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INTRODUCTION
Buildings and the need 
for environmental solutions
The high level of material consumption, energy use, 
water consumption, health effects, air pollution and 
carbon emissions from the US building industry 
have been well documented (Lenssen and Rood-
man 1995; Cole 1999; Uher 1999; Goodman and 
Walker 2006). For example, the built environment 
is responsible for approximately 39%–48% of US 
carbon emissions (Mazria 2003; US Department of 
Energy 2007a) and 71% of all US electricity use (US 
Department of Energy 2007b). In addition, pro-
jections for population growth and signifi cant ad-

ditions to the built environment suggest that these 
impacts are likely to increase substantially in the 
coming decades. Consider that the US population 
is predicted to grow by over 88 million people be-
tween 2008 and 2050—an increase of almost 30% 
(US Census Bureau 2008). Moreover, the US is pro-
jected to need over 100 billion additional square feet 
of new residential space by 2030 (Nelson 2003).

The USGBC, LEED and the environmental 
benefits of green buildings
Green buildings—also known as high performance 
or sustainable buildings1—offer one way to mitigate 
the current and growing environmental impacts 
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from the built environment. And the USGBC—
with over 13,000 organizational members, more 
than 42,000 LEED Accredited Professionals, 20 
million hits per month to the USGBC website, and 
LEED certifi cation programs ranging from homes 
to neighborhoods to portfolios of buildings—has 
risen to the challenge. With over 600,000 volun-
teer hours logged in the consensus approach it has 
relied on to create the LEED green building label-
ing programs, the USGBC and its LEED rating 
system have become the current green standard for 
the majority of green building and development in 
the US (USGBC 2007a). Table 1, extracted from 
USGBC data, highlights the growth of the USGBC 
and LEED buildings and illustrates that with this 
exponential growth emerges a second purpose for 
LEED—to serve as an environmental management 
tool—in addition to its primary intended role as tool 
to stimulate market change. 

Though LEED buildings can offer positive eco-
nomic gains, such as reduced operating costs and 
enhanced asset value, as well as health benefi ts, in-
cluding better indoor air quality, the focus in this 
paper is on environmental benefi ts. As an illustra-
tion of this latter group of benefi ts, consider that 
the USGBC LEED point tally of completed proj-
ects, as of December 2007—the national database 
of project details LEED-certifi ed buildings—shows 
that over 60% of LEED buildings, compared to 
new non-LEED projects, are designed and con-
structed to (1) use 100% less water for outdoor 
uses and (2) consume at least 30% less water for 
indoor uses, while (3) diverting more than 75% of 
construction and demolition waste from the landfi ll 
(USGBC 2007b). 

Similarly, recent research by the New Buildings 
Institute (NBI) and the USGBC shows that com-
pleted LEED buildings use an average of 25%–30% 
less energy than non-LEED buildings (Frankel et al. 

2007). The study results indicate that some LEED 
Gold and Platinum buildings achieve high enough 
performance to meet the Architecture 2030 Chal-
lenge goals for reductions in carbon, but these ac-
count for less than 0.1% of new buildings each 
year.2 The Architecture 2030 Challenge calls for 
new buildings today to have a 50% reduced car-
bon footprint compared to existing buildings, with 
steady increases in effi ciency and renewable energy 
until reaching carbon neutral new buildings by 
2030 (Architecture 2030 2007).

Measuring environmental impacts in buildings
With 75 cities, 23 counties, 17 towns, 27 states, 12 
federal agencies, 10 public school jurisdictions, 36 
institutions of higher education and dozens of large 
corporations mandating or incentivizing develop-
ers to build LEED buildings (USGBC 2007c), and 
with dozens of other green building programs, such 
as ENERGY STAR and Green Globes, the con-
struction and real estate industry is indeed “amidst 
a surging ‘culture of assessment’” (Cole 2006a). At 
the same time, advertisements and articles in most 
real estate publications would suggest that every de-
veloper, design fi rm and project is a shining star of 
sustainability. 

As a way to maintain credibility, build brand and 
project differentiation, reduce liability and poten-
tially attract investors, sellers or other key partners, 
several organizations, in addition to the USGBC, 
have begun to create their own set of metrics for 
building performance—environmental and other-
wise. These include academic-government-investor 
coalitions such as the United Nations Environment 
Programme Finance Initiative Property Working 
Group and the affi liated Responsible Property In-
vesting Center, global multi-stakeholder networks 
such as the Global Reporting Initiative and investor-
developers such as Cherokee Investment Partners.

TABLE 1. Average annual growth of the USGBC and LEED between 2000 and 2007*

Indicator Annual % growth Total #

# of USGBC member organizations 60% 13,000

Registered LEED building square footage 180% 2,900,000,000

Certified LEED building square footage 80% 138,000,000

*Based on late 2007 USGBC data
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Closer analysis of the environmental footprint of 
buildings has been the topic of numerous academic 
studies and print commentary. The foci have cov-
ered international assessment programs (Uher 1999; 
Hansen and Dammann 2002; Werner et al. 2002; 
Chung 2005; Duncan 2005; Johnston et al. 2005; 
Malmqvist and Glaumann 2006; Sunikka 2006), 
the overlap or competition of building assessment 
programs in the same market (Bosch et al. 2003; 
Malin 2005; Boecker et al. 2006; Cole 2006b), the 
use of environmental indicator systems for the built 
environment (Uher 1999; CRISP 2002; Werner et 
al. 2002; Dammann and Elle 2006; Malmqvist 
and Glaumann 2006), the importance of a more 
integrated approach to building assessment tools 
(Lützkendorf and Lorenz 2006), defi nitions of ab-
solute environmental limits and true sustainability 
for buildings and the construction industry (Lowe 
2006; Pearce 2006) and the value and use of quick 
checklist assessment methods (Gething and Bor-
dass 2006).

Additional related work addresses topics such as 
the redefi ning of the objectives of environmental as-
sessments for buildings (Kaatz et al. 2006), the sig-
nifi cance of the built environment’s carbon footprint 
(Johnston et al. 2005; Lisø 2006; Sunikka 2006), 
the logic (or lack thereof ) of the LEED rating sys-
tem (Eijadi et al. 2002; Stein and Reiss 2004; Fran-
gos 2005; Brook 2007; Del Percio 2007), the role of 
regionalism in sustainable development (Lorch and 
Cole 2003; Lorch 2006), attempts at international 
standardization of sustainable building and product 
assessment (ISO 2006a; ISO 2006b) and efforts to 
use eco-labels to rate the “greenness” of building and 
consumer products (ISO 2000; Jordan et al. 2003; 
Rumsey and McLennan 2004; Makower 2006; 
Probst 2006; Faludi 2007; ISO 2007; Timberland 
2007; USGBC 2007d; Atlee and Altes 2008). 

Of greatest relevance to this present analysis, 
a variety of research has assessed the variation in 
energy use and energy-related impacts from green 
buildings (Sheltair Group 1999; Bordass 2004; 
Pless and Torcellini 2004; Scofi eld 2004; Diamond 
2006; Frankel et al. 2007; Wedding and Crawford-
Brown 2007). Sources of variation in these impacts 
include (1) the fuel mix at power plants and on elec-
trical grids, (2) the variety of specifi c LEED credits 
obtained, (3) the difference in modeled versus actual 

energy use, (4) building type and (5) the type of re-
newable energies used on site or purchased from off-
site sources. However, no research has yet proposed 
a comprehensive, quantitative overhaul of LEED’s 
Energy & Atmosphere (EA) category in order to re-
duce the variation and magnitude of energy-related 
impacts from LEED-certifi ed buildings. This effort 
becomes increasingly relevant with recent reports 
published and initiatives established to address the 
prevalence of “greenwashing”—i.e., the marketing 
of certain environmental performance attributes 
which are accidentally or intentionally inaccurate or 
untrue (Terrachoice 2007; US Federal Trade Com-
mission 2007; EnviroMedia 2008).

In part to address this issue of varying environ-
mental impacts from LEED buildings, the USGBC 
has taken several significant steps since this pres-
ent research began by requiring buildings to now 
(1) obtain at least two EA credit 1 points above the 
ASHRAE 90.1-2004 baseline to improve LEED 
building energy efficiency and (2) reduce build-
ing carbon emissions by 50% compared to existing 
buildings. In addition, USGBC efforts are under-
way, as of January 2008, (1) to incorporate life cycle 
assessment (LCA) as a framework for weighting and 
scoring buildings in new LEED programs and (2) 
to roll out a carbon offset program in the fi rst half 
of 2008. 

The legitimacy of green energy purchases 
and carbon credits in accounting for a LEED 
building’s environmental footprint
When quantifying the energy-related environmental 
impacts of a green building, the use of off-site green 
energy purchases (e.g., Renewable Energy Credits, 
RECs) or carbon credits raises considerable debate. 
A variety of organizations, from the US EPA to the 
Sierra Club and PepsiCo, have demonstrated their 
support for green energy purchases as a way to stimu-
late renewable energy and reduce a building’s or or-
ganization’s indirect emissions due to electricity gen-
eration (Hanson and Van Son 2004; PepsiCo 2007; 
Sierra Club 2007; US Environmental Protection 
Agency 2007a; US Environmental Protection Agency 
2007b). Similarly, numerous organizations—such as 
Delta, Nike, Dell and Google—proclaim their orga-
nizational greenhouse gas reductions via the purchase 
of voluntary carbon offsets.
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However, others criticize the claims of emissions 
reductions based on the purchase of RECs because 
of the uncertainty regarding (1) the cause-and-
effect relationship between green energy payments 
(as catalysts) and the creation of new sources of re-
newable energy on the US electrical grid to displace 
more polluting, conventional grid supplies (Holt and 
Bird 2005; Baratoff et al. 2007; Gillenwater 2007a; 
Gillenwater 2007b), (2) the ownership of the emis-
sions reductions from such purchases—whether the 
owner is the green energy purchaser or the utility 
plant (Holt and Bird 2005; Holt et al. 2006; Gillen-
water 2007a) and (3) the quantifi cation of emissions 
reductions resulting from green energy purchases 
(Schendler 2006; Gillenwater 2007a; Gillenwater 
2007b). In the same way, detractors refer to the 
widespread use of carbon offsets as a way to “throw 
money at a problem” or to obtain a “get-out-of-jail-
free card” (Linn 2007). Third-party certifi cations 
for RECs, such as Greene-e, and carbon credits, 
such as Green-e or the Voluntary Carbon Standard, 
can offer additional levels of credibility to these 
strategies and address some of these concerns.

This lack of consensus on the emissions reduc-
tions associated with green energy and carbon offset 
purchases prompted the US Federal Trade Commis-
sion to begin its discussions about the environmen-
tal marketing language surrounding these two green 
strategies on January 7, 2008—a year earlier than 
planned (US Federal Trade Commission 2007). For 
the time being, the resolution of this issue remains 
a concern; it is outside of the scope of this research; 
and emissions reductions from green energy and 
carbon offset purchases are assumed to be credible. 
For a more thorough discussion of carbon markets 
and the quality of carbon offsets, see Hamilton et al. 
(2006), Kollmuss and Bowell (2007), Trexler Cli-
mate and Energy Services, Inc (2006), Capoor and 
Ambrosi (2007), Environmental Defense (2007) 
and Hamilton et al. (2007). 

The scope of this research
This project is a follow-up effort to a related re-
search undertaking entitled “An Analysis of Varia-
tion in the Energy-Related Environmental Impacts 
of LEED Certifi ed Buildings” (Wedding and Craw-
ford-Brown 2007). Accordingly, that project will be 
referred to as “Phase I.” Like this current research, 

Phase I relied on the creation and use of Monte 
Carlo probabilistic models, based on empirical data, 
to simulate nine environmental impacts from LEED 
buildings and assess the variation in these impacts.

The goal of this current research, henceforth 
termed “Phase II,” was to analyze the effects of sug-
gested improvements to the Energy & Atmosphere 
section of LEED on the variation and magnitude 
of the energy-related environmental impacts from 
LEED buildings, as observed in Phase I. Suggested 
alterations to LEED are detailed in the following 
sections (see Table 3). Justifi cation for the feasibil-
ity and benefi t of each alteration is also discussed. 
Simulated carbon dioxide emissions from models 
based on LEED buildings, before and after the sug-
gested changes, are also compared to Architecture 
2030 Challenge goals. The importance of scoring 
a LEED building based on the number of employ-
ees, i.e., rewarding distinction based on per capita 
normalized impacts, is also illustrated. Finally, the 
authors propose initial steps to operationalize these 
suggested revisions to LEED and offer discrete steps 
for future research on this topic. 

METHODS
Defining environmental impacts
Despite the current prominence of climate change 
concerns and the seemingly one-pointed focus on 
carbon emissions, with over 130 million Americans 
living in areas of non-attainment with one of more 
of the US EPA’s criteria pollutants, it seemed ap-
propriate to broaden the scope of energy-related im-
pacts (US Environmental Protection Agency 2002). 
Accordingly, for this study, energy-related environ-
mental impacts refer to nine end points of concern: 
emissions of carbon dioxide, nitrogen oxides, sulfur 
dioxide, mercury, and particulate matter; the gen-
eration of solid waste and nuclear waste (high level 
and low level); and water consumption. 

These include power plant and/or on-site com-
bustion-related environmental impacts attribut-
able to building energy use. Impacts here should 
be thought of as environmental loadings (e.g., CO2 
emissions) rather than subsequent effects (e.g., an 
increase in global temperatures). Dispersion model-
ing to and within media, assimilation into the envi-
ronment (e.g., biochemical transformation), as well 
as organismal uptake and corresponding health ef-
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fects (i.e., risk assessment) are outside the scope of 
this research. Moreover, the focus is on regional and 
global impacts rather than site-related energy use 
impacts (e.g., carbon monoxide).

Impacts in this project also focus on operational 
energy use (e.g., for heating and cooling), not em-
bodied energy consumption (e.g., upstream energy 
consumption in material extraction and transpor-
tation of products). One exception may be water 
consumption from hydroelectric generation, which 
can certainly be considered an upstream impact. 
Upstream impacts were excluded in this analysis in 
part because of the uncertainty and debate about the 
quantifi cation and contribution of these impacts to 
total impacts. Some suggest that embodied energy 
impacts constitute a relatively small percentage—
approximately 5%–10%—of a building’s life cycle 
energy use (Lazarus 2003; International Energy 
Agency 2004). Other research (Deru and Torcel-
lini 2007) and databases such as the US National 
Renewable Energy Laboratory’s (NREL) US Life 
Cycle Inventory (LCI) indicate that pre-combus-
tion impacts of energy use can account for 27% of 
a building’s total emissions related to energy use on 
average, with a low of ~4% and a high of ~99% de-
pending on the impact (e.g., carbon dioxide emis-
sions from coal use or sulfur dioxide emissions from 
natural gas, respectively) (Deru 2008). Further-
more, these data on pre-combustion have only been 
reported at the national and NERC interconnec-
tion level; as described later, an estimation of LEED 
building impacts on a smaller geographic level than 
this is desired. 

Simulating impacts from LEED buildings
To understand whether the suggested alterations to 
LEED reduce the variation and magnitude of the 
energy-related environmental impacts from LEED 
buildings that were found in Phase I, it would have 
been best to take actual measurements from many 
LEED buildings in many regions of the country—
in theory, from those that used the current LEED 
framework and from those that used the revised 
LEED program as proposed later in this research. 
However, obtaining such data from actual buildings 
was not feasible for the current study given that (1) 
no buildings are, of course, certifi ed under the al-
tered LEED scenario suggested in this research and 

(2) obtaining data on a large sample of impacts to 
create statistically signifi cant results requires signifi -
cant resources and time. Instead, the authors created 
unique probabilistic models which were used to per-
form Monte Carlo analyses and simulate 1,000s of 
LEED buildings and corresponding impacts for each 
model type (e.g., solid waste generation per square 
foot per year from LEED Silver offi ce building). 

For this research, it is assumed that a building’s 
modeled energy use equals its actual energy use, 
though this is not always the case. Phase I illustrates 
the additional variation in impacts caused when 
this is not considered as the default assumption 
(Wedding and Crawford-Brown 2007). A study of 
21 fi rst-generation LEED buildings showed that the 
ratio of actual energy use divided by modeled en-
ergy use varied from 0.18 to 2.25, even though the 
mean was 0.99 (Diamond 2006). The much more 
comprehensive NBI/USGBC study of completed 
LEED buildings showed that, on average, actual 
energy use intensity (EUI) was approximately equal 
to designed EUI. However, this ratio was 0.93, 0.83 
and 1.12 for LEED Certif ied, Silver and Gold/
Platinum buildings, respectively, and the correla-
tion between the two (R2) was only 0.33. In fact, 
30% of buildings performed significantly better 
than expected while 25% used more energy than 
modeled (Frankel et al. 2007).

Each probabilistic model consists of algorithms 
that convert building data and features to estimates 
of environmental impact on a “per square foot per 
year” basis. Models were based on empirical data, 
such as the USGBC LEED point tally, and data 
from trusted sources, such as US Energy Informa-
tion Administration (EIA) Commercial Building 
Energy Consumption Survey (CBECS) database 
(2003a), the US LCI database, the US Depart-
ment of Energy’s (DOE) Offi ce of Nuclear Energy 
and NREL. LEED v2.0 and v2.1 projects from the 
USGBC point tally were used for this research be-
cause (1) over 95% of the ~750 completed LEED 
projects as of December 2007 were from these ver-
sions and (2) Phase I, which serves as the baseline for 
measuring reductions in variation and magnitude 
for impacts from building using the altered LEED 
scheme, also used these versions. While LEED v2.2 
is now in use, the relationships between impacts pre-
sented here likely holds true for these projects, too, 
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though impacts could tend to be lower from LEED 
v2.2 projects. 

The models incorporate 14 of the total 64 cate-
gorical total LEED points or approximately 22% of 
all credits, including EA credit 1 “Optimize Energy 
Performance” worth 10 points, EA credit 2 “Renew-
able Energy” worth 3 points and EA credit 6 “Green 
Power” worth 1 point. These credits were chosen be-
cause of their relative impact on a building’s energy 
footprint and because these were deemed to be the 
most suitable credits in the EA category for use in 
probabilistic modeling, given the availability of data, 
which were used in this research. Model results were 
verifi ed by ensuring that the mean, minimum and 
maximum EUI for the simulated LEED and base 
case, non-LEED buildings were comparable to those 
based on CBECS data, the NBI/USGBC study 
and a limited number of actual LEED buildings 
from the USGBC website. Simulated impacts from 
these models then served as the basis for comparing 
the variability in and magnitude of Phase I LEED 
building impacts versus Phase II LEED building 
impacts. Tests also confi rmed the repeatability of 
model results; successive simulation results typically 
only deviated by less than 5% for parameters used 
in this research, such as the coeffi cient of variability, 
median and standard deviation. For more details on 
these probabilistic models and other methods from 
Phase I, see Wedding and Crawford-Brown (2007).

Creating an altered LEED rating system
Table 2 below highlights the results of the sensitivity 
analyses from Phase I and indicates the parameters 

which caused the most variation in LEED building 
impacts. A value of “78% in the “Top 3” column for 
“LEED EA credits 1 and 2” indicates that for 78% 
of the nine simulated impact categories such as sul-
fur dioxide emissions (i.e., 7 of the 9 categories), this 
parameter was among the top three sources of varia-
tion in the model for LEED offi ce buildings. Because 
parameter #1 in Table 2 caused such a high degree of 
variation, other parameters such as EA credit 6, green 
energy purchases, do not show up in this table.

However, with parameter #1 brought under con-
trol, EA credit 6 plays a larger role in LEED build-
ings’ impacts. In addition to insights from this table, 
additional sources of information for amendments 
to LEED’s EA category draw from (1) the consid-
eration of pros and cons in other green building 
programs, such as Earthcraft House, (2) analyses 
of model simulations in Phase I, which highlighted 
the consistently broad range of impacts regardless of 
LEED certifi cation level and (3) close scrutiny of the 
USGBC LEED point tally, which illustrated simi-
larly wide variations in EA point totals for LEED 
certifi ed projects with little regard for varying certi-
fi cation level. 

The resulting suggested changes to LEED’s EA 
category are highlighted in Table 3. The focus is on a 
tiered approach, where requirements for performance 
increase as projects move up towards the LEED Plat-
inum certifi cation level. While this does limit fl ex-
ibility, the authors argue that there are three reasons 
which merit this trade-off: (1) the importance of the 
predictability of a LEED building’s environmental 
impacts, (2) the signifi cance of absolute instead of 

TABLE 2. Sensitivity analysis showing the four most important parameters in creating variation in the nine energy-
related environmental impacts of LEED buildings

All 
Buildings

Educational 
Buildings

Office 
Buildings

Residential 
Buildings

Ranking as the Most Significant Sources of Variation 

Overall 
Rank Parameter No.1 Top 3 No.1 Top 3 No.1 Top 3 No.1 Top 3

1 Air emission, waste generation, and 
water consumption factors

78% 78% 78% 78% 78% 78% 78% 78%

2 LEED EA credits 1 and 2 0% 56% 0% 100% 0% 78% 0% 78%

3 % electricity versus natural gas/fuel oil 0% 56% 0% 44% 0% 56% 0% 56%

4 Variation in building energy use 0% 56% 0% 22% 0% 44% 0% 67%
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TABLE 3. Suggested improvements to LEED’s Energy & Atmosphere category

Improving Accuracy and Precision Regarding a Building’s Environmental Impacts

Current or Proposed EA Credits Alteration to LEED * Additional Details 

1.  EA credit 1: **
Energy Optimization

Require:
– 2 points for Certified
– 4 points for Silver
– 6 points for Gold
– 8 points for Platinum

• Of all completed LEED projects:
 – 64% of Certified earn ≥ 2 points
 – 61% of Silver earn ≥ 4 points
 – 55% of Gold earn ≥ 6 points
 – 87% of Platinum earn ≥ 8 points
• Stresses the importance of direct 

reductions of building environmental 
impacts instead of offsetting impacts in 
other areas

2.  EA credit 6:
Green Power

Require:
– 20% for Certified
– 30% for Silver
– 40% for Gold
– 50% for Platinum

• Implies average of 2% increase in 
electricity costs, varies widely

• Allows for equalization and comparability 
of LEED buildings across regions 

• Helps catalyze US renewable energy 
development

• Should be harmonized with carbon credit 
below to avoid awarding too many points 
to offsets

• Raises concerns of legitimacy, additionality, 
quality, etc.

3.  Proposed credit:
Carbon Offsets

Require:
– 14% for Certified
– 22% for Silver
– 29% for Gold
– 36% for Platinum

• Implies average 2% increase measured 
versus electricity costs, varies widely

• Allows for equalization and comparability 
of LEED buildings across regions 

• Helps catalyze US low-carbon technologies
• Should be harmonized with EA credit 6 to 

avoid awarding too many points to offsets 
• Raises concerns of legitimacy, additionality, 

quality, etc.

New Ways of Awarding Certification Levels

4.  Award LEED certification levels based on a building’s environmental 
impacts compared to regionally relevant baselines

• Score buildings based on a percentage 
reduction in impacts compared to a 
baselines

• Use EPA’s eGRID, NREL and DOE data to 
create such regional baselines

5.  Award LEED certification levels based on normalized environmental 
impacts 

• Score buildings based on normalized 
environmental impacts, e.g., emissions per 
employee per year 

• Use “employee per sq. ft.” averages 
from LEED-Core and Shell v2.0 to create 
baselines

*Another alteration is considered in Table 7, i.e., scoring and certifying LEED buildings within different building categories, e.g., LEED for 
offices, LEED for schools, etc. This change is not shown here because this is already occurring with LEED and the USGBC’s development 
of programs for a wider variety of building types.
**The calculation of points for this credit also includes contributions from EA credit 2: On-site Renewable Energy.
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marginal sustainability in buildings (e.g., movement 
towards the 60%–80% carbon reduction by 2050 
rather than some more nominal measure of perfor-
mance compared to existing buildings) and (3) the 
rising expertise in designing and building high per-
formance buildings. On this last point, consider that 
in the latest set of certifi ed buildings, more projects 
are earning the higher certifi cation levels than in the 
past (RREFF 2007). In addition, note that the costs 
to meet these tiers for items #2 and #3 in Table 3 are, 
on average, quite minimal.

For item #1 in Table 3, consider that, as of De-
cember 2007, 16% of completed LEED buildings 
were no more effi cient than the relevant ASHRAE 
90.1 baseline, i.e., the projects earned no points for 
EA credit 1. As evident by the percentages in this 
table, minimum thresholds here would tend to only 
affect a minority of projects at each certification 
level. As a point of reference, consider that the USG-
BC’s own policy move in 2007 to mandate 2 points 
for EA credit 1 meant that only 64% of completed 
Certified projects historically met that minimum 
level (USGBC 2007c). For model simulations, it was 
assumed that these minimum cut-offs for reductions 
in grid-supplied energy (i.e., via energy effi ciency 
and renewable energy) did not affect the mean value 
for EA credit 1 as ref lected in the USGBC point 
tally and as used in the model simulations.

For item #2 in Table 3, note that 60% of com-
pleted LEED projects purchased no renewable en-
ergy credits at all (USGBC 2007c). Even assuming 
that green energy purchases do confer actual emis-

sions reductions, the quantifi cation of this reduction 
is not always straightforward. If the source for green 
energy is located in the same US EPA eGRID sub-
region (Figure 1) as the LEED building, it is essen-
tially a 1:1 offset, assuming no time-of-day differ-
ences in energy use and production (which is untrue, 
but data on these differences is lacking). Note that 
the offset, even in this scenario, is not always 1:1 be-
cause not all renewable energy is without environ-
mental impacts (Power Scorecard 2006; Wedding 
and Crawford-Brown 2007). If the green energy 
purchased is located in a different eGRID sub-re-
gion than the LEED building, then the air emission, 
waste generation and water consumption factors 
from that sub-region should be used (i.e., where the 
offset in conventional energy is supposed to occur), 
rather than the factors corresponding to the eGRID 
sub-region where the LEED building is located. 

As for scoring, one point could be awarded for 
meeting the required green energy purchase at each 
certifi cation level in Table 3, and an additional point 
could be available from the Innovation & Design 
category for purchasing more than double the re-
quired percentage—a reasoning which is common 
in current LEED programs. Table 4 illustrates the 
assumptions for calculating cost premiums for green 
energy purchases and carbon offsets; probabilistic 
modeling was also used for this assessment to gener-
ate the cost premiums shown in Table 3. 

For item #3 in Table 3, no ancillary benefi ts from 
carbon offsets—such as sulfur dioxide and nitrogen 
oxide emission reductions through the support of 

FIGURE 1. The 26 US EPA eGRID 
sub-regions used in the current study 
(US Environmental Protection Agency 
2007c)
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renewable energy projects—were assumed in this 
analysis, because there are no data to support such 
calculations, though these co-benefi ts can be signifi -
cant (Burtraw and Toman 1997). Tiers for carbon 
offsets were set in order to be equivalent to the car-
bon reductions created (potentially) by green energy 
purchases. Accordingly, percentages for green energy 
purchases requirements were multiplied by 72%, 
which is the average fraction of total offi ce building 
energy coming from electricity (Jurovics 2007), to 
arrive at the tiers for this proposed credit.

The total contributions of emissions reductions 
from green energy purchases and carbon offsets 
should be capped so that projects are forced to pri-
oritize direct (building design and operation) versus 
indirect (off-site energy production and offsets) re-
ductions. For justifi cation of the appropriate level for 
this cap, it is helpful to consider such limits which 
are already in place for carbon markets, legislation 
and other initiatives. The Northeast’s RGGI pro-
gram allows up to 50% of carbon reduction goals 
to be met with offsets while the European Trading 
Scheme, via the Marrakesh Accord to the Kyoto Pro-
tocol in 2001, permits unlimited use of offsets, such 
as those available through the Clean Development 
Mechanisms. Canada’s Regulatory Framework for 
Air Emissions also allows unlimited use of offsets. 

On the other hand, the Architecture 2030 Chal-
lenge suggests a cap of 20% on the use of green en-
ergy purchases or carbon credits to meet reduction 
goals for new buildings, and the current version of 

the Lieberman-Warner’s proposed Climate Security 
Act proposes a limit of 15%. Recognizing that the 
current cost effi ciency to reduce carbon emissions 
varies greatly by region, product type and technol-
ogy, the authors propose an initial cap of 50%, 
which should be considered a temporary allowance 
or bridge until renewable energy technologies and 
the expertise of the design and construction com-
munity reach a point where buildings are able to 
more cost effectively reach signifi cant carbon reduc-
tion goals. 

For item #4 in Table 3, air emission, waste gener-
ation and water consumption factors were calculated 
and used to simulate impacts based on differences 
in fuel mix in the 26 US EPA eGRID sub-regions. 
See Table 5 for details. While emissions factors for 
carbon dioxide, sulfur dioxide, nitrogen oxide and 
mercury were drawn directly from the eGRID data, 
this is the fi rst time that the other fi ve impacts have 
been reported at this geographic level. Nuclear waste 
generation factors were created by multiplying aver-
age national “nuclear waste generation per MWh” 
data from the US DOE Offi ce of Nuclear Energy 
by the percentage of nuclear energy in each eGRID 
fuel mix. 

Values for water consumed in the generation of 
electricity were based on estimates derived from 
NREL research (Torcellini et al. 2003), though the 
water consumption factors used in this current re-
search have been reduced compared to those from 
the NREL study. The NREL values assume that 

TABLE 4. Assumptions used to estimate cost premiums for green energy purchases and carbon offsets

Parameter Mean Minimum Maximum Units Source

Electricity costs 10 5 21 ¢/kWh US EIA (2003b)

Electricity use 12 9 16 kWh/sf/year 2003 US EIA CBECS

Electricity—emission factor 1.4 0.5 2 lbs/kWh 2006 US EPA eGRID

Other energy use 
(e.g., natural gas)

16 11 21 kBTU/sf/year 2003 US EIA CBECS

Other energy—emission factor 1.4E-04 1.2E-04 1.7E-04 lbs/BTU 2006 US EPA eGRID

Green energy premiums 1 –0.7 2 ¢/kWh US EPA (2008)

Carbon offset cost 10 4 16 $/ton Trexler (2006)

LEED certification level Silver

Energy reduction vs. CBECS 25%

Square footage 46,000
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water lost through evaporation from reservoirs is 
due entirely to the need for electricity generation, 
and is, therefore, caused by hydroelectricity genera-
tion. However, our models assume that this water 

loss is also attributable to at least three other uses 
of dams, which may include recreation, fl ood con-
trol, irrigation or municipal water supply. As such, 
we use estimates of water consumption per kWh 

TABLE 5. Emission, consumption and waste generation factors for building energy use by US EPA eGRID sub-region 
(eGRID sub-region locations can be seen in Figure 1)

Impact

EPA 
eGRID 
Sub-
region

Acronym

Carbon 
Dioxide*

(lbs/
MWh)

High 
Level 

Nuclear 
Waste

(lbs/
MWh)

Low 
Level 

Nuclear 
Waste

(cf/
MWh)

Mercury*

(lbs/
MWh)

Nitrogen 
Oxides*

(lbs/
MWh)

Particulate 
Matter

(lbs/
MWh)

Solid 
Waste

(lbs/
MWh)

Sulfur 
Dioxide*

(lbs/
MWh)

Water

(gallons/
MWh)

AKGD 1,257 0.0E+00 0.0E+00 1.7E-06 3.0 8.2E-02 3.1 1.3 1,156

AKMS 480 0.0E+00 0.0E+00 2.7E-05 6.5 1.1E-01 0.4 0.7 4,170

AZNM 1,254 1.3E-03 6.6E-04 2.5E-05 2.1 8.9E-02 32.3 1.4 608

CAMX 879 8.7E-04 4.4E-04 2.3E-06 0.8 8.1E-02 5.6 0.6 1,206

ERCT 1,421 8.1E-04 4.1E-04 2.9E-05 1.0 1.2E-01 38.4 3.2 420

FRCC 1,328 9.5E-04 4.9E-04 9.1E-06 2.3 9.3E-02 12.3 3.6 384

HIMIS 1,456 0.0E+00 0.0E+00 2.7E-05 7.0 1.1E-01 1.2 6.0 602

HIOA 1,728 0.0E+00 0.0E+00 1.6E-05 2.6 1.2E-01 6.1 3.5 470

MROE 1,859 8.1E-04 4.1E-04 3.1E-05 3.3 9.9E-02 82.4 7.5 623

MROW 1,814 9.8E-04 5.0E-04 4.3E-05 3.8 9.9E-02 91.5 5.9 648

NEWE 909 1.7E-03 8.6E-04 8.5E-06 1.0 8.9E-02 7.3 2.4 622

NWPP 921 2.2E-04 1.1E-04 9.7E-06 1.6 9.4E-02 57.3 1.3 3,159

NYCW 922 3.0E-03 1.5E-03 6.5E-06 0.9 9.2E-02 0.2 0.7 241

NYLI 1,412 0.0E+00 0.0E+00 5.7E-06 1.8 1.0E-01 0.3 5.4 470

NYUP 820 1.7E-03 8.5E-04 1.4E-05 1.0 9.6E-02 32.8 4.2 1,780

RFCE 1,096 2.3E-03 1.2E-03 4.1E-05 1.7 9.8E-02 57.3 8.0 378

RFCM 1,641 8.7E-04 4.5E-04 3.3E-05 2.5 9.5E-02 64.0 6.8 403

RFCW 1,556 1.4E-03 7.3E-04 4.4E-05 2.8 9.9E-02 91.3 10.2 398

RMPA 2,036 0.0E+00 0.0E+00 1.6E-05 3.1 9.7E-02 72.2 2.0 760

SPNO 1,971 9.3E-04 4.8E-04 2.7E-05 4.0 9.9E-02 85.6 6.1 401

SPSO 1,761 0.0E+00 0.0E+00 3.9E-05 2.6 9.0E-02 41.5 3.9 699

SRMV 1,135 1.6E-03 8.3E-04 1.1E-05 1.5 8.7E-02 13.2 2.3 431

SRMW 1,844 7.1E-04 3.7E-04 4.1E-05 2.5 9.9E-02 94.3 7.0 482

SRSO 1,490 1.1E-03 5.8E-04 3.5E-05 2.2 9.7E-02 72.8 8.5 554

SRTV 1,495 1.2E-03 6.4E-04 2.5E-05 2.6 1.0E-01 88.2 7.2 861

SRVC 1,146 2.4E-03 1.2E-03 2.2E-05 1.9 1.0E-01 85.6 5.9 378

US 1,363 1.2E-03 6.3E-04 2.7E-05 2.1 9.7E-02 58.5 5.4 737

*Emissions factors for these pollutant were taken directly from the US EPA’s eGRID database, while the others were calculated based on data 
from NREL, the US Life-Cycle Inventory (LCI) Database, and the US DOE’s Office of Nuclear Energy.
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of hydroelectricity equal to one-third of the NREL 
estimates. These “gallons/kWh” data from NREL 
for thermoelectric and hydropower generation were 
then multiplied by the percentage of thermoelectric 
and hydropower generation in each eGRID sub-re-
gion (Torcellini et al. 2003). To assure that this two-
thirds reduction of gallons consumed via hydroelec-
tric energy use did not affect the conclusions drawn 
from this analysis, models were re-run with values 
for “gallons per kWh of hydroelectricity used” re-
duced by one-fourth, one-half and three-fourths 
as a form of sensitivity analysis to this assumption. 
These alterations produced values for variability in 
water-related impacts which only deviated from the 
base case (i.e., using the two-thirds reduction) by 
less than 4%.

Factors for particulate matter emissions and solid 
waste generation were obtained by multiplying the 
relevant emission or generation factors for each fuel 
type (from the US LCI database)—e.g., pounds 
of nitrogen oxides emitted per ton of coal—by 
the percentage of each fuel type on every eGRID 
sub-region.

These eGRID sub-region boundaries were used 
because the degree of electricity import-export be-
tween regions is small enough to create suffi cient 
confi dence in the values of these factors. At the same 
time, it allows greater granularity in estimating im-
pacts versus regionally relevant baselines as com-
pared to using national averages. Using analogous 
national values as a baseline for scoring a LEED 
building emissions reductions would address the 
importance of meeting absolute global reduction 
goals, but it would be unfair to projects in high-car-
bon sub-regions and too kind to those in low-car-
bon sub-regions. Baseload emissions estimates were 

used where available because of a lack of clarity on 
whether a given building contributes to baseload or 
non-baseload grid energy use. As Table 6 indicates, 
this is a conservative approach to impact estimation 
as non-baseload emissions factors for certain im-
pacts tend to be higher (US Environmental Protec-
tion Agency 2007d).

For item #5 in Table 3, the importance of nor-
malizing LEED building environmental impacts 
per employee or other user becomes apparent when 
considering examples such as the Indian billionaire 
aiming for LEED certifi cation for his 24-story fam-
ily home with a 168-car garage (Brook 2007); the 
per capita environmental impacts of such a project 
remain large despite the attainment of LEED certi-
fi cation. In addition, normalization adds an element 
of broader economic consideration to LEED, where 
job creation (i.e., number of employees) is a positive 
feature of a project and air pollution, for example, is 
a negative feature. A higher ratio of the former over 
the latter would then suggest a better building, es-
pecially on the scale of city, state or nation as related 
to policy matters. To the infl uence of normalizing 
environmental impacts in this manner, average “em-
ployee per square foot” values were obtained from 
the LEED-Core and Shell Reference Guide (USGBC 
2006); for offi ce buildings, this value is 250 square 
feet per employee. As an illustration, variations in 
sulfur dioxide emissions reductions, with and with-
out normalization, are shown in Table 10.

Assessment of simulation results
Two types of variation in impacts were analyzed: (1) 
“between-group” variability (e.g., discrete means for 
the impact distributions from buildings with differ-
ent LEED certifi cation levels would be ideal) and 

TABLE 6. Comparing non-baseload vs. baseload emissions factors by EPA eGRID sub-region*

Impact
% of Sub-regions with Lower 

Non-baseload Emissions Factors**
Average % Increase in 

Non-baseload Emission Factors***

Carbon dioxide 12% 25%

Mercury 50% –3%

Nitrogen oxides 27% 47%

Sulfur dioxide 23% 28%

*Non-baseload data is only availablevia the EPA eGRID database for these four impacts, rather than for all nine impacts.
**There are 26 EPA eGRID subregions in total.
***This average is not weighted by the magnitude of energy generation in each subregion.
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(2) “within group” variability (e.g., smaller standard 
deviations within the impact distributions from 
buildings at each LEED certifi cation level would in-
dicate a well-designed rating system). Within-group 
variability was measured with two statistics: (1) 
standard deviation and (2) coeffi cient of variability, 
or the standard deviation divided by the mean. Be-
tween-group variability was also measured with two 
types of impact ratios: (1) “rank order phase shift” 
and (2) “percent distribution overlap.” Both of these 
impact ratios will now be described in more detail. 

The fi rst impact ratio used to measure between-
group variability, referred to as “rank order phase 
shift,” was calculated by fi rst rank ordering the re-
sults of the 1,000 calculated impacts from a simu-
lated LEED building’s energy use from lowest to 
highest (one set of 1000 for each specifi c category of 
environmental impact). Then a set of impacts from 
a building with a given LEED certifi cation level was 
divided by another set of impacts from a building 
with a higher LEED certifi cation level (e.g., Silver 
divided by Gold). These ratios for sets of 1,000 
simulated building impacts were then averaged and 
converted into a percentage. The resulting number 
is an expression of the difference in impacts which 
occurs as different categories of LEED building cer-
tifi cation are considered, from base case, non-LEED 
buildings through LEED Platinum buildings. A 
rank order phase shift of 15% when comparing 
LEED Certifi ed to Silver building impacts suggests 
that the impacts of the former are on average 15% 
greater than those of the latter. An example calcula-
tion is shown below for one set of particulate matter 
emissions:

PM Emissions

PM Emissions
LEED Certified

LEED SSilver

Rank order phase shift
⎛

⎝⎜
⎞
⎠⎟

− × =1 100

The second impact ratio used to measure be-
tween-group variability, referred to as “percent dis-
tribution overlap,” quantifi es the degree of overlap 
in comparisons of probability distribution functions 
of these sets of 1,000 simulated buildings and their 
impacts. This ratio ignores the issue of the frequency 
of simulated impacts and represents the possibility 
that individual buildings certifi ed at different lev-
els of LEED could have the same level of environ-
mental impact. Figure 2 depicts how this measure 
of variation is calculated using simplifi ed probabil-

ity distribution functions for the simulated mercury 
(Hg) emissions for 1,000 LEED Silver buildings 
and 1,000 LEED Certifi ed buildings as an example. 
The range represented by the upper, shorter line was 
divided by the range represented by the lower, lon-
ger line to arrive at the percent distribution overlap. 
Note that the red area is the overlap of buildings 
in the two LEED categories considered. The rela-
tive level of kurtosis and degree of separation among 
each distribution can be seen in these graphs. Be-
cause the derivation of base case, non-LEED build-
ing energy use in these models was not derived from 
actual or modeled energy use and is, therefore, less 
than perfect, it is worth stressing that actual en-
ergy use and impact predictions in this research are 
less important than the degree of variation in said 
impacts between buildings. Consider the formula 
below for an example calculation of this overlap for 
carbon dioxide emissions:

Maximum HG Emissions Minimum HGLEED Silver − EEmissions

Maximum HG Emission
LEED Certified

ss Minimum HG EmissionsLEED Certified LEED S− iilver

⎛

⎝⎜
⎞
⎠⎟

= Percent Distribution Overlap

RESULTS
In Table 7, the contributions to overall reduction of 
within-group impact variability and magnitude from 
each of the suggested alterations to the LEED rat-
ing system can be observed. LEED Silver buildings 
were used as the representative example category in 
this table because of the frequency with which this 

FIGURE 2. Visual representation of the calculation of 
the “percent distribution overlap” using two probability 
distribution functions for hypothetical mercury emissions 
resulting from building energy use
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level of certifi cation is used as a basis for municipal, 
federal, institutional or corporate policy. Note that 
a building scored with all these changes showed an 
average of 62% reduction in variability and a 30% 
reduction in magnitude across all nine impacts (i.e., 
the variability in impacts for a given LEED category 
go down, and the entire distribution shifts to lower 
impacts). 

The following changes, in order of decreasing 
priority, contributed to this reduction in variation: 
(1) using regionally relevant environmental impact 
benchmarks (based on eGRID sub-regions), (2) 
scoring LEED buildings by building type rather 
than scoring all with the same LEED program, (3) 
the degree of building energy effi ciency and on-site 
renewable energy and (4) the amount of off-site 
green energy purchases. These latter two changes, 
#3 and #4, also produced reductions in impact mag-
nitude which were of a smaller degree than expected. 
For #3, this was likely due to the infl uence of more 
dominant sources of variability in the models. For 
#4, this probably occurred because green energy 
purchases only offset electricity use (i.e., not natu-
ral gas use on site) and corresponding impacts, and 
because not all renewable energy is without impacts 
(e.g., biomass versus solar).

Table 8 highlights the changes in the between-
group variability of these impacts in the new LEED 
scheme compared to the existing LEED rating 

system. These results indicate less overlap in im-
pacts and a greater distinction among impacts of 
buildings at different certifi cation levels. However, 
the percent distribution overlap impact ratio still 
showed a high degree of overlap (i.e., an average 
64% overlap) in impacts from buildings with dif-
ferent levels of LEED certifi cation. This is caused by 
a combination of some of the following conditions: 
(1) the relative percentage of electricity (e.g., versus 
on-site source such as natural gas) as a source of en-
ergy varies considerably by building, which affects 
the level of a building’s environmental impacts, (2) 
a building’s on-site use of conventional energy can 
result in varying environmental impacts depend-
ing on the fuel source (e.g., natural gas versus fuel 
oil), and (3) the alterations to LEED proposed in 
this research only set minimum thresholds of per-
formance, which implies no cap on upper levels 
of performance for each level of certifi ed building 
(e.g., LEED Certifi ed buildings can exceed the en-
ergy performance of LEED Gold buildings). In ad-
dition, Table 8 shows that differentiation between 
non-LEED and Certifi ed buildings is much more 
signifi cant using the new LEED program—that is, 
an overlap of simulated impacts between the two of 
91% before alterations to LEED becomes only 29% 
after with the alterations to LEED. 

Figures 3a and 3b depict these results graphi-
cally with the example of carbon dioxide emissions 

TABLE 7. Changes in variability and median impact values across all nine impacts for LEED Silver Buildings—after 
versus before the suggested alterations to LEED

Sugggested Change to LEED Change in Variability* Change in Median

1 Use US EPA eGRID data as benchmarks** –48% ***

2 4 points required for EA credit 1** –28% –16%

3 Score by building type**** –30% –39%

4 RECs required at 30%** –10% –4%

5 Carbon offsets required at 22%** See note below.

6 All changes combined** –62% –30%

*“Change in Variability” is measured as an average across all nine environmental impacts of the changes in (1) standard deviation and 
(2) coefficient of variability, or the standard deviation divided by the mean impact level. 
**These are based only on variation in impacts from office buildings.
***Values are not shown here because impacts, such as sulfur dioxide emissions per kWh, vary by eGRID region and affect changes to 
impact magnitude in ways that do not reflect additional improvements to LEED.
****This is based on a comparsion of variation in impacts from only office buildings versus all buidling types.
No percentages are listed for #5 because the co-benefits from carbon reduction strategies are not well documented, which prohibits an 
estimation of the range of variability reduction across all nine impacts.
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TABLE 8. Decreases in between-group impact variation for 1,000 simulated LEED buildings before and after the 
suggested changes to the rating program

Impact Ratios LEED: Before LEED: After % Change

Percent distribution overlap impact ratio
(Negative “% Change” values are desired)

  Non-LEED vs. Certified buildings 91% 29% –68%

  Comparing Certified through Platinum buildings 86% 64% –26%

Rank order phase shift impact ratio
(Positive “% Change” values are desired)

  Non-LEED vs. Certified buildings 47% 201% 328%

  Certified vs. Silver buildings* 23% 18% –22%

  Silver vs. Gold buildings 12% 15% 25%

  Gold vs. Platinum buildings* 30% 27% –10%

*Despite the negative “% Change” values here, graphical overlays showing probability distributions of impacts as in Figures 3 and 4 do 
show a greater degree of separation between these paired impact comparisons at different LEED certification levels.

FIGURE 3A. Overlay of probability distributions for carbon dioxide impacts before changes were made to LEED

FIGURE 3B. Overlay of probability distributions for carbon dioxide impacts after changes were made to LEED
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for the range of buildings from non-LEED build-
ings to LEED Platinum projects. Figures 4a and 4b 
illustrate the same patterns for particulate matter 
emissions. Overlays for the other environmental im-
pacts analyzed in this project display similar trends. 
Notice that the alterations in LEED produce smaller 
ranges of impacts for each certifi ed building level 
and the increase in separation between the impact 
distributions for each of the four LEED building 
levels as well as the base case, non-LEED building 
impacts.

The downside to using this form of scoring has to 
do with (1) the frequency with which the number of 
employees may change and (2) the variation in of-
fi ce programmatic needs which affect employee den-
sity. For item #1, consider that as businesses grow 

and shrink, which sometimes happens within short 
periods of time, the effective score of a LEED build-
ing would change. For item #2, offi ces which tend 
to have more large meetings or which have data pro-
cessing centers (perhaps even for other offi ces’ data) 
would tend to be at a disadvantage in this scoring 
scheme, unless rules were creating by fi rst normaliz-
ing square foot values to account for this variation.

While the improvements in the overlap of distri-
butions noted above are not insignifi cant in and of 
themselves, setting targets at levels which are cog-
nizant of the larger global problems is critical. As 
such, Table 9 shows how the simulated carbon di-
oxide emissions of versions of LEED buildings be-
fore and after the suggested changes compare with 
the 50% carbon reduction goal of the Architecture 

FIGURE 4A. Overlay of probability distributions for particulate matter emissions before changes were made to LEED

FIGURE 4B. Overlay of probability distributions for particulate matter emissions after changes were made to LEED
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2030 Challenge. The simulated impacts from the 
new LEED rating scheme (i.e., “After”) as suggested 
in this research shows that all levels meet this chal-
lenge except for the Certified level. “Before” and 
“After” scenarios include contributions from green 
energy purchases as obtained historically in LEED 
buildings or as shown in Table 3, respectively. Some 
of these are higher than the 2030 Challenge’s sug-
gested 20% cap on these purchases; however, per 
previous discussions related to item #3 in Table 3, 
the use of 50% caps for the “After” scenario” seems 
to be a reasonable bridge for the time being.

As for normalization, currently LEED for Homes 
is the only LEED rating program that addresses 
the issue of size versus the function of a building, 
i.e., the resource use or impact level per building 
user or use. In that program, as the home size in-
creases, even while accounting for number of rooms, 

the points required to earn each certifi cation level 
also increases. In the commercial arena, it seems ap-
propriate to normalize impacts or benefi ts on a “per 
employee” basis; this is, in part, a recognition of the 
three goals of the “triple bottom line” of sustainabil-
ity in the business sector (environmental quality, so-
cial equity and economic vitality).

Table 10 shows the substantially different mea-
sures of reductions in emissions in the standard 
versus normalized measures of performance. Note 
that regardless of building square footage and im-
pact, this analysis indicates that, based on a very 
high performing LEED Silver building, for every 
1% deviation from the average number of employees 
per square foot, the difference between normalized 
and non-normalized (as is currently measured) im-
pact reduction for a LEED building changes by ap-
proximately 0.6%–0.8%. For example, if a building 
has 10% fewer employees than average and shows 
a non-normalized 35% reduction in carbon dioxide 
emissions compared to a non-LEED building, the 
normalized emission reduction may only be 28%. If 
the USGBC chose to score buildings in this way, it 
would be relatively easy to convert the air emission, 
waste generation and water consumption factors 
from Table 5 into factors normalized per employee 
per eGRID sub-region.

Operationalizing these suggested changes to 
LEED is logical next step. The authors propose 
that the changes to LEED suggested here could be 
made quite user friendly even while improving the 
environmental footprinting capacity of LEED. For 
example, by providing kWh and kBTU usage infor-

TABLE 9. The effect of different LEED schemes on 
whether a LEED building’s carbon dioxide emissions 
meet or exceed Architecture 2030 Challenge goals*

LEED Certification Level
LEED: 
Before

LEED: 
After

Certified –31% –46%

Silver –46% –58%

Gold –54% –64%

Platinum –64% –70%

*The 2030 Challenge urges the design community to design 
buildings today with a 50% smaller carbon footprints compared 
to the existing building stock, with incremental moves towards 
zero carbon new buildings by 2030.

TABLE 10. Variation in sulfur dioxide impacts when normalized by number of office employees

# of 
employees*

lbs of SOx/
year/employee

Normalized per employee?
Change in 

% emissions 
reduction

No Yes

% emissions reduction**

25% fewer employees 138 25 –30%  –7% –23%

10% fewer employees 166 21 –30% –22%  –8%

Average # of employees*** 184 19 –30% —

10% more employees 202 17 –30% –36%  6%

25% more employees 230 15 –30% –44% 14%

*Based on a 46,000-square foot, LEED Silver building — the median size of a certified LEED building as of 12/2007
** Compared to an ASHRAE 90.1-compliant, non-LEED building
*** Assumes 250 square feet per employee as the average used in the LEED for Core and Shell Reference Guide
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mation along with a project zip code, minimal effort 
would be required to allow outputs to be fed into a 
nutrition label program for LEED buildings, which 
is also currently being created by the authors. Note 
that a comprehensive, quantitative, scientifi c nutri-
tion label for buildings, versus products, is currently 
non-existent in the US green building market. This 
would allow for greater transparency regarding the 
various types of benefi ts and impacts that investors, 
tenants, owners, customers and brokers could use in 
making building, leasing and purchasing decisions. 
For example, data used by EPA’s PowerProfi ler and 
made publicly available by OpenEco—a free on-line 
resource providing tools to aid in greenhouse gas 
tracking and reduction—links all US zip codes to an 
EPA eGRID sub-region, which would then facilitate 
impact estimation using the factors generated in this 
research by eGRID sub-region (as in Table 5).

DISCUSSION
Fixing LEED—ensuring that we get what we 
think we’re getting
The “perfect” should not interfere with the progress 
facilitated by the “good.” As such, while this research 
suggests needed changes to improve LEED, certi-
fi cations and labels like LEED serve much of their 
purpose and address a great deal of opportunities for 
reducing negative impacts and increasing positive 
impacts from buildings by simply raising the level of 
awareness around these issues and suggesting areas 
for improvement. Clearly, LEED has stimulated a 
growing movement in green building, but the use of 
LEED as a policy and environmental management 
tool warrants closer scrutiny. As an illustration, con-
sider that of ~94 cities and towns that have policies 
to encourage or mandate the use of LEED for public 
and/or private projects in their jurisdiction, 71% of 
these municipalities have also signed the US Mayors 
Climate Protection Agreement. It is likely that the 
mayors and council members in these cities see a di-
rect correlation between the two initiatives, and while 
they are related, the implications of one on the other 
are unclear, as highlighted in the results of Phase I.

Accordingly, while the focus of the analyses and 
suggestions in this paper appear to emphasize the 
need for a scientifi c, quantitative basis for LEED—
which is true—an equally important additional goal 
focuses on improving policy effectiveness, trans-

parency and accurate communication to a broader 
group of interested parties—such as neighbors, 
environmental non-profi ts, city council members, 
owners, developers, real estate agents, banks, design-
ers, customers, investors and concerned voters—who 
can help drive greater market share for green build-
ings. However, the adoption of changes like these 
and the effective acceptance, understanding and use 
of an enhanced LEED rating program depends on 
the successful completion of a number of important 
steps, which are described below. 

Future work
Next steps for implementing these changes include 
a number of considerations. One set of tasks would 
likely occur specif ically within the USGBC and 
its community of direct stakeholders, such as (1) a 
consensus-based decision making process to assess 
which portions of this research as well as ideas from 
related investigations and efforts should be included 
in the next iteration of LEED, (2) comparable as-
sessments using similar methodologies—such as 
probabilistic modeling based on empirical data—of 
the other sections of LEED (e.g., Water Effi ciency) 
to understand ways to limit the variation in other 
environmental or health impacts from LEED proj-
ects, (3) a strategic analysis of whether LEED 
should remain a “green” building program versus a 
“sustainable” building program, as described earlier, 
and if the latter, how more economic and social is-
sues can be better included, (4) an analysis of the 
proper weighting of impacts in each LEED category 
(e.g., Sustainable Sites) and across categories, which 
will differ depending on the pool of stakehold-
ers being surveyed, (5) the act of transforming the 
models and data analysis in this research and related 
projects into a user-friendly tool that allows LEED 
users to enter basis data, such as zip code, and create 
nutrition labels such as those proposed here and (6) 
training on the use of and reasons to use a revised 
LEED program, such as that proposed here.

The other set of additional research required 
would likely be covered by the wider scientifi c, en-
ergy and sustainability community. These might 
include (1) the resolution of the legitimacy of the 
use of carbon credits and green energy purchases in 
accounting for a building’s environmental impacts, 
(2) attempts to better quantify the co-benefits of 
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carbon reduction strategies and their impacts on the 
accounting for other pollutants and (3) the creation 
of a wide-ranging and quantitative nutrition label 
program for LEED buildings. The authors have al-
ready begun work on such a nutrition label, which 
lays out a comprehensive framework for the display 
of impacts in great detail and states said impacts 
in terms that more stakeholders can identify with 
(e.g., equivalent truckloads of nuclear waste avoided, 
equivalent bus miles not driven because of particu-
late matter reductions). This research will be part of 
a future paper.

Conclusions
By making the suggested changes to LEED, this 
research has shown that variability in impacts from 
LEED buildings could be reduced by 62% and the 
median magnitude could be reduced by 30%. More-
over, air emission, waste generation and water con-
sumption factors have been created or compiled for 
nine environmental impacts for each of the 26 US 
EPA eGRID sub-regions, which allows for bench-
marking and scoring LEED buildings according to 
regionally relevant baselines. In addition, impacts 
from LEED buildings under the proposed scheme 
show a 26% reduction in overlap between different 
LEED certifi cation levels and a 68% reduction in 
impact overlap between non-LEED and LEED Cer-
tifi ed buildings. Moreover, methods and motivation 
have been demonstrated for assessing the variability 
of impacts from other LEED categories, other green 
building programs and other eco-labels as well. The 
opportunities for evaluation abound—ecolabelling.
org counts over 300 eco-labels worldwide (Ecolabel-
ling.org 2008). The importance of normalizing im-
pacts for commercial LEED buildings per employee 
or other user has also been demonstrated quantita-
tively. Essentially for every 1% change from the av-
erage “employee per square foot” values for a mid-
level LEED-certifi ed space, the percentage impact 
reduction changes by 0.6%–0.8%.

Finally, just as the bar for environmental perfor-
mance should and does continue to rise for green 
buildings, so should the methods and tools for scor-
ing, facilitating and promoting those buildings, as well 
their benefi ts and impacts. With 22,000 in attendance 
in Chicago for the USGBC’s 2007 Greenbuild confer-
ence and “green” on the cover of every magazine at the 

grocery store, enthusiasm coupled with a steady but 
dangerous satisfaction with incremental improvement 
is a risk of which to be wary. Instead, the scale and ur-
gency of many global problems—such as the need for 
80% reductions in carbon dioxide emissions by 2050 
or the projection that 36 states will face water short-
ages within fi ve years—demand a re-doubling of ef-
forts to change the way we meet our needs with build-
ings (US General Accounting Office 2003). A few 
thousand LEED-certifi ed buildings will be exciting, 
but with 4.8 million commercial buildings and over 
115 million households in the US, it will take more 
than this to move the needle in terms of US buildings’ 
impacts and benefi ts. Perhaps a more robust building 
rating and communication system, such as those pro-
posed in this research, can help with the mainstream-
ing of low-impact, high-performance building.
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NOTES
1. While all three terms, among others, are often used inter-

changeably, “high performance building” tends to focus on 
building features which reduce energy and water use while 
enhancing worker health and productivity. “Green building” 
may be used to describe buildings designs focused on reduc-
ing a building’s environmental footprint. On the other hand, 
“sustainable building” might address a building’s contribu-
tion to triple bottom line goals of economic, social and envi-
ronmental concerns; it may also deal with more absolute or 
rigorous sustainability goals instead of what some would call 
a type of marginal or incremental sustainability addressed by 
other labels or programs.

2. This calculation relies on the US Energy Information Admin-
istration (EIA) 2003 CBECS database and assumes 1.7% 
annual growth in commercial buildings per year, for a total of 
~82,000 new buildings per year. In 2007, USGBC data shows 
that ~14 Platinum and ~44 Gold buildings were certifi ed.

JGB_V3N2_b03_wedding.indd   102JGB_V3N2_b03_wedding.indd   102 6/2/08   12:15:23 PM6/2/08   12:15:23 PM

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-29 via free access



 Volume 3, Number 2 103

REFERENCES
Architecture 2030 Challenge. (2007). http://www.architecture

2030.org/.
Atlee, J. and Altes, T.K. (2008). “Behind the logos: understand-

ing green product certifi cations.” Environmental Building 
News, 17(1).

Baratoff, M.C., Black, I., Burgess, B., Felt, J.E., Garratt, M., and 
Guenther, C. (2007). Renewable Power, Policy, and the Cost of 
Capital. UNEP/BASE Sustainable Energy Finance Initiative.

Burtraw, D., and Toman, M. (1997). The Benefi ts of Reduced Air 
Pollutants in the U.S. from Greenhouse Gas Mitigation Policies. 
Discussion Paper 98-01-REV. Resources for the Future.

Boecker, J, and Todd, J. (2008). “Continuous improvement 
of the U.S. Green Building Councils Leadership in Energy 
and Environmental Design (LEED®) rating system.” ASTM 
International, 5(1).

Bordass, B., Cohen, R., and Field, J. (2004). “Energy effi ciency 
in non-domestic buildings: closing the credibility gap.” Inter-
national conference on improving energy effi ciency in com-
mercial buildings, Frankfurt. April 20–22, 2004.

Bosch, S.J., and Pearce, A.R. (2003). “Sustainability in public 
facilities: analysis of guidance documents.” Journal of Perfor-
mance of Constructed Facilities, 17(1), 9–18.

Brook, D. (2007, December 26). “It’s way too easy being green: 
the decidedly dupable system for rating a building’s green-
ness.” http://www.slate.com/id/2180862

California Climate Action Registry. (2007). www.climateregistry.
org/.

Capoor, K. and Ambrosi, P. (2007). State and Trends of the Car-
bon Market 2007. World Bank Washington, D.C.

Chung, W.Y. (2005). “Comparison of two sustainable building 
assessment tools applied to Holmen project in Stockholm. 
Royal Institute of Technology.” Master’s thesis. KTH Archi-
tecture and the Built Environment. http://www.infra.kth.
se/bba/MASTER%20THESISES/ChungThesis.pdf

Cole, R.J. (1999). “Building environmental assessment meth-
ods: clarifying intentions.” Building Research and Informa-
tion, 27(4-5), 230–246.

Cole, R.J. (2006a). “Building environmental assessment: chang-
ing the culture of practice.” Building Research and Informa-
tion, 34(4), 303–307.

Cole, R.J. (2006b). “Shared markets: coexisting building envi-
ronmental assessment methods.” Building Research and Infor-
mation, 34(4), 357–371.

CRISP (Construction and City Related Sustainability Indica-
tors). (2002). “CRISP Indicator Data Sheet.” http://cic.vtt.
fi /eco/crisp/indicatordata.htm

Damman, S., and Elle, M. (2006). “Environmental indicators: 
establishing a common language for green building.” Build-
ing Research and Information, 34(4), 387–404.

Del Percio, S. (2007). “What’s Wrong with LEED?” The 
Next American City. http://americancity.org/article.php?
id_article=243

Deru, M. (2008). National Renewable Energy Laboratory. Per-
sonal communication.

Diamond, R., Opitz, M., Hicks, T., Vonneida, B., and Herrera, 
S. (2006). “Evaluating the site energy performance of the fi rst 
generation of LEED-certifi ed commercial buildings,” pub-

lished in the Proceedings of the 2006 Summer Study on Energy 
Effi ciency in Buildings, American Council for an Energy Effi -
cient Economy, Washington DC, August. LBNL-59853. 

Duncan, J. (2005). “Performance-base building: lessons from 
implementation in New Zealand.” Building Research and 
Information, 33(2), 120-127.

Ecolabelling.org. (2008). http://www.ecolabelling.org
Eijadi, D., Vaidya, P., Reinertsen, R., and Kumar, S. (2002). 

“Introducing comparative analysis to the LEED system: 
A case for rational and regional application.” A collabora-
tion between The Weidt Group and Lawrence Berkeley 
National Laboratory. Submitted for publication at ACEEE 
2002 Summer Study on Energy Effi ciency in Buildings. 
http://www.osti.gov/energycitations/servlets/purl/894554-
BtWSb0/894554.PDF

EnviroMedia. (2008). “Greenwashing Index.” http://www.gre-
enwashingindex.com/ 

Environmental Defense. (2007). “Offset Criteria.” http://
fi ghtglobalwarming.com/ page.cfm?tagID=308

Faludi, J. (2007, September 17). “The Eco-Nutrition Label.” 
http://www.worldchanging. com/archives//007256.html

Frangos, A. (2005, October 21). “‘Green’ buildings are trendy, 
but do they save energy?” Wall Street Journal Online. http://
www.realestatejournal.com/propertyreport/ architec-
ture/20051021-frangos.html.

Frankel, M., Owens, B., and Turner, C. (2007). “The energy 
performance of LEED buildings.” New Buildings Institute 
and the USGBC. http://www.newbuildings. org/downloads/
LEED_presentation_11-13s.pdf

Gething, B. and Bordass, B. (2006). “Rapid assessment check-
list for sustainable buildings.” Building Research and Informa-
tion, 34(4), 416–426. 

Gillenwater, M. (2007a). “Redefi ning RECs (Part 1): Untan-
gling attributes and offsets.” [Discussion paper]. Science 
Technology and Environmental Policy Program. Princeton 
University, Princeton, NJ.

Gillenwater, M. (2007b). “Redefi ning RECs (Part 2): Untan-
gling certifi cates and emission markets.” [Discussion paper]. 
Science Technology and Environmental Policy Program. 
Princeton University, Princeton, NJ.

Goodman, S., and Walker, M. (2006). Benchmarking Air Emis-
sions. Produced by E3 Ventures, Natural Resources Defense 
Council, Ceres, and PSEG. http://www.nrdc.org/ air/pollu-
tion/ benchmarking/default.asp

Hamilton, K., Stewart, E., and Waage, S. (2006). Offsetting 
Emissions: A Business Brief on the Voluntary Carbon Market. 
Produced by Business for Social Responsibility and The 
Katoomba’s Group Ecosystem Marketplace.

Hamilton, K., Bayon, R., Turner, G., and Higgins, D. (2007). 
State of the Voluntary Carbon Market 2007: Picking Up Steam. 
The Katoomba’s Ecosystem Marketplace.

Hansen, D. and Dammann, S. (2002). “Survey on Danish 
environmental indicators in the building sector.” Danish 
Building and Urban Research. DRAFT. http://crisp.cstb.fr/ 
PDF/reports/NATREP_DK.pdf

Hanson, C. and Van Son, V. (2004, May). “RECs: innova-
tive products for wind power markets.” North American 
WindPower.

JGB_V3N2_b03_wedding.indd   103JGB_V3N2_b03_wedding.indd   103 6/2/08   12:15:23 PM6/2/08   12:15:23 PM

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-29 via free access



104 Journal of Green Building

Holt, E. and Bird, L. (2005). Emerging Markets for RECs: 
Opportunities and Challenges. National Renewable Energy 
Laboratory. http://www.eere.energy.gov/greenpower/ 
resources/pdfs/0705_naw_ehlb.pdf.

Holt, E., Wiser, R., and Bolinger, M. (2006). Who Owns Renew-
able Energy Certifi cates? An Exploration of Policy Options and 
Practice. Lawrence Berkeley National Laboratory, Berkeley, 
CA, p. 53.

International Energy Association. (2004). Annex 31: Energy-related 
Environmental Impact of Buildings. http://www.greenbuilding.
ca/annex31/index.html

ISO (International Standards Organization). (2000). ISO 
14020:2000. Environmental labels and declarations—General 
principles. http://www.iso.org/

ISO (International Standards Organization). (2006a). ISO/TS 
21929-1:2006 Sustainability in building construction—Sus-
tainability indicators—Part 1: Framework for development of 
indicators for buildings. http://www.iso.org/

ISO (International Standards Organization). (2006b). ISO/
TS 21931-1:2006. Sustainability in building construction—
Framework for methods of assessment for environmental perfor-
mance of construction works—Part 1: Buildings. http://www.
iso.org/

ISO (International Standards Organization). (2007). ISO 
21930:2007. Sustainability in building construction—Environ-
mental declaration of building products. http://www.iso.org/

Johnston, D., Lowe, R., and Bell, M. (2005). “An exploration 
of the technical feasibility of achieving CO2 emission reduc-
tions in excess of 60% within the UK housing stock by the 
year 2050.” Energy Policy, 33(13), 1643–1659.

Jordan, A., Wurzel, R., Zito A., and L. Brückner. (2003). “Con-
sumer Responsibility-taking and National Eco-labeling 
Schemes in Europe.” In: M. Micheletti, A. Follesdal and D. 
Stolle (eds), Politics, Products and Markets: Exploring Politi-
cal Consumerism Past and Present. Transaction Publishers: 
Somerset NJ.

Jurovics, Steve. (2007, March 21). Cadmus Group (Contractor 
to US EPA ENERGY STAR). Personal communication.

Kaatz, E., Root, D., Bowen, P. and Hill, R.C. “Advancing key 
outcomes of sustainability building assessment.” Building 
Research and Information, 34(4), 308–320.

Kollmuss, A. and Bowell, B. (2007). Voluntary Offsets for Air-
Travel Carbon Emissions: Evaluations and Recommendations of 
Thirteen Offset Companies. Tufts Climate Initiative.

Lazarus, N. (2003). Beddington Zero (Fossil) Energy Develop-
ment Construction Materials Report Toolkit for Carbon Neutral 
Developments—Part 1. BioRegional Development Group.

Lenssen, N., and Roodman, D.M. (1995). Worldwatch Paper 
124: A Building Revolution: How Ecology and Health Concerns 
are Transforming Construction. Worldwatch Institute.

Linn, A. (2007, May 29). “Market for carbon offsets raises ques-
tions.” MSNBC. http://www.msnbc.msn.com/ id/18659716/

Lisø, K.R. (2006). “Integrated approach to risk management of 
future climate change impacts.” Building Research and Infor-
mation, 34(1), 1–10.

Lowe, R.J. (2006) “Defi ning absolute environmental limits for 
the built environment.” Building Research and Information, 
34 (4): 405–415.

Lorch, R. and Cole, R.J. (2003). Buildings, Culture and Environ-
ment: Informing Local and Global Practices. Wiley-Blackwell 
Publishing. 

Lorch, R. (2005). “Sustainable development and regionalism.” 
Building Research and Information, 33(5), 393–396.

Lorenz, D. and Lützkendorf, T. (2006). “Using an integrated 
performance approach in building assessment tools.” Build-
ing Research and Information, 34(4), 334–356. 

Makower, J. (2006, January 26). “Timberland reveals its 
‘nutritional’ footprint.” http://www.worldchanging.com/
archives/004047.html

Malin, N. (2005, March). “Green Globes emerges to challenge 
LEED.” Environmental Building News, 14(3).

Malmqvist, T. and Glaumann, M. (2006). “Selecting problem-
related environmental indicators for housing management.” 
Building Research and Information, 34(4), 321–333.

Mazria, E. (2003). “It’s the Architecture, Stupid!” Solar Today, 
May/June, pp. 48-51.

Nelson, A.C. (2004). Toward a New Metropolis: The Opportunity 
to Rebuild America. Brookings Institution, Washington, DC.

Pearce, D. (2006). “Is the construction sector sustainable?: defi -
nitions and refl ections.” Building Research and Information, 
34(3), 201–207.

PepsiCo. (2007, April 30). “PepsiCo Makes Larg-
est Corporate Purchase of Renewable Energy Certif i-
cates.” http://phx.corporate-ir.net/phoenix.zhtml?c=
78265&p=irol-newsArticle&ID=992341.

Pless, S.D., and Torcellini, P.A. (2004). Energy Performance Evalua-
tion of an Educational Facility: The Adam Joseph Lewis Center for 
Environmental Studies, Oberlin College, Oberlin, Ohio. National 
Renewable Energy Laboratory. NREL/TP-550-33180.

Power Scorecard. (2006). http://www.powerscorecard.org/
Probst, K. (2006, March). “Combating Global Warming One 

Car at a Time: CO2 Emissions Labels for New Motor Vehi-
cles.” http://www.weathervane.rff.org/ 

RREFF. (2007) The Greening of US Investment Real Estate—
Market Fundamentals, Prospects and Opportunities. RREEF 
Research, November, Number 57. https://www.rreef.com/ 
GLO_en/bin/SO_57_Greening_of_US_ Investment_RE.pdf

Rumsey, P. and McLennan, J. (2004, June). “Wanted: ‘nutrition’ 
labels for green building materials.” Environmental Design + 
Construction. 

Schendler, A. (2006, September 1). “Energy-credit buyers 
beware.” Harvard Business Review, pp. 23–25.

Scofi eld, J.H. (2002). “Early energy-performance for a green aca-
demic building.” ASHRAE Transaction, 108(2), 1214–1230.

Sheltair Group. (1999). Residential Sector Climate Change Foun-
dation Paper. Report for the National Climate Change Secre-
tariat of Canada.

Sierra Club. (2007). “5 Ways You Can Fight Global Warming.” 
http://www.sierraclub. org/twopercent/downloads/fi veways-
city-state.pdf

Stein, J. and Reiss, R. (2004, September). “Ensuring the sustain-
ability of sustainable design: what designers need to know 
about LEED.” E Source. Paper AED-04-01.

Sunikka, M. (2006). “Energy effi ciency and low-carbon tech-
nologies in urban renewal.” Building Research and Informa-
tion, 34(6), 521–533.

JGB_V3N2_b03_wedding.indd   104JGB_V3N2_b03_wedding.indd   104 6/2/08   12:15:24 PM6/2/08   12:15:24 PM

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-29 via free access



 Volume 3, Number 2 105

TerraChoice Environmental Marketing Inc. The Six Sins
of Greenwashing. http://www.terrachoice.com/Home/
Greenwashing/The%20Six%20Sins

Timberland. (2007). “What kind of footprint will you leave?” 
http://www.timberland.com /shop/ad4.jsp

Torcellini, P., Long, N., and Judkoff, R. (2003). Consumptive 
Water Use for U.S. Power Production. National Renewable 
Energy Laboratory. NREL/TP-550-33905

Trexler Climate and Energy Services, Inc. (2006). A Consumer’s 
Guide to Retail Carbon Offset Providers. A report prepared for 
Clean air-Cool Planet.

Uher, T.E. (1999). “Absolute Indicators of Sustainable Con-
struction.” RICS Foundation, London, UK. http://www.
rics-foundation.org/publish/ document.aspx?did=2071

US Census Bureau. “National Population Projections.” http://
www.census.gov/ population/www/pop-prof ile/natproj.
html, and “U.S. and World Population Clocks—POPClocks” 
http://www.census.gov/ main/www/popclock.html

US Department of Energy. (2007a). “Annual Energy Outlook 
2008.” Energy Information Administration. http://www.eia.
doe.gov/oiaf/aeo/index.html

US Department of Energy. (2007b). “Building Technologies 
Multi-Year Plan 2007-2011 Program Overview.” Energy Effi -
ciency and Renewable Energy. http://www.eere. energy.gov/
buildings/about/pdfs/mypp_2007/mypreport_ch1.pdf

US Energy Information Administration. (2003a). “Commercial 
Building Energy Consumption Survey. Total Energy Con-
sumption by Major Fuel.” http://www.eia. doe.gov/emeu/
cbecs/cbecs2003/detailed_tables_2003/detailed_tables_
2003.html

US Energy Information Administration. (2003b). “Aver-
age Retail Price of Electricity to Ultimate Customers 
by End-Use Sector, by State.” http://www.eia.doe.gov/ 
cneaf/electricity/epm/table5_6_b.html

US Environmental Protection Agency. (2002). “Findings on 
National Air Quality: 2001 Status and Trends.” http://www.
epa.gov/air/aqtrnd01

US Environmental Protection Agency. (2007a). “Renewable 
Energy Certifi cates (RECs).” http://www.epa.gov/grnpower/
gpmarket/rec.htm

US Environmental Protection Agency. (2007b). Buying Green 
Power. http://www.epa.gov/grnpower/buygp/index.htm

US Environmental Protection Agency. (2007c). Emissions & 
Generation Resource Integrated Database (eGRID) 2006 
Version 2.1. http://www.epa.gov/cleanenergy/energy-
resources/egrid/index.html

US Federal Trade Commission. (2007, November 26). “FTC 
reviews Environmental Marketing Guides, Announces Public 
Meetings.” http://www.ftc.gov/opa/ 2007/11/enviro.shtm

US General Accounting Offi ce. (2003). Freshwater Supply: 
States’ Views of How Federal Agencies Could Help Them Meet 
the Challenges of Expected Shortages.  http://www.gao.gov/ 
new.items/d03514.pdf

USGBC. (2006). LEED-Core and Shell Reference Guide. 
http://www.usgbc.org/ DisplayPage.aspx?CMSPageID=295

USGBC. (2007a, June 29). “USGBC announces Alignment, 
Harmonization of LEED Rating System.” http://www.usgbc.
org/News/PressReleaseDetails.aspx?ID=3261

USGBC. (2007b). “Credit Achievement Tally—PUBLIC 12 17 
07.” Personal communication.

USGBC. (2007c). “Government Resources.” http://www.usgbc.
org/DisplayPage. aspx?CMSPageID=1779

USGBC. (2007d). “Project Profi les.” http://www.usgbc.org/
DisplayPage. aspx?CMSPageID=1721

Wedding, G.C., and Crawford-Brown, D. (2007). “An analysis 
of variation in the energy-related environmental impacts of 
LEED certifi ed buildings.” Journal of Green Building, 2(4), 
151–170.

Werner, P., Henseling, K., Lützkendorf, T., Deilmann, C. and 
Fritsche, U.R. (2002). “Criteria and indicators for environ-
mentally sustainable construction and housing: an ongoing 
research project in Germany.” http://www.iwu.de/fi leadmin/
user_ upload/dateien/wohnen/sustainablebuilding2002.pdf

JGB_V3N2_b03_wedding.indd   105JGB_V3N2_b03_wedding.indd   105 6/2/08   12:15:24 PM6/2/08   12:15:24 PM

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-29 via free access



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


