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1. Background

Sustainability is an inevitable trend. However, the number of green developments is still limited
worldwide. Previous studies have attributed this to the influence of various factors, such as
regional policies, green building assessment processes, integrative project management,
individuals’ perception on upfront costs, and so on (e.g., Chan et al., 2009; Bartlett and Howard,
2000). However, it is uncertain which factors are more critical in motivating or hindering
sustainable developments. More importantly, in addition to the above mentioned business
rationale and related social concerns, the performance and tangible benefits of green buildings
are also uncertain. Hence, to foster sustainable development worldwide, there is an urging need
to investigate the influencing factors, performance and tangible benefits related to green
buildings in the AEC (Architectural, Engineering and Construction) sector. As such, the study
aims to investigate the factors, performance and benefits of green buildings worldwide. To
achieve this aim, the objectives of the study include:

- to identify the motivational and hindrance factors affecting green building developments; and

- to investigate performance and benefits of green building developments.

2. Systematic Literature Review

Based on the extensive literature review, factors affecting green building developments can be
categorized into two main groups, namely industrial- and project-level factors.

2.1 Influencing Factors

2.1.1 Industrial-level factors

Sustainability Climate

Though facing criticisms for years, the linear supply chain approach is still dominating the AEC
industry. Under this approach, clients are the key in initiating any innovation or changes
(Manley, 2006). Although there are certain levels of awareness and interests in green
developments in the construction sector (Abidin, 2010; Abidin and Powmya, 2014), various
studies have indicated that the current social awareness and perception are insufficient for
fostering sustainable developments in the industry (e.g., Liu and He, 2011 William and Dair,
2007; Zhang, 2014). Clients’ leadership and demand for green are also found to be inadequate
(Griffin, 2010; Zhang, 2014). In general, sustainable developments are perceived as more
expensive, requiring workers with higher-level competencies, and higher technological know-
how (e.g., Simpeh, 2015). These risk perceptions hinder AEC firms from developing sustainably
(Du Plessis et al., 2002).

Sustainability Policies

Governments around the world have launched various green policies to encourage sustainable
developments in the AEC sector. However, success of these policies depends on four key factors.
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Firstly, a comprehensive policy package is essential in fostering full-cycle sustainability. For
instance, the sustainable policy in Australia has been criticized for putting too much emphasis on
energy efficiency, while lacking consistent focus on systematic green construction (Yang and
Yang, 2015). Secondly, complexity of codes and regulations may also affect developers’
decision-making for sustainability. For instance, previous studies revealed that developers have
encountered difficulties in estimating the initial costs of a green building project, due to the
complex codes and regulations (e.g., Hwang and Tan, 2012). Thirdly, fiscal incentives to
promote green buildings, such as taxes benefits, rebates and discount on application fee, can also
be critical (Olubumi, 2014). In view of the high initial cost and long payback period of
sustainable developments (Li, Yang, He and Zhao, 2014), fiscal incentives have been considered
as inadequate in motivating developers to invest in sustainable developments (Olubunmi, 2014).
Fourthly, non-fiscal incentives for green buildings, such as technical assistance, expedited
permitting, business planning assistance, market assistance, etc., have also been commented as
inadequate (Olanipekun et al., 2016; Olanipekun et al., 2017).

Green Building Assessment Processes & Methods

In recent decades, various schemes are developed for green building assessment and certification
worldwide. Commonly adopted green building assessment systems include LEED (Leadership
in Energy and Environmental Design), BEAM (Building Environmental Assessment Method),
BREEAM (BRE Environmental Assessment Method), GBCA (Green building council of
Australia Green Star), Green Mark Scheme, DGNB (The German Sustainable Building Council)
system, CASBEE (Comprehensive Assessment System for Building Environment Efficiency),
and so on (Zuo and Zhao, 2014). Their common focuses are on energy efficiency, indoor
environment quality, and environmental impacts (Zhang, 2018).

Although these assessment schemes have different objectives and assessment scopes, they are
similar in terms of assessment framework. Using a score-based rating system, different points
are assigned to different checklist elements. The sum of the total element score indicates the
sustainability level of a building (Retzlaff, 2008). However, developed based on different
regional situations and needs, element weighting differs across schemes. For instance, the
weight of water i1s 10% in assessment scheme adopted in Northern Territory; while it is 15% in
assessment scheme adopted in Queensland (Zuo and Zhao, 2014). There is uncertainty about
which, or any, of these scheme(s) can accurately reflect how sustainable a building project is
(Suzer, 2014).

On the other hand, some of the green building assessment processes have been commented as too
rigorous and too time-demanding, which act as barriers for developers to join the schemes (Chan,
Qian and Lam, 2009; Hes, 2007). For instance, LEED is one of the most popular green building
assessment schemes in the world. However, it has been commented as too complex, challenging
and time consuming (Ding, 2007).



2.1.2 Project-level Factors

Project Management in Green Building Developments

Project sustainability starts with managing or engineering stakeholders’ values and a principled
approach to manage green performance throughout the project lifecycle. Previous studies have
indicated that early incorporation of sustainability issues in value management can reduce capital
costs of a green project (Bartlett and Howard, 2000). When comparing with conventional
projects, green building projects demand more new knowledge from multi-disciplinary project
parties, more project meetings are thus required to foster knowledge exchange and advanced
problem solving (Hwang and Ng, 2013). Communication and collaboration have been identified
as key successful factors in green building developments (Rohracher, 2001; Zhang, 2014). In
addition, previous studies have indicated that the approval process for green feature is generally
longer (Hwang and Ng, 2013). This puts an additional burden on time management in green
building projects.

Green Knowledge and Information

Knowledge and information in green designs, building systems, construction methods, products,
and so on, are the keys to successful green developments. However, previous studies have
indicated that there is still a lack of knowledge and information regarding green products,
building systems, and cost data in the AEC sector (e.g., Hwang and Tan, 2012). Professional
education and training on sustainable development have also been criticized as insufficient in the
sector (Ying Liu, Pheng Low, and He, 2012; Yang and Yang, 2015). Due to the lack of green
knowledge, firms are conservative in adopting green products, technologies or methods; and they
tend to encounter more difficulties in green projects (Zhang, 2014). As such, there is a strong
need of demonstration projects to promote and showcase any efficient green technologies and
construction methods in the sector (Chan et al, 2009; Potbhare et al., 2009). On the other hand,
cost data, including both capital and operation costs, are the key to motivate developers to invest
in sustainability. Therefore, it is suggested that different cost estimation methods should be
applied to fully understand the economic benefits of green buildings (Nguyen et al., 2017).

Perceived Risks

Due to the various factors mentioned above, green projects are considered to have higher risks in
terms of project cost, time and quality. For instance, the project may fail to get a green
certification and/or fail in achieving a higher return after investment is made (Nguyen et al.,
2017; Yang and Yang, 2015). Due to the higher complexity in green building projects, delay
may occur due to prolonged certification and permission processes (Simpeh, 2005), and more
alterations and variations may arise during the construction stage (Hwang and Ng, 2013). These
risk perceptions hinder AEC firms from attaining sustainability (Du Plessis et al., 2002).



2.2 Outcomes of Green Building Developments

2.2.1 Tangible Outcomes

Even though the concept of “green costs more” has been prevailing in the AEC sector in the past
decades (e.g., Bartlett and Howard, 2000), previous studies indicate that green buildings can
result in higher rents and asset values (e.g., Eichholtz, Kok and Quigley, 2013; Wiley, Benefield
and Johnson, 2010). In fact, a large amount of buildings, commercial buildings in particular, in
metropolitan cities like Hong Kong are owned and managed by developers and occupied by
tenants. For these properties, rental rate acts as an important economic factor affecting
developers’ decision-making for sustainability. Previous studies have found that green buildings
can attract more anchor tenants and international tenants (Smit and Toit, 2015), while
commercial tenants are more willing to pay higher rent for green buildings (Eichholtz, Kok and
Quigley, 2013). Meanwhile, in view of the lower operational costs, commercial tenants in green
buildings are found to be more loyal (Smit and Toit, 2015). The higher economic return may
motivate developers to invest in green building developments.

2.2.2 Intangible Outcomes

Along with the increasing social awareness towards sustainability, more and more AEC firms see
a huge market potential for green developments. For instance, integrating green ideas into
construction projects has found to help generate free publicity and media coverage opportunities
for AEC firms (Smit and Toit, 2015), which can enhance a company’s brand equities (Abidin
and Powmya, 2014; Smit and Toit, 2015). Meanwhile, previous studies have also indicated that
green experience can help firms in taking a leading position in the AEC market (e.g., in the
Chinese AEC market, Jung, Sui and Xi, 2012). In general, creation of a green company image
through investments in green buildings can result in more future project opportunities (Abidin
and Powmya, 2014; Nurul and Abidin, 2013). In addition to market positioning at firm-level,
green building design and construction have also been found to have different impacts on
project-level outcomes, such as environmental sustainability, like energy and water consumption
(e.g., Oates and Sullivan, 2011), and social sustainability, like health and safety (Rajendran et al.,
2009).

3. Survey Design

Based on the above literature review, key factors influencing green developments are identified.
The survey is then designed to measure all these factors, using well-validated measurement
instruments as indicated in Table 1 (refer to Appendix for the full survey). A 5-point likert
measurement scale is adopted, in which respondents are invited to indicate their degree of
agreement to each statement by ‘strongly disagree’, ‘disagree’, ‘neutral’, ‘agree’, and ‘strongly
agree’.



Table 1 Survey Design Framework

Factors Key References
Industrial Factors
Sustainability climate Griffin et al., 2010, Zhang, 2014

Sustainability policies Yang and Yang, 2015

Green building Abidin and Powmya, 2014, Hwang and Tan, 2012, Shen et al.,
assessment processes 2017

and methods
Project Factors
Project management Chan et al., 2009, Griffin et al., 2010, Hwang and Ng, 2013, Jung,
Sui, and Xi, 2012, Yang and Yang, 2015, Zhang, 2014, Zhang et

al., 2012

Green knowledge and Chan et al., 2009, Hwang and Ng, 2013, Hwang and Tan, 2012,

information Potbhare et al., 2009, Simpeh and Smallwood, 2015, Yang and
Yang, 2015, Zhang, 2014, Zhang et al, 2012

Perceived Risks Hwang and Ng, 2013, Simpeh, 2015, Yang and Yang, 2015, Zhao
etal., 2016

Outcomes /Benefits

Marketing benefits Abidin and Powmya, 2014, Jung, Sui, and Xi, 2012, Nurul and
Abidin, 2013, Smit and Toit, 2015

Project benefits Smit and Toit, 2015

Changes in time, cost -

and income

4. Sample

A purposive sampling method is adopted, in which only AEC professionals who have been
involved in green project(s) in the previous two years are invited to complete the survey.
Invitations are mainly sent with the support of the Pacific (Asia) Association of Quantity
Surveyors (PAQS) and the Hong Kong Institute of Surveyors (HKIS), and through the personal
network of the project team members. In total, 62 responses are received. The followings show
the preliminary demographic information of the respondents. The majority of the respondents
are from developers (34%), followed by contractors (16%), green building consultant (15%), QS
consultant (10%), and design firm (6%) (refer to Figure 1). Meanwhile, respondents are from
different professional disciplines, including quantity surveying (18%), project management
(18%), building surveying (13%), building services engineering (13%), structural engineering
(5%), and general practice surveying (3%) (refer to Figure 2). More than 60% of the green
projects are located in Mainland China (refer to Figure 3). There are 44% of public projects,
37% of private projects, and 19% of semi-public projects (refer to Figure 4). Green Star is the
most highly adopted green building assessment scheme (24%), followed by BEAM Plus (20%),
LEED (17%), and BREEAM (14%) (refer to Figure 5).



Organization

m Developer m Contractor ® QS Consultant

u Green Building Consultant m Design firm H Others

Figure 1 Respondents’ Organization

Profession

mQS M Project Manager M Building Surveyor W BS Engineer

m Structural Engineer m GP Surveyor m Others

Figure 2 Respondents’ Professional Disciplines

ukausrzRroject location
New Zealand‘\‘:'_%%.

%ﬂl’é’lavsia

3%

M China ®HongKong M South Africa ®Canada M Malaysia ENew Zealand MUK ®Australia EOthers

Figure 3 Project Location
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Project ownership

W Public project  m Private project  m Semi-public project

Figure 4 Project Ownership

Green building assessment schemes

H GreenStar B BEAMPLUS B LEED m BREEAM M ESGB H CASBEE MSBTool M Cthers

Figure 5 Green Building Assessment Schemes

5. Findings
5.1 Factors affecting Green Building Projects

5.1.1 Industrial-level Factors

There are three groups of industrial factors categorized in the study, namely sustainability
climate, sustainability policy and green building assessment (refer to Figures 6-8). Respondents
were invited to rate their degree of agreement towards statements related to these areas using a 5-
point Likert scale in the survey, in which 1 refers to strongly disagree, 3 refers to neutral, and 5
refers to strongly agree.

As shown in Figure 6, mean scores of all of the three items related to sustainability climate are
above 3, while the two items related to “insufficient consumers’ demands for green” and ‘lack of
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atmosphere to pursue green’ receive the highest score (X = 3.51 out of 5 for both of the items; SD
=0.994 and 1.043 respectively).

Sustainability Climate

3.51 3.51
3.15
The consumers’ demands Thereis a lack of The industry is reluctant to
for green buildingsare  atmosphere to pursue greenchange from conventional to
insufficient. buildings in the industry. green practices.

Figure 6 Sustainability climate in the industry

With reference to Figure 7, mean scores of all of the four items related to sustainability policy
are above 3. The two items related to ‘insufficient fiscal and non-fiscal incentives from the
government’ receive the highest score (X = 3.92 out of 5 and 3.80 out of 5; SD = 0.822 and 0.997

respectively).

4.00
3.90
3.80
3.70
3.60
3.50
3.40
3.30
3.20
3.10

Sustainability Policy

3.92
3.80
3.41 3.41

There is a lack of The codes and The fiscal ince ntives The non-fiscal
comprehensive  regulations on green from the government incentives from the
policy packages to buildings and are insufficient. government are
guide actions on sustainable insufficient.

sustainability. construction are

complex.

Figure 7 Sustainability Policy

As shown in Figure 8, mean scores of all of the four items related to green building assessment
schemes and methods are above 3. The item related to ‘green building assessment method being
time-consuming’ receive the highest score (X = 3.41 out of 5; SD =1.131).
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3.45
3.40
3.35
3.30
3.25
3.20
3.15
3.10
3.05

Green Building Assessment

3.25

3.20

The green building  The green building The rating tool and  The green building
assessment method assessmentmethod standard are lack of assessment method
is overly rigorous. is unresponsive to coordination and is time-consuming.
the real and dynamic consistency.
environment.

Figure 8 Green Building Assessments

5.1.2 Project-level Factors

There are four groups of project-level factors categorized in this study, namely good project
management practice, hindering project management practice, lack of knowledge, and perceived
risks (refer to Figures 9-12). Similar to the industrial section, respondents were invited to rate
their degree of agreement towards the related statements using a 5-point Likert scale, in which 1

refers to strongly disagree, 3 refers to neutral, and 5 refers to strongly agree.

As shown in Figure 9, mean scores of all of the four items related to good project management
practices in green projects are above 3, while the two items related to ‘clear green goal setting at
project inception’ (X = 3.97 out of 5; SD = 0.706) and ‘proactive value management for green

design’ receive the highest scores (X = 3.84 out of 5; SD = 0.820).

Good Project Management Practice

S
3.84
3.48
3.34 \

The green building The goal of The designteamis  The construction
designs and features constructing green financially rewarded teamis financially
are proactively value- building(s) has been forthe extra efforts  rewarded forthe

managed. set clearly at the and skills put in extra efforts and
project inception  adding values to the skills put in adding

stage. green building values to green

designs and features. construction.

Figure 9 Good Project Management Practice



As shown in Figure 10, mean scores of all of the 5 items related to hindering project
management practices in green projects are above 3, while the three highest-score items include
‘more meetings required for green projects’ (X = 3.87 out of 5; SD = 0.922), ‘lengthy approval
process for new green technologies and recycled materials’ (X = 3.74 out of 5; SD = 0.929) and
‘lack of communication and collaboration between stakeholders’ (X = 3.69 out of 5; SD = 1.057).

Hindering Project Management Practice

400

3.90

3.30

370 3.87

3.60 3.69 3.74

3.30 '

3.40

330 3.46

3.20

3.10 3.26

3.00

2.90

Therzisa lack of Thereisalackof  When comparing with The aporoval process tis difficult to
integraled design and  communicationand — conventional, nun- [ur new green comprehiend green
ife-cycle management collaboration between green projects, there  technologies and specifications in the
for the green building different stakehclders. are maremeetings  recycled materials is contract.
oroject. required for the green lengthy.

building project.

Figure 10 Hindering Project Management Practice

As illustrated in Figure 11, mean scores of all of the 6 items related to lack of green knowledge,
data, and information are above 3, while the item related to ‘different methods of cost
estimation’ scores the highest (X = 3.98 out of 5; SD = 0.695), followed by ‘lack of green
demonstration projects’ (X = 3.37 out of 5; SD = 1.012) and ‘inadequate cost-benefit analysis of
green buildings’ (X = 3.61 out of 5; SD = 1.005).

Lack of Knowledge & Information

3.98

= o 367
40 : 3.54
30 3.44 3.43
20
3.10

The data regarding There are different Thereisalackof Thereisalackof Thereisa lack of The green building

LU LD L0 L0 s s
F Eniimt . -
o

cost-benefit methods of cost green professional information technologies are
analysis of green  estimation (e.g. demonstration education and regarding green deficient.
buildings are capital cost, projects. training programs products and
inadequate. operating cost) for for sustainable building systems.
green building development.
projects.

Figure 11 Lack of Knowledge & Information
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As illustrated in Figure 12, mean scores of all of the 5 items related to perceived risks in green
projects are above 3, while the item related to ‘technical difficulties in green design’ receives the
highest score (X = 3.67 out of 5; SD = 1.012), followed by ‘technical difficulties in green
construction’ (X = 3.66 out of 5; SD = 0.998) and ‘higher project investment risks’ (X = 3.56 out
of 5; SD = 1.041).

Perceived Risks

6 2.67
3.66
3.60
3.56
3.50
3.46
40 3.43
30
Higher risks are associated with There are delays in obtaining There are more alterations and When comparing with When comparing with
green building project investment certification and permits for green variations of green building designs conventional, non-green projects, conventional, non-green projects,
(eg in being buildings. in the construction process.  there are more technical difficultiesthere are more technical difficulties
encountered in the design process encountered in the construction
of the green building project. process of the green building
project

Figure 12 Perceived Risks

Overall, the three fostering items score the highest are ‘clear green goal setting at project
inception’ (X = 3.97 out of 5; SD = 0.706), ‘proactive value management for green design’ (X =
3.84 out of 5; SD = 0.820), and ‘financial rewards for the extra effort put by design team’ (X =
3.48 out of 5; SD = 1.010), while the three hindering items score the highest are ‘different cost
estimation methods’ (X = 3.98 out of 5; SD = 0.695), ‘insufficient fiscal incentives from
government’ (X = 3.92 out of 5; SD = 0.822), and ‘more meetings required for green projects’ (X
=3.87 out of 5; SD =0.922).

5.2 Tangible and Intangible Outcomes of Green Building Projects

5.2.1 Tangible Outcomes

In this section, tangible project outcomes in terms of cost, income and time are analyzed (refer to
Figures 13-15). Respondents were invited to compare their green building projects with
conventional ones, and indicate whether there was an ‘increase’, ‘decrease’ or ‘no change’ in the
cost, income and time dimensions.

As shown in Figure 13, when comparing their green building projects with conventional ones,
nearly 68% of the respondents experienced an increase in construction cost, followed by 27.4%
of them experienced no change, and 3.2% of them experienced a decrease. For life cycle cost,
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there is no big difference on the percentage of the respondents who experienced a decrease
(29%), increase (33.9%) or no change (35.5).

Change in project cost
(when comparing with conventional projects)

100%

(o

ae 57.7%

60%

. 35.5% 33.9%
0% 29.0% 27.4% .
20%

3.2%
0% .
Decrease Same Increase

@ Costruction cost @ Life cycle cost

Figure 13 Change in Project Cost (when comparing with conventional projects)

As illustrated in Figure 14, when comparing with conventional projects, more than half of the
respondents experienced an increase in selling price (53%), rental price (56.5%), and premium in
market valuation (54.8%) in their green projects. While there are not many respondents who
have experienced a decrease in these three income levels (<3.5), around 40% of the respondents
experienced no change.

Change in project income
(when comparing with conventional projects)

53%
44%, P
38.7% 403%
40%
20%
% 3% 3.2%
0% — = .

Decrease Same Increase

@ Selling price @ Rental price Premium in market valuation

Figure 14 Change in Project Income (when comparing with conventional projects)

With reference to Figure 15, when comparing with conventional projects, more than half of the
respondents experienced an increase in design time (53.2%) in their green projects, followed by
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no change (41.9%) and a decrease (3.2%). In terms of construction time, half of the respondents
experienced no change (50%), followed by an increase (45.2%) and a decrease (3.2%). For
payback period, the majority of the respondents experienced no change (40.3%), followed by an
increase (38.7%) and a decrease (19.4%).

Change in time

(when comparing with conventional projects)
100%

80%

[«
g 60% 50.0% S
= 41.9% o 45.2%
8 40.3% 38.7%
T 40%
o
20%
3.2%  3.2%
0%
Decrease Increase
ETime atdesignstage  ETime at construction stage Time in payback period

Figure 15 Change in Time (when comparing with conventional projects)

The magnitude of change in the above cost, income and time dimensions are illustrated in Figure
16. On average, when comparing with conventional projects, the construction cost, life cycle
cost, design time, construction time and payback period of green projects are found to have
increased by 11.8%, 0.9%, 8.0%, 4.5% and 3.3% respectively. However, the selling price, rental
price and market premium of these green projects have also increased by 4.4%, 4.6% and 6.0%.

Magnitude of change
(when comparing with conventional projects)

14% +11.78%

e

W 12%

= 10% +7.98%

° 8% 9

S 6% +4.44% +4.58% 5-99% +4.78%

A +3.28%

g % +0.88%

c 2% gL

E 0%

a Construction Life cycle Selling price Rental price Premium in  Time at Time at Time in
cost cost market  design stage construction  payback

valuation stage period

Figure 16 Magnitude of Change
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5.2.2 Intangible Outcomes

There are two types of intangible benefits identified, namely perceived marketing benefits and
perceived project benefits (refer to Figures 17-18). Respondents were invited to rate their degree
of agreement towards statements related to these areas using a 5-point Likert scale in the survey,
in which 1 refers to strongly disagree, 3 refers to neutral, and 5 refers to strongly agree.

As shown in Figure 17, mean scores of all of the three items related to perceived marketing
benefits are above 3, while the highest score item is ‘more opportunities for future projects’ (X =
4.08 out of 5; SD = 0.759), followed by ‘free publicity and media coverage’ (x = 4.03 out of 5;
SD =0.816) and ‘leading position in the industry’ (X = 3.89 out of 5; SD = 0.819).

Perceived marketing benefits

405 4.08

A00D 4.03

3.95

3.90

3 85 3.89

3.80

375
My company can take a leading  Green development is a globa Venturing into green buildings
position in the industry through  topic resulting in free publicity — ensures more opportunities for

the green expericnce. and media coverage. future projects.

Figure 17 Perceived Marketing Benefits

With reference to Figure 18, mean scores of all of the four items related to perceived project
benefits are above 3, while the highest score item is ‘environmental sustainability’ (X = 3.98 out
of 5; SD = 0.785), followed by ‘social impacts’ (X = 3.95 out of 5; SD = 0.884) and ‘project
schedule’ (X = 3.84 out of 5; SD = 0.637).

Perceived project benefits

3.95 S
3.95
3.90
3.85
2.20 3.84
3.80
3.75
3.70
Cost-effectivenass Project schedule Frivironment A Sodal impacts (e.g.
sustainability (c.g. hcalth and safcty)
energy and waler
usage)

Figure 18 Perceived Project Benefits
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5.3 Regression Modelling for the Predicting Effects of Project- and Industrial-level
Factors on Project Outcomes

To further investigate the predicting effects of project-level factors and industrial-level factors on
project outcomes, multiple regression modelling was conducted. First of all, all project-level
factors are inputted into the model as independent variables, and cost performance is put as
dependent variable. As shown in Model 1 (refer to Table 2), ‘extra financial rewards to
construction team’ is found to predict project cost performance significantly (p<0.01). The
model explains 16.6 percent of variance to cost performance. The process is then repeated, with
all project-level factors being inputted as independent variables and with time performance,
environmental sustainability performance, social sustainability performance and marketing
benefits being inputted as dependent variable in different models (refer to Models 2-5 in Table 2).

As shown in Model 2, ‘extra financial rewards to design team’ is found to predict project time
performance significantly (p<0.01). The model explains 12.7 percent of variance to time
performance. For Model 3, ‘extra financial rewards to construction team’, ‘proactive value
management’ and ‘clear green goal setting in project inception’ are found to predict
environmental sustainability performance significantly (p<0.01). The model explains 46.9
percent of variance to time performance. Then, for Model 4, ‘extra financial rewards to
construction team’ and ‘clear green goal setting in project inception’ are found to predict social
sustainability performance significantly (p<0.05). The model explains 22.7 percent of variance
to time performance. Then, Model 5 indicates that ‘clear green goal setting in project inception’
and ‘deficient green building technologies’ predict marketing benefits of a company significantly
(p<0.01). The model explains 38.5 percent of variance to time performance.

Table 2 Regression modelling for the predicting effects of project-level factors on green project

outcomes
Model Dependent Independent variables Beta t Sig. R R? Sig.
variables UnSTD S.E. (ANOVA)
1 Cost Performance (Constant) 27761 319 8.659 .000 .408 .166 .001
Extra ﬁnanc%al rewards to 312 091 3430 001
construction team
2 Time (Constant) 3.055 278 11.007 .000 .356 .127 .005

Performance  Extra financial rewards to

. 225 077 2928 .005
design team

3 Environmental (Constant) 2452 494 4966 .000 .685 .469 .000
Sustainability Extra ﬁnanc%al rewards to 407 079 5.120 000
Performance construction team
Proactive value _411 104 3.960 000
management

Clear green goal setting in

. . . 441 115 3.847 .000
project inception

4 Social (Constant) 1.678 .605 2773 .007 476 227 .001
Sustainability Extra ﬁnanc%al rewards to 259 100 2586 012
Performance construction team

Clear green goal setting in

> . 355 A51 0 2357 .022
project inception
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Table 2 Regression modelling for the predicting effects of project-level factors on green project
outcomes (con’t)

Model Dependent Independent variables Beta t Sig. R R? Sig.
variables UnSTD _S.E. (ANOVA)
5  Perceived (Constant) 4.044 1.338 3.022 .004 .620 385 .000
marketing Clear green goal .settmg I em 590 5963000
benefits project inception
Deficient green building - 543 541 5696 009
technologies

Then, regression modelling is applied to investigate the predicting effects of industrial-level
factors on green project outcomes. Similarly, all industrial-level factors are inputted as
independent variables, while different outcome factors are put as dependent variable in each
model (refer to Models 6-8 in Table 3). As shown in Model 6, ‘lack of comprehensive policy
packages’ is found to predict project cost performance significantly (p<0.01). The model
explains 11.5 percent of variance to cost performance. Then, Model 7 reveals that ‘lack of
comprehensive policy packages’ predicts time performance significantly (p<0.05). The model
explains 6.7 percent of variance to time performance. Lastly, Model 8 shows that ‘insufficient
fiscal incentives from government’ predicts perceived marketing benefits significantly (p<0.01).
The model explains 13.7 percent of variance to perceived marketing benefits.

Table 3 Regression modelling for the predicting effects of industrial-level factors on green
project outcomes

Model Dependent Independent variables Beta t Sig. R R? Sig.
variables UnSTD _S.E. (ANOVA)
6  Cost Performance (Constant) 2.884 0346 8.329 .000 .339 .115 .007

Lack of comprehensive
policy packages to guide .270  0.097 2.770 .007
sustainability actions
7  Time (Constant) 3287 279 11.792 .000 .258 .067 .044
Performance  Lack of comprehensive
policy packages to guide .161 078 2.054 .044
sustainability actions

8  Perceived (Constant) 11.296 1.588 7.113 .000 .370 .137 .003
marketing Insufficient fiscal
benefits incentives from 1.213 397 3.057 .003
government

The predicting effects of both project-level and industrial-level factors on green building project
outcomes are summarized and illustrated in Figure 19 as shown below.
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Project factors Outcomes Industrial factors

Extra financial rewards

. Cost performance 0
to construction team oy Lack of
* .
comprehensive
. o policy packages to
Extra ﬁnapc-lal reward to Time performance 0. guide sustainability
design team

Environmental
sustainability performance

Clear green goal setting
in project inception

Proactive value Social sustainability

management performance
Insufficient fiscal
Deficient green building 0.5343%** Perceived marketing L213% 1 incentives from
technologies benefits N government

Figure 19 Statistical model showing the predicting effects of project- and industrial-level factors
on perceived green project outcomes

Note: - —» Positive predicting effect as revealed in regression analysis (refer to Tables 2-3)
- ———» Negative predicting effect as revealed in regression analysis (refer to Table 2)

6. Limitations

It is acknowledged that the sample size of this study is limited and the majority of projects are
located in Mainland China. A larger sample size collected from more evenly distributed regions
would enhance the reliability and representativeness of the study results. However, it should be
noted that the survey respondents in this study are all AEC professionals who have primary
experience in green projects and thereby are able to provide reliable data to the study.
Meanwhile, a good balance between public and non-public projects, and between respondents
from different types of firms are achieved. Lastly, the measurement scales adopted in this study
were identified from an extensive literature review, in which they have been validated in
previous studies. Therefore, despite the limitations, the evidences collected in this study
provides a reliable platform for investigating the influencing factors and outcomes of green
building projects.

This study adopts a quantitative approach, i.e., questionnaire survey, which aims to establish
‘what’ the general phenomenon, in terms of influencing factors, performance and benefits of
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green projects, are. To further develop in-depth understandings of ‘how’ and ‘why’ such
phenomenon happened, qualitative approaches, such as case study and focus group interviews,
are proposed for further studies. Cross validation can then be done by comparing the results of
both qualitative and qualitative studies.

7. Closing Remarks

Even though green projects are found to incur higher cost and longer time, when comparing with
conventional ones, they can result in higher selling price (+4.44%), rental price (+4.58%) and
premium in market valuation (+5.94%). In addition to these tangible benefits, green projects are
also found to contribute to better market positioning of a company. For instance, company with
green experience can take a leading position in the industry, they can also ensure more
opportunities for future projects; and green development projects can result in free publicity and
media coverage for a company as well. Furthermore, besides enhancing time- and cost-
efficiencies, green projects can also result in better project performance in terms of
environmental and social sustainability. In fact, these intangible benefits can indirectly enhance
tangible benefits of a firm in the long run.

Building on previous studies investigating various factors affecting sustainable developments
around the world, this study identified 3 industrial-level factors, namely sustainability climate,
sustainability policy, and green building assessment methods, and 4 project-level factors, namely
good project management practice, hindering project management practice, lack of knowledge
and information, and perceived risks. To provide empirical support on their roles on green
project outcomes, i.e., fostering vs. hindering; this study takes a step further to adopt regression
modeling for investigating the predicting effects of these factors on the outcomes in terms of
project cost, project time, environmental sustainability, social sustainability and marketing
benefits. Based on the findings of the regression analyses (refer to Figure 19), the following
recommendations are made to enhance outcomes and benefits of green projects:

- Provide financial rewards to the construction team for their extra efforts and skills put in
adding values to green construction (= enhance performances in cost, environmental
sustainability & social sustainability)

- Provide financial rewards to the design team for their extra efforts and skills put in
adding values to green building designs and features (= enhance time performance)

- Set the goal for green design and construction clearly at the project inception stage (=2
enhance environmental sustainability, social sustainability, and marketing benefits)

- Include a clear goal for environmental sustainability in proactive value management (=
enhance environmental sustainability performance)

- Be carly adopter /pioneer in the industry, i.e., go for sustainability even when green
technologies are still deficient and when there is still insufficient fiscal incentives from
the government (= enhance company’s marketing benefits)
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- Prevent overly rigorous policy packages to guide actions on sustainability (= enhance
project performance in terms of cost and time)
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10. Appendix — Full Survey

Motivational Factors & Benefits of Green Development

Worldwide

Please answer the following questions based on a RECENT GREEN BUILDING PROJECT that you are participating in / have participated in

within the past 2 years.

We cordially invite you to complete this self-administered questionnaire. Filling in this questionnaire takes approximately 10 minutes. All
information obtained will be used for research purposes only. Participant will not be identified by name in any publications of the completed
study. All data collected will be removed within 3 years after the publication of the first paper. The participation is entirely voluntary. This
means that you can choose to stop at any time without negative consequences. If you have any questions about the research, please feel free
to contact Ran Chen at +852 95193566 or ranchan@hku.hk. Many thanks for your time.

Part 1. Background Information

1. Project location:

Please choose only one of the following:

Australia
Brunei
Canada
China

Fiji

Hong Kong
Japan
Malaysia
New Zealand
Singapore
South Africa
Sri Lanka
UK

us

ONONONONONORONORONONONORORONG)

Other

2. Project ownership:

Please choose only one of the following:
O Public project

O Private project

O Semi-public project



3. Project types:

Please choose only one of the following:

(O New commercial building
(O Existing commercial building
(3 New residential building

O Existing residential building

Oother |

4. Project period:

From To

vl ]

5. Gross Floor Area (in m):

Please write your answer here:

6. Approximate total project sum:

Please write your answer here:
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Currency used:

Please choose only one of the following:

AUD
BND
CAD
RMB
FJD
HKD
JPY
MYR
NzZD
SGD
ZAR
LKR
GBP
uUsD
EUR

O0COO0COOOOOOOOOO

Other

7. Green building assessment system(s) adopted:

(If the assessment process is ongoing, please indicate the level that the project team
aim to achieve.)

Please choose all that apply:

a) BREEAM
b) LEED

c) BEAM Plus
d) ESGB

e) Green Star
f) CASBEE
g) SBTool

h) Others

OOooooodon
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Please name the green building assessment system(s) adopted :
If answer (h) in question 7:

Please write your answer here:

8. Green building assessment result (if the assessment process is ongoing, please indicate
the level the project team aims to achieve):

If answered (a) in question 7:

Please choose only one of the following:

() Pass
() Good

() Very good
() Excellent
() Outstanding

8. Green building assessment result (if the assessment process is ongoing, please indicate
the level the project team aims to achieve):

If answered (b) in question 7:

Please choose only one of the following:

() Certified

() Silver

() Gold
() Platinum
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8. Green building assessment result (if the assessment process is ongoing, please indicate
the level the project team aims to achieve):

If answered (c) in question 7:

Please choose only one of the following:

(O Bronze
O silver
C Gold

O Platinum

8. Green building assessment result (if the assessment process is ongoing, please indicate
the level the project team aims to achieve):

If answered (d) in question 7:

Please choose only one of the following:
() 1-star
() 2-star
() 3-star

8. Green building assessment result (if the assessment process is ongoing, please indicate
the level the project team aims to achieve):

If answered (e) in question 7:

Please choose only one of the following:

() A-star
() 2-star

() 3-star
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8. Green building assessment result (if the assessment process is ongoing, please indicate
the level the project team aims to achieve):

If answered (f) in question 7:

Please choose only one of the following:

O Poor
O Fairly poor
O Good

O Very good
(O Excellent

8. Green building assessment result (if the assessment process is ongoing, please indicate
the level the project team aims to achieve):

If answered (g) in question 7:

Please choose only one of the following:
O

0o

O 14

O +5

8. Green building assessment result (if the assessment process is ongoing, please indicate
the level the project team aims to achieve):

If answered (h) in question 7:

Please write your answer here:
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9. Your organization:

Please choose only one of the following:

O Developer

(O Contractor

(O Qs Consultant

O Green Building Consultant

O Other

10. Profession:

Please choose only one of the following:

General practice surveyor
Building surveyor
Quantity surveyor
Architect

Structural engineer
Building services engineer

Project manager

Other

ONONONORORONONE)

11. Job title:

Please write your answer here:

12. Is this your company's first sustainable project?
Please choose only one of the following:

O Yes
O No

13. Is this your first sustainable project?
Please choose only one of the following:

O Yes
O No
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Part I1. Motivational factors, Hindrance factors, and Benefits of Green
Building Projects

Please indicate your degree of agreement with the following statements based on THE
GREEN BUILDING PROJECT identified in Part I.

Business Factors
[a] Marketing Strategies

1. My company can take a leading position in the industry through the green experience.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O i) ) O O @)

2. My company'’s brand equity can be enhanced.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O @) O O O

3. Green development is a global topic resulting in free publicity and media coverage.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O @)

4. Venturing into green buildings ensures more opportunities for future projects.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O @)
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[b] Rental Income

5. Green buildings attract major anchor tenants.

Please choose the appropriate response for each item:

Strongly
Disagree Disagree Neutral Agree
Degree of Agreement O ) &) O

6. Green buildings attract international tenants. *

Please choose the appropriate response for each item:

Strongly
Disagree Disagree Neutral Agree
Degree of Agreement O O O O

7. Green buildings lead to lower tenant turnover. *

Please choose the appropriate response for each item:

Strongly
Disagree Disagree Neutral Agree
Degree of Agreement O O @) O

Industry Factors
[c] Sustainability Perception

8. The consumers’ demands for green buildings are insufficient.

Please choose the appropriate response for each item:

Strongly
Disagree Disagree Neutral Agree
Degree of Agreement O O @) O

Strongly
Agree

O

Strongly
Agree

O

Strongly
Agree

O

Strongly
Agree

O

9. There is a lack of atmosphere to pursue green buildings in the industry.

Please choose the appropriate response for each item:

Strongly
Disagree Disagree Neutral Agree
Degree of Agreement O O @) O
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Agree

O

N/A

N/A

N/A

N/A

N/A



10. The industry is reluctant to change from conventional to green practices. *

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O O

[d] Sustainability Policies

11. There is a lack of comprehensive policy packages to guide actions on sustainability.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O O

12. The codes and regulations on green buildings and sustainable construction are com-
plex.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O i) O O O @)

13. The fiscal incentives from the government are insufficient.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O O

14. The non-fiscal incentives from the government are insufficient.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O @) O O @)
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[e] Green Building Assessment Processes & Methods
(please rate the following statements based on your answer in Q7, Part I)

15. The green building assessment method is overly rigorous.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O =) =) O ()] O

16. The green building assessment method is unresponsive to the real and dynamic
environment.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O @)

17. The rating tool and standard are lack of coordination and consistency.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O @) O O @)

18. The green building assessment method is time-consuming.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O O

Project Factors
[f] Sustainable Project Management

19. The green building designs and features are proactively value-managed.

Please choose the appropriate response for each item:

Strongly Strangly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O O
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20. The goal of constructing green building(s) has been set clearly at the project
inception stage.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O @)

21. The design team is financially rewarded for the extra efforts and skills putin adding
values to the green building designs and features.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O O

22. The construction team is financially rewarded for the extra efforts and skills put in
adding values to green construction.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O ) O O O O

23. There is a lack of integrated design and life-cycle management for the green
building project.

Please choose the appropriate response or each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O O

24. There is a lack of communication and collaboration between different stake-
holders.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O @) O O @)

25. When comparing with conventional, non-green projects, there are more meetings
required for the green building project.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O O
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26. The approval process for new green technologies and recycled materials is lengthy.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O @)

27. It is difficult to comprehend green specifications in the contract.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O @) O O @)

[ag] Green knowledge and Information

28. The data regarding cost-benefit analysis of green buildings are inadequate.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O i) O O O @)

29. There are different methods of cost estimation (e.g. capital cost, operating cost) for
green building projects.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O O

30. There is a lack of green demonstration projects.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O O

31. There is a lack of professional education and training programs for sustain-
able development.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O @)
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32. When comparing with conventional, non-green projects, there are more technical
difficulties encountered in the design process of the green building project.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O @)

33. When comparing with conventional, non-green projects, there are more technical
difficulties encountered in the construction process of the green building project.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O o O (] 0

34. There is a lack of information regarding green products and building systems.

Please choose the appropriate response for each item:

Strongly
Disagree Disagree Neutral Agree Strongly
Agree N/A

Degree of Agreement O O O O O @)
35. The green building technologies are deficient.
Please choose the appropriate response for each item:

Strongly Strongly

Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O O

[h] Risks

36. Higher risks are associated with green building project investment (e.g., no guarantee
in being certified after registration, uncertainty of return on investment).

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O @) O O @)
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37. There are delays in obtaining certification and permits for green buildings.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O @)

38. There are more alterations and variations of green building designs in the construc-
tion process.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O @) O O @)

Overall Project Outcomes

39. Overall, the performance of the green building project is satisfactory in terms of cost-
effectiveness.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O o O (] 0

40. Overall, the performance of the green building project is satisfactory in terms of
the project schedule.

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O ) O O )

41. Overall, the performance of the green building project is satisfactory in terms of
environmental sustainability (e.g. energy and water usage).

Please choose the appropriate response for each item:

Strongly Strongly
Disagree Disagree Neutral Agree Agree N/A
Degree of Agreement O O O O O O
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42, Overall, the performance of the green building project is satisfactory in terms of

social impacts (e.g. health and safety).

Please choose the appropriate response for each item:

Strongly
Disagree Disagree
Degree of Agreement O O

Neutral

O

Agree

O

Strongly
Agree

O

NIA
O

What percentage was/would be added or reduced to each of the following items for
THE GREEN BUILDING PROJECT (as identified in Part I) when compared with conven-

tional, non-green projects?
Please choose the appropriate response for each item:

Increase
56. Change in construction cost
57. Change in life cycle cost
58. Change in selling price
59. Change in rental price
60. Change in premium in market valuation
61. Change in time at design stage
62. Change in time at construction stage
63. Change in time of payback period

olelelolelelele;

S

olelelolelololo)

Percentage Change (%) in construction cost

Please write your answer here:

Percentage Change (%) in life cycle cost

Please write your answer here:
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Decrease



Percentage Change (%) in selling price

Please write your answer here:

Percentage Change (%) in rental price

Please write your answer here:

Percentage Change (%) in premium in market valuation

Please write your answer here:

Percentage Change (%) in time at design stage

Please write your answer here:

Percentage Change (%) in time at construction stage

Please write your answer here:
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Percentage Change (%) in time of payback period

Please write your answer here:

In your opinion, how can sustainable development be fostered?

Please write your answer here:

~ End of Survey ~
Thank you!
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