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ABSTRACT

This study aims to investigate the cost pre-
miums and cost performance of green build-
ing projects. After an extensive literature
review, relevant data from 242 traditional
and 121 green building projects performed
by 30 different companies were collected
through a survey in Singapore. The results
indicate that the green cost premiums range
from 5% to 10% and that project type and size
are significant factors affecting the cost pre-
miums. Furthermore, the cost performance
is mostly over budget, ranging from 4.5% to
7%. Finally, this study proposes some fea-
sible solutions for cost premiums reduction
and cost performance improvement.
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INTRODUCTION

reen buildings are becoming increasingly popular and more evident in

countries, including the United States, Germany, the United Kingdom

(Menassa, Mangasarian, El Asmar, & Kirar, 2012; Rosenow, Eyre, Biirger,

& Rohde, 2013), and Singapore (Darko & Chan, 2016; Zhao, Hwang, &
Gao, 2016). Moreover, Dodge Data and Analytics (2016) reported that the green
expansion would continue in developed countries such as the United States,
Germany, and the United Kingdom. Singapore is also in the midst of a robust
increase in the level of green activities (Dodge Data & Analytics, 2016), driven
by Green Building Masterplans and several green initiatives (Building and
Construction Authority [BCA], 2014, 2016). The term ‘green’ building refers to the
use of environmentally friendly techniques and technologies in the design and
construction of the built environment (Love, Niedzweicki, Bullen, & Edwards,
2012). According to the United Nations Environment Programme (UNEP, 2009),
a 30% to 80% cut in energy consumption of buildings is attainable if the right
green technologies are used. Additionally, the World Green Building Council
(WorldGBC, 2014) reported that the design of an office building impacts the
health, well-being, and productivity of its occupants. Therefore, green buildings
also bring social and financial benefits to key stakeholders.

In spite of the benefits of green buildings and the various efforts being made
to promote a sustainable built environment, key building stakeholders are still
somewhat skeptical about the financial benefits that green buildings can deliver.
Many industry professionals have the perception that the design and construc-
tion costs of green buildings are 10% to 20% higher than those of traditional
buildings (WorldGBC, 2013). In light of this perception, the higher costs associ-
ated with “going green,” which were termed green cost premiums, are the most
common reason hindering the widespread development of green buildings
(Dodge Data & Analytics, 2016; Robichaud & Anantatmula, 2011.

As a result, the objectives of this study are: (1) to investigate the cost
premiums of green building projects and the significant reasons for them;
(2) to compare the cost performance between green and traditional build-
ing projects; and (3) to examine plausible solutions that can improve the
cost performance of green building projects, eventually cutting off their cost
premiums. This study will contribute to the green building body of knowl-
edge by adding to discussions of cost premiums and the cost performance of
green building projects. Furthermore, the findings from this study can assist
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key building professionals in making
better cost-related decisions right at the
beginning of green building projects.

Background
Green Buildings and the Rationales

The green building revolution is sweep-
ing across most of the world. The def-
inition of green building varies from
different construction perspectives.
Generally, the goal of a green building
is to take responsibility for achieving
energy and resource efficiency, realizing
long-term economic, environmental,
and social health (Sahamir & Zakaria,
2013; Yoon & Lee, 2003; Zhao, Hwang,
& Lee, 2016). The terms green building
and sustainable construction are some-
times used interchangeably. However,
the term sustainable construction is
applied from the period of preconstruc-
tion to the disposal of the building and
focuses on the ecological, social, and
economic issues involved with a build-
ing (Kibert, 2008). From this perspec-
tive, green building is an integral part of
the sustainable construction.

Green buildings have environmen-
tal, economic, and social benefits. Green
buildings first benefit the environment.
Globally, buildings are responsible for
40% of annual energy consumption,
including 12% of all fresh-water use and
produce up to 40% of our solid waste
(UNEP, 2011). Moreover, buildings
were responsible for about one-third of
greenhouse gas (GHG) emissions in the
world (WorldGBC, 2013). Therefore, the
building sector could lead to a great and
efficient reduction of GHG emission if
appropriate green technologies, mate-
rials, and construction methods were
used (Wu, Xia, Pienaar, & Zhao, 2014;
Wu, Zia, & Zhao, 2014). Green build-
ings also bring economic benefits to the
key stakeholders involved. Green build-
ings can bring about energy and water
savings, which lower operating costs.
Fowler and Rauch (2008) reported that
some green buildings consumed 26%
less energy and saved 13% of mainte-
nance costs when compared to average
commercial buildings. Carpenter (2009)

showed that the average energy savings
of six green building projects were up
to 40%, and believed that the long-term
energy savings could be higher if the
first year operational issues were
worked out.

Green buildings not only lead to
energy savings but also provide the com-
fortable environment that can improve
social benefits, including the increase
in occupants’ satisfaction, and positive
impacts on occupants’ health and pro-
ductivity (Asdrubali et al., 2013). Singh,
Syal, Grady, and Korkmaz (2010) and
Thatcher and Milner (2014) investigated
the effects of a green office building
on the perceived health and produc-
tivity of occupants and identified that
the green building significantly contrib-
uted to an increase in the self-reported
productivity and physical well-being of
employees. In addition, Barrett, Zhang,
Moffat, and Kobbacy (2013) carried out
a study on 751 students from 34 various
classrooms in seven different schools in
the United Kingdom. The results showed
that the “best” and “worst” classrooms,
defined by six significant built environ-
ment design parameters—color, choice,
connection, complexity, flexibility, and
light—were estimated to have a signifi-
cantly different impact on a student’s
study progress. Because of these social
benefits, green buildings have the addi-
tional potential to generate higher rent
and sale prices. A study carried out in
Hong Kong indicated that “green devel-
opment” is one of the considerations
when people purchase apartments.
Additionally, end users are generally
willing to pay more to purchase apart-
ments with green features (Chan, Qian,
& Lam, 2009).

Cost Premiums of Green Building
Projects

The development of green buildings is
often greatly discouraged by the per-
ceived higher costs, commonly termed
green cost premiums, compared with
traditional non-green buildings, despite
the fact that green buildings have
economic, social, and environmental
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benefits (Dodge Data & Analytics,
2016). There is no standardized def-
inition for green cost premiums and
no clear methodology to describe the
components and estimation methods
of green cost premiums (Dwaikat & Ali,
2016; Houghton, Vittori, & Guenther,
2009). Kats (2010) defined green cost
premiums as the differential cost
between a green and traditional version
of the same building. Houghton et al.
(2009) defined green cost premiums
as the additional design and construc-
tion costs associated with specific green
components. In terms of the general
costs of a typical building, which con-
sist of capital costs, operation costs, as
well as repair and maintenance costs
(Hendrickson & Au, 1989), Furr and col-
leagues (2009) stated that the additional
capital costs of green building features
are commonly termed green premium
by the industry. Moreover, Dodge Data
and Analytics (2016) found that the
higher costs, which were ranked as the
top challenge to green building, were
actually referred to additional capital
costs because they were used to make
comparisons with the decreased oper-
ating costs of green buildings. In light
of the above review, this study defines
green cost premiums as the additional
capital costs of green building features.

Design and construction costs are
perceived as contributing to the green
cost premiums. Green building projects
generally have more complex designs
as compared with traditional building
projects (Johnson, 2000). In order to
achieve sustainability, green building
projects generally require the use of
special specifications, materials, con-
struction methods, and building prac-
tices (Lam, Chan, Poon, Chau, & Chun,
2010; Robichaud & Anantatmula, 2011).
Moreover, the productivity of the design
and construction of green building proj-
ects is currently lower than that of tra-
ditional projects because practitioners
still need time to learn and become
proficient in these technologies. Fur-
thermore, unfamiliarity with green
technologies and technical difficulties



during the construction process can not
only affect the project schedule, but
can also lead to cost increases through
rework (Hwang, Thomas, Haas, & Cal-
das, 2009; Hwang, Zhao, & Tan, 2015;
Tagaza & Wilson, 2004).

Properly facing this barrier, some
countries, such as the United States,
United Kingdom, and Australia, inves-
tigated high green cost premiums
(Dwaikat & Ali, 2016). Kats (2010) con-
ducted a large-scale study based on
extensive financial and technical analy-
ses of more than 150 green buildings in
the United States and 10 other coun-
tries. The results of the study showed
that green buildings cost roughly 2%
more to build than traditional build-
ings. Moreover, Kim, Green, and Kim
(2014) concluded that the green cost
premiums for residential project devel-
opment in Los Angeles were 10.77%.
In addition, Houghton et al. (2009)
found that the green cost premiums
for healthcare buildings in the United
States ranged from 0% to 5% without
any financial incentives. In the United
Kingdom, Building Research Establish-
ment (BRE) and Cyril Sweett (2005)
asserted that the green cost premium
ranged from 0% to 7%. In Australia,
Davis Langdon (2007) reported that the
impact on the construction cost ranged
from 3% to 5% for a five-star rating, and
more than 5% for six-star, non-iconic
design solutions. Dodge Data and Ana-
lytics (2016) also conducted a study
on the challenges of green buildings
and identified that higher perceived
first costs were one of the top three
challenges in nearly all of the 13 sur-
veyed countries. This challenge was
selected by over 50% of the respondents
only in the United States (70%), Mex-
ico (54%), Colombia (67%), Germany
(52%), the United Kingdom (52%), and
China (60%).

The building industry of Singapore
recognizes the importance of sustain-
able construction to create a high-
quality living environment for all. The
Building and Construction Author-
ity of Singapore (BCA) has launched

three editions of its Green Building
Masterplan from 2006 to aid in the
greening of Singapore’s current and
future buildings (Building and Con-
struction Authority [BCA], 2009, 2014).
Singapore is now in the midst of a
robust increase in the level of green
activity (Dodge Data & Analytics, 2016)
and plans to green at least 80% of build-
ings by 2030 (Building and Construc-
tion Authority [BCA], 2014). Particular
attention should be paid to the fact
that, given the influence of the man-
date in the Singapore Green Plan 2012,
environmental regulations are clearly
the driving force for green adoption
(Dodge Data & Analytics, 2016). On
the other hand, the high premium cost
associated with green building con-
struction, the lack of expressed inter-
est from clients or market demand,
and the costly green building prac-
tices were identified as significant
obstacles encountered in Singapore
(Hwang & Tan, 2012). Furthermore,
higher up-front costs were recognized
as the top obstacle to green develop-
ment in Singapore (Chan et al., 2009;
Hwang & Tan, 2012).

However, compared with other lead-
ing countries, Singapore lacks knowl-
edge and data on green cost premiums.
Furthermore, there is limited research
on green cost premiums and cost per-
formance in Singapore. Wong, Tay,
Wong, Ong, and Sia (2003) examined
the initial cost implication of having a
green roof in Singapore and identified
that the initial costs were 82%, 36%, and
50% higher for an inaccessible exten-
sive green roof, an accessible intensive
roof with shrubs, and an accessible
intensive green roof with trees, respec-
tively, than those for counterpart con-
ventional roofs. Deng and Wu (2014)
investigated the economic returns of
residential green building investment
in Singapore from developers’ perspec-
tives to clear public doubt regarding
the financial viability of investments
in energy efficiency. An investment in
energy-efficient real estate develop-
ment can only be financially sustainable
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if the additional selling price of a green
building, termed green price premiums,
is large enough compared to the
green cost premiums. The results of
this study showed that the developers
claimed 4% market premium of green
mark-rated units at the presale stage
to cover the additional costs of energy
efficiency during construction. Goh
(2016) investigated the whole-life costs
of nonresidential green-rated build-
ing developments in Singapore to pro-
pose a whole-life building cost index.
The limitation of the study was that
the formulation of the proposed index
lacked data support.

Cost Performance of Green Building
Projects

Cost overrun is another hindrance
in green building projects. Because
green buildings use more technologies
and material with less environmen-
tal impact, they are more complicated
than traditional buildings. Moreover,
many requirements to achieve a green
certificate and shareholders’ unfamil-
iarity with the requirements and tech-
nologies tend to lead to cost overruns,
project delays, and productivity losses
(CII, 2008; Nalewaik & Venters, 2010).
Hwang and Leong’s (2013) empirical
study in the context of Singapore also
found that about 32% of green build-
ing projects were completed behind
schedule, while 16% of the traditional
building projects were delayed.

Cost performance indicates how
well costs are kept under control, in
other words, over budget or under bud-
get. Cost overrun is generally a symp-
tom of poor management. Thus, many
researchers start to pay great attention
to the research on cost overrun assess-
ment (Chandramohan, Narayanan,
Gaurav, & Krishna, 2012), identification
of important factors affecting cost per-
formance (Son, Lee, & Kim, 2015), and
comparison of the impact of pre-project
planning between green and traditional
building on cost performance (Kang,
Kim, Son, Lee, & Limsawasd, 2013).
In addition, considering the unique
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characteristics of green buildings and
green construction, Robichaud and
Anantatmula (2011) tried to improve the
chances of delivering the project within
acceptable costs by suggesting some
construction management adjustments
to traditional project management prac-
tices. However, there is generally still
a lack of studies that investigate the
actual cost performance of green build-
ing projects.

A few studies have been conducted
on the cost performance of traditional
building projects as compared with
green building projects. Two indica-
tors commonly used for measuring the
general project cost performance by
the construction industry institute (CII)
(Thomas, Macken, Chung, & Kim, 2002)
are project cost growth and project bud-
get factor. The formulas for the two
indicators are shown in Equation 1 and
Equation 2.

Actual Total
Project Cost —
Initial Predicted
Project Project Cost
Cost = (Equation 1)
Growth Initial Predicted
Project Cost
Actual Total
Project Project Cost
Budget = (Equation 2)
Factor Initial Predicted
Project Cost +
Approved
Changes

Using these two indicators, Thomas
et al. (2002) conducted a survey on
617 U.S. domestic and international
traditional construction projects to
investigate the impacts of two deliv-
ery systems—design-build (DB) and
design-bid-build (DBB)—on project
cost performance. The results showed
that the project cost growths for DB
and DBB projects were —0.041 and
—0.030, respectively, from the owners’
perspective; the project cost growths
for DB and DBB projects were 0.038
and 0.056, respectively, from the

contractors’ perspective. The results
indicated that the cost performance
of the U.S. traditional construction
projects was below or slightly above
budget. The project budget factor for
DB and DBB projects were 0.966 and
0.948, respectively, from the contrac-
tors’ perspective, indicating that the
changes generally contributed to a 3%
to 5% cost increase. Shrestha, Burns,
and Shields (2013) also conducted a
survey to investigate the magnitude of
construction cost and schedule over-
run in public projects in the United
States. The results showed that the
mean construction cost and schedule
overrun for the 363 sample projects
were 2.95% and 1.54%, respectively.

In addition, Xiao and Proverbs
(2002) compared the levels of contrac-
tor cost performance in three coun-
tries: Japan, the United Kingdom, and
the United States. The survey results
showed that the estimated percent-
age of total budget overrun against
the original contract price was 5%.
The percentages of budget overrun for
Japan, the United Kingdom, and the
United States were 3.63%, 5.89%, and
5.05%, respectively. The total number
of design variations, which have been
identified as one of the major con-
tributing factors for budget overruns,
was 54.55. Using project cost growth,
Chen, Zhang, and Zhang (2014) inves-
tigated the impacts of different types
of owner-contractor conflict on cost
performance in Chinese construction
projects. In light of the above, this
study used the project cost growth to
investigate the cost performance of
green building projects in Singapore.
This study did not use the project bud-
get factor because valuing changes/
variations is, practically speaking, very
challenging for respondents.

Methodology and Data Presentation

The questionnaire survey technique
was adopted in this study because
it is a systematic method of collect-
ing data and has been widely used to
collect professional views in sustainable
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construction research (Hwang, Zhu,
& Ming, 2017; Wu & Low, 2012). This
study first carried out an extensive lit-
erature review from multiple sources,
such as government websites, reports
from private institutions, and journal
papers, to provide a better understand-
ing of the current market situation of
green building and the issues relating
to cost premiums and cost performance
of green building construction proj-
ects. Then a survey questionnaire was
subsequently developed (1) to capture
the current perceptions of profession-
als on cost premiums and cost perfor-
mance of green building projects, (2) to
identify the significant reasons for cost
premiums, and (3) to gauge the effec-
tiveness of proposed solutions to reduce
green cost premiums and improve
cost performance. The collected data
were analyzed by the Statistic Package
for Social Science (SPSS) statistical
software.

The questionnaire first provided
a definition of green cost premiums,
which was the premise of the sur-
vey. Subsequently, the questionnaire
included questions meant to profile the
companies and respondents. Further-
more, the respondents were asked to
indicate the cost premiums of green
building projects by different project
types and sizes. They were also asked
to rate the significance of the reasons
for the difference in the cost premiums
between green and traditional build-
ing projects by using a five-point scale
(1 = strongly disagree, 2 = disagree,
3 = neutral, 4 = agree, and 5 = strongly
agree). Afterward, the number of tradi-
tional and green building projects with
different cost performance values was
indicated. Finally, the effectiveness of
the solutions to reduce the cost premi-
ums of green buildings and improve
their cost performance was rated by
using the five-point scale (1 = least
efficient, 2 = somewhat efficient, 3 =
neutral, 4 = efficient, and 5 = most effi-
cient). In addition, post-survey inter-
views were carried out with two green
building professionals who had more



than three years of experience in the
green building industry, especially in
green building costs management, to
validate the findings from the survey.

The population of this study con-
sisted of all the professionals who were
past award winners of the BCA Green
Mark certificate, members of the Singa-
pore Institute of Surveyors and Valuers
(SISV), as well as the BCA directory
of registered contractors and licensed
builders with more than three years
of experience in the green building
industry and who specialized in green
building cost performance. The survey
questionnaires were randomly sent out
to the professionals via email. Thirty
responses were received. Although the
sample size was relatively small, statis-
tical analysis could still be performed
because the central limit theorem
holds true when the sample size is
no less than 30, which is a generally
accepted rule (Ott & Longnecker, 2010).
The profiles of the respondents, com-
panies, and projects are provided in
Table 1.

The respondents consisted of proj-
ect managers, quantity surveyors, and
contractors. Most of the respondents
(70%) had at least two years’ experience
in green building construction. Because
the duration of a normal building proj-
ect is around two years in Singapore,
the years of working indicated that the
respondents could have reliable cost
assessments and objective judgment,
implying that the collected cost-related
information is reliable. The percentages
of respondents from architecture, quan-
tity surveying, and contractor firms are
7%, 17%, and 76%, respectively.

A total of 242 and 121 traditional and
green building projects were recorded
from the survey, respectively. The per-
centages of the three types of projects
(office, commercial, and residential) in
traditional and green building project
are generally comparable. The num-
ber of office building projects recorded
from the survey is notably smaller than
the numbers of commercial and resi-
dential building projects.

Classification Number Percentage (%)
Respondents  Job title Project manager 8 27
Quantity surveyor 5 17
Contractor 17 56
Years of experience Less than 1 9 30
of respondents 110 less than 2 0 0
in green building
construction 2 to less than 3 5 17
3 to less than 4 6 20
4 and above 10 33
Type of Architecture 2 7
company Quantity surveying 5 17
Contractor 23 76
Projects Traditional Commercial 124 51
Offices 20 8
Residential 98 41
Green Commercial 57 47
Offices 10 8
Residential 54 45

Table 1: Profiles of respondents, companies, and projects.

Analysis Results and
Discussions

Overall Perceptions on Green Cost
Premiums

The overall perceptions of the survey
respondents regarding cost premiums

14 -
12

10+

No. of Respondents

<5%

for green buildings are summarized in
Figure 1.

A total of 43% of the respondents
perceived green cost premiums to be
5% ~ 10%, followed by 34% and 23% of
the respondents who perceived green

T T T T
5% ~10% 10% ~ 15% 15% ~20% >=20%

Capital Cost Premiums (%)

Figure 1: Overall perception on green cost premiums.
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Number of Green Number of Green Number of Green

Project Size (S$ - million) Capital Cost Premiums (CCP) Commercial Offices Residential
Less than 5 (small) 0% = < CCP < 5% 1 2 0
5% = < CCP < 10% 9 1 1
10% = < CCP < 15% 0 0 4
15% = < CCP < 20% 0 0 0
20% = < CCP 0 0 0
5 to 50 (medium) 0% = < CCP < 5% 12 0 0
5% = < CCP < 10% 9 4 2
10% = < CCP < 15% 9 0 3
15% = < CCP < 20% 2 0 2
20% = < CCP 0 0 0
50 and above (large) 0% = < CCP < 5% 11 3 32
5% = < CCP < 10% 4 0 5
10% = < CCP < 15% 0 0 5
15% = < CCP < 20% 0 0 0
20% = < CCP 0 0 0
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Table 2: Cost premiums of green building projects by project type and size.

cost premiums to be 10% ~ 15% and 0%
~ 5%, respectively. None of the respon-
dents perceived green cost premiums
to be above 15%. This result was in line
with the argument made by Houghton
et al. (2009) that green cost premiums
were getting lower as a result of decreas-
ing capital cost over time. Furthermore,
according to a report from WorldGBC
(2013), building professionals—both
with experience and without any expe-
rience in green projects—tended to per-
ceive green cost premiums to be up
to 13% and 18%, respectively, which
was not significantly different from the
analysis results of this study.

Actual Cost Premiums of Green
Building Projects

The cost premiums for green projects by
project size (i.e., less than S$5 million,
S$5 million to less than S$50 million,
S$$50 million and above) and type (i.e.,

they had been involved. As shown in
Table 2, there were indeed cost premi-
ums for going green, generally ranging
from 0% to less than 15%, regardless of
the project type and size. This result was
consistent with the overall perception
on the green cost premiums presented
in the previous section.

Actual Cost Premiums by Project Type

To obtain the mean cost premiums by
project size and type, the mid-values
of the four ranges of the premiums, in
other words, 2.5%, 7.5%, 12.5%, and
17.5%, were used in this study. The
mean cost premiums of green building
projects by project size and type are
shown in Table 3.

The overall mean of green cost
premiums ranged from 2.5% to 12.5%.

This result was comparable with the
conclusion drawn by Kansal and
Kadambari (2010) that the initial costs
of a green building were 7.5% more
than those of the ordinary building.
Additionally, it is obvious that green
residential has the highest cost pre-
miums, followed by green commercial
and green offices for three different size
classifications. The mean for the resi-
dential green building was very close to
the result found by Kim et al. (2014) that
green residential building costs were
10.77% more than those of the tradi-
tional residential buildings. The rela-
tively higher cost premiums for green
residential projects could be a result of
the respondents’ lack of green expertise
in green residential as compared with
green commercial and office building

Mean of Green Cost Premiums

green commercial, office, and residen- Project Size (S$ - million) Commercial Office Residential

tial buildings) are summarized in  Lessthan5 (small) 7.0% 4.2% 11.5%

Table 2. 5 to 50 (medium) 7.7% 7.5% 12.5%
This result was derived from the 50 and above (large) 38% 25% 4.3%

respondents’ inputs, which were based
on green building projects in which

Table 3: Mean cost premiums of green building projects by project size and type.
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projects. Respondents without sufficient
green building expertise in residential
projects would have difficulty in com-
plying with the green specifications,
leading to delays and increased costs
(Architecture Week, 2001).

Although the BCA Green Mark for
Office Interiors had been launched
recently, in 2009, the learning curve
for green offices were relatively steep,
resulting in the lowest green cost pre-
miums (Nalewaik & Venters, 2010). The
opinion from post-survey interviews
revealed that it may be much easier
to comply with green specifications for
green office projects. Another reason
could be a result of the relatively small
data set for green office building proj-
ects recorded from the survey responses.

A one-way analysis of the varia-
tion (ANOVA) test was performed to
test whether the project type has a sig-
nificant effect on green cost premiums.
The null hypothesis Hy is that there is
no statistically significant difference in
the cost premiums by project type; the
alternative hypothesis H; is that there
is a statistically significant difference
in the cost premiums by project type.
Because the one-way ANOVA test does
not show which specific building types
significantly differ, the Tukey post hoc
(TPH) test was subsequently performed
to further analyze the difference. Table 4
summarizes the results.

The p-values from the ANOVA test
for projects under S$50 million were
smaller than 0.05, indicating that the
hypothesis H, should be rejected at
a 95% confidence level. This result
implied that the building type had a
significant effect on the mean of green
cost premiums when the project size
was small or medium. When the project
size was large, the building type did not
have a statistically significant effect on
the mean of green cost premiums.

According to the results from the
TPH test, the means of the cost premi-
ums were statistically different between
commercial and residential build-
ing projects, and between office and
residential building projects when the

Project Size (S$ - million)

p-value (ANOVA)

p-value (Tukey Post Hoc)

Less than 5 (small) 0.000 CvsR 0.002
Rvs 0 0.000
CvsO 0.110
5 to 50 (medium) 0.045 CvsR 0.038
Rvs O 0.197
CvsO 0.998
50 and above (large) 0.601 No difference

Note: C, 0, and R denote commercial, office, and residential building, respectively.
Table 4: ANOVA and TPH results by project type.

project size was small. As for medium-
sized projects, only commercial and
residential building projects had statis-
tically different cost premiums.

Actual Cost Premiums by Project Size

From the perspective of project size,
large-scale projects have the lowest
means of green cost premiums for
all three building types, followed by
small- and medium-scale projects, as
shown in Table 3. One possible expla-
nation for this result is that respon-
dents involved in large-scale projects
were mainly professionals with a good
deal of experience in green building
projects. Professionals who have suf-
ficient green building experience are
able to efficiently utilize green prod-
ucts without increasing overall design
and construction costs (Malin, 2000).
Additionally, the cost of green buildings
might not increase if the right strategies
were used (Bordass, 2000). Respondents

with sufficient experience in green
building were more likely to adopt the
right strategies, lowering green cost
premiums accordingly. Another reason
derived from the post-survey interviews
was due to the economies of scale for
green features, products, and materials.

A one-way ANOVA test was per-
formed to test whether the project size
has a significant effect on green cost pre-
miums. The null hypothesis Hj is that
there is no statistically significant differ-
ence in the cost premiums by project size;
the alternative hypothesis H, is that there
is a statistically significant difference in
the cost premiums by project size.

The results generated from the
ANOVA and TPH tests are shown in
Table 5. The p-values from the ANOVA
test for three building types were all
smaller than 0.05, indicating that the
hypothesis H, should be rejected at
a 95% confidence level. This result
implied that the project size had a

Project Type p-value (ANOVA) p-value (Tukey Post Hoc)
Commercial projects 0.010 Small vs. medium 0.888
Medium vs. large 0.008
Small vs. large 0.124
Office projects 0.010 Small vs. medium 0.059
Medium vs. large 0.009
Small vs. large 0.428
Residential projects 0.000 Small vs. medium 0.875
Medium vs. large 0.000
Small vs. large 0.000

Table 5: ANOVA and TPH results by project size.
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significant effect on the mean of green
cost premiums regardless of the build-
ing type.

Further analysis based on the
p-value from the TPH test indicated
that green cost premiums were statisti-
cally different for medium- and large-
scale projects in all three building types,
whereas cost premiums were statisti-
cally different for small- and large-scale
projects only in residential projects.

Reasons for Different Cost Premiums
Between Green and Traditional
Building Projects

The one-sample t-test was performed to
determine whether each of the reasons
had a significant effect on the difference
in cost premiums between green and
traditional building projects. Because
a five-point scale was used, the test
value was 3, which is the middle value
of the scale. Table 6 summarizes the
test results as well as the ranking of the
reasons.

With the analysis result, it can be
concluded that R1, R5, and R6 had the
statistically different means from the
test value of three because the p-values
of these reasons were all below 0.05.
Because the mean of R5 (3.70) was
much greater than 3, R5 had a statisti-
cally significant effect on the difference;
however, because the means of R1 and
R6 were much lower than 3, the effects
of R1 and R6 could not be considered
significant. Although the p-values of R2,
R3, R4, and R7 were greater than 0.05,
their mean values were all greater than
the test value of 3, implying that these

could be relevant reasons for explaining
the difference as well.

The analysis results suggested that
the “high cost of green technologies and
materials” was the top reason for the
difference in cost premiums between
green and traditional building proj-
ects. As the design and construction
practices of green buildings grow more
complex, green technologies and mate-
rials not only greatly affect the capital
cost, but also affect project productivity
(Hwang et al., 2017; Lam et al., 2010).
Moreover, green materials usually have
higher production costs because these
materials lack the economies of scale
and also require special orders and
manufacturing (Kibert, 2008; Malin,
2000). All the interviewees who partici-
pated in the post-survey interview also
agreed with this result.

“High research and development
costs for green building products and
systems” was ranked second, further
contributing to the difference in the
cost premium. New green products and
systems usually require more efforts
in testing and code approvals, which
leads to an increase in research and
development costs (Malin, 2000). “Lack
of required green expertise and infor-
mation,” which ranked third, could
also lead to an unnecessary increase in
cost premiums because the key build-
ing players are unable to utilize green
products efficiently (Malin, 2000).
Additionally, without sufficient green
building expertise, key building players
most probably encounter reworks and
changes because they have difficulty

in complying with the green standards,
leading to an increase in the capital cost
for green building projects (Architec-
ture Week, 2001).

“Lack of government incentives/
subsidies for green building projects”
is not a significant reason. This find-
ing coincides with the results from
Hwang and Tan (2012) in which the
lack of government support (e.g., incen-
tives) is not an obstacle encountered
in Singapore green building projects.
This is most probably because of the
extensive efforts made by the govern-
ment to support the building industry
in Singapore. “Higher consultant and
designer fees” was not rated as a sig-
nificant reason, perhaps because it is
not the root cause or a direct reason.
Another possible reason may be that
getting specialized consultants and
designers is not difficult and the cost is
not very high (Architecture Week, 2001).

Comparison of Cost Performance
Between Traditional and Green
Building Projects

Table 7 summarizes the cost perfor-
mances of traditional and green build-
ing projects by project type.

The negative and positive percent-
ages indicate an “under budget” and
“over budget” cost performance of proj-
ects, respectively. Using the mid-values
of the four ranges of the performance,
in other words, —7.5%, —2.5%, 2.5%,
and 7.5%, the mean cost growth of the
traditional and green building projects
by project type were calculated and are
depicted in Figure 2.

SN Reasons p-value Mean Rank
R1 Higher consultant and designer fees 0.022 2.60 6
R2 Lack of required green expertise and information 0.315 3.10 3
R3 Difficulty in getting green services from contractors and subcontractors 0.5000 3.00 5
R4 Difficulty in getting green resources, e.g., materials, technologies, etc. 0.444 3.03 4
R5 High cost of green technologies and materials 0.000 3.70 1
R6 Lack of government incentives/subsidies for green building projects 0.034 2.57 7
R7 Higher research and development costs for green building products, systems, technologies, etc. 0.221 3.13 2

Table 6: Ranking of the reasons for the difference in cost premiums.
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Numbers of

Commercial Projects

Cost Growth (CG) Traditional
—10% < = CG < —5% 10
—5% < =C6G < 0% 60
0% < = CG <5% 54
5% < = (CG < 10% 0
Total 124

Number of Office Projects

Number of
Residential Projects

Green Traditional Green Traditional Green
0 7 0 30 0
6 4 0 42 0
22 7 1 21 32
29 2 9 5 22
57 20 10 98 54

Table 7: Cost performances of traditional and green building projects.

As can be seen in Figure 2, tradi-
tional projects had negative mean cost
growth. In contrast, green projects had
positive mean cost growth for all three
types of projects. This result meant
that green projects generally had a cost
overrun, whereas traditional projects
were generally under budget. The cost
overrun of green building projects first
could be a result of the key building
players’ unfamiliarity and insufficient
expertise in green building projects
compared with traditional projects.
Another possible reason for the cost

@ Traditional Projects

overrun of green building projects was
that they were more likely to be delayed
than traditional projects. Hwang and
Leong (2013) found that 33.33% of
green projects encountered a delay,
as opposed to only 17.39% for tradi-
tional projects. Furthermore, green
office projects had the highest mean
cost overrun among the three types of
projects. One possible reason was that
the respondents were unfamiliar with
green office projects, which could be
inferred from the small data set for such
projects.

In order to statistically identify the
equality in cost growth between green
and traditional projects, the indepen-
dentsample t-test for mean and Levene’s
test for variance were carried out. The
results are summarized in Table 8.

The means of cost growth between
green and traditional projects in all
three types of projects were statistically
different because all p-values under
t-test were lower than 0.05. Moreover,
the variances of cost growth between
green and traditional projects in office
and residential types of projects were

@Green Projects

8.00% 7.00%
I
6.00% - y
4.50% /
4.00% - ? %
2.00% - % %
0.00% A Z . .
. o 270000
200% 1 10" -1.50%
-4.00% -
Commercial Offices Residential
Figure 2: Comparison of the mean cost growth for traditional and green projects.
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p-value
Project Types Levene's test (Variance) T-test (Mean)
Commercial 0.315 0.000
Office 0.000 0.000
Residential 0.07M 0.000

Table 8: Test results for cost growth.

statistically different. Overall, it could
be concluded that cost performance
between green and traditional building
projects was statistically different. One
reason for the difference could be that
the management of the green building
construction was challenging as a result
of the complexity of green technologies
and requirements.

The findings of this study should
alert the green construction industry to
pay further attention to cost manage-
ment. Green practitioners should adopt
proper strategies, tools, or techniques to
manage the cost performance of green
building projects from the perspectives
of time and cost.

Solutions for Cost Premiums Reduction
and Cost Performance Improvement

The one-sample t-test was performed
to determine the effectiveness of solu-
tions for reducing cost premiums and
improving the cost performance of
green building projects. Because a five-
point scale was used, the test value is
three. The ranking of the solutions is
shown in Table 9.

According to the test results, the
mean values for the solutions S1 (3.7),
S5 (3.83), S6 (3.80), and S8 (3.47) were
statistically greater than the test values
of three because all p-values were below
0.05. Moreover, all solutions except S2
and S3 could be considered relevant for
reducing cost premiums and improving
the cost performance of green building
projects because their mean values
were statistically equal to or greater
than the test value.

“Tax relief” which was ranked as
the most powerful solution, is a more
flexible and feasible solution. It can
be given to both businesses and indi-
viduals who make the effort to use
green products and systems (Bourgeois,
Breaux, Chiasson, & Mauldin, 2010).
This was confirmed by the post-survey
interview for this study. The interview-
ees agreed that tax relief was a spe-
cific solution that can directly benefit
shareholders.

“Availability of skilled and expe-
rienced project team” was ranked
second, which is consistent with Jiang’s
(2010) study. Green building projects

generally have a more complex design
as compared with traditional building
projects (Hwang et al., 2017; Johnson,
2000). With a skilled and experienced
project team, both lower cost premiums
and better cost performance can actu-
ally be achieved because the right green
design features and materials can be
correctly and efficiently adopted dur-
ing the design and construction period
(Hydes & Creech, 2000; Malin, 2000).
Furthermore, if a project team has
sufficient green building expertise, the
cost performance of green buildings
can be much improved because costs
caused by unnecessary rework and
changes can be avoided (Architecture
Week, 2001).

“Incentives/subsidies for green
building projects” and “subsidies for
green building professional and spe-
cialist courses from the government”
were ranked third and fourth, respec-
tively. From a practical standpoint,
incentives from the government are
extremely important for attracting and
motivating hesitant building profes-
sionals to build green (Popovec, 2006),
which could enlarge the green mar-
ket. Additionally, a good education
on green products and systems can
increase the productivity and improve
the learning curve of using these prod-
ucts. Both cost premiums reduction and
cost performance improvement could
be achieved if the building players were
more familiar with green products and

SN Solutions to Reduce Cost Premiums p-value Mean Rank

S1 Government to provide incentives/subsidies for green building projects 0.000 3.70 3

S2 Low-interest loans 0.242 2.83 7

S3 Financial institutions to introduce lending schemes customized for green building projects 0.173 2.77 8

S4 Government to provide subsidies for research and development of green building products, systems, 0.109 3.33 5
and technologies

S5 Tax relief for developers and contractors for use of green building products, systems, and technologies 0.000 3.83 1

S6 Availability of skilled and experienced project team and contractors 0.000 3.80 2

S7 Government to provide green building educational courses for key building players so as to flatten the 0.116 3.30 6
learning curve of green construction

S8 Government to provide subsidies for green building professional and specialist courses 0.038 3.47 4

Table 9: Ranking of the solutions to reduce cost premiums of green buildings.
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systems (Nalewaik & Venters, 2010). The
results also coincide with the view from
Ong (2013), who pointed out that green
courses and educational programs can
be funded by the government.

Conclusions and Recommendations

Green buildings are becoming increas-
ingly popular in Singapore; however,
despite the benefits of green build-
ings and various efforts being made to
promote a sustainable built environ-
ment, the delivery of green buildings is
still hindered by the higher cost asso-
ciated with “going green.” As a result,
this study aimed to investigate the cur-
rent cost premiums of green building
projects and identify the significant
reasons for these cost premiums. In
addition, the cost performance of green
and traditional building projects was
compared, and finally, some plausible
solutions that can reduce cost premi-
ums and improve the cost performance
were proposed.

The first finding from this study was
that the majority of the respondents
perceived green cost premiums to be
5% ~ 10%, with green residential build-
ings having the highest cost premiums,
followed by green commercial and green
office buildings. Furthermore, it was
proven that “project type” and “project
size” were statistically significant vari-
ables that affected cost premiums. This
study also identified that “high cost
of green technologies and materials,”
“higher research and development costs
for green building products, systems,
technologies, etc.,” and “lack of required
green expertise and information” were
the top three reasons for the cost pre-
miums of green building projects. As
for current cost performance, it was
concluded that green building projects
were generally over budget (4.5% ~ 7%),
which was worse than traditional build-
ing projects. Finally, “tax relief” was
identified as the most efficient solution
that could have a significant impact on
reducing cost premiums and improving
the cost performance of green building
projects.

Although the main objectives of this
study were achieved, there are some lim-
itations. First, caution should be given
when the analysis results are interpreted
and generalized because the sample size
was relatively small. Particularly, the data
for green office building projects were
relatively small and thus might not fully
represent the specific project type. Sec-
ond, the data were mainly about the per-
ceptions of the respondents rather than
the exact cost figures as a result of some
confidentiality issues. The subjective
evaluation could be influenced by the
experience and attitude of the respon-
dents. Lastly, the findings from this study
were well interpreted in the context of
Singapore, which may be different from
the contexts of other countries.

Nonetheless, this study still pro-
vides an in-depth understanding of the
cost premium and control solutions in
green building projects for both prac-
titioners and researchers. Key building
professionals can make better cost-
related decisions right at the beginning
of green projects, based on the findings
from this study. In addition, although
the findings appear to be geographically
specific to green buildings in Singa-
pore, they would not be limited to the
context of Singapore, as Singapore has
been globally recognized as one of the
leading countries advocating sustain-
ability of the built environment through
green buildings. From this perspective,
the findings from this study will have
important implications to the existing
body of knowledge as well as to the
global construction industry.

Further studies can investigate green
building projects performed in other
countries in the sense of cost premiums
and cost performance, and provide the
results from comparisons of projects. In
addition, because this study was focused
on new green building projects, other
kinds of green building projects, such as
green retrofit or maintenance projects,
can be studied further. It would be also
interesting to examine other types of
green building projects, such as schools
and hospitals.
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