences of developed
countries where GBTs implementation has made ceraite progress. For future research,
it is also recommended to establish new modelswiilahelp to accurately investigate the
links among the GBTs implementation drivers andirtrextent of influences on the
implementation process, which would be more helphd useful for GBTs promotion.
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Tables

Tablel
List of potential drivers of GBTs implementation.

Code Driving factors Sources

D1 Reduce the lifecycle costs of buildings Lovelet2012), Arif et al. (2009), Serpell et
al. (2013), Zhang et al. (2011a), Abidin and
Powmya (2014), Aktas and Ozorhon (2015),
Windapo and Goulding (2015), Windapo
(2014), Zhang (2014), Bond (2011)

D2 Greater energy-efficiency of buildings Manolgét al. (2006), Ahn et al. (2013),
Low et al. (2014), Arif et al. (2009), Gou et al.
(2013), Aktas and Ozorhon (2015), Windapo
(2014), Mulligan et al. (2014), Tan (2014)

D3 Greater water-efficiency of buildings Ahn et@013), Aktas and Ozorhon (2015),
Devine and Kok (2015), Boyle and McGuirk
(2012)

D4 Enhance occupants’ health and comfort and aatish Love et al. (2012), Arif et al. (2009), Getal.
(2013), Aktas and Ozorhon (2015), Windapo
(2014), Devine and Kok (2015), Boyle and
McGuirk (2012), Bhavani and Khan (2008),
Tan (2014)

D5 Increase overall productivity Edwards (2006), Dahiru et al. (2014), Gou et
al. (2013), Windapo and Goulding (2015),
Bond (2010), Bhavani and Khan (2008)

D6 Reduce the environmental impact of buildings Lewal. (2012), Ahn et al. (2013),
Manoliadis et al. (2006), Arif et al. (2009),
Gou et al. (2013), Vanegas and Pearce, 2000

D7 Better indoor environmental quality Ahn et alD13), Aktas and Ozorhon (2015),
Windapo (2014), Bond (2011)

D8 Good company image/reputation or marketing eyt Zhang et al. (2011a), Low et al. (2014), Love
et al. (2012), Serpell et al. (2013)

D9 Better workplace environment Edwards (2006), Li et al. (2013), Gou et al.
(2014)

D10  Thermal comfort Newsham et al. (2013), Van Tijen and Cohen
(2008)

D11  Better rental income and increased lettableespac Love et al. (2012), Gou et al. (2012hang
(2014)

D12  Attract premium clients and enhanced propestye Love et al. (2012), Bond (2011)

D13  Reduce construction and demolishing wastes Nedislet al. (2006), Ahn et al. (2013),
Zhai et al. (2014)

D14  Preservation of natural resources and non-rablewuels/energy Vanegas and Pearce (2000), Manoliadis et al.

sources (2006), Ahn et al. (2013), Arif et al. (2009)

D15  Set standards for future design and constmuctio Mondor et al. (2013), Li et al. (2013)

D16 Reduce the use of construction materials Zhal. ¢2014), Gabay et al. (2014)

D17  Attract quality employees and reduce employeeover Bond (2010), Dahiru et al. (2014), Boyle and
McGuirk (2012)

D18  Satisfaction from doing the right thing (commént on social Zhang et al. (2011a), Aktas and Ozorhon

responsibility) (2015), Low et al. (2014), Gou et al. (2013)

D19 Facilitate a culture of best practice sharing onilor et al. (2013)

D20  Efficiency in construction processes and mamege practices Mondor et al. (2013), Zhai et 1@

D21 Improve the performance of the national econamy create jobs Comstock (201Bhua and Oh (2011)j et

al. (2013)
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724 Table2
725  Mean ranks within total sample and the two expestigs, and test of concordance.

Total sample Group 1 Group 2

Label Mean Rank Sig. Mean Rank Mean Rank
D1 4.06 7 0.000 4.25 3 3.79 9
D2 4.57 1 0.000 4.59 1 4.53 1
D3 4.24 3 0.000 4.28 2 4.19 3
D4 4.18 4 0.000 4.23 4 4.12 4
D5 3.88 10 0.000 3.98 10° 3.74 10
D6 4.25 2 0.000 4.23 4 4.28 2
D7 4.08 6 0.000 411 7 4.02 6
D8 4.14 5 0.000 4.18 6 4.09 5
D9 3.92 9 0.000 3.98 10° 3.84 8
D10 3.65 14 0.063 3.69 14 3.60 14
D11 3.86 11 0.000 4.00 9 3.65 11
D12 3.98 8 0.000 4.02 8 3.93 7
D13 3.51 17 0.927 3.59 16° 3.40 19
D14 3.79 12 0.001 3.90 12 3.63 1
D15 3.67 13 0.060 3.70 13 3.63 12
D16 3.55 16 0.616 3.59 16° 3.49 16
D17 3.49 18 0.913 3.57 18 3.37 20
D18 3.61 15 0.248 3.64 15 3.56 15
D19 3.45 19 0.564 3.48 19 3.42 17
D20 3.32 21 0.031 3.38 20° 3.23 21
D21 3.39 20 0.318 3.38 20° 3.42 17
Kendall'sW’ 0.183 0.194 0.182
Chi-Square 381.501 236.159 156.221
df 20 20 20
Asymp. Sig. 0.000 0.000 0.000

726 Note: Group 1 refers to experts with actual gregifding project experience;

727 Group 2 refers to experts without actual greendingj project experience.

728 2Data with insignificant results of one-sampl@st o > 0.05).

729 ®Equal ranks wherein the next rank is skipped.

730 PKendall's Coefficient of Concordance test on theatg\amongst the two expert groups.

731
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Table3

Mann-WhitneyU-test on the drivers for implementing GBTSs.

Test statistics D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11
Mann-WhitneyuU 960.500 1245.500 1260.000  1221.500  1077.000  1609.5 1228.000  1217.000  1185.500  1251.000  1001.000
Wilcoxon W 1906.500  2191.500 2206.000 2167.500  2023.000  3@65. 2174.000  2163.000  2131.500  2197.000  1947.000
z -2.493 -0.507 -0.381 -0.652 -1.641 -0.014 -0.597  .676 -0.929 -0.428 -2.183
Asymp. Sig. (2-tailed)  0.0£3 0.612 0.704 0.515 0.101 0.989 0.550 0.499 0.353 680.6  0.029
Table 3 (continued

Test statistics D12 D13 D14 D15 D16 D17 D18 D19 D20 D21

Mann-WhitneyuU 1242.500  1168.000 1102.000  1242.000 1229500  @67. 1238.000 1258.000 1168.000  1283.000

Wilcoxon W 2188.500  2114.000 2048.000  2188.000  2175.500  3Q03. 2184.000  2204.000  2114.000  3174.000

z -0.489 -0.987 -1.476 -0.483 -0.565 -1.076 -0.520  .376 -1.016 -0.195

Asymp. Sig. (2-tailed)  0.625 0.324 0.140 0.629 Q.57  0.282 0.603 0.707 0.310 0.846

Note:“Grouping variable: actual green building projegb@ence (1 = With; 2 = Without).

4Data with significant results of Mann-Whitneltest.
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Table4

Drivers for the implementation of GBTSs.

Code Drivers Level of agreement

D1 To reduce the lifecycle costs of buildings 1 2 3 4 5
D2 For greater energy-efficiency of buildings 1 2 3 4 5
D3 For greater water-efficiency of buildings 1 2 3 4 5
D4 To enhance occupants’ health and comfort ansfaeation 2 3 4 5
D5 To increase overall productivity 2 3 4 5
D6 To reduce the environmental impact of buildings 1 2 3 4 5
D7 For better indoor environmental quality 2 3 4 5
D8 For good company image/reputation or as a magsetirategy 2 3 4 5
D9 For better workplace environment 2 3 4 5
D10 Thermal comfort (better indoor temperature) 12 3 4 5
D11 For better rental income and increased lettsidee 2 3 4

D12 To attract premium clients and enhanced propaityes 2 3 4 5
D13 To reduce construction and demolishing wastes 12 3 4 5
D14 Preservation of natural resources and non-rerleViadls/energy sources 1 3 4 5
D15 To set standards for future design and congbruct 2 3 4 5
D16 To reduce the use of construction materials€rias-efficiency) 2 3 4 5
D17 To attract quality employees and reduce emplaye®ver 2 3 4 5
D18 Satisfaction from doing the right thing (comngtm on social responsibility) 1 3 4 5
D19 To facilitate a culture of best practice sharing 2 3 4 5
D20 For efficiency in construction processes andagament practices 1 34 5
D21 To improve the performance of the national eaonand to create jobs 1 3 4 5

Note: Experts assessed these drivers on a scatelf(strongly disagree) to 5 (strongly agree).
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Highlights
* An international survey on green building technasgimplementation drivers was
conducted.

« The major drivers of green building technologiespliementation have been

identified.
* There was good consensus among green buildingtexpankings of the drivers.

* There were no significant differences among moshefdrivers.



