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Examining Issues Influencing Green Building Technalgies Adoption: The United
States Green Building Experts’ Perspectives

Abstract
Green building (GB) has been viewed as an effeatieans to implement environmental,
economic, and social sustainability in the congioumcindustry. For the adoption of GB
technologies (GBTSs) to continue to succeed and pajularity, a better understanding of the
key issues influencing its progress is crucial. M/mumerous studies have examined the
issues influencing green innovations adoption inegal, few have specifically done so in the
context of GBTs. This study aims to investigate tinelerpinnings of GBTs adoption in the
following areas: (1) the critical barriers inhiligy the adoption of GBTs, (2) major drivers for
adopting GBTs, and (3) important strategies to m@nGBTs adoption. To achieve these
objectives, a questionnaire survey was carriedwtiit 33 GB experts from the United States.
Ranking analysis was used to identify the signiftdasues associated with GBTs adoption.
Resistance to change, a lack of knowledge and aesseand higher cost have been the most
critical barriers. The major drivers for adoptingBT are greater energy- and water-
efficiency, and company image and reputation. Thalysis results also indicate that the
most important strategies to promote the adoptioBBTs are financial and further market-
based incentives, availability of better information cost and benefits of GBTs, and green
labelling and information dissemination. The fingenprovide a valuable reference for
industry practitioners and researchers to deepein gimderstanding of the major issues that
influence GB decision-making, and for policy makaming at promoting the adoption of

GBTs in the construction industry to develop suéapolicies and incentives. This study

Page 2 of 45



48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

contributes to expanding the body of knowledge alboa influences that hinder and those
that foster GBTs implementation.
Keywords: Green building technologies; Barriers; Drivers; iRation strategies; United
States.
1. Introduction

The construction industry has a significant impawtthe environment, economy, and
public health. According to Yudelson (2007a), waride, buildings account for more than
40% of all global carbon dioxide (GDemissions, particularly because they are a major
contributor to energy consumption. In 2007, the M/dusiness Council for Sustainable
Development (WBCSD) reported that buildings accdan#0% of total energy consumption
(WBCSD, 2007). In addition, buildings in most deygd countries, such as the United
States (US), consume 68% of all electricity, 88%poftable water supplies, 12% of fresh
water supplies, 40% of raw materials, and are mespte for 20% of solid waste streams (US
Green Building Council (USGBC), 2003; Comstock, 201t is projected that the global
carbon emissions of buildings will reach 42.4 bitlitonnes by 2035, a 43% increase in the
2007 level (US Energy Information Administration SUEIA), 2010). With the
implementation of sustainable/green innovationsgatiee environmental, social, and
economic impacts of the construction industry can rbeduced. Thus, adopting green
innovations in construction activities will resuft high performance and minimize their
environmental impacts (Love et al., 2012). Typieaamples of green innovations in the
construction industry include green specificatigham et al., 2009), green building (GB)
guidelines (Potbhare et al., 2009), and GB teclme#(GBTs) (such as wind turbines and
solar panels) (Love et al., 2012).

Sustainable development is defined as “developritettmeets the needs of the present

without compromising the ability of future geneosis to meet their own needs” (World
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Commission on Environment and Development (WCE®»87). GB has emerged as a
widely accepted phenomenon to implement sustaindélelopment, which considers the
triple bottom line of environmental, social, ancdeomic performance of buildings, in the

construction industry (Sev, 2009; Son et al., 2011} part of a global response to growing
awareness of the huge role buildings play in cau€i6, emissions that drive global climate

change (Yudelson, 2007a, 2008). GBs are buildihgs tuse key resources like energy,
water, materials, and land more efficiently thanldings that are just built to code” Kats

(2003, p.2). They are designed, built, and operdi®dboost health, environmental,

productivity, and economic performance over thatcofiventional (non-green) buildings

(USGBC, 2003). GB is considered as a form of tetdmical and process innovation in the
construction industry, because it revamps the memsrgway of building by integrating a

variety of special building technologies, technigju@ractices, and materials to achieve
sustainability (Yudelson, 2007b; Love et al.,, 201Beyond environmental benefits,

employing green innovations offers many social aednomic benefits, such as reduced
lifecycle cost, job creation, and poverty allewvoati(Ahn et al., 2013; Comstock, 2013), that
are increasingly important for sustainable develepin As a result, green innovations
adoption has experienced significant progress inynwuntries in recent years (Yudelson,
2008, 2009a).

GB technologies (GBTs) — an offshoot of green iratmn — have evolved dramatically
over the last decade. The promotion of green me&tin building development has been the
main impetus behind the development of various GE&Fang et al., 2011a, b). Once rare,
resource-efficient, environmentally friendly, andter- and energy-efficient technologies are
now broadly recognized as mainstream. Innovativehrtelogies, such as high efficient
windows, green roof, solar shading devices, soltewheaters, gray water treatment plants,

and high efficient HVAC systems, have all gainedddr acceptance in the construction
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industry (USGBC, 2003; Koebel et al., 2015). “Tealogies are the building blocks of
increased performance” (Sanderford et al., 201437%), which explains why GBTs are
central to address the need for sustainability ha tonstruction industry. It has been
highlighted that in countries like the US, stakeleot’ use of GBTs is growing (Johnstone et
al., 2010; Sanderford et al., 2014), suggesting @&Ts would displace many of the non-
green technologies in the construction industrythe near future. However, for GBTs
adoption to continue to succeed and become widagd@ed mature, a deeper understanding
of the key issues influencing its progress is @ugiove et al., 2012; Mao et al., 2015).

Despite the recognition of the importance of GBTs achieving construction
sustainability and the existence of many studiesssunes associated with green innovations
adoption in general, few have specifically examineakriers, drivers, and promotion
strategies of GBTs adoption. As a result, withititent to enhance GBTs promotion efforts,
the primary objectives of this study are to invgste the: (1) critical barriers inhibiting the
adoption of GBTSs; (2) major drivers for deciding use GBTs; and finally, (3) important
strategies to promote the adoption of GBTs. In tl@search, the barriers, drivers, and
promotion strategies of GBTs adoption are investigathrough a questionnaire survey
among GB experts from the US. The main reasonai@eting the US GBTs market is that
the US is one of the leading countries in GB dgwelent (Darko and Chan, 2016) and thus
not only would this study pave a better way fothier GBTs application and development in
the US, but could also serve as a valuable refertarcother underdeveloped markets (Chan
et al., 2009).

The remainder of the paper is structured into tikwing sections. The next section
presents relevant theories and draws on the eltianatture to examine the issues influencing
green innovations implementation. The motivation tfus research is then presented. The

next two sections describe the research methododmgly data analysis. The section that
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123 follows presents the findings and discussion. Amel last section concludes the study. The
124  research presented is expected to provide a vaualdrence for industry practitioners and
125 researchers to deepen their understanding of thernssues that influence GB decision-
126 making as well as to help policy makers intendimdatunch policies and incentives to make
127  GBTs adoption a mainstream practice in the construandustry.

128 2. Literature review

129  2.1. Green innovation

130 Innovation is “any idea, practice, or material fat perceived to be new to the relevant
131 adopting unit” (Czepiel, 1974, p. 173). In the atlmp and diffusion of innovations theory,
132 innovation is often viewed as a vital ingredientthe recipe for market differentiation and
133 creating competitive advantage, and for creating ngarkets for products and processes
134  (Christensen et al., 2004; Von Hippel, 2005; Chesgh et al., 2006). GB is inextricably
135 linked to innovation not only because it helps tardion stakeholders (e.g., developers)
136 gain competitive advantage through developing umiguilding products that have good
137  market opportunities (Zhang et al., 2011b), bub dlecause sustainability and in turn GB
138  requires process changes, for instance, radicalgesain the manner goods and services are
139  produced, distributed and use (Fukasaku, 2000; ilppeP000; Manley, 2008). For the
140 purpose of this study, ‘green innovation’ is defin@s “those products, practices,
141  technologies, materials, and processes that eitldeice the energy requirements of buildings
142  and/or reduce the environmental impact of buildin@ddiozzo and Dewick 2004, p. 74).
143  Thus, ‘GBTs’ is a branch of green innovation in g@nstruction industry, whose adoption
144  issues remain the main focus of this study. Ahmaal.e(2016) clustered GBTs into seven
145  categories: indoor illumination technologies; cohtitechnologies; energy and water

146  conservation technologies; renewable energy teogred; energy and water recovery
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technologies; technologies to ensure air qualibg sechnologies to maintain comfort zone
temperatures.

To conduct this study, it is critical to examineyious GB-related studies. The following
sections present literature reviews on GB barrigrsers for GB, and strategies to promote
GB.

2.2. GB barriers

While the merits of green innovations considerataynply with requirements of human
health and environmentally sustainable developngregen innovations still face challenges
in their market penetration; there are several eorecabout their implementation. What are
the stumbling blocks that prevent the GB markemfrgrowing and expanding? There is a
need to better understand the barriers to the mmgtéation of green innovations to help find
ways and means to overcome them. Several resesrahdrpractitioners have investigated
the barriers hindering the use of green innovationsonstruction. For instance, cost,
implementation time, and the shortage of knowledgel awareness of GB are well
documented in previous research.

A crucial barrier to the adoption of green innowas is cost (Lam et al., 2009; Chan et
al., 2009; Zhang et al., 2011a,%hi et al., 2013; Ahn et al., 2013; Dwaikat and, RD16).
Ahn et al. (2013) generically presented cost asbiggest barrier to sustainable design and
construction in the US. A questionnaire survey lynLet al. (2009) in Hong Kong showed
that cost was the most dominant barrier to intéggagreen specifications in construction. By
adopting the same factors examined by Lam et @09}, Shi et al. (2013) repeated a similar
study on the adoption of green construction in @hamd identified that cost was also the
most critical barrier in that part of the world. &lguestionnaire survey study involving
building designers in Singapore and Hong Kong shbthkat higher cost was an undeniable

barrier holding back GB survival in the construntimarket (Chan et al., 2009). Potbhare et
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al. (2009) discovered that higher cost was the tigtrbarrier to adopting GB guidelines in
India. As cost is widely recognized in the literatut will be included as one of the potential
barriers.

In construction, cost and time are closely relatedthey are both essential in measuring
project performance and success (Chan and Kumamagw2002). As a barrier to the
adoption of green innovations, longer implementatiome has been ranked second, just after
cost in some studies. Lam et al. (2009) and Shil.ef2013) showed that incremental time
resulting from fulfilling green requirements was iarvitable barrier to the decision making
of contractors, clients, consultants, and subcotdrs, because it delays the project. A study
by Hwang and Ng (2013) among project managers mgéepiore revealed that longer time
required during the pre-construction process rardeethe top challenge faced in GB projects
execution. Another time-related issue is the lepgibproval process for new GBTs within a
firm (Tagaza and Wilson, 2004).

The lack of knowledge and awareness of GB andss®@ated benefits is also pointed
out by various researchers as a crucial barrigngédnnovation adoption. In addition to cost,
Ahn et al. (2013) highlighted the primary barrisysustainable construction as long payback
periods, tendency to maintain current practicesrasst change, and limited knowledge and
understanding. Other researchers (Williams and,2807;AlSanad, 2015) also found lack
of knowledge and awareness of GB as a main bafiites. lack of knowledge and awareness
can be linked to GB research and information gapghe industry. The results of Rodriguez-
Nikl et al. (2015) highlighted lack of informaticas the topmost barrier to adopting green
innovations in general. Bin Esa et al. (2011) eafrmout a study to identify the obstacles to
implementing GB projects in Malaysia. The major tabkes were found to be lack of

awareness, education, and information on the hsnefi GB. Researchers have also
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identified lack of reliable GB research as an intgatr barrier (USGBC, 2003; Hwang and
Tan, 2012).
Furthermore, there are social and psychologicalidyar such as stakeholders’ attitudes
and behaviors, and purchase intention, that affieet acceptance and progress of GB
(Hoffman and Henn, 2008; Zhao et al., 2015). Theillingness to change the non-green
way of building as identified by Meryman and Silm@®04) has become a major barrier to
the adoption of green specifications. This coindigéth the finding of one study conducted
in China, which found that deep rooted non-greexasdwere the key barrier to sustainable
construction (Chen and Chambers, 1999). A recewlysty Du et al. (2014) confirmed that
the reluctance of stakeholders to change is the tveirier to the adoption of energy-saving
technologies in the Chinese construction indudtt§kkinen and Belloni (2011) contended
that the resistance to sustainable building ocbexsause of the need for process changes,
which entails the perception of possible risks anfibreseen costs.
Successful innovation adoption requires effectigwperation and working relations
amongst different stakeholders within a specifiojget (Kumaraswamy et al., 2004).
Therefore, a lack of interest and communication rgnaroject team members may affect the
adoption of green innovations (Williams and Dai®02; Hwan and Tan, 2012; Hwang and
Ng, 2013). Other barriers cited by researchersidel
» lack of interest and market demand (Hwang and P&i2; Samari et al., 2013;
Djotoko et al., 2014);

* lack of government incentives and regulations (Leval., 2012; Zhang et al., 2012;
Gan et al., 2015);

» distrust about GB products (Williams and Dair, 200/inston, 2010);

» unfamiliarity with green technologies (Eisenbergaét 2002; Tagaza and Wilson,

2004);
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» lack of training and education (Djokoto et al., 201uthra et al., 2015; Gan et al.,
2015);

* unavailability of approved green materials and netbgies (Potbhare et al., 2009;
Aktas and Ozorhon, 2015);
» lack of GB expertise/skilled labor (Eisenberg et 2002; Tagaza and Wilson, 2004);
* lack of importance attached to GB by leaders (Dai.eR014);
* lack of promotion (Zhang et al., 2012; Djokoto kf 2014);
» lack of financing schemes (Potbhare et al., 20081uBlim et al., 2012; Gan et al.,
2015);

* lack of availability of demonstration projects (Ploare et al., 2009); and

» lack of available and reliable green suppliers (Letnal., 2009; Gou et al., 2013; Shi
et al., 2013).

After a careful examination of the existing litenad relating to GB barriers, a variety of
factors that have the potential to hamper the aoloptf GBTs were identified. Table 1
provides a list of 26 factors that are well docutedrand, hence, more applicable. Rowlinson
(1988) suggests that for a research study, welvkntactors are more applicable, because
respondents could be able to respond easily. As dhe more applicable, examining them
would be more useful for gaining a deeper undedstgnof the real barriers that inhibit
GBTs adoption (Cheng and Li, 2002). In this papeese underlying factors will be
examined in terms of their criticality in prevergiwider adoption of GBTs, as seen from the
perspectives of US GB experts.

Table 1
Potential barriers to GBTs adoption.

Code Barrier factors

b01 Higher costs of GBTs

b02 Lack of GBTs databases and information

b03 Lack of GB expertise/skilled labor

b04 Lack of knowledge and awareness of GBTs and ilegiefits
b05 Lack of government incentives/supports for enmnting GBTs
b06 Lack of reliable GBTs research and education

10
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255
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b07 Fewer GB codes and regulations available

b08 Insufficient GB rating systems and labellinggreons available
b09 Unfamiliarity with GBTs

b10 High degree of distrust about GBTs

b1l Conflicts of interests among various stakehsliteadopting GBTs
b12 Lack of interest and market demand

b13 Implementation of GBTSs is time consuming andseatproject delays
b1l4 Resistance to change from the use of traditi@eainologies

b15 Complexity and rigid requirements involved impting GBTs
b16 Lack of promotion
b17 Lack of importance attached to GBTs by leaders

b18 Risks and uncertainties involved in implementiew technologies

b19 Difficulties in providing GB technological tramy for project staff

b20 Lack of technical standard procedures for goeerstruction

b21 Lack of available and reliable GBTs suppliers

b22 Lack of financing schemes (e.g. bank loans)

b23 High market prices, rental charges, and loryghaak periods of GBs
b24 Lack of availability of demonstration projects

b25 Limited experience with the use of non-tradiibprocurement methods

b26 Lack of tested and reliable GBTs

2.3. Drivers for GB

A better understanding of GB drivers is necessagricourage or lead potential adopters
to accept and continue to use green innovationis. Sdttion presents a review of GB drivers
addressed by previous studies. For example, Lowt. ¢2012) identified six key drivers or
reasons why the client of the Western Australia’st fsix-star Green Star energy-rated
commercial office building decided to use innovatigreen technologies. These were
improved occupant’s health and well-being; marlgtitrategies; reduce the environmental
impact of the building; reduction in whole-life dgccosts; marketing and landmark
development; and attract premium clients and hégital returns.

Gou et al. (2013) assessed Hong Kong's developeesliness to adopt GB and found
that the following issues motivated the develogersoluntarily adopt GB: low operation
energy cost; environmentally friendly; reduced gremise gases; ability to differentiate in
the market; lower vacancy rates; ease in re-sdfgheh rents and/or sales prices; and
improved comfort, health, and productivity. Lowadt (2014) examined the success factors
and drivers for greening new and existing buildimgsSingapore. The important drivers
discovered included return on investments; local awerseas competitions; rising energy

bills; corporate social responsibility; and markgtbranding motive.
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Aktas and Ozorhon (2015) investigated the GB c¢edtiion process of existing buildings
in Turkey. Their findings highlighted the main de¢ to include improved occupants’
satisfaction and comfort; recycle materials; eleityr; energy, and water savings; and
commitment to environmental sustainability. Andetihal. (2015) explored the GB drivers
for investors and tenants in Nordic countries. &#ht sets of drivers were identified for
investors and tenants, however, company image epdtation; and lower lifecycle costs
were identified as the most remarkable mutual dsive

Windapo and Goulding (2015) carried out anotheeméctudy in South Africa, which
revealed that the drivers for adopting GB includedjpublic image; competitive advantage;
cost savings; and improved productivity. One of thieely cited studies on sustainable
construction drivers in Greece is by Manoliadigle{2006), who found energy conservation;
resource conservation; and waste reduction to denthst important drivers of change. Ahn
et al. (2013) also identified that energy conseéovatimproved indoor environmental quality;
environmental/resource conservation; waste reduicaod water conservation were the top
six drivers for sustainable design and construction

Chan et al. (2009) showed that the most importarsiness reasons driving the GB
market were lower operation costs, higher buildizue, lower lifetime cost, enhanced
marketability, and higher return on investment. Titexature further discusses that there is a
job creation opportunity associated with GB adapti@omstock, 2013). Chan et al. (2009)
argued that investing in GB not only provide betsefor customers or buyers, but almost
every stakeholder in the industry also benefitscabse it provides many business
opportunities. Furthermore, they opined that duth&increased marketability of new green
products, new job opportunities may arise. Mondoales (2013) study demonstrated that:
(1) investment in green systems can Yyield direatingg and improved sustainability

operations and maintenance practices; (2) GB @ accelerate broader organizational
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287  sustainability efforts; (3) GBs can create majondj#s for a region, including additional
288 commerce; and (4) GB projects can affect their shgustandards by setting a standard for
289  future design and construction, and also by fatihfy a culture of best practice sharing,
290 benchmarking, and peer comparison.

291 Serpell et al.’s (2013) study revealed that thennduvers for GB included company
292  image; cost reduction; and market differentiatidanegas and Pearce (2000) argued that the
293  sustainable construction drivers should focus an ithpacts of the built environment on
294  human health, resource depletion, and environmeaitdgradation Augenbroe and Pearce
295  (2009) proposed 15 drivers for sustainable constmuce.g., indoor environmental quality;
296 waste reduction; re-engineering the design procemsergy conservation; resource
297  conservation; adoption of performance-based stasdaetter ways to measure and account
298  for costs; and product innovation. Yudelson (20@8tified 14 benefits that build a business
299 case for GB, e.qg., reduced operating and maintenansts, marketing benefits, productivity
300 benefits, and increased building value. There aweral other published studies addressing
301 the issue of GB drivers (Sayce et al., 2006, 26@¥kenbach et al., 2010; Qi et al., 2010).

302 Following a detailed review of the literature, eglanumber of drivers for adopting green
303 innovations were identified and clustered, from abhi list of 21 drivers found to have
304 received relatively considerable attention in titerdture was compiled for this study (Table
305 2).

306 Table 2

307 Potential drivers for adopting GBTSs.
Code Driver factors
do1 Reduced whole lifecycle costs
do2 Greater energy-efficiency
do3 Greater water-efficiency
do4 Improved occupants’ health, comfort, and satigin
do5 Improved productivity
doé6 Reduced environmental impact
do7 Better indoor environmental quality
dos Company image and reputation/marketing strategy
do9 Better workplace environment
d10 Thermal comfort (better indoor temperature)
di1 High rental returns and increased lettableespac
di2 Attract premium clients/increased building ealu
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309
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319

320

321

322

323

324

325

326

327

328

d1i3 Reduced construction and demolishing wastes

di4 Preservation of natural resources and non-r&loleviuels/energy sources
di5 Set standards for future design and constuctio

d16 Reduced use of construction materials

di7 Attract quality employees and reduce employe®otver

dis Commitment to social responsibility

d19 Facilitate a culture of best practice sharing

d20 Efficiency in construction processes and mamage practices

d21 Improved performance of the national econonayjah creation

2.4. Strategies to promote GB

There are a number of strategies to promote thetemho of green innovations. For
example, a wide range of rating systems and laigefpfrograms, such as the UK’s Building
Research Establishment Environmental Assessmenthddet(BREEAM), the US’s
Leadership in Energy and Environmental Design (LEEBustralia’'s Green Star, and
Singapore’s Green Mark Scheme, have been develwpadprove GB development and
evaluation. These rating systems and labelling narag provide useful information and
guidance on GB to the general public and industagigioners, and there are several studies
showing that they are essential for GB promotiomaQand Chan, 2010; Windapo, 2014;
Murtagh et al., 2016).

It is also widely recognized in the literature tigatvernment’s involvement is one of the
most crucial and effective ways to promote GB (Vi@nd Aebischer, 2001; Chan et al.,
2009). Research suggests that the most cost-&#atteans to promote the adoption of green
innovations are to impose mandatory regulationsnamket parties and introduce practical
financial and regulatory incentives (Qian et aQ1@; Olubunmi et al., 2016; Shazmin et al.,
2016) to increase the attractiveness of GB to bt@klers. Although regulations and policies
are helpful in promoting GB, it should be notedtttieeir effectiveness is closely related not
only to their content, but also to their enforcet@an et al., 2015). Therefore, to effectively
promote GB, there is a need to ensure that GB ipsliand regulations are sufficiently

enforced following their launching (Qian and Ch2@07; Zhang et al., 2011a, b).
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Qian and Chan (2007) conducted a comparative studygovernment measures for
promoting building energy efficiency in the US, U&)d Canada, and proposed a framework
on these measures. Their framework contains sewasakures, such as implementation of
further market-based incentives, product rating labelling, subsidy, better enforcement of
existing standards, investment incentives, and dost- loans. Potbhare et al. (2009)
developed a green implementation strategy to a@teleéhe adoption of GB guidelines in
developing countries. Their study identified a nembf crucial strategies to promote the
adoption of GB guidelines, such as availabilitybetter information on cost and benefits of
GB guidelines, availability of institutional framewk for effective implementation of GB
guidelines, educational programs for developerstraotors, and policy makers related to
GB guidelines, and the creation of environmentahraness by workshops, seminars, and
conferences.

Héakkinen and Belloni (2011) argued that developimg awareness of clients about the
benefits of GB is one of the most important actibomgromote GB. As the attitudes and
behaviors of consumers have a significant influelmce GB promotion, strengthening
publicity and education may be an efficient an@@tffze way to enhance public awareness of
environmental sustainability as well as custometlingness to pay for GBs (Zhang, 2015).
In their study on GB promotion in China, Li et @014a) proposed the following strategies
to promote GB: to enhance the awareness of theelsbéders, to strengthen technology
research and communication, and codes and regusatio

Table 3 lists a total of 12 potential strategieptomote the adoption of GBTs. Although
several studies were considered, these strategiesidentified based mainly on the works of
Qian and Chan (2007), Potbhare et al. (2009), andt lal. (2014a), as they highlighted
strategies that were relatively more important fiee purpose of this study. Successful

implementation of these strategies could help @ most of the barriers summarized in
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Table 1 to further promote GBTs adoption. Hencés #tudy will examine them to help
understand the most important strategies to prothetadoption of GBTs in construction.

Table 3
Potential strategies to promote the adoption of &BT

Code Promotion strategies

p0o1 Financial incentives and further market-basedritives

p02 Mandatory GB codes and regulations

p03 Green labelling and information dissemination

p04 Better enforcement of GB policies

p05 Low-interest loans and GB subsidies

p06 Public environmental awareness creation thraumtkshops, seminars, and conferences
p0o7 More publicity through media (e.g., print mediernet, and radio and television programs)
p08 Educational programs for developers, contracemrd policy makers related to GBTs

p09 Availability of better information on cost ahdnefits of GBTs

pl0 Competent, active, and proactive GBTs promogams/local authorities

pll Availability of institutional framework for efttive implementation of GBTs

pl2 A strengthened GB technology research and edacand communication of new technologies

The literature reviews above summarize past stuabesit the implementation of green
innovations in the construction markets of différerountries worldwide. Most of the
previous studies focused more on the barriersrgers for, and strategies to promote the
adoption of green innovations in general (e.g.,rCétaal., 2009; Hakkinen and Belloni, 2011;
Shi et al., 2013; Ahn et al., 2013; Li et al., 2814AlSanad, 2015). As such, most of the
findings and suggestions from these studies areergerfor GB, requiring validation
regarding their applicability to the adoption of GB Therefore, conducting a research that is
specifically focused on the adoption of GBTs, irder to validate the findings of the
literature review in this context is worthwhile.

3. Motivation for this research

Implementation of GBTs is very promising. GBTs hdkie potential to positively impact

environmental issues and help local governmentseaehsustainable development goals
(Robichaud and Anantatmula, 2011). Hence, many to@gnhave either already made the
promotion of GBTs adoption high on government ageodhave plans to do so in the near
future. Identification of the key issues associateth the adoption activity is essential for

effective promotion of GBTs. However, is it recaggl that research on GBTs adoption
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issues needs further efforts. Too general issuggamious studies present some limitations
when applied to the adoption of GBTs in practicherEfore, the issues that are specific to
GBTs adoption need to be identified to be more iapple. As such, the most
critical/important issues also need to be iderdifend prioritized. When this initiative is
accomplished and fully documented, these issuesbeafocused on in GBTs promotion.
Thus, this paper identifies the major issues th#itience GBTs adoption to help promote
GBTs adoption in the future.
4. Research methodology

This study adopts literature review and a quesagersurvey as its main method of data
collection. The research approach is presentedign Ik In order to achieve the research
objectives, this study also conducts rankiatgst, and concordance analyses using the SPSS

20.0 statistical package.

Literature review Potential issues influencing GBTs adoptio Barriers
* Drivers
Survey Preliminary survey questionnaire
* Pilot study Promotion strategies

Final survey questionnaire

v

Rating of GBTs aoption issues

Data analysis ¢ ¢ ¢ Ranking technique ttest + concordance analysis
Critical Major Important
barriers drivers strategies
inhibiting for GBTs to promote
GBTs adoption GBTs
adoption adoption
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Fig. 1. Research framework
4.1. Questionnaire design

As a systematic technique of data collection, thestjonnaire survey method has been
widely used to solicit professional opinions on tb&ues influencing the adoption of various
innovations in construction management researchhrRa, 2014; Mao et al.,, 2015).
Specifically, in the GB literature also, questiomaasurvey has been a popular method to
examine the issues influencing the adoption of giaaovations (Lam et al., 2009; Andelin
et al.,, 2015). Thus, to examine the issues infliendhe adoption of GBTs in the
construction industry, a questionnaire survey wasied out. Based on the literature review
discussed above, a questionnaire was designed liat sorofessional opinions from
international GB experts. The questionnaire was pmmead of three parts. The first part
explained the research objectives and presentddataretails. The second part was designed
to collect background information regarding the exxg position, profession, years of
experience, nature of experience, country of origimd whether they had been involved in
activities related to the adoption of GBTs. Therdhpart consisted of a list of potential
barriers to the adoption of GBTs (see Table 1)staof potential drivers for adopting GBTs
(see Table 2), and a list of potential strategiggromote the adoption of GBTs (see Table 3).
The experts were requested to evaluate the degnebith each factor was a critical barrier
to GBTs application using a five-point scale (1t aritical and 5 = very critical). In terms
of the main drivers for implementing GBTs, the eaxpewere asked to express their
professional opinions using a five-point scale (4trongly disagree and 5 = strongly agree).
Finally, the experts were asked to rate the impogaof various strategies according to their
roles in promoting the adoption of GBTs using a&fpoint scale (1= not important and 5 =
very important). The five-point Likert scale wasested, because it gives unambiguous

results that are easy to interpret (Ekanayake afwdi, 2004). Prior to the questionnaire
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425 survey, a pilot study was conducted to test the prehensiveness and relevance of the
426  questionnaire (Li et al., 2011). The pilot studyalved three professors, a senior lecturer,
427 and a postgraduate researcher who were experiém¢bis research are@he questionnaire
428 was finalized based on feedbacks from the pilalystu

429  4.2. Data collection

430 The questionnaire was distributed by email to ecdisekelected international GB experts
431  (both practitioners and academics), who were ifledtmainly through research publications
432  and databases (member directories) of worldwidec@cils. This study adopts Cabaniss’s
433 (2002, p. 42) definition of an expert: “an exparsbmeone with special skills or knowledge
434  evidenced by his/her leadership in professionahwimations, holding office in professional
435  organizations, presenter at national conventionglighed in recognized journals, etc.”
436  Therefore, the suitability of the initially idengfl experts was determined based on their
437  basic knowledge and understanding of use of gneeovations in the construction industry,
438  evidenced by their relevant GB research publicatipo respect the anonymity of the experts,
439 examples of the publications are not given) andfegistration as accredited green
440  professionals with recognized GB councils (suchUSGBC, Green Building Council
441  Australia, U.K. Green Building Council, Canada Grd&uilding Council, and World Green
442  Building Council). All questionnaires were sent datthe experts, attaching a Microsoft
443  Word file and a web link (to allow online responsesd a request for them to forward the
444  questionnaire to their colleagues or to other espdnat they know also have basic
445 knowledge of the issues to be assessed. Due toafiisoach to sample data collection
446  (similar to Rahman, 2014), the exact number ofrithigtion is unknown; however, more than
447 500 questionnaires were sent out. In order to e@ageu participation, the experts were
448 informed in the survey questionnaire that the ouke® can be shared with them (Li et al.,

449  2011). Due to resource constraints, it was diffitalproduce different language versions of
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450 the questionnaire, so only an English version ef gnestionnaire was used for the survey
451  based on the assumption that most of the seleaigelts could read, write, and understand
452  English.

453 The survey collected 104 valid responses concer@iBgds application from GB experts
454  around the world. Of these 104 responses, the imafoe., 33 responses) was received from
455 the US. The current study is based on only thee8Banses from the US. These 33 responses
456  were adequate compared with previous GB-relatetieg(e.g., 30 in Hwang and Ng (2013)
457 and Zhoa et al. (2016), and 31 in Hwang and TarlZpO0 In the general construction
458  management literature, with 25 experts, Mostaanfsidiri (2016) determined and analyzed
459  the major challenges and enablers for highway PPBe US. Moreover, as the central limit
460 theorem holds true with a sample size higher th@n sBatistical analysis could still be
461  conducted (Ott and Longnecker, 2001; Ling et &09.

462 The experts’ profiles indicated that 13 (39.4%)tloé experts were senior managers, 10
463  (30.3%) were directors/CEQOs, and the remaining 3M306) held other positions, such as
464  professor, project manager, sustainability advisand senior technologist, in their
465  organizations. With the professional backgroundtloé experts, those who identified
466 themselves as architects (12, 36.4%) and engin@&s 36.4%) formed the majority,
467  followed by town planners (3, 9.1%). Of the totahmber of 33 experts, 13 (39.4%) had more
468 than 15 years of experience in GB, 7 (21.2%) hadol15 years of experience, another 7
469 (21.2%) had 6 to 10 years of experience, and or{§8&2%) had 1 to 5 years of experience.
470  Furthermore, all of the experts had been involvedgdtivities related to adoption of GBTs
471  before, with 25 (75.8%) of them having direct exg@ece in GB projects.

472 In order to measure internal consistency amongahieus factors to assess the reliability
473  of the five-point scales, Cronbach’s alpha coeffitiwas used. The values of this study’s

474  tests were 0.912 (for barriers), 0.878 (for driyeend 0.844 (for promotion strategies),
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475  which were all greater than the threshold of hdjdating that the measurements using the
476  five-point scales were reliable at the 5% signiiioa level (Nunnally, 1978). Hence, the
477  collected sample can be treated as a whole, artdbsifor further rankingi-test, and
478  concordance analyses (Mao et al., 2015) in thevialg sections.

479  4.3. Data analysis

480 The mean score ranking technique has been widely imsprevious GB-related studies to
481 rank and determine the key factors among sevedalidual factors (Manoliadis et al., 2006;
482 Chan et al, 2009). It is a suitable method for titgs the criticality and
483  importance/significance of factors (Cheng and 002, Chan et al., 2003). There are papers
484  that expound specific details about the methoditsnchathematical background (Holt, 1997;
485 Ekanayake and Ofori, 2004). In this study, the meeore method is used to prioritize
486  barriers, drivers, and promotion strategies of GRBdsption, as perceived by the experts.
487  Where two or more factors happen to have the sasanmcore, the factor with the lowest
488  standard deviation (SD) was assigned the highds {istao et al., 2015). The one-sample
489  test was used to ascertain whether the mean stech factor was significant or not (Zhao
490 etal., 2016; Rahman, 2014).

491 The nonparametric test, Kendall's coefficient ohcordance (also known as Kendall's
492 W) is a coefficient index for ascertaining the oVleegreement amongst sets of rankings
493 (Chan et al., 2009). Before the statistical analyd€endall’s concordance analysis was
494  performed to check whether the experts were cargistr not in ranking the various factors
495 in the survey questionnaire (Siegel and Castell®88). The value of Kendall'#V ranges
496 from O to +1, where a value of O indicates “no agment” within the group on the ranking of
497 a particular set of factors, and +1 indicates “clatgagreement”. In this study, KendaWg
498  Wharriers Warivers @NdWpromotion strategisswere 0.269, 0.232, and 0.130, respectively (sd#eE 4

499 to 6). It is recommended that, since the numbdaabrs ranked in all cases were more than
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7 (N > 7) and with large sample size (> 20), the sigaffice of an observed/ should be
determined by referring to the approximate distiitiuof Chi-SquareX?) with N-1 degrees
of freedom (df) (Siegel and Castellan, 1988). i phesent studpariers= 221.641, df = 25;
Xarvers = 152.940, df = 20; andpromotion strategies= 47.260, df = 11, all of which have
probability of occurrence undgr < 0.001, indicating that there exists a good agesd
among the experts regarding the rankings of thedparto, drivers for, and strategies for
promoting the adoption of GBTSs.
5. Survey results
5.1. Ranking of barriers inhibiting the adoption@BTs

The experts were requested to rate the criticafi®6 factors in hindering the adoption of
GBTs. The results of the experts’ perceptions hmve in Table 4. Thétest of the means
indicates that 15 out of the 26 factors were careid significant or critical in GBTs
implementation. The first, as ranked by the expeastsresistance to change from the use of
traditional technologies” (mean = 4.24), which mig deemed as the most critical barrier
inhibiting the adoption of GBTs in the US constrastmarket. It is also noted that this is the
only barrier with mean score above 4.00. “Lack nbkledge and awareness of GBTs and
their benefits” and “higher costs of GBTs” have #ame mean scores. However, the SD of
“lack of knowledge and awareness of GBTs and theirefits” is 0.740, which is lower than
that of “higher costs of GBTs,” which is 1.166. Téfere, “lack of knowledge and awareness
of GBTs and their benefits” (mean = 3.88, SD = 0)74 ranked second, and “higher costs of
GBTs” (mean = 3.88, SD = 1.166) is ranked as tire thost critical barrier. The fourth- and
fifth-ranked barriers are “lack of GB expertisell®d labor” (mean = 3.73) and “lack of
government incentives/supports for implementing GB{imean = 3.67), respectively. It is
interesting to note that “implementation of GBTstiime consuming and causes project

delays” (mean = 2.55, rank 24) was ranked verydsva barrier to applying GBTs. This is in
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contrast with what has been previously reportedother researchers (Lam et al., 2009;

Hwang and Ng, 2013; Shi et al., 2013), that tima @ucial barrier to the adoption of green

innovations.

Table 4
Ranking of barriers inhibiting the adoption of GBT-$est, and test of concordance.

Frequency of responses

Code 1 2 3 4 5 Mean SD Rank  Significahce
b14 0 1 2 18 12 4.24 0.708 1 0.000
b04 0 2 5 21 5 3.88 0.740 2 0.000
b01 1 4 6 9 13 3.88 1.166 3 0.004
b03 0 3 6 21 3 3.73 0.761 4 0.000
b05 2 4 5 14 8 3.67 1.164 5 0.007
b22 2 3 6 17 5 3.61 1.059 6 0.002
b02 1 5 8 11 8 3.61 1.116 7 0.000
b18 0 6 10 12 5 3.48 0.972 8 0.002
b09 1 3 13 13 3 3.42 0.902 9 0.011
b12 1 5 13 8 6 3.39 1.059 10 0.040
b06 1 3 15 12 2 3.33 0.854 11 0.501*
b0o7 1 4 16 10 2 3.24 0.867 12 0.338*
b23 2 6 13 8 4 3.18 1.074 13 0.118*
b21 0 10 12 8 3 3.12 0.960 14 0.032
b1l 2 8 8 14 1 3.12 1.023 15 0.474*
b25 3 7 9 11 3 3.12 1.139 16 0.545*
b15 2 11 6 9 5 3.12 1.219 17 0.609*
b17 1 9 12 8 3 3.09 1.011 18 0.572*
b10 4 6 12 7 4 3.03 1.185 19 0.521*
b19 1 8 18 5 1 2.91 0.805 20 0.013
b16 2 10 15 3 3 2.85 1.004 21 0.884*
b20 2 15 10 6 0 2.61 0.864 22 0.392*
b26 8 8 8 7 2 2.61 1.248 23 0.079*
b13 5 12 11 3 2 2.55 1.063 24 0.020
b24 8 8 12 4 1 2.45 1.092 25 0.007
b08 10 14 6 2 1 2.09 1.011 26 0.000
Kendall'sW’ 0.269

Chi-Square 221.641

df 25

Level of significance 0.000

Note:®* Data with insignificant results of one-sampleesst p > 0.05) (2-tailed)® Kendall's Coefficient of
Concordance test on the barriers among the experts.

5.2. Ranking of drivers for adopting GBTs

The experts were also asked to rank the major rif@ implementing GBTs. The

results are summarized in Table 5. The significdaecels fromt-test analysis show that

only

one out of the 21 factors rated by the expertasgnificant. Moreover, the mean scores of

all the factors are above 3.00 (the average ofrdtiag scale). These results suggest that,

overall, the factors considered in this study plaportant roles in driving the adoption of
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GBTs in the construction industry. As shown in Bab] “greater energy-efficiency” (mean =

4.64) is ranked first, suggesting that energy sgavatong with reduced GCGemissions, was

perceived as the prime reason for deciding to a@@y's. The experts agreed that the second

major driver is “greater water-efficiency” (meand=33), followed by “company image and

reputation/marketing strategy” (mean = 4.18), “ioy@d occupants’ health, comfort, and

satisfaction” (mean = 4.15), “reduced environmenmtgdact” (mean = 4.12), “reduced whole

lifecycle costs” (mean = 4.09), “attract premiunrests/increased building value” (mean =

4.06), “better indoor environmental quality” (mean4.03), and “high rental returns and

increased lettable space” (mean = 4.00). The laa&ed driver is “efficiency in construction

processes and management practices” (mean = 3.09).

Table 5

Ranking of drivers for adopting GBTistest, and test of concordance.

Frequency of responses

Code 1 2 3 4 5 Mean SD Rank Significahce
do2 0 0 0 12 21 4.64 0.489 1 0.000
do3 0 0 3 16 14 4.33 0.646 2 0.000
dos 0 0 5 17 11 4.18 0.683 3 0.000
do4 0 0 4 20 9 4.15 0.619 4 0.000
doé 0 1 7 12 13 4.12 0.857 5 0.000
doi 1 2 3 14 13 4.09 1.011 6 0.000
di2 0 0 7 17 9 4.06 0.704 7 0.000
do7 0 0 10 12 11 4.03 0.810 8 0.000
dil 0 0 9 15 9 4.00 0.750 9 0.000
do9 0 1 7 17 8 3.97 0.770 10 0.000
dos 0 4 8 10 11 3.85 1.034 11 0.000
di4 0 4 7 19 3 3.64 0.822 12 0.000
di7 0 3 11 14 5 3.64 0.859 13 0.000
d10 0 2 12 16 3 3.61 0.747 14 0.000
dis 0 6 5 19 3 3.58 0.902 15 0.001
di5 0 7 7 13 6 3.55 1.034 16 0.005
di9 0 6 10 11 6 3.52 1.004 17 0.006
d21 0 9 8 9 7 3.42 1.119 18 0.037
di3 0 6 11 13 3 3.39 0.899 19 0.017
di6 0 8 7 18 0 3.30 0.847 20 0.048
d20 0 8 14 11 0 3.09 0.765 21 0.501*
Kendall'sW’ 0.232

Chi-Square 152.940

df 20

Level of significance 0.000

5.3. Ranking of strategies to promote GBTs adoption
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Table 6 summarizes the results on the relative tapoe of strategies to promote the

adoption of GBTs among construction stakeholdeirst,Fa total of 12 promotion strategies

were examined in the survey, and thest of the means indicates that all of the sffatehad

significant importance. The experts believed tHa six most important strategies are

“financial incentives and further market-based mses” (mean = 4.30), “availability of

better information on cost and benefits of GBTs"’eéan = 4.21), “green labelling and

information dissemination” (mean = 4.00), “mandat@B codes and regulations” (mean =

3.97), “a strengthened GB technology research ahdation, and communication of new

technologies” (mean = 3.88), and “educational powy for developers, contractors, and

policy makers related to GBTs” (mean = 3.88).

Table 6

Ranking of strategies to promote GBTs adoptigest, and test of concordance.

Frequency of responses

Code 1 2 3 4 5 Mean SD Rank Significahce
p01 0 1 1 18 13 4.30 0.684 1 0.000
p09 0 2 5 10 16 4.21 0.927 2 0.000
p03 0 2 7 13 11 4.00 0.901 3 0.000
p02 0 3 4 17 9 3.97 0.883 4 0.000
pl2 0 1 7 20 5 3.88 0.696 5 0.000
p08 0 2 6 19 6 3.88 0.781 6 0.000
p05 0 5 9 9 10 3.73 1.069 7 0.000
p10 0 2 13 14 4 3.61 0.788 8 0.000
p07 0 5 8 15 5 3.61 0.933 9 0.001
p04 0 6 7 17 3 3.52 0.906 10 0.003
pll 0 4 13 11 5 3.52 0.906 10 0.003
p06 0 9 8 11 5 3.36 1.055 12 0.036
Kendall'sW 0.130

Chi-Square 47.260

df 11

Level of significance 0.000

6. Findings and discussion

GB represents a comprehensive mission in the agrtgtn industry that incorporates the

accomplishment of environmental

stewardship,

sodaiesponsibility,

and economic

prosperity. To help accelerate the adoption of GBhis study identifies and examines the

major barriers, drivers, and promotion strategiésGBTs adoption by analyzing the
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professional views of GB experts from the US. Theking of these issues would enable
stakeholders, especially policy makers, to undedsteey areas wherein future GB/policy
initiatives are necessary to encourage wider uptékeBTs. The following sections discuss
the findings of the study. In this study, the proimo strategies work alongside the drivers to
overcome the barriers. This study uses a pathwaxamine the adoption activity, starting
with the barriers and finally arriving at the protmoo strategies, which is a more useful way
to better understand the variety of issues inflienGBTs adoption than analyzing the issues
individually (Aktas and Ozorhon, 2015). Due to thsgace/word limitation, the following
discussions give priority to the top-ranked factiorghe results highlighted in the previous
sections. The findings are also compared with thdirigs reported in the broad literature
concerning the adoption of green innovations.
6.1. Barriers

There remain barriers to the successful and wiéeshadoption of GBTs in the US. The
survey results indicate that ‘resistance to chainge the use of traditional technologies’
(ranked first) was perceived to be the most cilito@rier. This finding is consistent with the
previous study by Du et al. (2014) concerning ttepsion of energy-saving technologies in
the Chinese construction industry. Resistance fstakeholders can be detrimental to the
ultimate success of GBTs implementation. By nathraman beings are resistant to change,
and this can be particularly true in the constarctindustry wherein liability is a serious
issue (DuBose et al., 2007). The US constructidastry is often known to be an innovation
laggard. Due to its size, fragmentation, diversaypd low investments in research and
demonstration, the construction industry is char@med by relatively slow rates of
innovation (USGBC, 2003). Whether due to exogenmugndogenous risks, construction
firms in the US have traditionally resisted innogat(Sanderford et al., 2014). These issues

may explain why resistance to change is considdredmost critical barrier inhibiting the
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adoption of GBTs in the US. Besides, it is truet tihas difficult to persuade stakeholders
who are accustomed to traditional technologies liange their mindsets, attitudes, and
behaviors to use GBTSs.

As a critical barrier to implementing GBTSs in th& Ulack of knowledge and awareness
of GBTs and their benefits’ occupied the seconditipos The high rank of this barrier
supports the findings of previous research that laicknowledge and understanding from
stakeholders, such as contractors, subcontracioests, and structural engineers, is a major
barrier to the adoption of green innovations in & (Ahn et al., 2013Rodriguez-Nikl et
al., 2015). Bayraktar and Arif (2013) observed tiegre were no efforts in the US to create
awareness programs that specifically target GBTikebtapportunities among stakeholders.
In practice, non-green thinking still prevails. WhiGBTs are increasingly capturing the
attention of the construction industry, many staltéérs remain unaware of the wide-ranging
benefits associated with them. The accumulationstrading of knowledge is crucial to drive
the sustainability agenda in the construction itrgu&Chong et al., 2009; Love et al., 2012).
Therefore, a lack of knowledge and awareness of <a&ihnot provide sufficient confidence
to encourage most construction stakeholders tota@Bp's.

As expected, ‘higher costs of GBTs' was ranked higmongst the barriers to
implementing GBTs in the US; it was ranked as theltmost critical barrier by the experts.
The high criticality of cost in inhibiting the widpread adoption of GBTs is supported by the
literature (Zhang et al., 2011a, b). Although m&®s can be built at comparable or even
lower cost than non-GBs (Kats, 2003), GB demandsube and integration of new and
innovative green technologies that usually cost entbran their non-green counterparts,
making stakeholders hesitant to implement them. ddeeof GBTs can increase project cost
by 2-7% (USGBC, 2003). In the construction industymost every stakeholder shows

concern about cost in the first instance when dansig the application of new technologies
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and new norms (Shi et al., 2013), which is a veoyiaus barrier in the field of green
technology. The lack of knowledge and understandintpe real costs and benefits of GBTs
might be one of the key issues exaggerating theezarabout cost.

Another critical barrier is the ‘lack of GB expesiskilled labor’ (ranked fourth),
resulting from a shortage of GB education and tngirefforts in the construction sector. On
the basis of this finding, it can be stated thatnamber of stakeholders who have expertise
in GBTs in the US is limited. The finding agreegstwihe literature that lack of technical
knowhow is a barrier to the implementation of grearovations (Tagaza and Wilson, 2004;
Williams and Dair, 2007). Because of the complexurea of most GBTSs, insufficient
technical knowledge and expertise in them wouldatlye hinder their successful
implementation and development. Li et al. (2014b)nfed out that GB knowledge and
experience is the most important organizationalofato implement GBTs on construction
projects. Hence, more technically competent stdklen® who are experienced and well
versed with currently available GBTs are neededntwve forward with the application of
GBTs in the US.

The fifth ranked barrier was ‘lack of governmententives/supports for implementing
GBTs’, which provides evidence that this barriesveanphasized by the experts, as they see
insufficient support for the development of GBTstlve US. Lack of government incentives
is reported as a major barrier to the implememntatibgreen innovations in other studies as
well (Love et al., 2012; Zhang et al., 2012). Stakders would like to see policy makers’
and advocates’ direct intervention in the GBTs ratirkn the form of more effective
incentives to support their implementation of GBReasonable incentives can motivate
market stakeholders to pursue GBTs. In the US, sstates and local governments provide
incentives, such as tax credit, expedited pernats] density bonus, to encourage the

adoption of GBTs among construction stakeholdenges€ states and local governments have
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646 tried to prove that even modest incentives canudéite market interest in GBTs by offsetting
647 the higher cost (USGBC, 2003). However, if stakdbod cannot receive sufficient
648 government support, then it would be difficult fimlem to bear the higher costs of GBTs.
649  Without sufficient government support, the expe@ednomies of scale in GBTs are difficult
650 to achieve in the current market mechanism.

651 An interesting finding is that the experts did perceive ‘implementation of GBTs is
652 time consuming and causes project delays’ (rank &)a highly critical barrier to
653 implementing GBTs, which did not concur with prawsostudies, as indicated earlier. It was
654 expected that time would receive higher criticalignongst the GBTs adoption barriers,
655 because, for example, it is known that since mostat GBTs have yet to be perfected, their
656 implementation usually causes problems that legorégect delays (Hwang and Ng, 2013).
657 Moreover, the consideration of GBTs could causgeptodelays, as more time is often
658 needed to effectively incorporate all necessarhnelogies into the green design. This
659 usually means more involvement, communication, iatetactions between different groups
660 of stakeholders with the requisite knowledge angdeernce, which could also delay the
661  project. However, one possible reason why the tiefeted barrier was ranked very low may
662  be that integrated design process which allows gmdime for feedbacks and revisions on
663 GB projects (Yudelson, 2009b) helps ensure thdicserfit time is allocated for the green
664  project so that GBTs could be implemented withimjget schedule, thus making the
665 schedule delay or time overrun problem decreasatinality.

666  6.2. Drivers

667 Despite the existence of barriers in the implenteraof GBTs, stakeholders have
668  several reasons for deciding to use GBTSs. ‘Greatergy-efficiency’ was the highest ranked
669  driver for applying GBTs. This result agrees wittatt of previous studies on sustainable

670 construction drivers by Augenbroe and Pearce (2@08€) Ahn et al. (2013) in the US, and
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Manoliadis et al. (2006) in Greece. The findingoadgrees with other researchers (Windapo,
2014; Brotman, 2016), who found that rising enargsts is the most important driving force
behind green innovations implementation. Energycieficy is indeed a high-priority in
many developed countries (Pacheco et al., 2012thénUS, the Department of Energy
(DOE) is one of the well-known government agen@stablished to ensure the country’s
prosperity and security by addressing its energwirenmental, and nuclear challenges
through transformative science and technology swiat (US DOE, 2016). The US DOE
believes that energy efficiency is one of the esasa@d most cost effective ways to mitigate
climate change, improve the competitiveness ofrmassies, improve air quality, and reduce
energy costs. As buildings account for a significamount of energy use, improving
building energy efficiency is a critical effort tramatically reduce unstainable energy needs.
This study suggests that stakeholders place valukeoapplication of GBTSs, because it helps
them achieve high energy-efficient buildings. Tqdstgkeholders are seeking ways to reduce
their energy-related expenditures, recognizing thabvative solutions can reduce energy
use by 25 to 40% (Vanderpool, 2011). Love et &1 established that the most notable
benefit from implementing GBTs is a reduction ireggy consumption. Savings in energy
costs of 20-50% are common through the utilizabbrenergy-saving technologies, natural
daylight and ventilation, renewable energy techges, and light-reflective materials
(USGBC, 2003), which means that stakeholders caddce their utility bills and thus save
money over a GB’s lifecycle. It is true that suam economic benefit can substantially
increase the motivation of stakeholders to take parGBTs implementation, because
economic benefits are the most essential issuabiddousiness survival of every stakeholder
(Chan et al., 2009).

GBs are commonly known to have reduced whole lgkrygost. This reduced lifecycle

cost can be attributed to savings on water andggngpically 30 to 50% (Yudelson, 2008),
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made possible through proper integration and padoice of innovative green technologies.
Therefore, just after greater energy-efficiencyeajer water-efficiency’ was ranked by the
experts as the second major driver for implemen@BJs. GBTs such as permeable surface
technology, water reuse and water-saving appliantegnize impacts on water quality to
gain water efficiency (Zhang et al., 2011a).

The results of this study provide evidence thattthil major driving force behind the
adoption of GBTs is ‘company image and reputati@iketing strategy’. This finding has
been supported by the literature (Andelin et @13 Zhang et al., 2015). In this modern
competitive business environment, establishing adgmnage and reputation has become
crucial for companies’ survival. This study suggettat construction stakeholders see the
adoption of GBTs as a wise decision to enhance tlegutation and gain competitive
advantages such as market differentiation. EmpipyBTs could improve the public
reputation and image of stakeholders, because & I®lpful way to develop GBs that
contribute to improving public health. The good lwleputation and image can translate
into marketing benefits for the company adoptingT&Bespecially when customers demand
for green living environments and energy-efficidntildings. Thus, companies that build
green can attract high-income buyers with high&rssarice (Zhang et al., 2011b). Therefore,
as most stakeholders, e.g., developers, act a®riaghteconomic men” who pursue profit
(Mao et al., 2015), GBTs could be attractive tanthe

As ranked by the experts, other highly ranked nadtbns for engaging in the
implementation of GBTs include ‘improved occupant€alth, comfort, and satisfaction’,
‘reduced environmental impact’, ‘reduced whole dyfele costs’, ‘attract premium
clients/increased building value’, ‘better indoanveonmental quality’, and ‘high rental
returns and increased lettable space’, all of wiaich commonly known benefits associated

with GB and it is comforting to note that the inttysappreciate that they could help drive the
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adoption of GBTs. Advocates should take time to eap with strategies to widely promote
these drivers in society in order to influenceititerest people have in GBTSs.

‘Efficiency in construction processes and managérpeactices’ was ranked as the least
important driver for adopting GBTs. This may be dexe the adoption of GBTs may not
automatically improve the efficiency of the constran process; other management
approaches may be required for process efficiency.

6.3. Promotion strategies

Various strategies are required to overcome thedpsraffecting the adoption of GBTS,
for successful and widespread adoption. This sthdg explored the most important
strategies to promote the adoption of GBTs. Thee®erts from the US perceived ‘financial
incentives and further market-based incentivesth@smost important promotion strategy.
This result agrees with Mulligan et al. (2014), wioond that increased incentives was the
greatest opportunity to increase the adoption of i@Bthe US. Incentive schemes are
measures to promote green innovations and incitbasmotivation of stakeholders to meet
higher standards (Qian et al.,, 2016). Financial famther market-based incentives are of
great importance to GBTs adoption promotion, beeaxigshe compensation they provide to
stakeholders who implement GBTs. Thus, as an ecmnsupport, incentives provided by
local governments or financial institutions serv@ d¢ompensate stakeholders for the
additional cost and/or efforts that may be requit@dncorporate GBTs into their projects.
Such an economic support can greatly influence @fept funding (Zhang, 2015) and thus
can have a significant impact on the developmen&Bf's in a country. Given that most
stakeholders are mainly concerned with profit, thmgher costs of GBTs present a
considerable loss of money. Therefore, cost redndtrategies or strategies to reduce cost
burden for stakeholders could accelerate the anlomtf GBTs. As cost is one of the main

reasons for stakeholders to be reluctant to inmoudie provision of more attractive and
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encouraging incentives could not only be a solutthe lack of incentives and higher cost
barriers, but also to the resistance to changehnis become the most critical barrier to the
adoption of GBTs (see Table 4). The governmentahdr public policy makers should pay
a more careful attention to incentive programs BIT& adoption promotion. The findings of
this study suggest that the related incentivegwalhces, and tax credits can stimulate
demand for GBTSs, but to speed up the adoption peydbe government needs to reinforce
incentive policies. More incentive schemes coulgimvided in every state to create a more
supportive environment for GBTs implementation lmufish. Such incentives should apply
to both residential and commercial markets andltgraups of stakeholders who patronize
GBTs, ranging from developers to customers or tenaif this is not taken into
consideration, then widespread adoption of GBTslevoemain a challenge.

The second rank of ‘availability of better infornwet on cost and benefits of GBTS’
implies that the experts attached great importaodéis promotion strategy, as information
is essential for the acquisition of relevant knalge and for the creation of public awareness
and acceptance (Rogers, 2003). According to Patbbaal. (2009), availability of better
information on cost and benefits of GB guidelineswhe most important strategy to catalyze
the adoption of GB guidelines in India. In the domstion industry, stakeholders who have
easy access to information are keener on adoptiagge-efficient technologies (Pinkse and
Dommissse, 2009). This study confirms that the igiom of relevant information concerning
GBTs and their benefits to the public is cruciatteate market demand. In the US, although
information regarding GBTs exists within some sta#ed local governments and federal
agencies, it is often difficult to find. To catagyzhe adoption of GBTs, advocates can
develop stronger advertising and communicatiorteggras that make good and maximum use
of available research studies, fact sheets, andndectations demonstrating the ‘big picture’

benefits of GBTs. GBTs information should be disseted more widely and released in
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771 ways that are readily accessible and helpful. Ap@inensive national database of GBTs and
772 their benefits would be valuable for promoting GB&doption. An increased public
773 awareness of the sustainability benefits of GBTalddelp stakeholders overcome the
774  concern about cost and be more willing to adopt &BT

775 ‘Green labelling and information dissemination’ wasked as the third most important
776  strategy to further the application of GBTs in th8. This reinforces the argument of Qian
777 and Chan (2007, 2010) that green labelling andrim&tion dissemination is an essential
778 government measure to promote building energyieffmy/GB. Aktas and Ozorhon (2015)
779 asserts that it is nearly impossible for stakehsld® successfully implement green
780 innovations without any guidance or support. Theljelve that a local rating system could
781 help overcome this problem. Today, there are mamy r&ing systems and labelling
782  programs in the US that provide useful informatwonGB to the public, including systems at
783 the national, regional, and state levels, such BED, ENERGY STAR, Green Seal, and
784 Green Globes. These rating systems have been nmmttal in mainstreaming GB
785 development, and the experts agreed that theynapertant to promote the adoption of
786  GBTs. Sustainability in the construction industsy aften measured by the level of, for
787 instance, LEED certification issued by the USGB@nkEk, much of the popularity gained by
788  GBTs in the US can be credited to the introductibthe GB concept by the USGBC through
789 its LEED rating system in 1993 (Karakhan, 2016nc8iits introduction, the LEED rating
790 system has been applied increasingly on public andate projects nationally and
791 internationally. One advantage of LEED is that ieates a brand that is attractive to
792  stakeholders, helping make GBTs more attractival(igaez-Nikl et al., 2015). Although the
793 LEED program is a voluntary rating system, someestalocal jurisdictions, and federals
794 mandate its application on projects they fund. Themdate may explain the relatively high

795 concentration of GBTs application in states like Shagton (Center for Construction
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Research and Training (CPWR), 2013). Therefore,datamg the use of LEED on more
public and private projects would increase the o&doption of GBTSs.

Having an efficient legal framework is a key fachorsuccessful GBTs implementation.
Gann and Salter (2000) argued that government atgyl policies have strong influence on
demand and on the direction of technological intions. Endorsement of a GBT by the
government can accelerate its maturity in a couliven though the high rank of ‘mandatory
GB codes and regulations’ (ranked fourth) cleahlgvgs that mandatory government policies
play a crucial role in promoting the implementatmnGBTSs, it is surprising to find that this
promotion strategy which forces GBTs adoption wa$ ranked as the most important
strategy to promote GBTs adoption in the US. Onsside explanation for this is that the
respondents may have been GB experts who showeel coocern about financial support
(economic issue). This result is not consistenhv@han et al. (2009), who claimed that
mandatory government regulation is the most esslengans to promote the GB market. The
study provides evidence that governmental initegiin the form of policies and regulations
are important to drive stakeholders to take relewations for GBTs adoption. In the US,
while the federal government has played a critiobd in promoting green innovations, much
of the push for green innovations comes from steggslatures. Legislators from states
around the US have considered using mandatoryigelend regulation to promote green
innovations. In the state of Michigan, for examylligan et al. (2014) have recognized
some of the recent GB policies. Korkmaz (2007) tbthmat strict local codes and regulations
are playing important roles in promoting green watmns in states like Washington and
California. To further the use of GBTSs, the goveemtnshould regularly monitor, assess, and
strengthen state policies to maximize their effextess at promoting GBTs implementation.

The results of this study also indicate that ‘&rsfthened GB technology research and

education, and communication of new technologiesd deducational programs for
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developers, contractors, and policy makers reladg@dBTs’ are the fifth and sixth important
strategies to promote the adoption of GBTSs, resgsygt These results suggest that greater
GBTs research, education, and training effortsparetal for continuous promotion of GBTs
adoption in the US. Increasing funding for GBTseash would help to further promote the
adoption of GBTs. To help solve the high cost peahl robust scientific researches and
analyses — based on lifecycle costing — can beumted to quantify the real costs of and
benefits resulting from implementing GBTs. Comprediee and accurate economic tools can
be adopted to assist this quantification, whichusthdve capable of educating stakeholders to
better comprehend the concept of ‘total cost of enship’ over the lifecycle of a building
and convince them that, although the initial inuestt may be high, investing in GBTs is a
good and fruitful business practice. The preserd@BI's education and training champions
who could help build the knowledge of stakeholdamnscurrent GBTs on the market, their
system performance, and benefits can also cattigzadoption of GBTSs.
7. Conclusions and future research

It is projected that the adoption of GBTs in thenxgtouction industry will continue to
grow in the future. This study investigates theanggsues influencing the adoption of GBTs
from the perspectives of US GB experts. Thus, givenlimited empirical studies on issues
influencing GBTs adoption, the present study cbotes to the body of knowledge by
identifying the issues that are primary for the GBTs market stakeholders. It is concluded
that several issues influence and shape GBTs ingritation. A wide range of barriers,
drivers, and promotion strategies of GBTs adoptiene identified and examined by using a
combination of research methods, including liter@teview and a questionnaire survey. The
issues influencing GBTs adoption were further aredyby using ranking technique, thus
providing a clear understanding of the key issthas @are worthwhile to pay more attention to

in GBTs adoption promotion efforts.
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846 This study examined 26 barriers, 21 drivers, andpi@motion strategies from the
847  perspectives of GB experts. 15 out of the 26 baneere recognized as critical barriers to
848 the use of GBTs, with the most critical barrierrgeresistance to change from the use of
849 traditional technologies, followed by a lack of kvledge and awareness of GBTs and their
850 benefits, and higher costs of GBTs. With respe¢héoGBTs adoption drivers, 20 out of the
851 21 drivers were recognized as significant drivevéh the top three drivers being greater
852  energy-efficiency, greater water-efficiency, andnpany image and reputation/marketing
853 strategy. All of the 12 promotion strategies of GBHadoption were recognized as
854  significantly important strategies, with the masiportant strategy being providing financial
855 and further market-based incentives, followed bgilability of better information on cost
856 and benefits of GBTs, and green labelling and mttton dissemination. The results of this
857  study display a consensus of rankings amongst Bi@xperts, as verified by the Kendall’s
858  coefficient of concordance. While the identifiedriiers were cited in this study as barriers
859 that inhibit the implementation of GBTs, most oéith could be offset or otherwise overcome
860 by taking advantage of the identified drivers anahpotion strategies.

861 This study’s results are expected to contributermftion valuable for policy-making in
862 the construction industry and in the implementatadnGBTs in the future. The findings
863 contribute to deepened understanding of the magsues that influence GBTs
864 implementation. The results are relevant for the ®ESI's market, but might also be useful
865  for policy makers in other countries. Moreover,efign entities attempting to develop GBs
866 and thus use GBTs in the US could learn lessoms the opinions of local GB experts who
867 have had some years of experience in the adoptiGBds.

868 There are some limitations of this study that watrruture research attention. First,
869 although the sample size was adequate to condatidtistal analysis, it is appreciated that it

870 is nevertheless a relatively small sample. Futesearch is required to employ a larger
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sample to see whether the results would differ fiehat have been reported in this paper.
Second, future research could use more advancdististd analysis techniques, e.g.,
structural equation modelling, to verify the exatluences of the specific factors on the
adoption of GBTSs. Lastly, future study could congptre views of GB experts from different
countries on the GBTs adoption issues to observ&etiapecific differences.
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1 Critical barriers inhibiting green building techagies adoption are investigated.
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