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Abstract

Abstract: This study aims to focus on LEED for Existing Buildings version 4.1 (LEED-EB v4.1) gold-
certified office projects. Cliff's 6 and exact Wilcoxon-Mann-Whitney tests were used to conduct a
pairwise comparison of six countries (Sweden, Ireland, Germany, Spain, Italy, and Israel) in terms of
five performance indicators (transportation, water, energy, waste, and indoor environmental
quality). As a result, Sweden and Germany outperformed Italy (p = 0.002 and 0.018, respectively) in
transportation performance. Ireland outperformed Italy and Israel (p = 0.015 and 0.032, respectively)
and Germany outperformed Italy and Israel (p =0.003 and 0.009, respectively) in water performance.
Germany outperformed Sweden, Ireland, and Israel (p <0.001, respectively) and Sweden, Spain, and
Italy outperformed Israel (p <0.001, p = 0.008, and p =0.009, respectively) in energy performance. Italy
outperformed Sweden, Ireland, Germany, and Israel (0.001 < p < 0.013) and Spain outperformed
Germany and Israel (p = 0.015 and p <0.001, respectively) in waste performance. Israel outperformed
Sweden, Germany, and Italy (p <0.001, p <0.001, and p = 0.006, respectively) and Spain, Ireland, and
Italy outperformed Sweden (p <0.001, p = 0.002, and p = 0.004, respectively) in indoor environmental
quality performance. Thus, the LEED certification strategy is “country-specific”.

Keywords: LEED-EB v4.1; Europe; the Mediterranean

1. Introduction

The Leadership in Energy and Environmental Design (LEED) rating system was launched in
1998 by the U.S. Green Building Council to reduce the environmental impact of the U.S. building
sector [1]. LEED has now become the most widely accepted and studied building green rating system
worldwide [2,3] and in Europe [4].

It has been suggested [5] that each subsequent LEED version (v)—v1 (2000), v2.2 (2005), v3
(2009), v4 (2013), and v4.1 (2019)—may implement a more flexible LEED certification strategy and,
as a result, may reduce environmental harm. In this paper, the literature review section focuses
primarily on LEED v3 and v4 because the difference between LEED certification strategies in each
version was assessed using inferential statistics.

Table 1 lists the LEED systems and LEED versions whose LEED-certified projects were used for
comparisons between world regions, between countries from different regions, and between
countries in the same region.

Table 1. Leadership in Energy and Environmental Design (LEED) sub-systems, versions 3 and 4.

Acronym The Full Form
LEED-CI v3 LEED Commercial Interior versions 3 and 4

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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LEED-CI v4
LEED-C-and-S v3
LEED-C-and-S v4

LEED-EB v3

LEED-EB v4

LEED Core and Shell Development versions 3 and 4

LEED for Existing Buildings versions 3 and 4

The above-mentioned LEED systems, v3 and v4, contain the following categories: sustainable
sites (SS), water efficiency (WE), energy and atmosphere (EA), materials and resources (MRs), indoor
environmental quality (EQ), regional priority category (RP), and innovation in design (ID); by
contrast, v4 includes an additional location and transportation (LT) category, which has been
separated from SS [6,7].

This study focuses on the LEED-EB v4.1 system, which includes interval data in five LEED
credits and binary data in ten LEED credits [8].

The LEED-EB v4.1 system is completely different from the previous LEED-EB v2.2, v3, and v4
systems. This is because LEED-EN v4.1 focuses on performance-based prerequisites that are
mandatory requirements for LEED certification. This system, in addition to the water and energy
savings performance-based prerequisites in WE and EA (which already existed in LEED v2.2, v3, and
4), introduced for the first time performance-based prerequisites for LT, MR, and EQ. Thus, LEED-
EB v4.1 prioritizes five performance-based prerequisites, LT, WE, EA, MRs, and EQ, encouraging
measurements based on a project's performance over a specified period of 1 year (365 consecutive
days). This is because certification strategies for LEED-EB v4.1-certified projects may differ from
certification strategies for LEED v3 and 4-certified projects and therefore require special
consideration.

Table 2 lists five main performance-based prerequisites with maximum points in the LEED-EB
v4.1 system. It should be noted that the sum of these prerequisites can reach 90 points.

Table 2. LEED-EB v4.1 rating system: performance-based prerequisites with maximum points (interval scale).

Category Prerequisite Maximum Points
Location and transportation (LT) LT, Transportation performance 14
Water efficiency (WE) WE, Water performance 15
Energy and atmosphere (EA) EA, Energy performance 33
Materials and resources (MR) MRs, Waste performance 8
Indoor environmental quality (EQ) EQ, Indoor environmental quality performance 20
Total 90

Table 3 lists ten additional binary credits.

Table 3. LEED-EB v4.1 rating systems: credits with maximum points (binary scale).

Category Credit Maximum Points
5Scl, Rainwater management 1
. . SSc2, Heat island reduction 1
Sustainable sites (55) SSc3, Light pollution reduction 1
SSc4, Site management 1
EAcl, Enhanced refrigerant management 1
Energy and atmosphere (EA) EAc2, Grid harmonization 1
Materials and resources (MR) MRcl, Purchasing 1
Indoor environmental quality (EQ) EQcl, Green cleaning !
EQc2, Integrated pest management 1
Innovation (IN) INc1, Innovation 1
Total 10

It is worth noting that these ten binary credits had less than 1% scores in LEED-EB v4.1 gold-
certified office projects. Therefore, LEED-EB v4.1 binary credits were not analyzed in this study.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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In 2020, the importance of using the LEED-EB v4.1 system in the Mediterranean region was
highlighted. Laera and de Pereda Fernandez [9] noted in an editorial that certifying existing buildings
to the LEED-EB v4.1 standard is considered one of the most effective strategies in terms of energy
savings and emission reduction in Spain. El Sorady and Rizk [10] reported on the successful
application of the LEED-EB v4.1 system to Islamic buildings in historic Cairo. However, LEED-EB
v4.1-certified projects have not yet been evaluated through comparisons between independent
groups (e.g., between countries) using inferential statistics.

2. Literature Review
2.1. Statistical Criteria for Comparative Analysis

This literature review includes a pairwise comparison of LEED-certified projects between the
following regions: North America, East Asia, West Asia, and Europe; between European countries;
and between Mediterranean countries. To interpret the results of the literature review, the following
statistical indicators were used: sample size (n), p-value, and Cliff’s 0 effect size.

Because LEED data contain interval data with low variability and a certain amount of "tied" data,
the minimum sample size required to obtain a reliable conclusion is n1 = n2 > 12 [11]. In this study, I
used three-valued logic to interpret the p-value “it seems to be positive” (i.e., there seems to be a
difference between countries), “it seems to be negative” (i.e., there does not seem to be a difference
between the two countries), and “judgment is suspended” regarding the difference between the two
countries without fixing the significance level (e.g., a = 0.05) instead of dichotomizing the decision
for p-values, p < a or p > a, at a fixed level of a [12,13]. To interpret Cliff’s 6 size effect, the following
four decision levels were used: (i) negligible if 16| <0.147, (ii) small if 0.147 < 151 < 0.33, (iii) medium
if 0.33 < 101 <0.474, and (iv) large if 10| > 0.474 [14]. It should be noted that effect size is a general
rule of thumb rather than a strict criterion, especially when little knowledge has accumulated [15,16].

2.2. Pairwise Comparison Worldwide

Wu et al. [17] used significance tests to compare different regions such as North America, East
Asia, West Asia, and Europe in terms of LEED v2.2- and LEED v3-certified projects at the category
level (total sample size = 5327). Wu et al. [18] used significance tests to compare differences between
adjacent certification levels across the world: Certified and Silver, Silver and Gold, and Gold and
Platinum (total sample size = 3416). In both studies, the statistical difference between independent
groups was associated with a low p-value. However, the combination of large sample size and low
p-value can sometimes be associated with a small or negligible effect size [19].

Chi et al. [20] used both p-value and effect size to compere the USA and China in terms of
construction waste minimization (CWM) performance for LEED-NC v3 2009-certified projects. They
found that the difference between the USA (n = 190) and China (n = 147) in terms of CWM
performance showed p = 0.011 when the sample size was related to the transition zone between a
negligible and a small effect size of 6 = 0.148 (i.e., the bounds for a small effect size were d = 0.147-
0.32).

Pushkar [21] also used both p-value and effect size to compare the USA (n = 36) with China (1 =
38) in terms of LEED-CI gold-certified projects. The author of this paper showed, for example, that
for LEED-CI v4 gold-certified projects, China outperformed the USA with a large effect size in the LT
category, while the USA outperformed China with a large effect size in the EA category (p = 0.0001
and 6 = 0.54, and p = 0.0001 and 6 = 0.53, respectively; i.e., the lower bound for a large effect size was
0=0.474).

2.3. Pairwise Comparison in European and Mediterranean Countries

The literature review of the following five studies focused on LEED-certified projects from
different LEED systems and LEED versions. A common limitation of these three studies [22,23,24] is
that LEED-certified projects were analyzed without regard to the type of space in the building. The
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fourth and fifth studies [25,26] considered the type of space in the building when analyzing LEED-
certified projects.

2.3.1. Using p-Value Without Taking Effect Size and Building Type into Account

Pushkar [22] studied the LEED-NC v3 2009 system through comparison between Northern and
Southern European countries in terms of LEED-NC v3 gold-certified projects. Northern Europe was
represented by Finland (1 = 15) and Sweden (1 = 23), while Southern Europe was represented by
Tiirkiye (n =73) and Spain (n = 22).

Below are three comparative analyses between Northern and Southern Europe, between Nordic
countries, and between Southern European countries in LEED-NC v3 2009 gold-certified projects:

e  Northern European countries outperformed Southern European countries in the “optimize

energy performance” credit (p = 0.016);
¢ Sweden outperformed Finland in the “water efficient landscaping” credit (p = 0.013), while

Finland outperformed Sweden in the “water use reduction” credit (p = 0.028);

e  Sweden outperformed Finland and Tiirkiye outperformed Spain in the “recycled content” credit

(p=0.005 and 0.001, respectively).

Pushkar [23] studied the LEED-C-and-S v3 and v4 systems through comparisons between
Finland (n = 11) and Spain (1 =11) in terms of LEED-C-and-S v3 and v4 gold-certified projects. Below
are two comparative analyses of similar LEED credits in terms of LEED-C-and-S v3 and v4 gold-
certified projects:

e  Finland outperformed Spain in the “optimize energy performance” credit in both v3 and v4 (p =

0.0003 and 0.0006, respectively);

e  Spain outperformed Finland in the “materials and resources” category in v3 and no statistical
difference was found in v4 (p = 0.0027 and 0.1313, respectively).

Pushkar [24] studied the LEED-CI v3 and LEED-C-and-S v3 systems through pairwise
comparisons between Tiirkiye, Spain, and Italy in terms of LEED—-CI v3 and LEED-C-and-S v3 gold-
certified projects. LEED-CI v3 gold-certified projects were collected in Tiirkiye (n = 10), Spain (n =
13), and Italy (n = 8) and LEED-C-and-S v3 gold-certified projects were collected in Tiirkiye (n = 37),
Spain (n = 22), and Italy (n = 18).

Below are three comparative analyses of similar LEED credits in LEED-CI v3 gold-certified
projects and five comparative analyses of similar LEED credits in LEED—-C-and-S v3 gold-certified
projects.

LEED-CI v3 gold-certified projects:

e  Tiirkiye outperformed Spain in the “site selection” credit (p = 0.007) and Tiirkiye outperformed

Italy in the “water use reduction” credit (p = 0.030).

e Italy and Spain outperformed Tiirkiye in the “optimize energy performance-HVAC” credit (p =

0.042 and 0.061, respectively);

e  Spain and Italy outperformed Tiirkiye in the “construction waste management” credit (p = 0.008
and 0.063, respectively).

LEED-C-and-S v3 gold-certified projects:

e  Spain outperformed Tiirkiye in the “water efficient landscaping” and the “water use reduction”
credits (p = 0.025 and 0.010, respectively);

e  Italy outperformed Tiirkiye and Spain in the “optimize energy performance” credit (p = 0.004
and 0.053, respectively);

e  Spain and Italy outperformed Tiirkiye in the “on-site renewable energy” credit (p = 0.001 in both
comparisons);

e Iltaly outperformed Tiirkiye and Spain in the “building reuse-maintain existing walls, floors and
roof” credits (p = 0.001, in both comparisons);

e  Tirkiye and Italy outperformed Spain in the “measurement and verification-base building” and
the “recycled content” credit (p = 0.001 and <0.001, respectively).
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2.3.2. Using p-Value and Effect Size, Taking Building Type into Account

Pushkar [25] studied the LEED-EB system in v3 and v4 through pairwise comparisons between
Finland and Spain in terms of LEED-EB v3 and v4 gold-certified office projects. LEED-EB v3 gold-
certified office-type projects were collected in Finland (n = 14) and Spain (1 = 16). LEED-EB v4 gold-
certified office-type projects were collected in Finland (n = 14) and Spain (n = 16).

Below are three comparative analyses of similar LEED credits between LEED-EB v3 and v4 gold-
certified office projects:

e  Spain outperformed Finland in the “alternative commuting transportation” credit in v3 (p =
0.0001, 6 = 0.79), while a statistical difference was found between Spain and Finland in the
“alternative transportation” in v4 (p = 0.0940, 6 = 0.35).

e Finland outperformed Spain in the “water efficient landscaping” (p = 0.00002, 6 = 0.81) in v3,
while a statistical difference was found between Finland and Spain in the “outdoor water use
reduction” credit in LEED-EB v4 (p =0.0613, 6 = 0.31).

e No statistical difference was found between Finland and Spain in both the “optimize energy
efficiency performance” credit in v3 and the “optimize energy performance” credit in v4 (p =
0.4976 and 6 = 0.14, and p = 0.1129 and 6 = 0.33, respectively).

Pushkar [26] studied the LEED-CI v4 system through pairwise comparisons between Spain (n =
14), Tirkiye (n = 13), and Israel (n = 11) in terms of LEED-CI v4 gold-certified office projects. Below
are three comparative analyses of similar LEED credits between LEED-EB v3 and v4 gold-certified
office projects:

e  Israel outperformed Spain in the “optimize energy performance” credit (p = 0.055, 6 = 0.45) and
no statistical difference was found between Spain and Tiirkiye and between Tiirkiye and Israel
in the “optimize energy performance” credit (p = 0.710 and 0 = 0.09, and p = 0.211 and 6 = 0.31,
respectively);

e  Spain outperformed Tiirkiye and Israel in the “interiors life-cycle impact reduction” credit (p =
0.032 and 0.037, respectively);

e  Tirkiye and Spain outperformed Israel in the “reduced parking footprint” credit (p = 0.001 and
0=0.76, and p = 0.008 and 6 = 0.58, respectively).

2.4. Research Gap

A comparative analysis was used to estimate the difference in LEED certification strategies in
terms of LEED v.2, v3, and v4 (the latest versions at the time) with the required sample sizes in LEED-
NC-, LEED-C-and-S-, LEED-EB-, and LEED-Cl-certified projects to conduct the significance test. A
comparative analysis showed that each new LEED version and each LEED system had a difference
in LEED certification strategies.

In 2024, Pushkar [26] used the comparative analysis to compare three Mediterranean countries,
Spain, Tiirkiye, and Israel, in terms of LEED-CI v4 gold-certified office projects. This study is the
closest analog to the current study.

Currently, a pairwise comparison between Sweden, Ireland, Germany, Spain, Italy, and Israel in
terms of LEED-EB 4.1 gold-certified office projects has not yet been conducted.

2.5. Purpose of this Study

The aim of this study is to conduct a pairwise comparison of six countries from different regions
of Europe and the Mediterranean in terms of LEED-EB v4.1 gold-certified office building projects. It
should be noted that LEED-EB v4.1 is the latest version with the required sample sizes for each of
these countries to conduct the significance test for pairwise comparisons.

2.6. The Contribution and Novelty

This study’s findings should help LEED certification professionals understand how to reduce
the environmental impact of the building sector by better defining LEED-EB v4.1 office building
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certification strategies at the gold certification level in specific European and Mediterranean
countries.

This study is the first to compare LEED-EB v4.1 gold-certified projects from six European and
Mediterranean countries using inferential statistics.

3. Materials and Methods
3.1. Flowchart of Present Study

The flowchart of the present study contains the following two sections: data collection and data
analysis.
Data collection:
e  We collected LEED-EB v4.1-certified office projects in twenty countries;
e  We selected six countries that have an acceptable number of LEED-EB v4.1 gold-certified office
projects to draw reliable statistical conclusions.
Data analysis:
A pairwise comparative analysis:
e  We compared six selected countries in terms of LEED-EB v4 gold-certified office projects using
descriptive and inferential statistics;
e  We used three-valued logic for p-values to interpret different LEED certification strategies in
LEED-EB v4.1 gold-certified office projects.
Data collection and data analysis are presented in Sections 3.2 and 3.3, respectively.

3.2. Data Collection

3.2.1. A Minimum Sample Size

Pushkar [11] showed that LEED data contain interval data with low variability and with a certain
amount of “tied” data. In this context, the use of significance tests requires the following two
conditions to be met: (1) use the nonparametric exact Wilcoxon-Mann-Whitney (WMW) test instead
of the parametric t-test when comparing two independent groups, and (2) use a sample size (1) of m
=12 2 12 to obtain reliable inferential conclusions [27]. Bergmann et al. [27] explained the need to use
the exact WMW test instead of the normal approximation in the presence of “tied” data.

Table 4 lists twenty countries from European and Mediterranean countries where at least one
LEED-EB v4.1 project was certified in both the U.S. Green Building Council (USGBC) and the Green
Building Information Gateway (GBIG) databases [28,29]. It should be noted that the bold font style
indicates the number of LEED projects that were accepted to estimate using inferential statistics.

Table 4. The distribution of the number of LEED-EB v4.1-certified office projects in several European and

Mediterranean countries (in alphabetical order) across the four LEED certification levels (May 3, 2025).

Country Certified Silver Gold Platinum
Egypt 0 0 1 0
Finland 0 0 6 0
France 0 0 1 0
Germany 0 0 24 2
Greece 0 0 3 0
Hungary 0 0 0
Ireland 0 0 15 0
Israel 0 0 18 0
Italy 0 0 24 0
Latvia 0 0 1 0
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Poland 0 0 1
Portugal 0 0 2 0
Romania 0 0 10 7

Serbia 0 0 11 0
Slovakia 0 0 4 0

Spain 0 0 23 10

Sweden 0 6 36 0

Tiirkiye 0 0 7 4
Ukraine 0 0 0 1

United Kingdom 0 0 1 0

3.2.2. Normality Assumption

Table 5 shows that the normality assumption was not met for three or four of the five variables
(five LEED-EB v4.1 credits) in LEED-EB v4.1 gold-certified office projects in six countries.

Table 5. Results of the Shapiro-Wilk normality test for LEED-EB v4.1 gold-certified office projects in six

countries.
Country Prerequisite p-Value
Transportation performance <0.001
Water performance 0.002
Sweden Energy performance 0.220
Waste performance <0.001
Indoor environmental quality performance 0.025
Transportation performance <0.001
Water performance 0.019
Ireland Energy performance 0.485
Waste performance 0.001
Indoor environmental quality performance 0.088
Transportation performance <0.001
Water performance 0.044
Germany Energy performance 0.015
Waste performance 0.204
Indoor environmental quality performance 0.048
Transportation performance 0.007
Water performance 0.132
Spain Energy performance 0.012
Waste performance 0.010
Indoor environmental quality performance 0.098
Transportation performance 0.023
Water Performance 0.299
Italy Energy Performance 0.026
Waste Performance 0.001
Indoor Environmental Quality Performance 0.069
Transportation performance <0.001
Water performance 0.191
Israel Energy performance 0.830
Waste performance 0.017
Indoor environmental quality performance 0.005

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Therefore, nonparametric descriptive and inferential statistics were used for pairwise
comparisons between the six countries.

3.3. Data Analysis

The median and 25-75th percentiles, two-tiled p-value, and Cliff’s 0 effect size tests were used
to estimate pairwise comparisons between the six selected countries.

According to [12,13], three-valued logic was used to interpret the p-value regarding the
difference between two groups: “it seems to be positive” (i.e., there seems to be a difference between
two groups), “it seems to be negative” (i.e., there does not seem to be a difference between two
groups), and “judgment is suspended”.

According to [30], Cliff’s 6 ranges between -1 and +1; positive (+) values indicate that group 1 is
larger than group 2, 0 indicates equality or overlap, and negative (-) values indicate that group 2 is
larger than group 1. Cliff’s 6 [30] is expressed as

O = #(x1 > x2) — #(x1 < x2)/(nn2) 1)

where x1 and Xz are scores within groups 1 and 2, respectively; ni1 and nz are the sizes of the
sample groups, groups 1 and 2; and # indicates the number of times.

According to Romano et al. [14], Cliff’s 6 effect size has four levels of practical significance.

Table 6 shows four levels of Cliff’s 6 effect size.

Table 6. Cliff's 0 effect size in absolute value.

Negligible Small Medium Large Reference
151<0.147 0.147<181<0.33 0.33<1dl< 151 >0.474 [14]
0.474

Wolker [15] and Durlak [16] noted that effect size is a general rule of thumb rather than a strict
criterion, especially when little knowledge has accumulated.

3.4. The Relationship Between p-Value and Effect Size

Historically, the p-value has been used to make a dichotomous decision, a significant difference
if p <0.05 or no significant difference if p > 0.05, at a significance level of & =0.05 [12]. However, Fisher
philosophically noted that “no scientific worker has a fixed level of significance at which from year
to year, and in all circumstances, he rejects (null) hypotheses; he rather gives his mind to each
particular case in light of his evidence and ideas” [31], as cited by [12]. Beninger et al. [32] noted that
dichotomizing the scale of the p-values, i.e., p < @ or p > @, cannot be used as a sort of mechanical
Occam'’s razor. Furthermore, Altman [33] noted that it is absurd to interpret the results of a study
differently depending on whether the p-value obtained was, say, 0.055 or 0.045. Additionally,
Hurlbert and Lombardi [12] cited the recommendation of Gotelli and Ellinson [34], noting that “in
many cases, it may be more important to report the exact p-value and let the readers decide for
themselves how important the results are”. Kennedy-Shaffer [35] noted that a balanced decision must
be made by considering statistical significance (p-value) and substantive significance (effect size) in
parallel. Hurlburt and Lombardi [12] argue that making decisions based on p-value and effect size
results should also include a review of the literature and the author's experience.

4. Results and Discussion

4.1. Prerequisite LT: Transportation Performance

Prerequisite LT: Transportation performance requires a one-week survey of building occupant
traffic flows once a year. This measure is the project's average CO:z emissions per trip per occupant,
which is then translated into a transportation score and ultimately LEED points. This LEED-EB v4.1
performance presents CO:z emission values for each transport mode: from 0.26, 0.33, 0.39, 0.44, 0.68,
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and 0.93 for motorcycle, heavy rail, carpool, alternative fuel vehicles, bus, and convenient car,
respectively [8]. Thus, a more sustainable mode of transport and a shorter traffic flow result in more
LEED points.

In this respect, Table 7 shows that, for this prerequisite, Sweden and Germany outperformed
Italy (the difference seems to be positive; p = 0.002 and 0.018, respectively). The difference between
the remaining 13 pairwise comparisons seems to be negative (p > 0.070).

Table 7. Prerequisite LT: Transportation performance of LEED-EB v4.1 gold-certified office projects in six

countries: Sweden, Ireland, Germany, Spain, Italy, and Israel.

.. Sample Size (n), Median, 25-75th Percentiles
Prerequisite

(max points) Seden (= Treland (n= Germany (0= o 0o ly (n -2y 971 =

LT: 13.0,12.0-  12.0,12.0- 11.5,10.0- 12.0, 12.0-

Transportation 13.0 13.0 13.0, 12.0-13.0 11.0, 10.2-13.0 125 12.0
Performance p-value (Cliff’s 0)

(14) Sweden Ireland Germany Spain Italy Israel
Sweden X 0.362 (0.15) 0.856 (0.03)  0.076 (0.26)  0.002 (0.44) 0.070 (0.28)
Ireland X 0.499 (-0.12)  0.536(0.12)  0.128 (0.28) 0.517 (0.13)

Germany X 0.201 (0.21)  0.018 (0.38) 0.177(0.24)
Spain X 0.440 (0.13) 0.704 (-0.07)
Italy X 0.240 (-0.21)
Israel X

Note: The p-values were evaluated according to three-valued logic: font style is bold —seems to be positive; font

size is ordinal —seems to be negative; and font style is italic—judgment is suspended.

The most projects were certified in large cities such as Gothenburg (10 projects) and Stockholm
(8 projects) (Sweden), Dublin (15 projects) (Ireland), Berlin (12 projects) and Hamburg (6 projects)
(Germany), Barcelona (10 projects) and Madrid (10 projects) (Spain), Milano (19 projects) (Italy), and
Tel Aviv (8 projects) (Israel) (Appendix A, Table Al). All of these cities have well-developed public
transportation systems [36]. Therefore, the median LEED scores were near the maximum (11.0-13.0)
in all of these countries.

The results of previous studies support the findings of this prerequisite. According to Dolge [36],
among 28 European countries, the share of public transport, as well as the share of alternative fuel
vehicles such as electric vehicles, in total passenger transport is much higher in Sweden, Ireland, and
Germany than in Spain and Italy. Mandev and Sprei [37] measured the share of electrified kilometers
of plug-in hybrid electric vehicles in total passenger turnover in 10 European countries and found
that it was higher in Sweden, Germany, and Spain than in Italy.

4.2. Prerequisite WE: Water Performance

Prerequisite WE: Water performance requires a monthly measurement of total potable water
consumption for one full year. Based on these data, it is necessary to calculate the water consumption
in the project per resident and per unit area. These water consumptions are then used to obtain a
water performance score. Ultimately, LEED-EB v4.1 points are awarded based on the water
performance score: a higher water performance score results in a higher LEED-EB v4.1 points [8].

In this respect, Table 8 shows that, for this prerequisite, Ireland and Germany outperformed
Italy and Israel (the difference seems to be positive, p = 0.015 and 0.032 and p = 0.003 and 0.009, for
Ireland and Germany, respectively). Germany also outperformed Spain (the difference seems to be
positive, p = 0.028). The judgment is suspended regarding the difference between Sweden and
Germany and between Sweden and Italy (p = 0.051 and 0.062, respectively). The difference between
the remaining eight pairwise comparisons seems to be negative (p > 0.146).
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Table 8. Prerequisite WE: Water performance of LEED-EB v4.1 gold-certified office projects in six countries:

Sweden, Ireland, Germany, Spain, Italy, and Israel.

. . Sample Size (n), Median, 25-75th Percentiles
Prerequisite

(max points) Swecge; (n= Irela;; tn= Germ;:)y (n= Spain (n = 23) Italy (n=24) Israf;)(n -
WE: Water 11.0,9.0-12.0 11.0, 11.0-12.012.0, 10.0-13.0 10.0, 7.2-12.0 9.0, 8.0-11.0 10.0, 8.0-11.0
Performance p-value (Cliff’s 0)

(15) Sweden Ireland Germany Spain Italy Israel
Sweden X 0.518 (-0.11) 0.051 (-0.30)  0.421(0.12)  0.062 (0.28) 0.146 (0.24)
Ireland X 0.313(-0.19)  0.181(0.26)  0.015 (0.45) 0.032 (0.43)

Germany X 0.028 (0.37)  0.003 (0.48) 0.009 (0.46)
Spain X 0.561 (0.10) 0.849 (0.04)
Italy X 0.670 (-0.08)
Israel X

Note: The p-values were evaluated according to three-valued logic: font style is bold —seems to be positive; font

size is ordinal —seems to be negative; and font style is italic—judgment is suspended.

However, for all of these countries, the median LEED-EB v4.1 points was not that close to the
maximum allowed: 11.0 or 12.0 for Sweden, Ireland, and Germany and 9.0 or 10.0 for Spain, Italy,
and Israel. In Sweden, half of the drinking water comes from surface water and the other half from
natural groundwater. However, according to interviews with local municipalities in Sweden, citizens
are not aware of or interested in saving drinking water [38]. In Ireland, given the droughts, the need
for water conservation measures is a major issue requiring public awareness [39]. In Germany,
although rainwater and greywater treatment can improve water availability in urban areas, water
conservation remains an important issue [40]. Thus, higher average WE LEED-EB v4.1 scores in
Sweden, Ireland, and Germany would be more desirable.

Spain, Italy, and Israel are Mediterranean countries. The region is characterized by moderate
climate change, accelerated population growth, and increasing natural water scarcity. Therefore,
despite the advanced water purification technologies such as desalination used in the region,
especially in Israel, water conservation still remains a very important factor [41]. However, according
to the results, the median LEED-EB v4.1 score in these countries was only 9.0 or 10.0 out of a possible
15.

4.3. Prerequisite EA: Energy Performance

Prerequisite EA: Energy performance requires monthly measurement of the total energy
consumption of the project for one full year. The measured energy consumption is then converted
into equivalent project greenhouse gas (GHG) emissions and source energy consumption per
occupant and per unit area. After that, GHG emissions are converted into a GHG emissions score,
and source energy consumption is converted into a source energy score. Ultimately, the sum of the
50% GHG gas emission score and 50% energy source score determines the EA LEED-EB v4.1 points
[8].

Table 9 shows that, for this prerequisite, Germany outperformed Sweden, Ireland, and Israel,
and Sweden outperformed Israel (the difference seems to be positive, p <0.001 for all cases). Spain
and Italy outperformed Israel (the difference seems to be positive, p = 0.008 and 0.009). The judgment
is suspended regarding the difference between Germany and Italy (p = 0.068). The difference between
the remaining eight pairwise comparisons seems to be negative (p > 0.078).

Table 9. Prerequisite EA: Energy performance of LEED-EB v4.1 gold-certified office projects in six countries:

Sweden, Ireland, Germany, Spain, Italy, and Israel.

Sample Size (n), Median, 25-75th Percentiles
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P isite Swed =
rerequisite  Sweden (n Ireland (n =15) Germany (n=24) Spain (n=23) Italy (n=24) Israel (n=18)

(max points) 36)
EA: Energy 25.0,23.0-26.0 22.0,21.0-25.0 27.0,26.0-28.5 26.0,21.0-28.0 26.0,21.5-28.0,21.5, 19.0-24.0
Performance p-value (Cliff’s 6)

(33) Sweden Ireland Germany Spain Italy Israel
Sweden X 0.081 (0.31) <0.001(-0.55)  0.411(-0.13)  0.396 (-0.13) <0.001 (0.54)
Ireland X <0.001 (-0.74)  0.083(-0.34)  0.078 (-0.34)  0.203 (0.26)

Germany X 0.098 (0.28)  0.068 (0.30) <0.001 (0.78)
Spain X 0.919 (0.02)  0.008 (0.48)
Ttaly X 0.009 (0.47)
Israel X

Note: The p-values were evaluated according to three-valued logic: font style is bold —seems to be positive; font

size is ordinal —seems to be negative; and font style is italic—judgment is suspended.

As explained, LEED points are calculated based on the sum of 50% GHG emissions points and
50% energy points. GHG emissions vary for different fuel sources used to produce energy. Fossil fuel
sources are major contributors to GHG emissions, with coal accounting for the largest share of
emissions, followed by oil and natural gas, while solar, wind, hydropower, and nuclear power are
low emitters of GHG emissions. Thus, the cleaner the fuel source used in a particular country, and
the less energy used to heat, cool and light a building, the higher the LEED-EB v4.1 score that can be
achieved.

In this regard, Sweden uses about 45% of solar, wind, and hydro energy from its total energy
sources, followed by Spain (23%), Ireland and Germany (20%), Italy (15%), and Israel (7%). Sweden
uses the least amount of fossil fuels (coal, oil, and gas) of all energy sources (26%), followed by Spain
(66%), Germany (75%), Ireland (78%), Italy (81%), and Israel (93%) (Appendix A, Table A2). Thus, the
lowest average EA LEED-EB v4.1 score in Israel can be explained by the highest percentage of fossil
fuels as energy sources and the lowest percentage of renewable energy sources compared to Sweden,
Ireland, Germany, Spain, and Italy (Appendix A, Table A2).

The high average EA LEED-EB v4.1 scores in these European countries are also a result of the
high energy saving standards/regulations applied in the European Union (EU). In particular, the
European Green Deal aims to reduce greenhouse gas emissions in the EU by 55% by 2030 [42], the
REPowerEU plan aims to increase renewable energy to 45% [43], and the Energy Performance of
Buildings Directive (EPBD) aims to achieve a climate-neutral Europe by 2050 [44].

4.4. Prerequisite MRs: Waste Performance

Prerequisite MR: Waste performance requires measuring the total weight of waste such as glass,
plastic, and paper that is generated by building occupants and the total weight of waste diverted
from landfills and incinerators for one full year. The measured waste is then converted to a project
equivalent of the total weight of waste generated and the total weight of waste diverted per day and
per occupant. Using these waste weights, the daily non-diverted waste per occupant is estimated.
Both measurements, the average daily waste generated by the project and the waste not diverted per
occupant, determine the waste performance score. Ultimately, the corresponding LEED-EB v4.1
points are awarded based on the waste performance score [8]. The lower the total weight of waste
generated and the less waste that is not recycled, the higher the LEED score.

Table 10 shows that, for this prerequisite, Italy outperformed Sweden, Ireland, Germany, and
Israel (the difference seems to be positive, p < 0.043). Spain outperformed Sweden, Germany, and
Israel (the difference seems to be positive, p < 0.033). The difference between the remaining five
pairwise comparisons seems to be negative (p > 0.103).

Table 10. Prerequisite MRs: Waste performance of LEED-EB v4.1 gold-certified office projects in six countries:
Sweden, Ireland, Germany, Spain, Italy, and Israel.
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Sample Size (n), Median, 25-75th Percentiles

Prerequisite Sweden (n =

(max points) 36) Ireland (n =15) Germany (n=24) Spain (n=23) Italy (n=24) Israel (n=18)
MRs: Waste ~ 6.0,5.0-7.0  6.0,6.0-7.0  5.0,5.0-6.0 7.0, 6.0-7.8 7.0,65-80  5.0,4.0-6.0
Performance p-value (Cliff’s 0)

(8) Sweden Ireland Germany Spain Italy Israel
Sweden X 0.043 (-0.35)  0.432(0.12)  0.033(-0.32)  <0.001(-0.63) 0.103 (0.27)
Treland X 0.008 (0.49)  0.667 (-0.08)  0.013 (-0.45) <0.001 (0.65)

Germany X 0.015 (-0.41)  <0.001 (-0.70) 0.397 (0.15)
Spain X 0.104 (-0.27)  0.004 (0.51)
Italy X <0.001 (0.78)
Israel X

Note: The p-values were evaluated according to three-valued logic: font style is bold —seems to be positive; font

size is ordinal —seems to be negative; and font style is italic—judgment is suspended.

The EU is a global leader in waste recycling and management through landfill restrictions and
innovative waste collection and recycling [45]. In this regard, five of the six countries examined in
this study, Sweden, Ireland, Germany, Spain, and Italy, have also been identified by other researchers
as outstanding in waste management. For example, with regard to plastic waste, in the EU up to 2022,
out of 23,299 articles published on this topic in 146 countries, Italy published 2,068 articles (9%),
followed by Germany with 2,053 (9%) and Spain with 1,641 (7%) [46]. Furthermore, focusing on
municipal waste recycling rates in the EU, Laureti et al. [47] reported Sweden and Germany as
leading countries with high recycling rates and Ireland, Spain, and Italy as countries with average
recycling rates.

4.5. Prerequisite EQ: Indoor Environmental Quality Performance

Prerequisite EQ: Indoor environmental quality performance requires that an occupant
satisfaction survey and an indoor air quality assessment in terms of carbon dioxide (CO:) and total
volatile organic compound (TVOC) levels must be conducted at least annually. The occupant
satisfaction survey results need to be converted into an occupant satisfaction score, while the indoor
air quality assessment results need to be converted into a CO:z score and a TVOC score. Lower COz
and TVOC levels result in higher CO2 and TVOC scores. The human experience score is then assessed
by summing 50% of the occupant satisfaction score, 25% of the CO2 score, and 25% of the TVOC score.
Ultimately, LEED-EB v4.1 points are awarded for the human experience score [8]. Higher occupant
satisfaction and higher CO2 and TVOC scores lead to higher LEED-EB v4.1 scores.

Table 11 shows that, for this prerequisite, Israel outperformed Sweden, Germany, and Italy (the
difference seems to be positive, p < 0.006). Ireland, Spain, and Italy outperformed Sweden (the
difference seems to be positive, p < 0.002). The judgment is suspended regarding the difference
between Israel and Ireland (p = 0.051), between Israel and Spain (p = 0.062), and between Germany
and Spain (p = 0.046). The difference between the remaining six pairwise comparisons seem to be
negative (p 2 0.078).

Table 11. Prerequisite EQ: Indoor environmental quality performance of LEED-EB v4.1 gold-certified office

projects in six countries: Sweden, Ireland, Germany, Spain, Italy, and Israel.

. Sample Size (n), Median, 25-75th Percentiles
Prerequisite

. Swed =
(max points) we 3:1)1 (n Ireland (n = 15) Germany (n =24) Spain (n=23) Italy (n=24) Israel (n=18)
EQ: Indoor  13.0,11.5-13.5 15.0,13.0-17.0 14.0,11.5-15.0 15.0,13.0-17.0 15.0,12.0-16.0 16.5, 16.0-17.0
Environmental p-value (Cliff’s 6)
Quality Sweden Ireland Germany Spain Italy Israel
Performance
20)
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Sweden X 0.002 (-0.53)  0.192 (-0.20)  <0.001 (-0.57)  0.004 (-0.43) <0.001 (-0.89)
Treland X 0.170 (0.26)  0.748 (-0.06)  0.680 (0.08)  0.051 (-0.39)
Germany X 0.046 (-0.34)  0.173 (-0.23) <0.001 (-0.65)
Spain X 0.414 (0.14) 0.062 (-0.34)
Italy X 0.006 (-0.48)
Israel X

Note: The p-values were evaluated according to three-valued logic: font style is bold —seems to be positive; font

size is ordinal —seems to be negative; and font style is italic—judgment is suspended.

Currently, more than 75% of existing buildings in the EU are old, built before the current thermal
air conditioning regulations came into force. These buildings therefore have inadequately insulated
building envelopes and uncontrolled ventilation rates, as well as highly volatile organic compounds
(VOCs) emitted by building materials. This in turn leads to poor indoor air quality [48]. In this regard,
the European Agenda identifies the retrofit of the housing stock as a key objective to minimize energy
consumption in light of climate-neutral cities by 2050 [49]. Furthermore, the European Commission
has published EU minimum concentration of interest (EU-LCI) values for 152 organic compounds
commonly emitted by building materials [50]. Thus, four of the six countries assessed — Ireland, Italy,
Spain, and Israel — achieved relatively high average EA LEED-EB v4.1 scores of 15.0-16.5 (Table 11).

4.6. Overall LEED-EB v4.1 Score

Table 12 shows that for LEED total, Ireland, Germany, and Spain outperformed Sweden and
Israel (the difference seems to be positive, p <0.001). The judgment is suspended regarding the
difference between Italy and Sweden (p = 0.056) and between Italy and Israel (p = 0.054). The
difference between the remaining seven pairwise comparisons appears to be negative (p = 0.190).

Table 12. LEED total from LEED-EB v4.1 gold-certified office projects in six countries: Sweden, Ireland,

Germany, Spain, Italy, and Israel.

. Sample Size (n), Median, 25-75th Percentiles
Prerequisite

. Sweden (n=
(max points)

36)
65.0, 62.5-69.0 70.0,67.0-71.8 70.5, 68.0-73.0 70.0, 67.2-73.0 69.5, 63.0-71.5 64.0, 63.0-67.0

Ireland (n =15) Germany (n=24) Spain (n=23) Italy (n=24) Israel (n=18)

LEED total p-value (Cliff’s 6)

(100) Sweden Ireland Germany Spain Italy Israel
Sweden X 0.001 (-0.56)  <0.001 (-0.53)  <0.001(-0.57)  0.056 (-0.29) 0.543 (0.10)
Ireland X 0.601(-0.10) 0599 (0.10)  0.377(0.17)  <0.001 (0.65)

Germany X 1.000 (0.00) 0.223 (0.21)  <0.001 (0.59)

Spain X 0.190 (0.22)  <0.001 (0.64)

Italy X 0.054 (0.35)

Israel X

Note: The p-values were evaluated according to three-valued logic: font style is bold —seems to be positive; font

size is ordinal —seems to be negative; and font style is italic—judgment is suspended.

It is worth mentioning that projects certified under previous versions of LEED-EB v3 and LEED-
EB v4 measured only water and energy savings, and the overall LEED achievements were close to
the low gold certification of 62-65 [51]. Over the years, such low achievements have been criticized as
“point hunting” that neglects the true sustainability of the building [18]. In this study, four of the six
countries assessed, Italy, Spain, Germany, and Ireland, achieved total LEED points from LEED-EB
v4.1 gold-certified office projects that were well above the low gold certification (60 points). It can be
assumed that this is due to the new approach taken in LEED-EB v4.1 to measure the performance of
all the main indicators, transportation (LT), water (WE), energy (EA), waste (MRs), and indoor
environmental quality (EQ). It can therefore be assumed that the current performance of all five
streams (LT, WE, EA, MR, and EQ) reflects the real situation in the field of building sustainability.
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5. Conclusions

e  For the transportation performance prerequisite, Sweden and Germany showed the highest
scores and Italy showed the lowest, with Ireland, Spain, and Israel in between;

e  For the water performance prerequisite, Germany showed the highest score and Italy showed
the worst, with Sweden, Ireland, Spain, and Israel in between;

e  For the energy performance prerequisite, Germany showed the highest score and Ireland and
Israel showed the lowest, with Spain, Italy, and Sweden in between;

e  For the waste performance prerequisite, Spain and Italy showed the highest scores and Germany
and Israel showed the lowest, with Sweden and Ireland in between;

e  For the indoor environmental quality performance prerequisite, Israel showed the highest score,
and Germany and Sweden showed the lowest, with Ireland, Spain, and Italy in between;

e  For overall LEED performance, Germany, Ireland, Spain, and Italy showed the highest scores,
and Sweden and Israel showed the lowest.

6. Limitations

The current study had at least two limitations: (1) other LEED v4.1 rating systems need to be
analyzed to obtain more complete information on current green building strategies, and (2) based on
the knowledge of LEED professionals, an effect size level that would truly indicate “substantive
significance” between countries should be adopted.

7. Future Research

Recently, three studies offered perspectives for future research: (1) used an expert team to
estimate the efficiency of LEED-certified buildings [52] and (2) used structural equation modeling,
and (3) used random forest regression and post-occupant satisfaction scores to estimate the occupant
satisfaction in LEED-certified buildings [53,54]. Thus, using the methodologies described in the three
studies mentioned above may help in better evaluating LEED-certified projects and shedding light
on the development of future versions of LEED rating systems.

Appendix A

Table Al. Distribution of LEED-EB v4.1 gold-certified office projects among cities in six countries: Sweden,

Ireland, Germany, Spain, Italy, and Israel.

Country Cities (numbers)
Sweden (n = 36) Gothenburg (10), Stockholm (8), Uppsala (4), Jonkoping (3), Danderyd (2), Malmo (2),
Linkoping (1), Helsingborg (1), Vaxjo (1), Solna (1), Vasteras (1), Boras (1), Vastra Frolunda
(1)

Ireland (n =15) Dublin (15)
Germany (n = 24) Berlin (12), Hamburg (6), Munich (1), Dortmund (1), Kiel (1), Essen (1), Kassel (1),
Wolfsburg (1)
Spain (n =23) Barcelona (10), Madrid (10), Alcobendas (1), Malaga (1), Valencia (1)
Italy (n=24) Milano (19), Roma (3), Biella (1), Torino (1),
Israel (n =18) Tel Aviv (8), Holon (4), Petach Tikva (2), Herzliya (2), Raanana (2)

Table A2. Distribution of fossil and renewable energy sources among cities in six countries: Sweden, Ireland,

Germany, Spain, Italy, and Israel.

Country Fossil sources Renewable sources
Other NuclearTotal
Coal . oy Total Solar Wind Hydropower o o
%) Oil (%) Gas (%) %) %) %) %) rene(‘:;e;bles (%) (%)
Germany 16.00 35.16 23.87 75.03 502  11.65 1.61 498 0.57 23.83
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Ireland 4.18 46.84 26.68 77.70 0.60 16.65 1.34 1.66 0.00 20.25
Israel 1241 3991 40.61 92.93 6.31 0.37 0.02 0.11 0.00 6.81
Italy 3.65 4159 3548 80.72 4.91 3.70 6.12 3.68 0.00 18.41
Spain 209 4536 18.63 66.08 7.74 10.61 421 1.10 9.00 32.66
Sweden 3.03 21.67 1.20 25.90 1.35 14.92 28.71 6.06 20.21 71.25
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