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ABSTRACT

This study analyzed the Leadership in Energy and Environmental Design for
Commercial Interior Certified, Silver, and Gold projects version 4.0 (LEED-CIv4)
in California for the period 2015-2020. Nonparametric tests were used to assess
category and credit achievement, i.e., the difference between possible and achieved
points and the correlation between associated credits. The results show that most of
the credits in the location and transportation category and the indoor environmental
quality categories had a high level of achievement, a few credits in the energy and
atmosphere and materials and resources categories had a high level of achievement,
and all of the credits in the water efficiency category had a low level of achievement.
Some associated credits, such as surrounding density and quality transit, had a high
level of achievement and a positive correlation, whereas other associated credits, such
as life-cycle impact reduction and environmental product declarations, had a low level
of achievement and a positive correlation. If LEED-CIv4 credits meet the require-
ments of the California Green Building Standards Code 2016 (CGBSC 2016), then
these credits typically have a medium/high level of achievement. If LEED-Clv4
credits exceed the requirements of CGBSC 2016, then these credits have a low level
of achievement. Therefore, to improve the next version of LEED-CI, it is necessary
to improve the local green codes.
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INTRODUCTION

Currently, green building certification is being used to move toward a sustainable building
sector. Due to inherent differences in cultural patterns and resource sources, each country has
developed its own green certification system. In this respect, we can mention the following
well-known and mature rating systems: the Green Star (Australia); the BRE Environmental
Assessment Method (BREEAM) (the United Kingdom); the Comprehensive Assessment
System for Built Environment Efficiency (CASBEE) (Japan); and Leadership in Energy and
Environmental Design (LEED) (the United States). LEED-certified projects, however, are the
most extensively analyzed by researchers both in the United States and worldwide (Suzer 2015;
Ma and Cheng 2016; Wu et al. 2017; Pushkar and Verbitsky 2018a).
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LEED-related empirical studies provide LEED experts with important feedback from
LEED practitioners. LEED experts are responsible for further improving this system from one
version to the next. Buildings can be certified under a relevant LEED system; examples are
LEED-NC for new construction, LEED-EB for existing buildings, LEED-C&S for core and
shell development, LEED-ND for neighborhood development, and LEED-CI for commercial
interiors. According to the literature, the LEED-NC-certified projects carried out in the United
States are the most analyzed (Wu et al. 2016; Wu et al. 2017; Pushkar and Verbitsky 2018a;
Pushkar and Verbitsky 2019a), and the following well-grounded conclusions were drawn about
this system: high achievement for the sustainable sites (SS) and innovation in design (IN) cat-
egories, medium achievement for the water efficiency (WE) and indoor environmental quality
(EQ) categories, and low achievement for the energy and atmosphere (EA) and materials and
resources (MR) categories.

However, these LEED-NC achievements may be irrelevant to other LEED systems. In
particular, these LEED-NC achievements seem to be inappropriate for LEED-CI projects. This
is because the NC system relates to building interior and exterior designs, whereas the LEED-CI
system relates mostly to building interior designs (Pushkar and Verbitsky 2019b). For example,
the SS category has less weight in LEED-CIv3 (21 points) than in LEED-NCv3 (26 points),
while the EA category has more weight in LEED-CIv3 (37 points) than in LEED-NCv3 (35
points) (LEED-CIv3 2009; LEED-NCv3 2009).

Several researchers have performed LEED-Cl-related empirical studies. Fuerst (2009)
studied the LEED-CIv2 projects together with LEED-NC, LEED-EB, and LEED-C&S proj-
ects and concluded that these projects had a low level of achievement that rose just above the
lower boundary of each certification level (Certified, 21-26 points; Silver, 27-31 points; Gold,
32-41 points; and Platinum, 42-57 points). However, the author did not present a separate
conclusion about LEED-CIv2-certified projects.

Moreover, LEED-CIv2 included 7 points in the SS category, 2 points in the WE category,
12 points in the EA category, 14 points in the MR category, 17 points in the EQ category, and
5 points in the IN category (LEED-CIv2 2004). The third version of LEED-CI was reorganized
and devoted 21, 11, 37, 14, 17, and 6 points to the SS, WE, EA, MR, EQ, and IN categories,
respectively (LEED-CIv3 2009). In addition, a new regional priority (RP) category with four
points was introduced in this version. RP points are awarded as a “bonus” when regional priority
issues are addressed well under the SS, WE, EA, MR, or EQ categories. The total number of
LEED-CIv3 points is 110; to achieve the Certified, Silver, Gold, and Platinum levels, 40-49,
50-59, 60-79, and 80-100 points, respectively, need to be obtained (LEED-CIv3 2009).
The projects carried out in the United States and certified under LEED-Clv3 were studied by
Pushkar and Verbitsky (2019b), who reported that the SS, WE, and ID categories had a high
level of achievement, the EA and EQ categories had a medium level of achievement, and the
MR category had a low level of achievement.

However, LEED-CIv4, which is the current LEED-CI system, was released in 2014 with
the following modifications: the SS category was replaced with a location and transportation
(LT) category; five separate credits (lighting power, lighting control, heating, ventilating, and
air conditioning (HVAC) in the equipment and appliances (EA) category were combined into a
single optimize energy performance credit, and four MR credits were introduced to impose life-
cycle assessment (LCA) requirements (LEED-CIv4 2014). Therefore, the LEED-CIv3 project
achievements should be verified using LEED-CIv4 project achievements.

The present study focused on LEED-CIv4 projects certified in California in the United
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States. California was selected as a case study due to its strong preference for sustainable policies.
In terms of operational energy issues, which are related to the optimize energy performance
credit (in the EA category) of the LEED-CI system, California constantly adopts a stricter
version of ASHRAE 90.1 (the Energy Standard for Buildings Except Low-Rise Residential
Buildings). In 2015, California adopted ASHRAE 90.1-2010; in 2016, California adopted
ASHRAE 90.1-2013; and in 2017, California adopted ASHRAE 90.1-2016 (ASHRAE 90.1).
Californian municipalities require all large municipal building projects to be LEED-certified.
For example, in San Francisco, municipal public buildings with a gross square footage greater
than 10,000 need to be constructed in accordance with the LEED Gold certification (city
and county of San Francisco, Green Building Code 2017). Californian cities redevelop their
downtown areas by applying form-based codes (FBCs), which are strongly related to the smart
location and linkage and neighborhood pattern and design categories of LEED-ND (Garde
2018). As a result of this implementation of LEED, California now has the highest number of
LEED-certified buildings (Simcoe and Toffel 2014; Shin et al. 2017).

The aim of this study was to determine the trends in LEED-ClIv4-certified projects in
California for the period 2015-2020 through evaluating: (i) category achievement; (ii) credit
achievement; and (iii) correlations between associated credits. We selected the period 2015—
2020 because a suitable sample size of observational data was available for this period. We also
identified high-achieving categories/credits and low-achieving categories/credits.

It should be noted that, as we only analyzed projects that were certified in California, our
findings are not generalizable. Pushkar and Verbitsky (2018a) recently analyzed LEED-NCv3-
certified projects in California, Florida, Illinois, Massachusetts, Virginia, Washington, New
York, Ohio, Texas, and Georgia in the United States. The authors showed that, in the EA Gold
category, California has significantly higher rates than the other nine states. Therefore, each
state should first be considered separately, since each state has its own green building strategy
(Pushkar 2018).

This study also offers a methodology that future studies may use. Adopting a separate
evaluation of different areas with different economic, social, and technological contexts may
help to accumulate data on LEED-specific strategies in these areas. In turn, such data may help
LEED developers to build a flexible weighting system for the adaptation of LEED points to

other countries according to their environmental needs.

METHODS

Data Collection
In this study, we analyzed Certified, Silver, and Gold LEED-CI projects in California. Seventeen
(17) Certified, 27 Silver, 20 Gold, and 2 Platinum projects that were certified during the
period March 2015 to May 2020 were discovered in the United States Green Building Council
(USGBC) project directory (USGBC). We excluded the Platinum projects from the statisti-
cal analysis. Pushkar and Verbitsky (2019b) recently analyzed the 2009 LEED-CI projects in
California and showed that the sample size (n) in both groups (n; and n,), n; = n, = 20, was
statistically significantly different (a low p-value) when the effect size was medium or higher.
Table 1 presents the distribution of the analyzed projects in Californian cites. The score-
cards of all of the projects, which contain their achieved points in the IP, LT, WE, EA, MR, EQ,
IN, and RP categories, were downloaded from the USGBC directory. The data were collated
in an Excel database.
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TABLE 1. Distribution of LEED-CIv4 Certified, Silver, and Gold projects in California, United
States in the period 2015-2020.

Certification City (Number of Projects)

Certified Alameda (1), Irvine (1), Los Angeles (1), Oakland (1), Sacramento (2), San
Diego (3), San Francisco (2), San Jose (1), San Mateo (2), South San Francisco
(1), Tustin (1), West Hills (1)

Silver Grove (1), Livermore (1), Los Angeles (3), Oakland (1), Pacoima (1), Rancho
Cordova (1), Sacramento (4), San Diego (1), San Francisco (7), San Jose (1), San
Mateo (1), South San Francisco (2), Sunnyvale (1), West Sacramento (2)

Gold Fremont (1), Los Angeles (3), Menlo Park (2), Mountain View (1), Sacramento
(1), San Diego (1), San Francisco (7), Santa Monica (1), South San Francisco
(1), Sunnyvale (2)

Statistical analysis

For the descriptive statistics, we used the median and the 25th—75th centiles instead of the
mean = standard deviation because LEED data are associated with an ordinal scale. For the
inferential statistics, we used the exact Wilcoxon—-Mann—Whitney (WMW) nonparametric test
and Cliff’s § effect size nonparametric test instead of the parametric #test and Cohen’s d effect
size or another parametric effect size test, respectively, because the assumption of normality for
LEED data was not met. We applied the exact instead of the asymptotic approximation WM W
test because one of the two groups contained the same values (a “somewhat unusual dataset”)
(Bergmann et al. 2000). It should be noted that the WMW procedure tests for equality of group
mean-ranks, not of group medians (Bergmann et al. 2000), and Cliff’s 8 effect size determines
the magnitude of the difference of two distributions (Cliff 1993). In the present study, we used
Cliffs 1 — | 8] to evaluate the effect size of the achieved points. According to Romano et al.
(2000), the effect size is considered to be (i) negligible if 18] <0.147; (i) small if0.147 < | 8|
< 0.33; (iii) medium if 0.33 < | 8| < 0.474; and (iv) large if 15| > 0.474.

If the LEED data had binary (“0” or “1”) variables, then we used Fisher’s exact 2 x 2 test
with a two-tailed Lancaster’s mid-p-value (Lancaster 1961; Routledge 1992) instead of the
exact WMW test. The natural logarithm of the odds ratio can be used instead of Cliff’s 6 for
binary variables. In the context of the current study, the natural logarithm of the odds ratio
cannot be used as an indicator of the magnitude of the effect, since one of the proportions in
the fourfold table is zero. However, using the Fleiss procedure (Fleiss 1981 cited by Haddock
et al. 1998), namely adding 0.5 to each observed frequency, may not work because the values
in the other cells of the fourfold table are zero (Haddock et al. 1998, p. 343). We also used the
nonparametric Spearman rank order correlation test instead of the parametric ordinary least
squares method because the Gauss—Markov assumptions were not met. Recently, Pushkar and
Verbitsky (2018b) used a Spearman correlation test to evaluate the relationship between build-
ing and service layers in both LEED-NCv3 and LEED-EBv3 projects.

In the present study, the WMW two-tailed test or Fisher’s exact 2 x 2 test with a two-
tailed Lancaster’s mid-p-value was used to estimate the statistical difference between possible
and achieved points in a category and credit for each certification level of LEED-CIv4 projects.
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The Spearman correlation test evaluates the correlation coefficient (7) and two-tailed p-value: the
strength of the relationship and statistical difference, respectively, between two correlated credits.

The p-values were evaluated according to three logical statements: “it seems to be posi-
tive”; “it seems to be negative”; and “judgment is suspended” (Hurlbert and Lombardi, 2009).

In order to evaluate the difference between possible and achieved points, “it seems to be
positive” indicates that there seems to be a difference between possible and achieved points while
“it seems to be negative” indicates that there does not seem to be a difference between possible
and achieved points. The “judgment is suspended” statement indicates that the judgment relat-
ing to a difference between possible and achieved points is suspended.

In order to evaluate the correlation between two associated credits, “it seems to be posi-
tive” indicates that there seems to be a correlation between the achieved points of two associ-
ated credits, “it seems to be negative” indicates that there does not seem to be a correlation
between the achieved points of two associated credits, and “judgment is suspended” indicates
that the judgment relating to the correlation between the achieved points of two associated
credits is suspended.

RESULTS AND DISCUSSION

LEED-CIv4 categories

In the IP category, the Gold projects showed a high level of achievement, whereas the Certified
and Silver projects demonstrated a low level of achievement (Table 2). The IP category includes
only one credit that requires a preliminary analysis of the relationships between energy-related
and water-related systems. It can be supposed that the preliminary analysis was more effective
for Gold projects, which focused on emphasizing the EA category (a median of 24.0 points
from 38 possible points, Table 2). In the IN category, the Silver and Gold projects had a high
and medium level of achievement, respectively. RP allows for the award of up to four possible
bonus points by achieving regional-issue-related credits in the LT, WE, EA, MR, and EQ
categories. These regional issues were emphasized only in the Gold projects (a medium level
of achievement).

The WE category of LEED-CIv4 also includes only one credit, namely indoor water use
reduction (with 12 possible points). This credit had a similarly low level of achievement at
each of the three certification levels, as potable water use was decreased by approximately 35%
(6 achieved points, Table 2) from the calculated baseline in the indoor water use reduction
prerequisite, whereas a 50% reduction in potable water use is required to receive all of the 12
possible points. This achievement in the WE category of the LEED-CIv4 by Silver and Gold
projects (a median of 6.0 points from 12 possible points, Table 2) was comparable to that in
the WE category of the LEED-CIv3 by Silver and Gold projects (a median of 8.0 points from
11 possible points) in California, as presented earlier by Pushkar and Verbitsky (2019b). It
should be noted that California is located in a high water stress area (https://www.globalchange.
gov/browse/multimedia/water-stress-us). Thus, California has attempted to save potable water
by requiring Title 24, Section 4.3 (Water efficiency and conservation) of California’s Code of
Regulations to apply under California’s Green Building Standards Code 2016 (CGBSC, 2016).
In this respect, the LEED-CIv4 WE category prerequisite (decreasing potable water use by 20%
from the calculated baseline) is equivalent to the CGBSC 2016 water reduction requirement
(Greer et al. 2019). As was noted above, a reduction in potable water use of approximately
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35% from the calculated baseline was preferred in the LEED-CIv4 projects irrespective of their
certification level. Thus, in the WE category, design teams performed slightly better than is
required by California’s local building code (CGBSC, 2016).

The achievement level in the LT, EA, MR, and EQ categories of the LEED-CIv4 projects
was low at each of the three certification levels (Table 2). Moreover, the achievement level in the
EA category of the LEED-CIv4 projects remained unchanged (a median of 17.0 and 24.0 points
from 38 possible points, Table 2) from that in the EA category of LEED-CIv3 projects (a median
of 16.5 and 23.0 points from 37 possible points (Pushkar and Verbitsky, 2019b)) for Silver and
Gold, respectively. The achievement level in the MR category of the LEED-CIv4 projects was
somewhat higher (a median of 5.0 and 6.0 points from 13 possible points, Table 2) than that
in the MR category of LEED-CIv3 projects (a median of 4.5 and 5.5 points from 14 possible
points (Pushkar and Verbitsky, 2019b)) for Silver and Gold, respectively. The achievement level

TABLE 2. Credit points achieved in the LEED-Clv4 categories by projects certified in California,
USA during the period 2015-2020. The data are expressed as the median and the 25th-75th
centiles and Cliff’s 1 — | 5| effect size of the achieved points. The p-values in all comparisons were
p <0.0002 and are not shown in Table 2.

Achieved points

Category Possible points Certified Silver Gold

Integrative Process 2 0.0 0.0-2.0 0.0 0.0-1.8 2.00.5-2.0
0.29 0.26 0.55

Location and Transportation 18 8.0 3.0-15.0 8.0 3.0-15.0 16.5 15.0-18.0
0.00 0.00 0.15

Water Efficiency 12 6.0 4.0-6.5 6.0 4.5-8.0 6.0 5.0-8.0
0.12 0.11 0.05

Energy and Atmosphere 38 13.0 10.0-14.0 | 17.0 12.0-25.5 | 24.0 15.5-27.0
0.00 0.00 0.00

Materials and Resources 13 3.01.8-5.3 5.0 4.0-7.0 6.0 45-6.0
0.00 0.00 0.00

Indoor Environmental 17 4.0 3.8-5.0 5.0 4.3-6.0 7.0 5.5-8.5

Quality 0.00 0.00 0.00

Innovation 6 4.02.0-4.3 5.0 5.0-6.0 5.0 4.5-6.0
0.12 0.48 0.40

Regional Priority 4 1.0 1.0-2.3 3.02.0-3.0 3.0 3.0-4.0
0.06 0.07 0.45

The  effect size is considered to be (i) negligible if |8] <0.147; (ii) small if 0.147 < 18] <0.33; (iii) medium
if0.33 < | 8| < 0.474; and (iv) large if | 8| > 0.474.
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in the EQ category of the LEED-CIv4 projects was somewhat lower (a median of 5.0 and 7.0
points from 17 possible points, Table 2) than that in the EQ category of LEED-CIv3 projects
(a median of 7.0 and 9.0 points from 17 possible points (Pushkar and Verbitsky, 2019b)) for
Silver and Gold, respectively.

To determine whether the credits in the LT, EA, MR, and EQ categories were achieved
successfully or unsuccessfully, further detailed analyses of these categories, covering both credit
achievement and correlations, were performed. The results are presented in Tables 3—-10.

TABLE 3. Credit points achieved in the location and transportation (LT) category of LEED-Clv4
by projects certified in California, USA during the period 2015-2020. The data are expressed as
the median and the 25th—75th centiles and Cliff's 1 — | 3| effect size of the achieved points. The
p-values in all comparisons were p < 0.0012 and are not shown in Table 3.

Achieved points

Credit Possible points Certified Silver Gold
Surrounding density and 8 5.0 2.0-8.0 5.0 2.0-8.0 8.0 5.0-8.0
diverse uses (LTc2)

0.47 0.44 0.55
Access to quality transit 7 3.0 0.0-7.0 3.0 0.0-7.0 7.0 3.8-7.0
(LTc3)

0.41 0.33 0.55
Bicycle facilities (LTc4)! 1 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.8

0.24 0.26 0.40
Reduced parking footprint 2 0.0 0.0-0.0 0.0 0.0-0.0 2.0 0.0-2.0
(LTc5)

0.12 0.15 0.45

The  effect size is considered to be (i) negligible if | 8| <0.147; (i) small if 0.147 < | 8| < 0.33; (iii) medium
if0.33 < | 8] < 0.474; and (iv) large if | 8| > 0.474.

"To estimate the statistical difference between possible and achieved points, the LEED-CIv4 LTc4 credit data
were tested using Fisher’s exact test with 2 x 2 tables and a two-tailed mid-p-value.

Data on LEED for neighborhood development location (LTcl) are not presented because none of the analyzed
projects achieved this credit.

TABLE 4. The correlation between associated credits in the location and transportation category
of LEED-CIv4 for each certification level. The table shows the correlation coefficient (r) and
p-value between correlated credits.

Certified Silver Gold
Associated credits 7 p-value r p-value r p-value
LTc2 and LTc3 0.88 0.00001 0.77 0.00001 0.86 0.00001

Bold = there seems to be a correlation between the achieved points of two associated credits; ordinal = there
does not seem to be a correlation between the achieved points of two associated credits; italic = judgment is
suspended regarding the correlation between the achieved points of two associated credits.
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Location and Transportation

The surrounding density and diverse uses of (LT'c2) and access to (LT'c3) quality transit are
location-related credits. Certified and Silver projects demonstrated a medium level of achieve-
ment in these credits, and Gold projects demonstrated a high level of achievement in these
credits (Table 3). These credits depend on the walking distance between a project and general
public services, such as supermarkets, banks, education facilities, and restaurants (L'T'c2), as well
as public transportation services, such as bus stops, rail stations, and ferry terminals (LT'¢c3). A
high/medium level of achievement in LTc2 and LTc3 is to be expected in California because
close proximity between general public and transportation services and the housing sector is also
encouraged by other sustainable policies, such as form-based codes (FBCs). It should be noted
that FBCs are aimed at downtown redevelopment (Garde, 2018) and, therefore, compliance
with them can be accomplished through LEED-CI certification. Moreover, these general public
and transportation services are simultaneously available in a city’s infrastructure. Therefore, in
the Certified, Silver, and Gold projects, a high degree of correlation was found between the
LTc2 achieved points and the LTc3 achieved points (Table 4).

In the bicycle facilities (LT'c4) and reduced parking footprint (LT¢5) credits, the analysis
revealed that Certified and Silver projects had a low level of achievement and Gold projects had a
medium level of achievement (Table 3). LT'c4 and LT'¢5 are transport-related credits that require
a transition in the public transportation system from private car ownership to the use of bikes
and carpooling. L'Tc4 requires the installation of project-related bicycle storage and showers
with clothes-changing facilities for a building’s occupants and visitors, and LTc5 requires the
project to give priority to carpool parking. This transition in the transportation system involves
the use of supplemental transportation infrastructure, such as separate routes for cycling (which
may be unavailable in the project’s neighborhood), and a decrease in the number of private
parking spaces (which may be unpopular with future residents). LTc4 and LTc5 are separate
and disconnected credits. Therefore, in this case, a correlation analysis was not necessary.

It should be noted that California’s Code of Regulations (Title 24, Section 5.106.4 Bicycle
parking (CGBSC, 2016)) also requires that a project “... provide secure bicycle parking for 5
percent of the tenant vehicular parking spaces being added, with a minimum of one bicycle
parking facility” (CGBSC, 2016). However, CGBSC 2016 does not prescribe any require-
ments for showers with clothes-changing facilities. This may be viewed as an obstacle to a high
level of performance in the LTc4 credit. However, with regard to low-emission, fuel-efficient,
and carpool/vanpool vehicles, California’s Code of Regulations (Title 24, Section 5.106.5.2
Designated Parking for Clean Air Vehicles (CGBSC, 2016)) imposes more strict requirements
(8% of the total number of parking spaces must be for clean air vehicles) than LTc5, which
requires that 5% of the total number of parking spaces be for clean air vehicles.

Energy and Atmosphere
The LEED-CIv4 projects certified in California showed a low level of achievement at each
of the three certification levels in the enhanced commissioning (EAcl) and advanced energy
metering (EAc2) credits (Table 5). These credits require tenant-level commissioned surveys of
mechanical, electrical, domestic hot water, and renewable energy systems (EAc1) and the instal-
lation of advanced energy system metering systems (EAc2). EAcl and EAc2 are separate and
disconnected credits, so we did not need to perform a correlation analysis.

Renewable energy production (EAc3) and green power and carbon offsets (EAc5) are
green-energy-related credits. EAc3 aims to reduce the environmental damage caused by

64 Volume 16, Number 3

SS900E 93l} BIA §Z-80-G20Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



TABLE 5. Credit points achieved in the energy and atmosphere (EA) category of LEED-Clv4 by
projects certified in California, USA during the period 2015-2020. The data are expressed as

the median and the 25th-75th centiles and Cliff's 1 — | 3| effect size of the achieved points. The
p-values in all comparisons were p < 0.0083 and are not shown in Table 5.

Achieved points

Credit Possible points Certified Silver Gold
Enhanced commissioning 5 4.0 4.0-4.0 4.0 4.0-4.0 4.0 4.0-4.8
(EAcl)

0.12 0.26 0.25
Advanced energy metering 2 0.0 0.0-1.0 0.0 0.0-1.0 1.0 0.0-1.8
(EAc2)

0.12 0.04 0.25
Renewable energy production | 3 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-1.5
(EAc3)

0.00 0.11 0.10
Enhanced refrigerant 1 0.0 0.0-0.0 0.0 0.0-1.0 0.0 0.0-0.0
management (EAc4)'

0.24 0.33 0.25
Green power and carbon 2 0.0 0.0-2.0 2.00.0-2.0 2.0 1.3-2.0

fisets (EAc5

offsets (FAC) 0.29 0.48 0.65
Optimized energy 25 8.0 7.0-8.0 11.0 7.0-18.0 16.0 11.0-18.8
performance (EAac6)

0.00 0.07 0.05

The § effect size is considered to be (i) negligible if || <0.147; (i) small if 0.147 < | 8| < 0.33; (iii) medium
if0.33 < | 8| < 0.474; and (iv) large if |8] > 0.474.

I'To estimate the statistical difference between possible and achieved points, the LEED-CIv4 Eac4 credit data
were tested using Fisher’s exact test with 2 x 2 tables and a two-tailed mid-p-value.

fossil-fuel-based energy by requiring the direct installation of renewable energy systems or the
purchase of renewable power from other sources. EAc5 relates to entering into a contract for
qualified resources of green power, carbon offsets, or renewable energy certificates. However,
we found that the analyzed projects achieved these credits differently: EAc3 had a low level of
achievement in Certified, Silver, and Gold projects, while EAc5 had a low level of achievement
in Certified projects and a high level of achievement in Silver and Gold projects (Table 5). This
occurred despite a correlation being revealed between the achievement of these credits at the
Silver and Gold certification levels, which indicated a connection between the credits (Table 6).

Enhanced refrigerant management (EAc4) and optimized energy performance (EAc6) are
operational energy-related credits. EAc4 prohibits refrigerants in order to decrease environmen-
tal impacts, including global warming potential (GWP) and ozone depletion potential. EAc6
requires thermally efficient building envelopes to be insulated and a decrease in the operational
energy and, thereby, GWP of energy-efficient HVAC systems, interior lighting power and
controls, and equipment and appliances. Despite the importance of the energy-saving issues
expressed in these credits, these requirements still found less recognition because both credits
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TABLE 6. Correlation between associated credits in the energy and atmosphere category of
LEED-CIv4 at each level of certification. The table shows the correlation coefficient (r) and p-value
between correlated credits.

Achieved points
Certified Silver Gold
Associated credits r p-value r p-value r p-value
Eac3 and Eac5 0.61 0.0087 0.55 0.0030 0.46 0.0399
Eac4 and Eac6 0.65 0.0045 0.49 0.0102 0.30 0.2059

Bold = there seems to be a correlation between the achieved points of two associated credits; ordinal = there
does not seem to be a correlation between the achieved points of two associated credits; italic = judgment is
suspended regarding the correlation between achieved points of two associated credits.

had a low level of achievement at each of the three certification levels (the only exception being
a medium level of achievement by Silver projects in EAc4) (Table 5). These mostly low levels
of achievement showed that there was a correlation between EAc4 and EAc6 in Certified and
Silver projects (Table 6). The low level of achievement in the optimized energy performance
(EAcO) credit by LEED-CIv4 projects certified in California was somewhat surprising because
the strictest version of ASHRAE 90.1-2016 (ASHRAE 90.1) was adopted in this State in 2017.
However, according to an earlier analysis of LEED-NCv3 projects certified in California, a
strategy that emphasizes energy-saving is a responsible strategy for moving projects from Silver
to Gold (Pushkar and Verbitsky 2018a). It seems that the same trend was revealed in the LEED-
Clv4 Silver and Gold projects (a median of 16.0 achieved points in Gold versus a median of
11.0 achieved points in Silver, Table 5).

Materials and Resources

After analyzing the LEED-CIv4 projects carried out in California, the Certified, Silver, and Gold
projects were found to have a high level of achievement in the long-term commitment (MRc1)
credit (Table 7). This credit requires tenants to commit to staying in the same building for at
least 10 years, thereby decreasing the amount of environmental damage from the production
and transport of materials during tenant relocation. MRcl is a separate credit not connected
with any other credit; so, in this case, a correlation analysis was not performed.

The newly introduced credits in LEED-Clv4 are interiors life-cycle impact reduction
(MRc2), building product disclosure and optimization (BPD and O)—environmental product
declarations (MRc3), BPD and O—sourcing of raw materials (MRc4), and BPD and O—mate-
rial ingredients (MRc5), which are life-cycle-related credits. The MRc2 credit requires interior
reuse, furniture reuse, and/or a flexible interior design during the building’s life cycle, while
the MRc3-MRGc5 credits require the use of products and materials with a life-cycle assessment
declaration. All of these credits had a low level of achievement in the Certified, Silver, and Gold
projects (Table 7) carried out in California, and most were found to be correlated with each
other (Table 8). Such correlated low levels of achievement in the life-cycle-related credits may
be explained by an unwillingness to increase a project’s cost due to the necessity of developing
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TABLE 7. Credit points achieved in the materials and resources (MR) category of LEED-Clv4

by projects certified in California, USA during the period 2015-2020. The data are expressed as
the median and the 25th-75th centiles and Cliff's 1 — | 3| effect size of the achieved points. The
p-values in all comparisons were p <.0471 and are not shown in Table 7.

Achieved points

Credit Possible points Certified Silver Gold
Long-term commitment 1 1.0 0.0-1.0 1.0 0.0-1.0 1.0 0.3-1.0
(MRc1)!

0.71 0.63 0.70
Interiors life-cycle impact 4 0.0 0.0-1.0 0.5 0.0-1.0 1.0 0.3-1.0
reduction (MRc2)

0.06 0.00 0.00
BPD and O—environmental 2 0.0 0.0-1.0 1.0 0.0-1.0 1.0 0.0-1.0
product declarations (MRc3)

0.00 0.00 0.05
BPD and O—sourcing of raw | 2 0.0 0.0-1.0 1.0 0.0-1.0 1.0 0.0-1.0
materials (MRc4)

0.00 0.04 0.05
BPD and O—material 2 0.0 0.0-0.7 1.0 0.0-1.0 1.0 0.3-1.0
i dients (MRc5
ingredients (MRe5) 0.06 0.19 0.00
Construction and demolition 2 1.0 0.3-2.0 1.5 1.0-2.0 2.02.0-2.0
waste management (MRc6)

0.47 0.52 0.75

The § effect size is considered to be (i) negligible if || <0.147; (i) small if 0.147 < | 8| < 0.33; (iii) medium
if0.33 < | 8| < 0.474; and (iv) large if | 8] > 0.474.

"To estimate the statistical difference between possible and achieved points, the LEED-CIv4 MRcl credit data
were tested using Fisher’s exact test with 2 x 2 tables and a two-tailed mid-p-value.

TABLE 8. Correlation between associated credits in the materials and resources category of
LEED-CIv4 at each certification level. The table shows the correlation coefficient (r) and p-value
between correlated credits.

Certified Silver Gold
Associated credits 7 p-value r p-value r p-value
MRc2 and MRc3 0.67 0.0031 0.50 0.0073 0.25 0.2796
MRc2 and MRc4 0.46 0.0607 0.28 0.1592 0.51 0.0221
MRc2 and MRc5 0.78 0.0002 0.33 0.0895 0.48 0.0323
MRc3 and MRc4 0.49 0.0461 0.59 0.0011 0.55 0.0121
MRc3 and MRc5 0.78 0.0003 0.82 0.00001 0.86 0.00001

Bold = there seems to be correlation between the achieved points of two associated credits; ordinal = there
does not seem to be a correlation between the achieved points of two associated credits; italic = judgment is
suspended regarding the correlation between the achieved points of two associated credits.
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more complicated and flexible interior designs and involving LCA-related consultants, software
tools, and datasets.

The construction and demolition waste management credit (MRc6) requires that up
to 75% of nonhazardous construction and demolition materials be recovered, reused, and
recycled. In California, there was a medium level of achievement in Certified projects and a
high level of achievement in Silver and Gold projects in this credit (Table 7). The successful
achievement of this credit may be due to California’s Code of Regulations, Title 24, Section
5.408.1 Construction Waste Management, which prescribes: “Recycle and/or salvage for reuse
a minimum of 65 percent of the nonhazardous construction and demolition waste” (CGBSC,
2016). MRc6 is also a separate credit not connected with any other credit; so, in this case, a
correlation analysis was not necessary.

Indoor Environmental Quality

Enhanced indoor air quality strategies (EQcl) is an exterior-contamination-related credit that
aims to capture exterior contamination before its entry into the interior of a building by install-
ing entryway systems and air filtration. In this credit, Certified LEED-CI projects certified in
California showed a medium level of performance and Silver and Gold LEED-CI projects certi-
fied in California showed a high level of performance (Table 9). Low-emitting materials (EQc2)
is an interior-contamination-related credit that requires a designer to use interior materials and
products, such as paints, adhesives, sealants, composite wood, and furniture, that contain low
amounts of volatile organic compounds. In this credit, Certified LEED-CI projects certified in
California showed a low level of performance and Silver and Gold LEED-CI projects certified
in California showed a high level of performance (Table 9). Such high levels of achievement in
EQcl and EQc2 are to be expected because of the strict exterior and interior-contamination-
related requirements prescribed by California’s Code of Regulations, Title 24, Section 5.504
Pollutant Control (CGBSC, 2016). EQcl (the exterior-contamination-related credit) and EQc2
(the interior-contamination-related credit) are not connected; so, in this case, a correlation
analysis was not necessary.

The construction indoor air quality management plan (EQc3) is a construction-related
credit that requires, during construction and renovation, HVAC systems with a minimum
efficiency reporting value of 8 to be installed. Indoor air quality assessment (EQc4) is an
occupancy-related credit that requires, before or during occupancy, the flushing-out of the
space with outdoor air and the installation of new filtration media. EQc3 had a high level of
achievement in the Certified, Silver, and Gold LEED-CI projects certified in California, whereas
EQc4 had a high level of achievement in Gold LEED-CIv4 projects and a low level of achieve-
ment in Certified and Silver LEED-CIv4 projects certified in California (Table 9). The high
level of achievement in EQc3 is to be expected because of the similar requirements prescribed
by California’s Code of Regulations, Title 24, Section 5.504.1 Temporary ventilation, which
states the following: “If the HVAC system is used during construction, use return air filters with
a Minimum Efficiency Reporting Value (MERV) of 8” (CGBSC, 2016). EQc3 and EQc4 are
separate credits; therefore, a correlation analysis was not performed.

Thermal comfort (EQc5) relates to the installation of control systems for the regulation
of air temperature, humidity, and speed in occupied spaces. In projects certified in California
during the period 2015-2020, this credit had a low level of achievement at all three certification
levels of LEED-CIv4 (Table 9). EQc5 is a separate credit not connected with any other credit;
so, in this case, a correlation analysis was not necessary.
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TABLE 9. Credit points achieved in the indoor environmental quality (EQ) category of
LEED-EBv4 by projects certified in California, USA during the period 2015-2020. The data are
expressed as the median and the 25th—75th centiles and Cliff's 1 — || effect size of the achieved
points. The p-values in all comparisons were p < 0.0012, except for the EQc3 credits, and are not
shown in Table 9.

Achieved points
Credit Possible points Certified Silver Gold
Enhanced indoor air quality 2 1.0 0.0-2.0 1.0 0.0-2.0 2.0 1.0-2.0
serategies (EQcl) 0.35 0.41 0.55
Low-emitting materials 3 0.0 0.0-1.0 1.0 0.0-3.0 2.0 0.0-3.0
(EQe2) 0.18 0.48 0.50
Construction indoor air 1 1.0 1.0-1.0 1.0 1.0-1.0 1.0 1.0-1.0
quality management plan 1.00 (0.5000)> | 1.00 (0.5000)> | 0.95 (0.2500)
(EQc3)!
Indoor air quality assessment | 2 1.0 0.0-1.7 0.0 0.0-1.0 2.0 0.0-2.0
(EQed) 0.24 0.04 0.55
Thermal comfort (EQc5)! 1 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.8
0.00 0.11 0.20
Interior lighting (EQc6) 2 0.0 0.0-1.0 1.0 0.0-1.0 0.0 0.0-1.0
0.06 0.04 0.10
Daylight (EQc7) 3 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
0.00 0.00 0.00
Quality views (EQc8)! 1 0.0 0.0-0.7 0.0 0.0-1.0 0.0 0.0-1.0
0.24 0.37 0.45
Acoustic performance (EQc9) | 2 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0
0.00 0.00 0.00

The  effect size is considered to be (i) negligible if || <0.147; (i) small if 0.147 < | 8| < 0.33; (iii) medium
if0.33 < | 8| < 0.474; and (iv) large if | 8| > 0.474.

I'To estimate the statistical difference between possible and achieved points, the LEED-CIv4 EQc3, EQc5,
and EQc8 credit data were tested using Fisher’s exact test with 2 x 2 tables and a two-tailed mid-p-value.
2The numbers in brackets represent the p-values.

Interior lighting (EQc6) is an artificial-lighting-related credit that requires the installation
of lighting controls and/or qualitative light fixtures. Daylight (EQc7) is a daylight-related credit
that requires the provision of maximum daylight and the installation of glare-control devices.
EQc6 and EQc7 had a low level of achievement in the Certified, Silver, and Gold LEED-CIv4
projects certified in California (Table 9). These credits seem to be unrelated; however their low
levels of achievement were found to be correlated at all three levels of certification (Table 9).
Quality views (EQc8) requires the installation of window glazing for most regularly occupied
spaces and, therefore, this credit is associated with window design. EQc8 showed a low level
of achievement in Certified LEED-CIv4 projects and a medium level of achievement in Silver
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TABLE 10. Correlation between associated credits in the indoor environmental quality category
of LEED-CIv4 at each certification level. The table shows the correlation coefficient (r) and p-value
between correlated credits.

Certified Silver Gold
Associated credits 7 p-value r p-value r p-value
EQc6 and EQc7 0.62 0.0076 0.60 0.0008 0.60 0.0051
EQc7 and EQc8 0.73 0.0009 0.67 0.0001 0.64 0.0024

Bold = there seems to be a correlation between the achieved points of two associated credits; ordinal = there
does not seem to be a correlation between the achieved points of two associated credits; italic = judgment is
suspended regarding the correlation between the achieved points of two associated credits.

and Gold LEED-CIv4 projects certified in California. However, EQc8 and EQc7’s levels of
achievement were correlated at all three levels of certification (Table 10).

Acoustic performance (EQc9) requires sounds to be isolated in order to reduce the levels
of background noise from HVAC systems. This credit had a low level of performance in the
Certified, Silver, and Gold LEED-Clv4 projects certified in California (Table 9). EQc9 is a
separate credit not connected with any other credit; so, in this case, a correlation analysis was
not necessary.

CONCLUSIONS

In this study, we analyzed building projects carried out in California, United States that received
Certified, Silver, or Gold certification under LEED-CIv4 during the period 2015-2020. In
general, we concluded that, in the LT and EQ categories, most of the credits had a high/medium
level of achievement; in the EA and MR categories, only a few credits had a high/medium level
of achievement; and in the WE category, all credits had a low level of achievement. We noticed
that the credits that were achieved to a high/medium level belonged to two different groups.
The first group includes credits that had a high level of achievement at the Certified, Silver, and
Gold level of certification, whereas the second group includes credits whose level of achieve-
ment increased as the certification level increased from Certified to Silver and from Silver to
Gold. This means that, in the future LEED versions, the credits in the second group need to be
reanalyzed in order to increase their attractiveness at all certification levels. This may be done,
for example, by enhancing local green codes, such as CGBSC (2016). This suggestion is based
on the following tendency that was revealed in this study: those credits with requirements that
are equivalent to the CGBSC 2016 requirements were mostly achieved to a high/medium level,
whereas those credits whose requirements are more onerous compared with the CGBSC (2016)
requirements were mostly achieved to a low level.

In addition, two particular points can be made. According to the results of the present
study, the IP credit had a medium level of achievement in Gold projects only; in Certified
and Silver projects, this credit had a low level of achievement. This credit requires preliminary
analyses of energy-related and water-related systems. Therefore, the IP credit can be considered
to be related to both water efficiency (the WE category) and optimized energy performance (the
EA category), for which the level of achievement was also low in LEED-CI projects certified
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in California. In this respect, to increase the attractiveness of these credits, it is desirable to
establish stronger connections between the IP and water efficiency credits and between the IP
and optimized energy performance credits. This suggests that the IP credit is a prerequisite for
these water-related and energy-related credits.

An additional source of potential for further improvement is the newly introduced life-
cycle-related credits, interiors life-cycle impact reduction, BPD and O—environmental product
declarations, BPD and O—sourcing of raw materials, and BPD and O—material ingredients
(the MR category). These credits were also demonstrated to have a low level of achievement and
were found to be correlated with each other. A low level of achievement in the MR category was
confirmed in an earlier study on the projects certified under LEED-CIv3 (Pushkar and Verbitsky
2019b). However, despite the introduction of the consideration of LCA in the MR category of
LEED-CIv4, the popularity of this category was found to not be significantly increased. Thus,
these LCA-related credits require further attention from LEED experts.

The results of our analysis on the LEED projects certified in California during the period
2015-2020 cannot be generalized to the United States as a whole. However, the results of
our study do allow us to identify the effect on a relatively small sample size. Thus, a similar
methodology can be applied to the evaluation of LEED projects in other states (Pushkar and
Verbitsky 2019b). In contrast, pooling the LEED projects from different states can lead to sac-
rificial pseudoreplication (Pushkar 2918), i.e., “artificially inflated degrees of freedom, giving
the illusion of having a more powerful test than the data support” (Picquelle and Mier 2011).

REFERENCES

ASHRAE 90.1. Commercial Adoption, States that have adopted a statewide commercial energy code that meets or
exceeds an ASHRAE 90.1 standard, Commercial Code Status, http://bcapcodes.org/code-status/commercial/.

Bergmann, R., Ludbrook, J., and Spooren, W.PJ.M. 2000. “Different outcomes of the Wilcoxon-Mann-Whitney
test from different statistics packages.” The American Statistician, 54(1): 7277, http://www.jstor.org/
stable/2685616.

BREEAM. BREEAM Offices 2008 Technical Manual. 2009. Available online: https://tools.breeam.com/filelibrary/
Technical%20Manuals/SD5055_4_1_BREEAM_Offices_2008.pdf (accessed on January 3, 2020).

California Green Building Standards Code 2016. https://up.codes/viewer/california/ca-green-code-2016.

CASBEE. CASBEE for Buildings (New Construction) Technical Manual. 2014. Available online: htep://www.ibec.
or.jp/ CASBEE/english/downloadE.htm (accessed on January 3, 2020).

City and County of San Francisco, Department of Building Inspection “Implementation of Green Building
Regulations.” https://sfdbi.org/sites/default/files/ AB-093.pdf.

Cliff, N. 1993. “Dominance statistics: Ordinal analyses to answer ordinal questions.” Psychological Bulletin, 114(3):
494-509, https://doi.org/10.1037/0033-2909.114.3.494.

Fleiss, J. L. 1981. Statistical methods for rates and proportions (2nd ed.) New York: Wiley.

Fuerst, F. 2009. “Building momentum: an analysis of investment trends in LEED and Energy Star-certified proper-
ties.” Journal of Retail and Leisure Property, 8(4): 285-297, https://doi.org/10.1057/t1p.2009.18.

Garde, A. 2018. Form-Based Codes for Downtown Redevelopment: Insights from Southern California. Journal of
Planning Education and Research, 38(2): 198210, https://doi.org/10.1177/0739456X17692653.

Green Star. Technical Manual v3.2. 2017. Available online: https://12253-console.memberconnex.com/Attachm
ent?Action=Download&Attachment_id=1347 (accessed on January 3, 2020).

Greer, E, Chittick, J., Jackson, E., Mack, J., Shortlidge, M., and Grubert, E. 2019. “Energy and water efficiency
in LEED: How well are LEED points linked to climate outcomes?” Energy and Buildings, 195, 161-167,
https://doi.org/10.1016/j.enbuild.2019.05.010.

Haddock, C.K., Rindskopf, W.R., Shadish, W.R. 1998. “Using odds ratios as effect sizes for meta-analysis of
dichotomous data: a primer on methods and issues.” Psychological Methods, 3(3), 339-353, https://psycnet.
apa.org/fulltext/1998-10231-005.pdf.

Journal of Green Building 71

SS900E 93l} BIA §Z-80-G20Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



Hurlbert, S.H. and Lombardi, C.M. 2009. “Final collapse of the Neyman-Pearson decision theoretic framework and
rise of the neoFisherian.” Annales Zoologici Fennici, 46(5): 311-349, https://doi.org/10.5735/086.046.0501.

Lancaster, H.O. 1961. “Significance tests in discrete distributions.” American Statistical Association, 56 (294):
223-234. https://www.jstor.org/stable/2282247.

LEED. LEED v4 for Building Design and Construction. 2018. Available online: https://www.lorisweb.com/
LEEDv4/GA/GA_READ/GA09_LEED%20v4%20BDC_01.5.18_current.pdf (accessed on January 3,
2020).

LEED-CIv2. LEED for Commercial Interiors. 2004. Available online: https://plandesignbuild.ucsd.edu/_files/
leed-scorecards/MesaChildDevelopmentCenterLEEDScorecard. pdf (accessed on June 6, 2020).

LEED-CIv3. LEED 2009 for Commercial Interiors. 2009. Available online: https://www.usgbc.org/resources/
leed-commercial-interiors-v2009-current-version (accessed on January 3, 2020).

LEED-CIv4. LEED v4 for Interior Design and Construction. 2014. Available online: https://www.usgbc.org/
education/sessions/leed-v4-interior-design-construction-4892445 (accessed on January 3, 2020).

LEED-NCv3. LEED-NC 2009. LEED for New Construction & Major Renovations. 2009. Available online:
http:/fwww.usgbc.org/ShowFile.aspx?DocumentID=5546 (accessed on January 3, 2020).

Ma, J. and Cheng, J.C.P. 2016. “Data-driven study on the achievement of LEED credits using percentage of
average score and association rule analysis.” Building and Environment 98(MAR): 121-132, https://doi.
org/10.1016/j.buildenv.2016.01.005.

Picquelle, S.J. and Mier, K.L. 2011. “A practical guide to statistical methods for comparing means from two-stage
sampling.” Fisheries Research, 107(1-3): 1-13, https://doi.org/10.1016/j.fishres.2010.09.009.

Pushkar, S. 2018. “Sacrificial pseudoreplication in LEED Cross-Certification Strategy Assessment: Sampling
Structures.” Sustainability, 10(5): 1353, https://doi.org/10.3390/su10051353.

Pushkar, S. and Verbitsky, O. 2018a. “LEED-NCV3 Silver and Gold certified projects in the US: an observational
study.” Journal of Green Building, 13(2), 67-83, https://doi.org/10.3992/1943-4618.13.2.67.

Pushkar, S. and Verbitsky, O. 2018b. “Strategies for LEED certified projects: the building layer versus the service
layer.” Canadian Journal of Civil Engineering, 45(12): 1065—1072, https://doi.org/10.1139/cjce-2017-0497.

Pushkar, S. and Verbitsky, O. 2019a. “LEED-NC 2009 Silver to Gold certified projects in the US in 2012—
2017: An appropriate statistical analysis.” Journal of Green Building, 14(2), 83—107. https://doi.
org/10.3992/1943-4618.14.2.83.

Pushkar, S. and Verbitsky, O. 2019b. “Silver and Gold LEED Commercial Interiors: certified projects.” Journal of
Green Building, 14(3), 95-113. https://doi.org/10.3992/1943-4618.14.3.95.

Romano, J., Corragio, J., and Skowronek, J. 2006. Appropriate statistics for ordinal level data: Should we really be
using t-test and Cohen’s d for evaluating group differences on the NSSE and other surveys? In Proceedings
of the Annual Meeting of the Florida Association of Institutional Research, Cocoa Beach, FL, USA, 1-3
February 2006; Florida Association for Institutional Research: Cocoa Beach, FL, USA, 2006; pp. 1-33.

Routledge, R.D. 1992. “Resolving the conflict over Fisher’s exact test.” 7he Canadian Journal of Statistics, 2 (Jun):
201-209. https://www.jstor.org/stable/3315468.

Shin, MH., Kim, HY., Gu, D., and Kim, H. 2017. “LEED, Its Efficacy and Fallacy in a Regional Context-An
Urban Heat Island Case in California.” Sustainability, 9(9): 1674. https://doi.org/10.3390/su9091674.
Simcoe, T. and Toffel, MW. 2014. “Government green procurement spillovers: Evidence from municipal building
policies in California.” Journal of Environmental Economics and Management, 68(3): 411434, https://doi.

org/10.1016/j.jeem.2014.09.001.

Suzer, O. 2015. “A comparative review of environmental concern prioritization: LEED vs other major certifica-
tion systems.” Journal of Environmental Management, 154(MAY 1), 266-283, https://doi.org/10.1016/j.
jenvman.2015.02.029.

USGBC projects site (https://www.usgbc.org/projects) (accessed on January 10, 2020).

W, P, Mao, C., Wang, J., Song, YZ., and Wang, XY. 2016. “A decade review of the credits obtained by LEED v2.2
certified green building projects.” Building and Environment, 102(JUN): 167-178, https://doi.org/10.1016/j.
buildenv.2016.03.026.

Wu, P, Song, YZ., Shou, WC., Chi, HL., Chong, HY., and Sutrisna, M. 2017. “A comprehensive analysis of the
credits obtained by LEED 2009 certified green buildings.” Renewable and Sustainable Energy Reviews, 68(Part
1): 370-379, https://doi.org/10.1016/j.rser.2016.10.007.

72 Volume 16, Number 3

SS900E 93l} BIA §Z-80-G20Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



