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ABSTRACT
Ten years after the first Leadership in Energy and Environmental Design (LEED)
certification issued by the U.S. Green Building Council, more than 22,000 LEED certified
commercial projects have collectively achieved over 1,000,000 point credits using the LEED
criteria. These million-plus green building design, construction, procurement, and measurement
decisions have been applied across 3 billion square feet in 150 countries, spanning the building’s
lifecycle to include all commercial property types and time-scale dimensions. This analysis
synthesizes LEED project credit achievement in energy efficiency and efficiency-related
measures across successive LEED New Construction (NC) rating system versions spanning over
a decade. These results characterize the average LEED project achievement on energy efficiency
measures. This first-of-its-kind LEED credit level analysis further depicts credit achievement
ranges observed at each LEED tier [Certified, Silver, Gold, Platinum] for all new
construction projects in the United States that certified to LEED between 2007 and 2013.
A primary result of this research is to illuminate the uptake of energy efficiency measures
of LEED projects. Equipped with this information – along with future parallel insights in water
efficiency, indoor air quality, etc. – market actors and policymakers can make more informed
and refined strategic decisions about how to best prioritize and drive green building outcomes
using the LEED rating system.

Introduction
The LEED building rating system is administered by the U.S. Green Building Council
(USGBC) with the first LEED version 1.0 pilot program released in 1998. The LEED rating
system has since evolved with v2.0 released in 2000 and v2.1 in 2003; the latest release of LEED
v4 supersedes the v2009 version. LEED includes specific rating systems for new and renovated
buildings (New Construction / Core and Shell), tenant fit outs (Commercial Interiors), existing
buildings, along with specific property types and circumstances (retail, schools, campus,
volume). A LEED rating is recognized at four tiers corresponding to point achievement:
Certified, Silver, Gold and Platinum with the incremental step-up to achieve LEED Platinum
significantly more difficult. The introduction of LEED v2009 increased the achievable points
from 69 to 110 while re-weighting key categories including the energy category.
The Energy and Atmosphere (EA) credit category within LEED is crucially important for
achieving a project’s environmental goals. Increasing energy efficiency in building design and
operation is one of USGBC’s primary goals for accomplishing market transformation. There is
broad-based industry appetite to better understand what LEED buildings achieve via energy
efficiency measures and metrics; however, LEED’s nature as a voluntary rating system
combining mandatory prerequisites with optional credits across design and operational phases
makes it impossible to predict even generalized energy savings with high degrees of certainty.
Analyzing LEED building achievement, by phase and rating system lifecycle, can help to define
the “average LEED building” or, more granularly, the “average LEED Gold building.”
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Within the LEED-NC rating system, of particular interest is EA Credit 1 - Optimize
Energy Performance (EAc1). This credit awards points on a sliding scale by the percentage
documented efficiency improvements over the ASHRAE 90.1 baseline code, and has the largest
point range of any credit within the various LEED rating systems.1 Successive rating system
versions reference the most recent national model building energy code as defined by ASHRAE.
The design of the EAc1 scoring system aims to maximize the efficiency of LEED
buildings as compared to minimally code-compliant buildings built in the absence of LEED.
This model-code-based efficiency metric is one that can result in market confusion – the metric
is dissimilar to other commonly referenced measures, notably the Energy Use Intensity metric
used by the LEED Existing Building rating system and Energy Star Portfolio Manager program.
USGBC exerts control of rating system version eligibility. Upon registration with LEED,
projects must select the most current and prevailing LEED rating system at that time, locking in
the specific rating system requirements. Large commercial projects have multi-year timelines
which creates a significant certification data lag.
This paper analyses the specific quantities of EAc1 point achievements for over 9,000
LEED NCv2.1, v2.2 and v2009 projects in the United States. The analysis identifies trends in
design-based energy efficiency while highlighting the changing baseline ASHRAE 90.1 energy
codes that underlie LEED EAc1 credit eligibility requirements. Each LEED rating system
version references the most recent and increasingly stringent ASHRAE 90.1 energy standard,
requiring projects to achieve design improvements over this baseline to earn points under EAc1.
This paper also looks at complementary energy efficiency LEED credit achievement for
projects that seek to increase the likelihood that building operations will meet the design intent.
In particular the analyses explores credit attainment trends of EAc3 – Enhanced Commissioning,
and EAc5 – Measurement and Verification.
From this information large portfolio owners, policy makers, and efficiency program
designers can gain valuable insights into what LEED offers as a programmatic implementation.

Literature Review
Little research exists on green building market trends utilizing the LEED credit dataset,
primarily due to the historic unavailability of specific credit achievement data in aggregated or
consolidated form. USGBC is working to make this data more accessible through GBIG.org, a
technology platform designed to search, explore and analyze green building activities worldwide.
A research project conducted in 2012 by USGBC analyzed LEED credit category trends
over time, and by region. Findings showed credit achievement in the Energy & Atmosphere
category has increased over time -- mean LEED EA category credit achievement in 2006-2008
was 6.4 points, and increased to a mean achievement in 2009-2011 of 7.0 points (Pyke 2012).
In a 2012 study, USGBC developed an approach to considering codes and rating systems,
utilizing average credit achievement data for commercial projects to develop a profile of the
“average” LEED-NC buildings for comparison with theoretical buildings built to meet emerging
green building codes such as ASHRAE Standard 189.1, CALGreen, and IGCC (Burt 2012).
These findings highlighted the need for a better understanding of what “average” LEED-NC
buildings represent, and what these buildings achieve on the major energy efficiency credits
within the LEED EA category across rating systems.

1

Some efficiency measures also contribute to other LEED credits. The double counting is intentional.
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Methodology
From the first LEED certification in October 2001 through to year-end 2013, the LEED
NCv2.1, v2.2, and v2009 rating system versions account for 9,026 LEED certified commercial
projects totaling over 851 million square feet in the United States. Projects certified under prior
LEED NC versions were eliminated from this analysis -- versions 1.0 and 2.0 pre-date USGBC’s
information technology infrastructure and electronic credit-level data is unavailable for analysis.
LEED credit achievement data is aggregated using pivot tables depicting each LEED
certification tier by year and rating system to show the portion of projects and total square
footage in each category, and the proportion of projects achieving LEED EAc1.
\

Table 1. Summary LEED NC EAc1 credit achievement data
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Results
Using the LEED credit-level dataset described above, the average design efficiency of
each LEED NC v2.1, v2.2, and v2009 rating system is measured by ‘percent improvement over
baseline energy code’ against annual gross square feet of LEED certifications.

Figure 1. LEED NC 2.1 average energy efficiency and LEED tier.

For the 1,483 LEED NC v2.1 projects included in this analysis [Figure 1], the average
annual design efficiency varied between 34% and 40% better than ASHRAE 90.1-1999. The
average design score is fairly consistent within LEED-NC rating systems, and across
certification levels. This phenomena may be attributable to market efficiencies created at scale
as designers discover, share, and repeat cost effective energy efficiency design strategies [aka
“learning”]. LEED NCv2.1 certified gross square footage increased significantly in 2007 then
dropped off after 2010 as projects registered under this rating system completed their journey
through the pipeline consistent with the multiyear timeframe of most commercial building
projects. There remain a very small number of projects certifying under this rating system
version in 2012 and 2013, and no more are expected.
The LEED NCv2.2 rating system saw much faster market uptake, reaching the 20 million
square foot per year benchmark in its second full year following release before peaking at 136
million square feet certifying in 2011. Although declining in velocity, LEED-NCv2.2 continues
to experience significant certifications with over 80 million square feet certified in 2013 as
projects transition to certifying under the LEED NCv2009 rating system.
The average design efficiency for LEED NCv2.2 projects [Figure 2] is more consistent
than seen in v2.1 and hovers at a 26% design improvement over ASHRAE 90.1-2004, which is
more stringent compared to its predecessors. In 2007 to correspond with the release of v2.1,
USGBC required all certified projects regardless of tier to achieve a minimum of two points in
EA Credit 1, or 14 percent design savings over ASHRAE code. Findings show the average
LEED project consistently achieved over two EAc1 points; this requirement eliminated the
potential for LEED certifications to fall into the lower tail of the EAc1 credit achievement
distribution curve.
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Figure 2. LEED NC 2.2 average energy efficiency and LEED tier.

In 2007, the Pacific Northwest National Laboratory [PNNL] found that buildings built to
ASHRAE 90.1-2004 standards are projected to use between 2.6% to 9.7% less site energy, 5.8%
to 11% less source energy, and save 6% to 13% in energy costs (the metric used by LEED)
compared to the 1999 ASHRAE standard.2 The US Department of Energy’s analysis of the
ASHRAE standard found site energy savings of 11.9% and source energy savings of 13.9%
nationwide in commercial buildings.3 With LEED NCv2.2 adopting 90.1-2004 as the baseline,
NCv2.2 buildings represent an increase in energy efficiency over LEED NCv2.1, though precise
determination of efficiency gains is impossible without significant simulation to match the
building type mix found in LEED with the underlying CBECS data that supports energy models.
The newer LEED NC v2009 rating system had few projects certify in 2010, and the
rating system did not reach the 20 million square foot per year threshold until 2012. While the
referenced ASHRAE 90.1 standard increased again from 2004 to 2007, the average annual
design efficiency again remains extremely consistent at 29% better than ASHRAE 90.1-2007.
This average improvement of
29% over 90.1-2007 is a significant
advance in design efficiency
compared to the roughly 20% savings
seen in NCv2.2 using the 90.1-2004
standard as baseline. Additive to this
design efficiency gain, DOE’s
analysis of ASHRAE versions found
national source energy improvements
of 3.9% and site energy savings of
4.6% between ASHRAE’s 2004 and
2007 energy code standards.

Figure 3. LEED NCv2009 average energy efficiency and LEED tier.

2
3

http://www.pnl.gov/main/publications/external/technical_reports/PNNL-16770.pdf
http://www.gpo.gov/fdsys/pkg/FR-2008-12-30/pdf/E8-30975.pdf
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Average LEED Design Energy Consumption Reductions vs. ASHRAE 90.1 Energy Codes
The LEED credit-level dataset also provides insight into the average project design
energy efficiency gains by certification tier for each LEED-NC rating system.
Each graph in Figure 4 demonstrates the
annual average design efficiency by LEED tier
for the specific LEED-NC rating system version
as compared to the baseline referenced ASHRAE
energy code. All three LEED rating systems
demonstrate remarkable consistency, with
average efficiency rankings generally higher for
each successive LEED certification tier.
Projects achieving LEED Platinum
greatly outpace other certification levels by
consistently averaging 55-60% design energy
efficiency gains in the early NCv2.1 rating
system, and in excess of 40% in later LEED
versions as the baseline ASHRAE standards
increased in stringency. Each rating system
average falls between the LEED Silver and
LEED Gold tiers suggesting that project owners
invest in additional energy efficiency techniques
when elevating LEED tiers.
Project owners clearly value energy
efficiency within the LEED framework. When
LEED was released to the market, no energy
saving credits were required as a LEED
certification prerequisite, yet projects routinely
averaged 30% design gains over the ASHRAE
benchmark. Energy efficiency objectives
remained optional in NC v2.1 and NC v2.2 until
2007 when USGBC implemented a condition of
certification requiring a minimum of two EAc1
points, or 14% efficiency requirement over

Figure 4. LEED NC avg % energy efficiency gains.

ASHRAE 90.1-2004.
In the LEED NC v2009 rating system, EAc1 credit achievement analysis reveals a similar
pattern showing significant design energy efficiency. Of note is a widening gap between
projects certifying at the LEED Gold and LEED Platinum tiers and those at the lower LEED
tiers. These higher rated LEED certifications increased their designed energy efficiency roughly
5 percentage points on average in addition to the increases between the 2004 and 2007
ASAHRAE versions. Clearly the market dynamics driving LEED certification consistently
result in projects delivering energy efficiency gains when compared to prevailing energy codes.
Percentage of LEED Certified Projects Pursuing the Energy Efficiency Credit [EAc1]
Energy efficiency beyond base code compliance is the hallmark of a high performance
building, and a feature expected of LEED buildings by the broader real estate market.
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Figure 5 depicts the large percentage
of LEED projects attaining EAc1 at
increasing levels over time. LEED NCv2.1
exhibits a particular dynamic of a wider
achievement range as EAc1 was an optional
credit for this rating system version. From a
baseline of 25% EAc1 credit achievement in
2007, the market accelerated investments in
energy efficient features with Platinum
projects on average doubling EAc1 credit
attainment rates from 50% to 100% at the
time of v2.1 maturity in 2010. LEED
Certified projects attained the EAc1 credit at
below a 20% rate in 2007, improving to
nearly 60% achievement in 2010.
USGBC recognizes the need for
ongoing programmatic improvement to the
LEED rating system. Achieving a minimum
of 2 points under EAc1 became mandatory
for NCv2.2 projects registered after 2Q07. 4
This minimum threshold requirement resulted
in rapid growth in owners engaging energy
efficiency within LEED projects.
The LEED NC v2009 version update
requires projects to demonstrate 10% design
improvement over the newly-referenced
upgraded ASHRAE 90.1-2007 energy code
before achieving points for energy efficiency
under EAc1. The rapid increase in EAc1
credit achievement reveals how mandated
energy improvement prerequisite can result in
stimulating engagement in energy efficiency
Figure 5. Percent of LEED projects earning EAc1.
at all levels of LEED. A full 95% of projects
at the lowest LEED tier of v2009 now achieve additional points under EAc1, and are doing so
under a more stringent ASHRAE version when compared to LEED NCv2.1 projects. This
remarkable participation increase showcases the underlying power of LEED as a market-driven,
asset-differentiation construct to engage the real estate industry in market transformation.

4

Older versions of the LEED-NC rating system are sometimes criticized for providing pathways for project owners
to achieve a LEED certification, yet not incorporate significant design-based energy efficiency measures. USGBC
responded to this critique by requiring a minimum of two EAc1points in the LEED NCv2.2 rating system version
and referencing ever-stringent ASHRAE standards each rating system update.
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LEED Certified Project Credit Achievement – Enhanced Commissioning Credit [EAc3]
Design efficiency is not the same as
building operating performance; buildings are
likely to perform outside of the range intended
by their designers at some point during their
lifecycle. This deviation is usually a result of
building operating conditions varying from the
design model assumptions. Underperformance
is also caused by improper installation of
building systems.
Commissioning is a validation by a
third party that building systems are installed
and operating properly. LEED requires basic
commissioning as prerequisite -- additional
credit can be earned for engaging enhanced
commissioning processes (EAc3). Enhanced
commissioning is anecdotally reported as one
of the more expensive LEED credits to
achieve, but with clear financial benefits and
investment paybacks.
Figure 6 shows the percentage of LEED
projects attaining EAc3. The graphs depict NC
rating systems experiencing 20 million square
feet or more of certifications in a calendar year.
LEED NC v2.1 required fundamental
commissioning on all projects.5 Projects could
achieve a LEED point under EAc3 if an
independent commissioning agent was used
throughout the process. Note from 2007 to
2010 the percentage of v2.1 projects attaining
EAc3 doubles at all certification levels,
consistent with v2.2 and v2009.
LEED NC v2.2 brought clarity to the
commissioning prerequisite requirement by
requiring engagement by a single authority
independent of the design and construction
management teams, and specifically listing key
energy-related systems for commissioning to
include HVAC, lighting, hot water and
renewable energy.
Figure 6. Percent of LEED projects earning EAc3.

5

LEED NCv2.1 commissioning pre-requisite allowed design team contractors to perform the requisite tasks as long
as the commissioning agents themselves were not involved in the design.
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Plotting the annual EAc3 credit attainment across all rating systems shows a generally
upward trend of achievement, albeit with a relatively wide variation between LEED tiers.
LEED Certified Project Credit Achievement – Measurement and Verification Credit
[EAc5]
Similar to the LEED credit for
enhanced commissioning, achieving the
measurement and verification credit (M&V)
can help reduce variance between building
operating performance and the designers’
original intent. This LEED credit requires
design teams to work with the building
owner to create a plan for monitoring
building energy consumption and ongoing
conservation measures. As operating
circumstances inevitably change, owners and
operators of buildings achieving EAc5 have
greater information to inform forwardlooking management decisions.
This credit requires developing a
M&V plan consistent with Option D of the
International Performance Measurement &
Verification Protocol (IPMVP) to include the
sub-metering of major energy systems. Credit
requirements maintain consistency across
LEED versions, while the point value was
increased to three points (from one) in v2009.
Figure 7 shows low EAc5 credit
achievement percentages across the LEED
NC rating systems with the notable exception
of LEED Platinum projects, particularly in
v2.2 projects. This is likely due to upfront
costs for required equipment coupled with a
market lag in adopting technologies and best
practice procedures outlined in IPMVP.
The number of projects achieving
EAc5 took a noticable jump in the v2009
rating system nearly doubling for LEED
Gold projects and tripling for Silver and
Certified. This is in large measure the result
of rebalancing the LEED rating system to
give a 3 point weight to this credit in v2009
(up from 1 point), lending further credence to
the value of LEED points as currency to
prompt market transforming behaviors.
The 2013 achievement rate for v2009
Figure7. Percent of LEED projects earning EAc5.
projects (all LEED tiers) is 4x the v2.1
achievement rate seen in 2011 at all LEED tiers. This significant growth in EAc5 achievement
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may be due to a combination of rapid technology diffusion required to achieve EAc5, industry
learning, and/or owner recognition of the increased volatility risk from energy prices.

Analysis
LEED NC Projects and Average Design Energy Efficiency
It is worthwhile to consider the data from LEED NC rating system versions that are at the
end of their life cycle, specifically the NCv2.1 rating system. This LEED rating system was
released in 2004 and saw a significant uptick in market adoption resulting in certification growth
in 2007. The 2007 through 2010 years were the peak of v2.1 projects with roughly 115 million
square feet of space certified in this 4-year span [Figure 1]. These peak years reveal LEED
certification growth at all tiers, not exclusively at the lower end. This consistent growth in
aggregate certifications yielded strong design efficiency gains, as average design efficiency
remained remarkably consistent for each LEED tier [Figure 4].
Within the LEED framework, a year-over-year analysis reveals buildings do not achieve
increasingly better design efficiency rates during a rating system lifecycle. This may indicate
design teams learn new efficiency strategies and continue to replicate them, but the real estate
industry as a whole does not strive to continually increase design efficiency. Some projects
almost certainly move to higher levels of certification by way of enhanced designer expertise;
however, the consistent long-term average indicates this upward movement potential is offset by
some combination of dilution from growth in project volume certifying at lower LEED tiers and
new entrants pursuing LEED for the first time. An alternative thesis is that design teams
innovate when faced with new requirements and new rating systems rather than throughout the
life cycle of a single rating system.
Average Design Energy Efficiency and LEED Certification Tier
The LEED NC rating systems taken as a whole, and within the four certification tiers,
show consistent annual design efficiencies. When an updated LEED rating system is released
the market quickly adopts a new, higher level of design efficiency and reaches an equilibrium for
each certification tier. The newly released LEED v4 rating system adopts the ASHRAE 90.12010 standard, a significant bump-up from 90.1-2007. PNNL’s analysis released in May 2013
determined the jump from 2007 to 2010 can result in a 24.5% improvement in site energy and
23.4% energy cost savings as determined by a suite of 16 prototype EnergyPlus building models
simulated in all eight US climate zones. LEED v4 requires a 5% improvement over ASHRAE
90.1-2010 before awarding up to 18 additional credits based on percentage design improvements.
The demonstrated consistency of design efficiency across certification levels may be
useful to code development organizations. Given demonstrably achievable design energy
efficiency increases by the broader marketplace, LEED buildings can serve as performance
improvement objectives for national model codes from ASHRAE and ICC.
Average Annual Attainment of the LEED Energy Efficiency Credit
Each LEED rating system version release adopts increasingly stringent ASHRAE 90.1
baseline energy standards. This adoption of higher energy efficiency baselines coupled with the
high percentage of projects attaining EAc1 demonstrates how USGBC has successfully engaged
market-driven competition can be an important element in propelling market transformation. In
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addition to referencing new standards, the v2009 rating system version increased the relative
importance of energy efficiency within the point totals available.
This analysis reveals it is quite rare to identify a LEED building certified within the last
four years that fails to surpass the most stringent national model energy codes by less than
double-digit percentages.
Average Annual Attainment of LEED Enhanced Commissioning Credit
All LEED buildings must have a basic level of commissioning to be eligible for
certification. Beyond this base level, LEED awards points for enhanced commissioning [EAc3]
which includes submittal review, systems training, and plans for ongoing commissioning. Credit
achievement data indicate approximately half of all buildings achieving a LEED NC rating
through year-end 2013 achieve the enhanced commissioning credit. Increasing project
participation with enhanced commissioning activities can be prompted by awarding additional
points for achieving this credit, or through the adoption of additional commissioning
requirements in the national model energy codes. With the release of LEED v4, USGBC
increased the number of points available for EAc3 from two (2) points in all prior NC rating
system versions to six (6) points in v4 in an effort to drive both increased energy efficiency
engagement and operational quality control.
Average Annual Attainment of LEED Measurement & Verification Credit
Due to upfront costs and complexity, achievement rates for the LEED M&V credit are
consistently low with the exception of the LEED Platinum tier. With the release of v2009,
USGBC increased the point value from one (1) to three (3) which contributed to a doubling of
annual attainment percentage as compared to LEED v2.2. USGBC has broken up the M&V
credit in v4 in an attempt to further increase market adoption. Some aspects of the v2009 credit
are combined with the commissioning prerequisite including a prerequisite requiring building
level metering. Additionally, LEED v4 contains a new credit for advanced metering. These
structural changes are designed, in part, to increase engagement of M&V best practices.

Conclusions
This analysis results in two major conclusions. First, the green building market innovates
rapidly in response to new rating system versions. Significant increases in design energy
efficiency are reflected in the LEED credit achievement at each tier. Continued innovation
during a rating system’s lifecycle may be present, but is not directly observable from the data.
Second, there exists significant opportunity to coordinate between voluntary leadership
standards like LEED and mandatory minimum codes and standards. LEED credit attainment can
be valuable to informing code development and adoption for energy standards and other aspects
of green building to include water efficiency and materials and resources. Discussions on how
best to maximize this coordination are happening between the USGBC, ASHRAE, and ICC to
include consideration of the role of the green building codes like standard 189.1 and the IGCC.
The overall upward trend of energy efficiency engagement showcases the markettransformative nature of LEED by recognizing and differentiating market leaders for delivering
projects that achieve energy efficiency gains compared to base building code. This market
engagement dynamic results in both a diffusion of learning and a competitive race-to-the-top as
future projects benchmarks against a self-identified peer group of high performance projects.
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