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Energy Performance of  

LEED
®
 for New Construction Buildings 

Executive Summary 
 

This study analyzes measured energy performance for 121 LEED New Construction (NC) 

buildings, providing a critical information link between intention and outcome for LEED 

projects.  The results show that projects certified by the USGBC LEED program average 

substantial energy performance improvement over non-LEED building stock.  This Executive 

Summary briefly summarizes key study findings.  See the full report for further detail on study 

methodology and results. 

Study Participants 

With the recent exponential growth in annual LEED certifications, the number of occupied 

LEED buildings now permits meaningful studies of how measured performance meets energy 

efficiency objectives.  All 552 LEED-NC version 2 buildings certified through 2006 were invited 

to participate in this study.  The only requirement for inclusion was the ability to provide at least 

one full year of measured post-occupancy energy usage data for the entire LEED project.  

Twenty-two percent (121) of currently certified buildings were able to provide the requested 

information and are included in the results. 

 

  
Figure ES- 1:  LEED-NC Certifications by Year, and Percent for Each Year in This Study 

Results 

Measured performance results show that on average LEED buildings are saving energy.  The 

study analyzes whole-building energy usage with three different metrics, each of which is 

summarized in the following sections and described in further detail in the full report:  
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 Energy Star ratings of LEED buildings 

 Measured results compared to initial design and baseline modeling 

While each metric has inherent advantages and limitations, agreement among the multiple 

perspectives increases confidence in the overall conclusions. 

Energy Use Intensities 

The most basic benchmark compares LEED building energy use intensity (in kBtu/sf/yr) to data 

from all national building stock.  National EUI data comes from the Commercial Building 

Energy Consumption Survey (CBECS), a national survey of building energy characteristics 

completed every four years by the federal Energy Information Administration.  For all 121 

LEED buildings, the median measured EUI was 69 kBtu/sf, 24% below (better than) the CBECS 

national average for all commercial building stock.  Comparisons by building activity type 

showed similar relationships.  For offices, the single most common type, LEED EUIs averaged 

33% below CBECS.   

 

Figure ES- 2 shows the median EUIs by certification level and the individual measured EUIs for 

each of 100 participating buildings, excluding those consisting of high energy activity types such 

as labs, data centers and supermarkets.  Note that the median performance of gold and platinum 

buildings is very close to the interim goals of Architecture 2030, shown here for office buildings 

at 50% of the CBECS office average.  
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Figure ES- 2:  EUI  (kBtu/sf) Distribution  

 

The 21 high energy type buildings in the study (not individually shown above) had EUIs up to 

nearly 700 kBtu/sf, with a median of 238.  These activity types were segregated because energy 

use here is largely driven by the requirements and process loads of occupant activities, as 

opposed to basic building systems, making their analysis more complex.  For purposes and 

analysis in this study, these high energy use buildings are generally considered separately. 
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Energy Star Ratings 

EPAôs Energy Star program rates a buildingôs energy use in relation to existing national building 

stock for the same activity type.  The calculations are further normalized for temperature and 

other key variables, such as schedule and occupancy.  The average Energy Star rating of LEED 

buildings was 68 (meaning better than 68% of similar buildings), compared with a median rating 

of 50 for the complete national building stock.  Nearly half of LEED buildings had Energy Star 

ratings of at least 75, meeting the qualification level for an EPA-certified Energy Star building. 
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Figure ES- 3:  Distribution of Energy Star Ratings 

 

While the average LEED Energy Star Rating is favorable, the figure above shows that one 

quarter of these buildings had ratings below 50, meaning they used more energy than average for 

comparable existing building stock.  Further investigation of the reasons for these shortfalls 

holds potential for significant further improvements of overall LEED performance. 

Measured Performance in Relation to Modeling 

The LEED program awards energy performance points on the basis of predicted energy cost 

savings compared to a modeled code baseline building.  The baseline is generated using the 

energy cost budget (ECB) approach and performance requirements in the ASHRAE 90.1 

standard.  Most buildings in this study used the 1999 version of this standard.  Measured energy 

savings for the buildings in this study average 28% compared to code baselines, close to the 

average 25% savings predicted by energy modeling in the LEED submittals. 

 

Program-wide, energy modeling turns out to be a good predictor of average building energy 

performance for the sample.  However, as with the other metrics in the study, there is wide 

scatter among the individual results that make up the average savings.  Some buildings do much 

better than anticipated, as evidenced by those in Figure ES- 4 with measured EUI below the 

dotted line.  On the other hand, nearly an equal number are doing worse - sometimes much 

worse.   

National median = 50 75 = Energy Star cert. min.  
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Figure ES- 4:  Measured versus Design EUIs 

All EUIs in kBtu/sf 

 

At the extreme, several buildings use more energy than the predicted code baseline modeling, as 

shown in the comparison of measured vs. proposed savings percentages in Figure ES-5.  This 

degree of scatter suggests significant room for improvement in energy use prediction accuracy 

on an individual project basis. 

 
Figure ES- 5: Measured versus Proposed Savings Percentages 

 

Variation in results is likely to come from a number of sources, including differences in 

operational practices and schedules, equipment, construction changes and other issues not 

anticipated in the energy modeling process.  More in-depth analysis of some of the best and 

worst performers could identify ways to eliminate the poorer outcomes and communicate lessons 

from the best results. 
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Conclusions and Recommendations 

1.  On average, LEED buildings are delivering anticipated savings.  Each of three views of 

building performance show average LEED energy use 25-30% better than the national average, a 

level similar to that anticipated by LEED modeling.  Average savings increase for the higher 

LEED levels, with Gold/Platinum buildings approaching the interim goal of Architecture 2030. 

 

2.  Within each of the metrics, measured performance displays a large degree of scatter, 

suggesting opportunities for improved programs and procedures.   Measured EUIs for over 

half the projects deviate by more than 25% from design projections, with 30% significantly 

better and 25% significantly worse.  Statistically credible, precise quantification of LEED 

savings will first require narrowing this range of variability.  A follow-up study of some of the 

good and poor performers could identify ways to eliminate the worst results and identify lessons 

to incorporate from the best results. 

 

3.  More feedback is needed from actual building performance results to design-phase 

energy modeling.  The current variability between predicted and measured performance has 

significant implications for the accuracy of prospective life-cycle cost evaluations for any given 

building.  Better feedback to the design community is needed to help calibrate energy modeling 

results.  Follow-up investigation into reasons for measured-to-design deviations, and for the wide 

variations in modeled baseline performance, could improve future modeling and benchmarking. 

 

4.  Project types with high process loads are problematic.  Lab buildings on average use more 

than twice as much energy as anticipated in their energy models.  Energy use characteristics of 

high energy building types are apparently not well understood by designers. Neither LEED nor 

the modeling protocol addresses these projects effectively. 

 

5.  The energy performance baseline used by LEED to define a reference benchmark is not 

as aggressive as anticipated.  Although the performance baseline used by LEED (ASHRAE 

90.1) is generally assumed to deliver buildings with significantly higher performance than the 

national CBECS baseline, the average performance of the code baseline buildings in this study 

was close to the average performance of national building stock.  Like the measured and 

predicted building performance values, the baseline performance EUIôs occupied a wide range, 

even within building types.  Also, buildings targeting  more aggressive energy performance 

tended to be compared to a more stringent baseline performance standard than more 

conventional buildings.  These issues suggest a need for more comprehensive analysis of the 

anticipated energy performance of the baseline. 

 

6.  Continued improvements to the LEED program are suggested.  Improvements in LEED 

program submittal screening, quality control and follow-up are suggested to help encourage and 

maintain energy savings.  Related LEED credits such as Advanced Commissioning and 

Measurement and Verification (M&V) could be reworked to more directly contribute to better 

energy performance and provide more directly useful information to owners and operators. 

 

The full report provides more detail on Study Procedures, Participant Characteristics, result 

analysis for each of the three metrics and recommendations for further study. 
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Energy Performance of  

LEED
®
 for New Construction Buildings 

 

1 Introduction 
This report provides the most comprehensive view to date of post-occupancy energy 

performance of LEED buildings, providing a critical link between intention and outcome for 

LEED projects.  With the recent exponential growth in annual LEED certifications (Figure 1), 

the number of occupied LEED buildings now permits meaningful studies of how measured 

performance meets the overall program objective of more efficient buildings. 

 

 
Figure 1:  LEED-NC Certifications by Year,  and Percent for Each Year Included in This Study 

 

This report compares measured energy usage to a variety of benchmarks, including Commercial 

Building Energy Consumption Survey (CBECS) averages, Energy Star ratings and modeled 

energy performance estimates provided as part of LEED submittals.  Additional analyses explore 

the effectiveness and impact of the LEED-NC scoring system by examining measured 

performance in relation to characteristics such as certification level, Energy and Atmosphere 

(EA) points achieved, modeling accuracy, year built and climate zone.  An analysis of occupant 

comfort in LEED buildings was also conducted on a subset of the projects.  Findings here can 

also help identify possible changes in procedures and additional analyses that would further 

improve LEED program and building performance in the future. 

  

This report describes a) Study Procedures; b) Participant Characteristics; c) Results, using the 

metrics of Energy Use Intensity (EUI), Energy Star ratings and Measured Performance Relative 

to Initial Modeling; and d) Conclusions and Recommendations.  Appendices provide more detail 

on study procedures, definitions, and back-up data tables. 

2 Procedures and Data Sources 
All LEED-NC version 2 (NCv.2) buildings were invited to participate.  NCv.2 comprises about 

¾ of total certifications within the various LEED programs and provides the largest coherent 
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subset on which to base energy analysis.  With no restrictions by project type or number of 

energy points, the only additional requirement for participating was the ability to provide at least 

one full year of measured post-occupancy energy usage data for the entire LEED project. As of 

December 2006, 552 buildings had received NCv.2 certification.  Of those, 121 (22%) are 

included in the results presented in this study.   

 

Measured energy usage and basic building information, at the whole building, monthly energy 

bill level, was supplied for all participating facilities, usually by owners. 

 

Energy Star ratings for eligible building types were obtained using the EPAôs Portfolio Manager.  

These ratings rank a buildingôs energy usage relative to similar buildings across the country, 

normalized for weather, activity and other key operational characteristics.
1
 

  

Design and Baseline modeled results came from USGBC files for the final LEED project 

submittals when available.
2
  

 

Figure 2 shows the portion of these buildings for which the various data types were available. 

 
Figure 2:  Study Participants by Available Metrics 

 

All information was reviewed for plausibility but not audited or otherwise verified for accuracy 

and completeness.  Additional information on procedures, data sources and considerations can be 

found in Appendix A: Study Background.
 3
 

 

Except where otherwise noted, all EUIs in this study reflect: 

4 purchased energy only (excluding onsite renewables) 

4 site energy 

4 the most recent twelve months available  

4 all end uses (including plug loads and other miscellaneous equipment) 

                                                 
1
 The Energy Star rating system was updated October 1, 2007, to reflect the most recent CBECS survey results and 

refined calculation methodologies.  All ratings reported in this study were calculated before this revision.  

Anticipated changes to individual ratings from the new methodology were small.  The difference would not be 

expected to affect any overall conclusions of this study, although results for individual buildings may vary slightly. 
2
 ñBaselineò in this report refers to the ñbudgetò calculations of ASHRAE 90.1-based modeling. 

3
 For example, a fully occupied facility showing total electricity usage of 1 kBtu/sf was excluded after repeated 

questions failed to determine whether additional accounts also served the space. 
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Site vs. Source Energy:  As noted above, most results in this report are based on site energy use, 

as measured at the building.  Site usage is the metric most closely related to the building ownerôs 

energy bills and is also a prerequisite for calculating the alternate metrics of source energy 

(measured at the power plant level, including generation and distribution losses incurred before 

the energy reaches the building) or greenhouse gas emissions.  The Energy Star ratings presented 

do, on the other hand, reflect source energy use; one step in their internal calculation is to 

translate measured site energy to source energy.  A separate USGBC research project is currently 

underway to quantify greenhouse gas emission savings from the LEED program.  

 

Plug and Process Loads:  The term ñplug loadò is used in this report for the category of end 

uses described as ñprocess loadsò in ASHRAE 90.1.  Sometimes also referred to as 

ñunregulatedò loads,  this category includes plug loads, miscellaneous equipment and other 

activities primarily associated with the functions of the occupants as opposed to the lighting and 

conditioning of the building itself.  For all modeled whole building results, this study assumed 

plug loads equal to 25% of the total 90.1 baseline energy usage.  This is the default value 

currently used by LEED in modeling energy use.  See Appendix D: Plug (Process) Loads, for 

further discussion. 

 

3 Things to Keep In Mind 
Even with 121 participating buildings, data volume can be insufficient for statistically credible 

differences when subdivided among multiple variables, particularly with high variability in 

individual performance results.  Thus, the study is a beginning, not the final definitive analysis.  

Many patterns presented in the results of Section 5, showing for example energy usage by 

climate or by other related credit levels, should be considered approximate and suggestive of 

areas for further exploration, not precise performance levels.  In several cases, similar categories 

have been grouped to avoid extremely low counts in any one subgroup.  For example, results by 

LEED certification level show gold and platinum levels combined because the study includes 

only two platinum buildings.  In addition, results by number of Energy Optimization points are 

grouped into four point ranges because there is not enough data for division among the 

individual 0 through 11 point levels. 

 

None of the three performance metrics used in this study provides a perfect basis for precise 

determination of savings.  However, viewing results from multiple perspectives offers a good 

general sense of accomplishments thus far, particularly when the general conclusions from 

multiple metrics agree.  This exploratory view provides the basis for designing the structure of 

more complete future analyses. 

 

What this study is 

 A look at actual whole building energy usage of 121 LEED buildings of a wide variety of 

types, including graphic displays of the range of individual results as well as averages. 

 A comparison of whole building energy usage to readily available benchmarks, including 

national average EUIs, Energy Star scores and initial modeling 
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 A summary of approximate average savings levels of LEED buildings, in relation to 

benchmarks from the available benchmarks 

 A data exploration that suggests  

o Future studies and data refinements to more precisely quantify and better 

understand results 

o Areas for possible program revisions to better align related credits with energy 

efficiency  

What this study is not 

 A statistically robust evaluation of the precise energy savings of LEED buildings.  The 

results show a level of spread within building types and certification levels that canôt be 

explained solely by the building characteristics data available.  While differences in 

averages suggest possible relationships, the variance in the data is too large for 

statistically significant confidence in the size of those differences. 

 An in-depth investigative or diagnostic review of individual building operations and 

systems to identify reasons for high or low energy usage 

 Development of a new benchmark for determining savings for buildings not currently 

rated by Energy Star 

 An evaluation of the assumptions used in the energy modeling for these buildings 

 A specific proposal which identifies specific LEED program areas to modify or further 

study to address results and limitations in this report 

 

Keep these items in mind while reviewing the report.  Several areas clearly suggest the need for 

greater detail and more directly aligned categories for drawing definitive conclusions.  While 

specific limitations of the current data will be mentioned in some of those areas, the more 

general factors above apply throughout the report and will not be repeated in each section  

4 Participant Characteristics 
This section summarizes the general characteristics of the studied buildings compared to all 

LEED-NC buildings.  In addition to providing general background on the nature of these 

buildings, the comparisons show that the characteristics of participating buildings, such as size, 

energy optimization credits and climate zone, were similar to those of all LEED-NC buildings.  

In the sections that follow, ñ2006 Summaryò refers to a prior review that examined many 

relationships and patterns for energy credit achievement and initial modeling projections for all 

LEED-NC certifications through July 2006, based solely on information provided in the LEED 

submittal process.  ñThis studyò refers to the 121 buildings that also submitted measured post-

occupancy energy data in 2007. 

4.1 Building Activity Type 

While building activity type is one of the most intuitively obvious ways to categorize a building, 

the variety of terms used, number of buildings with multiple activities and change in activities 

over time all confound attempts to compare different data sets.  This study used current building 


