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 Do LEED-certified buildings save energy?  Yes, but … 
 

Guy R. Newsham, Sandra Mancini, Benjamin J. Birt 
National Research Council Canada – Institute for Research in Construction 

 
Abstract 
 
We conducted a re-analysis of data supplied by the New Buildings Institute and 
the US Green Buildings Council on measured energy use data from 100 LEED 
certified commercial and institutional buildings.  These data were compared to 
the energy use of the general US commercial building stock.  We also examined 
energy use by LEED certification level, and by energy-related credits achieved in 
the certification process.  On average, LEED buildings used 18-39% less energy 
per floor area than their conventional counterparts.  However, 28-35% of LEED 
buildings used more energy than their conventional counterparts.  Further, the 
measured energy performance of LEED buildings had little correlation with 
certification level of the building, or the number of energy credits achieved by the 
building at design time.  Therefore, at a societal level, green buildings can 
contribute substantial energy savings, but further work needs to be done to 
define green building rating schemes to ensure more consistent success at the 
individual building level.  Note, these findings should be considered as 
preliminary, and the analyses should be repeated when longer data histories 
from a larger sample of green buildings are available. 
 
Introduction 
 

Green building rating systems 
 
As the global population increases the need for buildings also escalates.  In 
developed countries, buildings account for 20-40% of total energy use [Pérez-
Lombard et al., 2008, Natural Resources Canada, 2005].  And in countries with 
growing economies the average annual growth rate in energy use is 3.2%, 
compared to an average of 1.1% for developed nations [Pérez-Lombard et al. 
2008].  Besides the depletion of non-renewable energy sources, this energy use 
contributes greenhouse gases to the atmosphere, with consequent detrimental 
effects [IPCC, 2007].  To reduce the environmental footprint left by buildings, new 
buildings need to use less energy in both their construction and operation than 
previous buildings of similar size and shape, while still providing a satisfactory 
indoor environment for their occupants.  
 
Numerous countries/regions have developed green building programs aimed at 
promoting more sustainable buildings.  One such program in North America is 
LEED (Leadership in Energy and Environmental Design), administered by the US 
and Canada Green Building Councils (USGBC, CaGBC).  The LEED green 
building rating system encourages an integrated design approach, with a points 
scheme that allots credits for building design features deemed to improve 
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sustainability, which includes reductions in energy use and improvements in 
indoor environment quality. 
 
The focus of this paper in on energy use.  Table 1 shows the optional energy 
credits available under LEED for New Construction (LEED-NC, [USGBC, 2002]), 
as well as energy performance prerequisites.  The table also shows the total 
credits available, and the number of credits required for the various levels of 
certification.  Note that, of particular interest to this paper, energy performance 
credits are based on predicted (simulated) performance at the time of building 
design, and not on actual energy performance after the building is built and 
occupied. 
 
Table 1.  LEED energy credits under LEED-NC Version 2.1* 

Description Credits Notes 
Fundamental building systems 

commissioning
Prereq. 

Ensure fundamental building elements and 
systems operate as intended. 

Minimum energy performance Prereq. 
Design the building to comply with 
ASHRAE/IESNA Standard 90.1-1999 or the local 
energy code, whichever is more stringent. 

CFC reduction in HVAC&R 
equipment

Prereq. 
Zero use of CFC-based refrigerants in new base 
building HVAC&R systems. 

Optimise energy performance 10 

Further reduce design energy cost for energy 
systems regulated by ASHRAE/IESNA Standard 
90.1-1999, or equivalent local code.  For new 
buildings, one credit for 15% better performance, 
and another credit for each subsequent 5% 
improvement, to a maximum of 10 credits. 

Renewable energy 3 
Supply a percentage of the annual energy cost 
with on-site renewables.  One credit for 5%, one 
more credit for 10%, and one more credit for 20%. 

Additional commissioning 1 Beyond fundamental commissioning above. 

Ozone protection 1 
HVAC, refrigeration, and fire suppression systems 
that do not contain HCFCs or Halons. 

Measurement and verification 1 
Ongoing measurement and optimization of energy 
and water use over time. 

Green power 1 
At least 50% of the building electricity from a 
renewable energy contract. 

Total optional energy credits 17  
Total of all credits 69  

Total Credits required for …   
LEED Certified Rating 26-32  

LEED Silver Rating 33-38  
LEED Gold Rating 39-51  

LEED Platinum Rating 52-59  
* All LEED buildings studied in this paper used Version 2.x of the rating system.  Version 2.1 was 
the version used by the vast majority.  Version 2.0 differs only slightly in terms of energy credits.  
Version 2.2 requires a baseline energy performance referenced to ASHRAE 90.1-2004, but was 
not used by the LEED buildings studied in this paper.  All 2.x versions are available at USGBC 
[2002]. 

 
Many buildings designed under LEED-NC have now been occupied, and it is 
reasonable to ask: are these buildings living up to expectations?  To answer this 
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question post occupancy evaluations (POEs) need to be undertaken to measure 
the buildings’ performance.  POE can also help diagnose operational problems, 
which may allow the building to reach a higher level of performance.  
Unfortunately POEs of buildings are rarely conducted, and if they are, rarely 
published.  In the next section we review the published work on post-occupancy 
performance of green buildings in terms of energy use. 
 

Post-occupancy evaluation of energy performance 
 
Torcellini et al. [2004] conducted an overview of six sustainable buildings in the 
USA.  Extensive monitoring of energy flows, including lighting loads, HVAC loads 
and plug loads, for a minimum of one year was undertaken.  The data was 
logged every 15 minutes and used to calibrate energy simulation models.  
Analysis showed that all buildings performed worse than predicted, but all 
managed a substantial saving (either energy cost or energy use) compared to a 
comparable code-compliant building.  The authors suggested that deviation from 
the predicted savings was due to higher than expected occupant loads and 
systems not performing together as designed.  Further, hours of operation and 
building space temperatures varied from the initial design.  They concluded that 
the designers were optimistic about the behaviour of the occupants and their 
acceptance of systems. 
 
Eleven buildings in the Cascadia Region, USA were assessed by Turner [2006].  
The author compared the actual utility usage to three different metrics: design 
energy use, energy use compared to code-compliant baseline, and the average 
energy use of the commercial building stock.  All buildings performed better than 
their baseline, six of the buildings performed better than their design energy use, 
and all but two performed better than the average commercial building stock.  
The authors noted that actual operational variables may have differed from those 
assumed in the baseline models, and that operational optimization was still 
underway in some buildings. 
 
Diamond et al. [2006] investigated 21 LEED certified (LEED-NC Version 2.0/2.1) 
buildings.  Actual energy use was determined from utility billing data.  The 
modelled energy data for the as-designed and baseline building was obtained 
from the LEED certification documentation submitted to the USGBC.  On 
average, for the 18 buildings that had both simulated whole building design and 
actual energy use data, energy use was 1% lower than modelling predictions 
(which were 27% below baseline).  However, there was large variability (standard 
deviation, s.d. 46%), and some performed better than predicted while others 
performed worse.  Further the number of LEED energy credits obtained in the 
certification did not correlate with the actual energy use per floor area.  The 
authors recommended that a comprehensive collection and publication of 
modelled vs. actual energy use data was needed, allowing for a closing of the 
gap between design simulation and as-built performance. 
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Fowler & Rauch [2008] analysed multi-dimensional performance data for 12 US 
federal government commercial buildings, all of these buildings had been 
designed with energy efficiency goals, and some were LEED certified.  All 
buildings had measured energy use below their modelled baselines, and energy 
use per floor area was 25-30% lower, on average, than the US commercial 
building stock.  Although not detailed, the authors suggest a statistically 
significant relationship between energy credits achieved for the eight LEED 
certified buildings and Energy Star score, a measure derived from actual energy 
use.  However, the authors do caution against deriving firm conclusions from 
such a small sample size from a single owner/operator. 
 
Baylon & Storm [2008] examined the characteristics of LEED commercial 
buildings in the US Pacific Northwest, and compared them to regional non-LEED 
buildings.  The mean energy use per floor area for the 12 LEED buildings was 
10% lower than the 39 similar non-LEED buildings in the same region.  This 
relatively small improvement was attributed to the relatively high prevailing 
energy standards for all buildings in the region.  Again, the authors note the 
uncertainty of conclusions based on such a small and varied dataset. 
 

The New Buildings Institute study 
 
Perhaps the largest study to date was undertaken by the New Buildings Institute 
(NBI), under contract to the USGBC [Turner & Frankel, 2008].  This study 
provided the raw data for the analyses is this paper, and therefore we describe it 
in some detail in this section.  The study looked at 121 LEED buildings (LEED-
NC Version 2.x certified up to and including 2006), which provided one full year 
of measured post-occupancy energy usage data.  Total energy use intensity 
(EUI, kBtu/ft2/yr)* was derived by summing the purchased energy from all fuel 
types.  Most of the analysis excluded the buildings with unusually high energy 
activity types and specific process loads such as laboratories, data centers and 
supermarkets, and focussed on the 100 remaining buildings (termed “medium 
energy use”).  EUI was compared to initial baseline and design models in LEED 
submittals (available for 71 of the buildings), and to data for the national building 
stock in the same or similar building activity types from the 5000+ buildings in the 
2003 Commercial Building Energy Consumption Survey (CBECS) database [EIA, 
2003].  Model values were adjusted to include plug loads equal to 25% of the 
total baseline energy use, which is the default value currently used by LEED in 
modelling energy use. 
 
The study reported that the median EUI of the LEED buildings was 32% lower 
than the mean EUI in the CBECS database.   For office buildings, the most 
common and easily-comparable activity type, the median EUI of the LEED 
buildings was 33% lower than the mean EUI in the CBECS database.  The 
median EUI by certification level suggested a trend in the expected direction: the 

                                            
*
 This is not an SI unit, but is used throughout this paper to facilitate comparison back to the 
original NBI report.  The SI conversion factor is 1 kBtu/ft

2
/yr = 11.356 MJ/m

2
/yr) 
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EUI of Certified buildings was higher than that of Silver buildings, which was 
higher than that of Gold/Platinum buildings (Gold and Platinum levels were 
combined because the study included only two Platinum buildings).  Similarly, the 
median EUI by number of energy performance credits obtained (grouped into 
four levels <2, 2-4, 5-7, 8-10) suggested a trend in the expected direction: the 
higher the number of credits the lower the EUI.  However, the authors noted that 
there was a large amount of scatter across the building stock within each of the 
metrics. 
 
Although building simulation experts are wary to suggest that modelled energy 
use equates to actual energy use, modelling results do create expectations 
among those who procure buildings.  In fact, the average ratio between 
measured and designed EUI was remarkably close to unity, at 0.92, suggesting 
that modelled results over populations of buildings might represent a reasonable 
estimate of actual energy performance.  However, the ratio for individual projects 
ranged from less than 0.25 to >2.75, suggesting that experts’ caveats for 
individual buildings are well-founded, and that energy modelling can be a poor 
predictor of project-specific energy performance.  The median predicted energy 
saving (relative to the code baseline) for the LEED buildings was 25%, whereas 
the median measured saving was is 28%.  However, again the range for 
individual buildings was wide, with one-in-five buildings using more energy than 
their baseline. 
 
One important limitation of the analyses performed by Turner & Frankel [2008] is 
that no statistical tests were performed on the data.  Rather, they were content in 
drawing conclusions based on trends in average values, and calling for more 
research work in the future to further investigate these trends.  However, the 
large amount of scatter (variability) in the data noted by Turner & Frankel 
increases the risk that average trends might be spurious.  Another limitation was 
that the comparisons to CBECS data were somewhat crude: the median EUI of 
all LEED buildings was compared to the mean EUI of all CBECS buildings, by 
activity type, thus confounding two different metrics of central tendency.  Little 
specific account was made of differences in the two datasets related to climate 
zone, building size, or building age.  Turner & Frankel did present descriptive 
data for these variables for each of the datasets, and did comment on differences 
in their distributions, generally concluding that the differences should not greatly 
affect the outcomes. 
 
We obtained the dataset used by Turner & Frankel with the goal of adding 
greater statistical rigour to their original analysis.  Turner & Frankel did a 
remarkable job in assembling the base dataset, and we were keen to make the 
most of this achievement by providing supplemental analysis.  Such analysis 
forms part of a larger project we are conducting on post-occupancy evaluation of 
green buildings. 
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Methods & Procedures 
 

Comparison of LEED buildings to CBECS data 
 
The original report compared the median EUI for the LEED buildings to the mean 
EUI in the CBECS database, this was done over all buildings, and also broken 
down by each activity type.  To add more rigour to this comparison we conducted 
a series of T-tests in which we sought to pair each LEED building with a single 
matched building from the CBECS dataset.  The CBECS matched building was 
chosen to be as similar as possible to the LEED building in terms of activity type, 
size, age, and climate zone.  Multiple T-tests were conducted that involved 
differing numbers of buildings, depending on how strict the matching criteria 
were. 
 
Equivalency of activity types was not straightforward.  For LEED activity types, 
Turner & Frankel [2008] used activity information from owners, which often 
differed from or clarified the activity type recorded in the LEED submittal.  
CBECS used a different activity nomenclature than that of LEED.  For LEED 
activity types with four or more buildings we followed Turner & Frankel’s 
assignment to the equivalent CBECS category.    However, Turner & Frankel 
also created a category called “Remaining Types”, this included buildings for 
which the activity type was not adequately specified, but it also included LEED 
activity types for which there were three or fewer buildings, which they judged to 
be too few to form a meaningful average in their analysis based on averages.  
We treated these latter activity types separately, and assigned the equivalent 
CBECS type that seemed most appropriate.  Table 2 shows this assignment, the 
number of buildings in each activity type, and the CBECS mean EUI for each 
activity type.  This assignment was an immediate source of noise in the data.  
For example, “lodging” in the CBECS database is used primarily for commercial 
lodging; e.g. motels, but was considered by Turner & Frankel to be the closest 
match to the primarily residential LEED type “multi-unit res”.  To account for 
issues such as these, we created a “Certainty category” to express our opinion of 
how good the activity type assignment was; the three levels of certainty in activity 
type comparisons are shown in Table 2.  We conducted T-tests for three levels of 
inclusion based on this certainty variable: high only, high+medium, and 
high+medium+low. 
 
Table 2.  Building activity type assignment, the number of buildings in each 
activity type, and the CBECS mean EUI for each activity type. 

LEED activity type Number of 
LEED 

buildings 

Equivalent CBECS 
activity type 

Number of 
CBECS 
buildings 

Mean 
CBECS EUI 
(kBtu/ft2/yr) 

Certainty 
category 

INTERP CENTER 9 public assembly 278 97.9 medium 

K-12 ED 7 education 648 85.3 high 
LIBRARY 4 public assembly   medium 
MULTI-UNIT RES 6 lodging 260 94.2 medium 
MULTI USE 18 public assembly   low 
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OFFICE 35 office 976 93.6 high 
PUBLIC ORDER 5 public order and safety 85 100.4 high 

ASSEMBLY 2 public assembly   medium 
HIGHER 
EDUCATION 

3 education   high 

HOTEL/RESORT 1 lodging   medium 
RESTAURANT 1 food service 242 332.6 medium 
RETAIL (NON-
SUPERMARKET) 

1 mercantile 355 85.5 medium 

TRANSPORTATION  3 public assembly   medium 
OTHER 5 other 63 93.6 low 
Total 100  2907   

 
We also used both conservative and liberal matching criteria for the climate 
zones and building age.  This was complicated by the different geographic 
delineation of climate zones and nomenclature used by LEED and CBECS.  
Figure 1 shows the climate zone maps, and Table 3 shows the conservative and 
liberal matching criteria definitions.  For building age, the conservative criteria 
included CBECS buildings from the 2000-2003 category only as possible 
matches; the liberal criteria also allowed CBECS buildings from the 1990-1999 
as possible matches. 
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Figure 1.  LEED (upper) and CBECS (lower) climate zone definitions. Base 
temperature for Heating Degree Days (HDD) and Cooling Degree Days (CDD) 
was 65F. 
 
Table 3.  Matching criteria for climate zones. 

LEED zone Matching CBECS zone 
 Conservative Liberal 

1 5 5 
2 5 5 
3 5 or 4 5 or 4 or 3 
4 3 4 or 3 or 2 
5 2 3 or 2 or 1 
6 1 2 or 1 
7 1 2 or 1 

 
The matching process proceeded as follows.  For each LEED building the entire 
CBECS database was scanned for possible matches.  First, the activity types 
had to be equivalent, as defined in Table 2.  Then, the climate zones and age 
had to be close matches, ‘how close is close enough’ being defined by whether 
the match was conservative or liberal.  Of the possible matching buildings 
identified, the one closest in terms of floor area, considered in 5% difference 
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‘bins’, was chosen.  A maximum size difference of 50% was allowed.  If more 
than one matching building occupied the same 5% size bin then priority was 
given to the closest match on the following variables in this order: year of 
occupation, climate zone, and building size.  If this still did not discriminate 
between potential matches, the first match was chosen.  Not all LEED buildings 
had CBECS matches, depending on the strictness of the matching criteria in 
each T-test.  We further sub-divided the analysis according to whether we 
allowed a given CBECS building to be matched with more than one LEED 
building if it was the best match in each case (non-unique), or if a CBECS 
building could only have one match (unique).  In the case of unique matching, if a 
particular CBECS building was the best match for more than LEED building, 
there was some subjectivity in deciding which LEED building would be assigned 
to it.  All analyses were conducted for all medium energy use buildings, and for 
office buildings only. 
 
We provide one example of the efficacy of the matching process, involving all 
medium energy use buildings.  The analysis involving high+medium+low activity 
type certainty, liberal matching criteria, and non-unique matches yielded 98 
matches of a possible 100.  Table 4 shows the distribution of LEED buildings and 
matched CBECS buildings by climate zone and age, and descriptive statistics for 
floor area.  Given that the climate zone definitions differ, the distributions on this 
variable can only be approximately compared, and are quite similar.  The CBECS 
buildings are inevitably older, but recall that the analyses involving conservative 
matching criteria will only use CBECS matches constructed in 2000 and later 
(and an even tighter climate zone match).  The floor area statistics compare very 
well.  Overall, this example illustrates that the matching process is successful in 
ensuring that as fair a comparison as possible between LEED and CBECS 
buildings occurs. 
 
Table 4.  Example distribution of buildings in LEED and matched CBECS 
buildings by climate zone and age, and descriptive statistics for floor area.  This 
example is for the analysis involving high+medium+low activity type certainty, 
liberal matching criteria, and non-unique matches. 
LEED climate zone N CBECS climate zone N 

1    
2 6 5 13 
3 12 4 30 
4 36 3 20 
5 37 2 23 

6 6 1 12 
7 1   

LEED year occupied N 
CBECS year of 

construction  
N 

  1990-1999 55 
2000 1 2000-2003 43 
2001 3   
2002 12   
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2003 17   
2004 23   

2005 25   
2006 1   

Year missing 16   
LEED floor area, ft2, 

mean (s.d.) 
112,800 (153,600) 

CBECS floor area, 
ft2, mean (s.d.)  

104,900 (139,300) 

 
For medium energy use buildings we conducted 12 T-tests, for all combinations 
of activity type inclusion, conservative/liberal matching criteria, and non-
unique/unique CBECS matches.  For office buildings we conducted another 4 T-
tests, for all combinations of conservative/liberal matching criteria, and non-
unique/unique CBECS matches.  For each T-test we took the difference between 
each LEED building’s EUI and their matched CBECS building’s EUI; this set of 
EUI differences was then tested to see if it was significantly different from zero.  
We conducted tests for all medium energy use buildings, and for office buildings 
only. 
 

Energy performance of LEED buildings by certification level 
 
Turner & Frankel’s original report graphed median EUI by LEED certification level 
and concluded there was a trend in the expected direction.  We tested this effect 
more formally.  Prior to this we conducted chi-squared tests on the distribution of 
building activity type, climate zone, and age, by certification level, and an 
analysis of variance (ANOVA) on the distribution of building size by certification 
level.  These analyses were done for all medium energy use buildings, and for 
office buildings only.  None of these tests was statistically significant, suggesting 
little risk of bias in the main analysis due to these variables (i.e. LEED Certified 
buildings as a group are not significantly more often office buildings, in colder 
climates, or older, than LEED Silver buildings, and so on).  Descriptive data for 
each of these variables, by certification level, is shown in Table 5 for all medium 
energy use buildings. 
 
We tested the EUI and measured % energy saved compared to modelled 
baseline by LEED certification level effects by conducting ANOVAs across all 
certification levels, and specific contrasts to compare adjacent certification levels 
(i.e. Certified vs. Silver, and Silver vs. Gold/Platinum).  One might expect that a 
higher certification level would generally be attained with a concomitantly higher 
number of energy performance credits.  Indeed, we did observe a statistically 
significant difference in energy performance credits achieved by certification 
level, in the expected direction, for all medium energy use buildings (F2,97= 22.2, 

p<0.001, variance explained, η2= 0.31), meaning that 31% of the variance in 
energy performance credits obtained is explained by knowing the certification 
level.  There was also a statistically significant relationship between these 

variables for offices only (F2,32= 18.3, p<0.001, η2= 0.54).  This was accompanied 
by a statistically significant difference in proposed % energy savings (relative to 
baseline) by certification level, in the expected direction, for all medium energy 
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use buildings (F2,72= 10.2, p<0.001, η2= 0.22), and for offices only (F2,25= 14.0, 

p<0.001, η2= 0.53). 
 
 
Table 5.  Descriptive data by LEED certification level, for all medium energy use 
buildings. 

  
Certification 

Level 
 

 Certified Silver Gold/Platinum 
N 38 35 27 
Energy performance credits, 
mean (s.d.) 

2.8 (2.1) 4.9 (2.7) 6.9 (2.6) 

Proposed % energy savings 
(N=75), mean (s.d.) 

21.0 (7.5) 26.1 (9.5) 33.8 (11.8) 

Measured EUI, kBtu/sf/yr, 
mean (s.d.) 

72.4 (27.9) 69.2 (28.1) 58.7 (30.5) 

Measured % energy 
savings, (N=75) mean (s.d.) 

21.7 (27.5) 25.1 (42.1) 20.2 (39.9) 

Floor area, s.f., mean (s.d.) 134,600 (177,800) 112,100 (164,100) 76,100 (79,900) 

Climate zones (N)    
Hot (1-3) 5 8 5 
Mixed (4) 10 12 14 

Cold (5-7) 23 15 8 
Year Occupied (N)    

≤ 2004 18 22 16 

≥ 2005 14 7 7 

Activity Type (N)    
INTERP CENTER 1 5 3 

K-12 ED 4 3 0 
LIBRARY 2 1 1 

MULTI USE 5 7 6 
MULTI-UNIT RES 1 3 2 

OFFICE 16 7 12 
PUBLIC ORDER 2 3 0 

Remaining Types 7 6 3 
 
Of course, certification level is achieved for more than just energy performance, 
hence the next stage in the analysis. 
 

Energy performance of LEED buildings vs. energy credits received 
 
Turner & Frankel’s original report graphed median energy performance by multi-
credit bins and concluded there was a trend in the expected direction.  We 
conducted regression analysis to test this effect more formally.  In this case we 
did not bin data by energy credits, rather we considered all energy credit values 
separately.  Outcome variables included EUI and measured % energy saved vs. 
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modelled baseline.  Analyses were conducted for all medium energy use 
buildings, and for office buildings only. 
 

Energy performance of LEED buildings vs. additional commissioning and 
measurement & verification credits 

 
Turner & Frankel’s original report investigated these credits, because they might 
be expected to affect actual energy use.  The report looked at median trends, 
and found no convincing evidence of an effect of attaining these credits on EUI.  
We tested the effect of each of these credits on EUI by conducting an ANOVA in 
which the attainment (or not) of each credit was a separate dichotomous 
independent variable. Analyses were conducted for all medium energy use 
buildings, and for office buildings only. 
 
Results 
 

Comparison of LEED buildings to CBECS data 
 
The results of the multiple one-sample T-tests in which LEED buildings were 
matched with single CBECS buildings are shown in Table 6.  For one example 
analysis, the analysis involving high+medium+low activity type certainty, liberal 
matching criteria, and non-unique matches (the same example shown in Table 
4), Figure 2 shows the LEED to CBECS comparison graphically. 
 
Table 6.  Results of the one-sample T-tests, for all medium energy use buildings, 
and for office buildings only.  LEED>CBECS column indicates how many LEED 
buildings had an EUI greater than their matched CBECS building. 

       EUI (kBtu/ft
2
/yr), mean (s.d.)  

Building 
Type 

CBECS 
match 

Match 
criteria 

Activity 
certainty 

N T-statistic p LEED CBECS LEED>CBECS

All Medium Non-unique CON H 40 t39= -4.06 <0.001 65.5 (23.3) 97.3 (46.9) 12 (30%) 
 Non-unique CON H+M 56 t55= -2.84 <0.01 67.4 (27.5) 102.3 (95.0) 18 (32%) 
 Non-unique CON H+M+L 68 t67= -3.74 <0.001 65.5 (27.6) 105.5 (92.1) 20 (29%) 
 Non-unique LIB H 49 t48= -3.03 <0.01 69.1 (24.6) 92.0 (48.1) 17 (35%) 
 Non-unique LIB H+M 76 t75= -3.98 <0.001 70.2 (29.3) 95.4 (58.2) 25 (33%) 
 Non-unique LIB H+M+L 98 t97= -5.46 <0.001 67.5 (29.2) 103.2 (66.0) 29 (30%) 
 Unique CON H 29 t28= -3.40 <0.01 68.3 (24.8) 107.4 (60.7) 8 (28%) 
 Unique CON H+M 42 t41= -2.64 <0.05 70.0 (29.0) 113.1 (108.3) 13 (31%) 
 Unique CON H+M+L 49 t48= -3.10 <0.01 68.6 (29.3) 113.1 (103.9) 14 (29%) 
 Unique LIB H 49 t48= -2.20 <0.05 69.1 (24.6) 84.1 (44.1) 17 (35%) 
 Unique LIB H+M 76 t75= -3.22 <0.01 70.2 (29.3) 89.4 (54.7) 24 (32%) 
 Unique LIB H+M+L 95 t94= -4.25 <0.001 66.9 (28.5) 96.2 (65.3) 29 (31%) 
Office Only Non-unique CON  31 t30= -3.19 <0.01 66.3 (25.9) 98.1 (52.4) 11 (35%) 
 Non-unique LIB  35 t34= -3.31 <0.01 67.8 (25.1) 97.0 (51.5) 12 (34%) 
 Unique CON  21 t20= -2.93 <0.01 70.2 (28.2) 111.5 (60.6) 6 (29%) 
 Unique LIB  35 t34= -2.35 <0.05 67.8 (25.1) 86.0 (47.0) 12 (34%) 
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Δ EUI (kBtu/ft2/yr) 
Figure 2.  Example comparison of the difference in EUI between LEED and matched CBECS 
buildings.  This example is for the analysis involving high+medium+low activity type 
certainty, liberal matching criteria, and non-unique matches.  Each symbol represents one 
building pair, a positive value indicates that the LEED building used more energy per floor 

area than its CBECS counterpart.  Mean Δ EUI = -35.8 kBtu/ft2/yr  (s.d. = 64.9, N = 98) 
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Energy performance of LEED buildings by certification level 

 
None of the main effect ANOVAs or contrasts for EUI or measured % energy 
saved were statistically significant, neither for all medium energy use buildings 
nor office buildings.  For conciseness, the detailed outputs of non-significant 
statistical tests are not presented for this analysis, or the others below. 
 

Energy performance of LEED buildings vs. energy credits received 
 
The only statistically significant regression was for EUI for all medium energy 

buildings (F1,98= 12.8, p≤0.001, variance explained, radj
2= 0.11).  This effect is 

shown graphically in Figure 3.  The regressions for EUI for offices only, and for 
measured % savings relative to modelled baseline for all buildings were not 
statistically significant. 
 

 13



 

 

 
 
 
 
 
 
 
 
 
 
 
 

EUI = -3.4•credits + 83.3

Figure 3.  Measured EUI vs. energy credits achieved, for all medium energy use 
LEED certified buildings in the sample.  Individual building values, and best-fit 
regression line (and equation), are shown. 
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Energy performance of LEED buildings vs. additional commissioning and 
measurement & verification credits 

 
We found no effect of the attainment of either or both credits on EUI, neither for 
all medium energy use buildings nor office buildings. 
 
Discussion 
 
As shown in Table 6, the T-tests, no matter the basis for comparison, 
consistently show that LEED buildings use statistically significantly less energy 
per floor area than CBECS buildings.  The results for all medium energy use 
buildings and for offices only are similar, average savings are in the range 18-
39%, depending on the parameters of the comparison.  There appears to be a 
tendency for the savings to be higher for comparisons that are more conservative 
in terms of matching for age and climate.  Savings also tend to be higher for 
comparisons involving more medium energy use activity types, though the 
certainty in matching activity types between the LEED and CBECS database was 
lower.  Unfortunately, we do not have the data to test these tendencies 
statistically. 
 
However, despite average savings, 28-35% of LEED buildings used more energy 
per floor area than their individually-matched CBECS building.  Further, there 
was no statistically significant relationship between LEED certification level and 
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energy use intensity, or % energy saved vs. baseline.  In other words, LEED 
Silver buildings did not exhibit better energy performance than LEED Certified 
buildings, and LEED Gold/Platinum buildings did not exhibit better energy 
performance than LEED Silver buildings.  This runs counter to the popular 
assumption, and although we found that “higher” certification level was positively 
correlated with number of energy credits received, certification level does depend 
on many other credit categories.  There were, for example, Certified buildings 
that received more energy credits than Gold/Platinum buildings. 
 
However, the evidence for a relationship between energy credits achieved 
(regardless of certification level) and energy outcomes of interest was small.  
There was a relationship in the expected direction for EUI for all medium energy 
buildings, but not for office buildings only, and there was no relationship for either 
building set for measured % savings relative to modelled baseline.  There are 
two points of interest for the regression that was significant.  First, radj

2= 0.11, this 
might seem like a weak relationship, and Figure 3 certainly displays a large 
amount of scatter around the regression line.  However, to put this in perspective, 
the relationship between air temperature and reported thermal comfort is similar 
in size [Schiller et al., 1989].  Clearly, there are many factors beyond air 
temperature that affect perceived thermal comfort, and there are many factors 
that affect actual energy use beyond those that led to achieving LEED energy 
credits.  Second, the equation of the regression line suggests that, as a best 
estimate, a LEED building receiving zero energy credits used 83.3 kBtu/ft2/yr.  
This is at ~14% lower than the CBECS mean.  This might reflect the mandatory 
requirement for LEED buildings to at least meet ASHRAE 90.1, a requirement 
that did not exist for all non-LEED buildings. 
 
The weak relationship between energy performance and energy credits achieved 
extended to commissioning, and measurement & verification credits.  These 
credits might be expected to have a relationship to energy performance, but we 
found no such relationship in practice. 
 
What does all this mean?  Overall, LEED buildings are saving substantial 
amounts of energy compared to conventional buildings.  This is clearly good 
news for society: a general program of building green can be expected to reduce 
energy use per floor area by upwards of 20%.  However, despite these average 
savings, 28-35% of LEED buildings are actually using more energy than their 
conventional counterparts.  While this might not be a problem for society, it is 
clearly a problem for the owner/operators of these individual buildings, who are 
not realising the energy performance that they (presumably) expected.  Further, 
the energy-related credits that people are striving for seem to have little relation 
to measured energy performance.  So, on average, the process of thinking and 
building green saves energy, but the specific measures for which energy credits 
are awarded do not necessarily meet their intent.  These factors might raise 
questions for the credibility of green building rating systems, which could 
jeopardise the overall societal benefits. 
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In addition, there are reasons why green buildings can be expected to command 
higher real estate values, including their predicted lower energy use and other 
operating costs, expectations of higher organizational productivity for tenants, 
and image [Fuerst & McAllister, 2008].  Analysis of commercial real estate 
financial data provides some support for this hypothesis.  Fuerst & McAllister 
[2008] conducted a regression analysis of more than 3000 US commercial 
buildings (80% offices), of which more than 500 were designated green (Energy 
Star [EPA, 2008] or LEED certified).  They controlled for confounding factors 
such as vacancy rate, building age, size, and location, and found a statistically 
significant, positive effect of green buildings on rental rates and sales 
transactions.  The significant effects remained when Energy Star and LEED 
buildings were entered into the regression model separately.  The regression 
model coefficients suggested that LEED buildings commanded a 9.2% higher 
rent, and a 31% higher sale price.  Other recent and similar analyses [Eichholtz 
et al., 2008; Miller et al., 2008] drawing on the same large database as Fuerst & 
McAllister, also find a statistically significant positive effects for Energy Star 
buildings, but only non-significant positive trends for LEED buildings.  These 
analyses are hampered by the relatively small number of LEED buildings in the 
sample, compared to the large variability between buildings.  The relevance to 
this paper is that part of the allure of LEED buildings contributing to higher real 
estate values is the assumed better energy performance, if this assumption 
proves false for a given building, it is likely that the real estate benefits will 
diminish. 
 
It is important to recognise that these conclusions are drawn from a dataset with 
many limitations.  First, the LEED building data comes from early years of 
operation, perhaps the first year, during which “teething problems” or unusual 
start-up operations will inevitably occur.  Second, we have a relatively small 
sample size, particularly when looking at office buildings only, or in the more 
conservative comparisons to the CBECS database.  The CBECS comparisons 
are further complicated by differences in building/climate/performance 
descriptors.  Sample size is a particular concern when there is large variability in 
the data, as there inevitably is in building energy data.  Building-to-building 
comparisons, as well as comparisons between buildings and their own baselines 
and modelled performance, can be clouded by a host of on-the-ground design 
and operational issues.  The studies referred to in the Introduction suggest the 
following key (but by no means inclusive) factors: 

- The occupancy hours differ from those in the initial design assumptions 
- The final as-built building differs from the initial design 
- Experimental technologies do not perform as predicted 
- Plug loads are different than assumed 
- The building has not been commissioned properly, and a knowledge 

transfer gap exists between the design team and end users 
Further, Fuerst & McAllister [2008] note that LEED-certified buildings have a 
higher proportion owner-operators, and particularly public-sector ownership than 
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commercial buildings generally, and thus may also have systematic feature 
differences compared to the general population of buildings.  Follow up work on 
the energy performance of green buildings should gather more data on all of 
these issues, as potential explanations of unexpected performance. 
 
The original NBI analysis has been criticized by some, in particular for comparing 
LEED median EUI values to CBECS means, and for comparing relatively new 
LEED buildings to CBECS buildings from all vintages [Malin, 2008].  Our analysis 
addressed the first issue, and partially-addressed the second.  In our analysis 
phases we did not rely on comparison of averages of any sort to determine if 
there was an effect, we compared individual building values in sample population 
statistical tests of significance.  If a test was significant, we always compared 
sample means as a measure of the size of the effect.  In our T-tests of matched 
buildings, we did not allow matches from the CBECS database from years earlier 
than 1990 (liberal match) or 2000 (conservative match).  All tests featuring 
conservative matches were statistically significant, with differences in means 
between the matched LEED and CBECS buildings similar or larger in size to the 
more liberal tests.  Nevertheless, even the CBECS sample after 2000 is, on 
average, a couple of years older than the LEED sample.  It remains possible that 
newer non-LEED buildings will have better energy performance than the current 
CBECS sample, due to general improvements in building design and operation.  
Critics also noted that the average LEED building was much larger than the 
average CBECS building.  We addressed this concern in out T-tests of matched 
buildings by requiring that matched buildings not differ in floor area by more than 
50%; as a result, the difference between the mean floor area in each of the 
matched building sets was no greater than 10%, and these differences were only 
statistically significant for the liberal tests.  One criticism that we do not have the 
data to address is that of self-selection in the LEED sample.  Building 
owners/operators participated voluntarily (of 552 LEED certified buildings that 
could have been in the sample, data for only 121 was provided), and it is 
possible that that those who thought they exhibited better performance would be 
more likely to participate.  Therefore, we recommend that these findings should 
be considered as preliminary, and the analyses should be repeated when longer 
data histories from a larger representative sample of green buildings are 
available. 
 
Despite these concerns, this is the best data we have so far with which to explore 
if green buildings are delivering on energy savings.  The answer appears to be 
“Yes, but …”, which is likely no surprise to green building advocates.  There are 
some things in green building performance that need to be improved, but there is 
enough encouraging news to suggest improvements are worth pursuing.  In this 
context, research work such as this is simply a necessary part of evolving the 
green building process from "good to better".  The results suggest that the 
energy credit scheme needs to be refined so that it delivers more reliable 
performance at the individual building level.  One direction for investigation is the 
definition of an appropriate baseline for a given building, at present there is little 
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correlation between measured energy savings vs. this baseline and the energy 
credits received, which are based on predicted savings vs. this baseline. 
 
These results do highlight the importance of investigating the post-occupancy 
performance of buildings.  There is clearly no meaningful way to refine green 
building rating schemes so that they become more reliable without measured 
performance data.  This work focussed on energy performance, but a similar 
post-occupancy evaluation process should be followed for other aspects of green 
building performance, such as indoor environment quality and water use.  In the 
longer-term, if and when post-occupancy evaluation becomes routine, it may be 
wise for green building certification to require not only sustainable design intent, 
but also demonstrated sustainable performance after the building is built and 
operating. 
 
Conclusions 
 
Analysis of measured energy use data from 100 LEED certified buildings yielded 
the following key findings: 

• On average, LEED buildings use 18-39% less energy per floor area than 
their conventional counterparts. 

• However, 28-35% of LEED buildings use more energy than their 
conventional counterparts. 

• Further, the measured energy performance of LEED buildings has little 
correlation with certification level of the building, or the number of energy 
credits achieved by the building at design time. 

Therefore, at a societal level, green buildings can contribute substantial energy 
savings, but further work needs to be done to define green building rating 
schemes to ensure more consistent success at the individual building level. 
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