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Multifamily Building Energy Performance Scoring Tool 
Technical Methodology 

The technical methodology for a new energy performance scoring tool for multifamily 
buildings was released for testing in August 2012.  Feedback from testers indicated 
desirable improvements, and this second version of the tool is documented here.  The tool 
generates a score that is a type of external benchmark, to allow relative comparisons of 
multifamily buildings energy use.  The score is a value from 1–100, with higher scores 
using less energy.  The scoring model is based on data for multifamily dwelling units in 
buildings having five or more (5+) units in the 2005 Residential Energy Consumption 
Survey (RECS) public use data. 

Release 

Second Release for Testing at-large:  September 25, 2012, Energy Performance 
Measurement Institute (EPMI) 

ASHRAE Standard 105-2007 Form 4 Information 

ASHRAE Standard 105-2007, Standard Methods of Measuring, Expressing and 
Comparing Building Energy Performance, is intended to improve methods of reporting 
the energy performance of buildings.  One of the elements provided by the standard is a 
means of specifying a building energy performance comparison method (Form 4), such 
as the performance scoring method reported here. 

The data base used to develop the scoring model is the 2005 RECS public use microdata. 

http://www.eia.gov/consumption/residential/data/2005/#microdata 

This report provides the documentation of the analytical methods used to develop the 
energy use comparison method. 

TYPE of COMPARISON METHOD:  __XX___ Documented   _____ Ad hoc/Undocumented 

TIME PERIOD:           __XX___ Annual   _____ Other—Specify: __________________ 
NAME of COMPARISON METHOD:    Multifamily Energy Performance Scoring Tool   

 

Performance Comparison 
Value(s) 

Type of Value 
(numeric scale, 
grade, other) 

Range of 
Performance Scale 

(Worst to Best) 

Units of 
Performance 
Scale (or N/A) 

Score on total source 
energy use per dwelling 
unit 

Numeric scale 0 – 100 N / A 
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Documented 
Comparison 
Access 
Information 

Access point of report describing 
analytical methods 

URL or other:  http://epminst.us/mf_eps/MF_EPS.htm 

Access point of comparison data 
base used for analytical method 

URL or other: 
http://www.eia.gov/consumption/residential/data/2005/#microdata 
 

 

Comparison Data Basic Statistics, weighted, N = 624 

Comparison Factor 
Name/Description Units Mean Median Maximum Minimum 

Total floor area per dwelling Square feet 869 803 4071 169 
Occupants per dwelling (up to 6) # of people 2.04 2 6 1 
Heating degree-days, 65 F base HDD65 3851 4546 9041 0 
Cooling degree-days, 65 F base CDD65 1666 1364 5518 10 

“Weighted” means the RECS survey weights are used in the calculations. 

Data Filters Used for Analysis  

Comparison Factor Name/Description Units Filter Criteria 
Type of dwelling N/A typehuq = 5 (5+ MF) 
Tail trim based on Ln of source energy use per 
sq ft of floor area Ln(EUI) Mean +/- 2-sigma kept 

Analytical Data Base 

There are 4382 observations in the 2005 RECS microdata used.  Of these data, there are 
655 observations for typehuq = 5 (Apartment in a building with 5 or more units).  These 
655 records were modified further by converting energy use to source energy using the 
Energy Star® conversion factors. 

http://www.energystar.gov/ia/business/evaluate_performance/site_source.pdf?7942-285e 

Following conversion to source energy, the energy use index (EUI) was calculated as 
total annual source energy divided by total floor area.  The data base was filtered further 
by selectively deleting observations where the natural log of the EUI was more than two 
standard deviations outside the mean.  This tail trimming removed 31 observations 
(4.7%) for a data set size of 624.  Discussion of the tail trim is presented in the next 
section. 

The weighted skewness of source EUI in the unfiltered set of 655 MF5+ observations is 
4.1, indicating a highly skewed (off-normal) data set. The weighted skewness in the 
filtered data set is 1.16, indicating much less skewed and closer to normal.  The skewness 
of total source energy used in the unfiltered data is 2.3, while for the filtered set is 1.16. 
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Examination of the data distributions and consideration of ease of understanding of the 
underlying scoring model led to the selection of total source energy used per dwelling 
unit as the dependent parameter in the scoring model. 

Dependent Parameter, N = 624 Units Mean Median Maximum Minimum 
Total source energy per dwelling unit MMBtu/yr 111.8 100.8 293.5 16.6 

Tail Trim 

The tails of the RECS MF 5+ data set were trimmed to remove extended outliers and also 
to provide the first assurance of reasonable consistency in the data.  Tails were trimmed 
based on the natural log of the source energy EUI (energy use index).  The trimmed data 
set includes all data within the range of the mean of the natural log of the EUI, plus or 
minus two standard deviations.  With the EUI in kBtu per sq ft per year, the mean of 
Ln(EUI) is 4.809, and the range of the Ln(EUI) values included is 3.685 < Ln(EUI) <  
6.008.  The weighted skewness of Ln(EUI) for the unfiltered data is 0.08, and for the 
filtered data is –0.02. 

The primary reasons for the tail trimming are: 

1. For a simple external benchmark scoring tool, the tail trim primarily affects scores 
above 90 and below 10, and for purposes of comparing scores, there is much less 
concern about scores at the ends of the distributions.  In other words, if a building 
scores well (85 or better), there are severely diminishing returns in being overly 
concerned about improving the score.  If a building does poorly (less than 20), 
there should be a wide range of improvements needed, and the actual value of the 
score is not particularly meaningful. 

2. In any given random set of energy use data for a population of buildings, analysis 
and experience have shown that there are 2–5% of the observations that have bad 
data or have peculiar activities (high vacancy level, construction, etc.).  Such 
observations should not be included in performance scoring model development.  
However, since weeding out the bad data is sometimes not possible, or too time 
consuming, a tail trim is a more expedient method of simplifying the analysis and 
improving results. 

Basic Use Considerations 

The scoring model was kept simple, since this tool is a first of a kind and is primarily 
being released for testing.  The fundamental normalization in the scoring is to use total 
source energy per dwelling unit as the dependent parameter.  The tool is implemented as 
an Excel file, with sheets (or pages) for: 

1. Title Page, with zip code and degree-day entry 
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2. Energy use conversion and summing of annual fuel(s) use to source energy  

3. Energy value calculations and energy performance score 

The scoring tool is mostly protected, with some data sheets hidden from view.  More 
detailed information on the tool is presented in the following sections. 

Scoring Model 

The scoring model secondary normalization parameters (independent variables) selected 
for the scoring model are: 

1. Total floor area average per dwelling unit (total building multifamily floor area 
divided by the number of dwelling units in the building), square feet 

2. Average number of people living in each dwelling unit (total number of building 
occupants divided by the number of dwelling units), # of people but not greater 
than six (values greater than 6 are not allowed). 

3. Heating degree-days, base 65 F, per year matching the energy use data, or 
optionally for the closest typical meteorological year station (TMY3) 

4. Cooling degree-days, base 65 F, per year matching the energy use data, or 
optionally for the closest typical meteorological year station (TMY3) 

The primary normalization is the use of per-unit values.  Basic information on modeling 
analysis for benchmarking residential energy use can be found in “Benchmarking 
Residential Energy Use,” Proceedings of ACEEE 2000 Summer Study on Energy 
Efficiency in Buildings, Washington, DC: ACEEE, pp 1.175-1.185.  
http://www.aceee.org/proceedings-paper/ss00/panel01/paper15 

Regression Model 

The scoring model is based on a linear, weighted, ordinary least squares regression of the 
secondary normalization parameters against the dependent parameter of total annual 
source energy use per dwelling unit, using the filtered data set, N = 624. 

In the initial regression, all model parameters are significant at better than 0.0001, but the 
intercept is both negative and not significant.  Total adjusted R-squared for this cross-
sectional model is 0.32, which is good for this type of data and model.  The regression 
was modified to have no intercept, which reduced all the parameter coefficients slightly.  
The R-squared for the modified regression is approximately the same as for the 
regression with an intercept (although strictly speaking it is undefined). 

The model also provides national averages for the effects of the model parameters, e.g., 
about 40.8 kBtu/yr (of source energy) per square foot of dwelling unit floor area, and 
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11,893 kBtu/yr per person, with heating and cooling degree-day effects separate.  
Modeling results are shown in the next table. 

Weighted Regression Modeling Results 
Dependent Parameter Total source energy use per year per dwelling unit
# of observations  624 
Model adjusted R-square ~ 0.32 
Model F Statistic ~ 75 
Model Significance < 0.0001 
 Model 

Coefficients 
Standard 

Error T value Significance 

Intercept (forced to 0)    
Floor area per unit 40.766 kBtu/yr 4.66 8.75 < 0.0001 
# of people per unit 11,893 kBtu/yr 1,447 8.22 < 0.0001 
HDD65 6.37 kBtu/yr 0.68 9.37 < 0.0001 
CDD65 15.92 kBtu/yr 1.49 10.66 < 0.0001 

All model coefficients are developed from dwelling-unit values.  The regression is 
weighted using the RECS survey weights, NWEIGHT. 

Scoring Method and Distribution 

The final regression model (presented in the table in the previous section) predicts 
average source energy use per dwelling unit, for the specific characteristics of floor area, 
occupants, and degree-days.  The regression model “adjusts” (or predicts) the average for 
these characteristics. Some buildings in the RECS data sample use more energy per 
dwelling unit than average, while others use less. The scoring parameter is the ratio of 
actual to predicted average energy use: 

Energy Performance Scoring Ratio = Actual Source Energy / Predicted Source Energy 

A lower ratio indicates that a building uses less energy than average (predicted), which is 
translated to a higher energy 
performance score. A higher 
ratio indicates the opposite. 

The weighted distribution of 
the scoring ratios for the 624 
RECS observations used in 
the analysis is used to 
calculate percentile values of 
the ratio (each percentile 
through 100).  These 
percentile values can then be 
used as the performance 
“score” for a particular ratio 
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value, as shown in the figure (RECS-based).  These values are changed to an inverted 
scale (lower ratio is a higher score).  The curve was smoothed and the tails were 
expanded, as explained in the next section. 

Curve Smoothing and Tails Expansion 

Even with over 600 observations, the weighted ratio distribution curve has some 
irregularities.  The scoring curve was modified slightly by applying local regression 
smoothing (LOESS) and adding dummy values to the tails to modify scoring above 95 
and below 5.  This modification to the tails means scores below 5 require higher ratios 
and scores above 95 require lower ratios than found in the filtered RECS data with tails 
trimmed.  The modified curve is shown in red (solid line) in the distribution scoring 
figure. 

Complaints about trimming tails and then expanding tails can be valid, but this method 
achieves the results desired here.  As the scoring distribution figure demonstrates, the 
modifications are slight, and scores above 95 now require better performance, and scores 
below 10 are a problem regardless.  A score of 100 will be nearing, or even at, zero-
energy use (check the lookup table section).  Scores from 60 down to 10 were raised 
slightly by the smoothing, and this adjustment appears to be appropriate to a more 
uniform distribution.  The modified curve (Tail expanded) displays the scoring lookup 
table values. 

Results from Extensive Testing of a Residential Energy Performance 
Scoring Tool 

The Home Energy Yardstick (part of Energy Star) allows users who have the last 12 
months of utility bills for their house to compare their home’s energy use to the predicted 
average energy use for similar characteristics, based on a regression model for single-
family homes in the RECS data.  The scoring distribution is mapped to a 1–10 scale. 

https://www.energystar.gov/index.cfm?fuseaction=HOME_ENERGY_YARDSTICK.showGetStarted 

The Yardstick was tested extensively when first introduced, and potential issues with 
such scoring models may be of interest to users of this tool.  A paper on these testing 
results is, “A Yardstick Consumers Use to Measure Home Energy Performance,” 
Proceedings of ACEEE 2002 Summer Study on Energy Efficiency in Buildings, 
Washington, DC: ACEEE, pp 1.103-1.114.   
http://www.aceee.org/proceedings-paper/ss02/panel01/paper09 

The tool for multifamily buildings described in this report is still being tested, and no test 
results are available yet.  The paper on the Yardstick testing should give some insight into 
issues that may need consideration when using this tool and examining the results 
produced. 
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State-Based Buildings Sector Adjusted Scores 

This second version adds a new state-based adjusted score that uses previously developed 
buildings sector energy conservation grades for each state, where documentation on the 
methodology and results for these grades can be found at: 

http://epminst.us/states/st04ecgrade.htm 

The buildings sector includes residential plus commercial sector energy in this previous 
analysis.  The grades are presented as both letter and number grades.  The number grades 
for the states ranged from 65 to 100, with an average score of 80.8.  The adjustment 
formula is: 

State-Adjusted Lookup Value  =  Lookup Value  x  [ 2 – State Grade / 80.8 ] 

Every value of energy performance ratio in the lookup table is adjusted using this formula 
to a new state-adjusted lookup table.  States with a grade higher than 80.8 have scores 
adjusted down, and those with grades lower than 80.8 have their scores adjusted up.  
Users can decide how much value to place on these state-adjusted scores.  A fifth page 
with a graphic representation of these state grades can also be viewed in the Excel file, as 
shown below. 
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Lookup Table 
The lookup table lists the cutoff scoring ratio for each percentile “score.”  

Energy Performance Score Lookup Table for Multifamily Buildings 
Score  EP ratio  Score  EP Ratio 

100 0.0997 50 0.9328 
99 0.1939 49 0.9420 
98 0.2616 48 0.9484 
97 0.3484 47 0.9557 
96 0.4141 46 0.9643 
95 0.4551 45 0.9738 
94 0.4837 44 0.9844 
93 0.5024 43 0.9974 
92 0.5233 42 1.0111 
91 0.5408 41 1.0221 
90 0.5573 40 1.0349 
89 0.5693 39 1.0527 
88 0.5898 38 1.0686 
87 0.6060 37 1.0767 
86 0.6207 36 1.0884 
85 0.6313 35 1.0974 
84 0.6433 34 1.1096 
83 0.6535 33 1.1184 
82 0.6596 32 1.1316 
81 0.6675 31 1.1417 
80 0.6764 30 1.1541 
79 0.6820 29 1.1651 
78 0.6904 28 1.1803 
77 0.6959 27 1.1896 
76 0.7057 26 1.2005 
75 0.7121 25 1.2136 
74 0.7204 24 1.2226 
73 0.7272 23 1.2405 
72 0.7358 22 1.2555 
71 0.7453 21 1.2729 
70 0.7567 20 1.2968 
69 0.7678 19 1.3186 
68 0.7779 18 1.3374 
67 0.7879 17 1.3570 
66 0.7954 16 1.3763 
65 0.8045 15 1.3971 
64 0.8144 14 1.4147 
63 0.8231 13 1.4358 
62 0.8299 12 1.4751 
61 0.8396 11 1.5120 
60 0.8476 10 1.5404 
59 0.8550 9 1.6141 
58 0.8608 8 1.6598 
57 0.8679 7 1.7165 
56 0.8771 6 1.7666 
55 0.8845 5 1.8367 
54 0.8925 4 2.0131 
53 0.9021 3 2.3301 
52 0.9112 2 2.5849 
51 0.9216 1 2.7183 

0 2.9663 
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Tool Pages and Use 

The tool is implemented as an Excel file with five sheets or pages that can be viewed and 
which have data entry cells.  Users enter data into the appropriate cells to provide the 
annual energy use and characteristics data to produce an energy performance score.  If 
users do not wish to generate degree-day data for the specific energy use period, an 
approximate score can be generated by entering Typical Meterological Year (TMY3) 
data from US weather stations.  The tool will display TMY3 degree-day data mapped to a 
5-digit zip code, if the zip code is entered (based on 1,004 weather stations).  If no 
cooling is provided, be sure to enter zero for the cooling degree-days. 

URL:  (http://epminst.us/mf_eps/MF_EPS.htm) 

In the figures following, data can only be entered in the yellow areas.  The first sheet or 
page of the tool is the Title Page, with zip code and degree-day entry.  Contact 
information for EPMI is displayed. 

In this second version of the tool, state-based adjustments are possible, using the 
previously developed state-level grading of state-level buildings-sector energy 
conservation.  The zip code entry also generates the state corresponding to the zip code 
on the title page. 

Title Page and Zip Code / Degree‐Day Entry 
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Energy Total Page 

Annual total use for each fuel is entered, and both source and site energy are calculated 
based on the fixed factors displayed.  No attempts should be made to “adjust” the source 
energy results in any way, since the scoring model was developed based on these fixed 
values, but there is one data cell at the bottom that can allow some flexibility of data 
entry.  Decisions to include wood or renewables are up to the user. 
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Score Page 

After the appropriate data are entered in the yellow cells, the per-apartment (per unit) 
calculated values are shown, and the Energy Performance Ratio and the Energy 
Performance Score are calculated.  If a zip code is entered on the title page, a state-
adjusted score is also provided, where the adjustment is based on the 2004 state energy 
conservation grade for the buildings sector in that state (see previous section in this report 
on state-adjusted scoring).  Another cell at the bottom allows the 2-character ID for a 
different state to be entered if the state adjustment for that different state is of interest to 
be displayed. 

In this second version of this tool, both site- and source-based energy use indexes (EUIs) 
for the whole building, in kBtu/sq-ft-yr, are also calculated and displayed. 
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Model Page 

The Model Page displays the calculated values derived from the inputs on secondary 
normalization factors.  The calculated values are summed to arrive at the source energy 
used to calculate the energy performance ratio, which is used to look up the energy 
performance score in the lookup table. 

In addition to the model values, approximate EUI values needed to achieve scores of 50, 
75, and 90 for both the national model and state-adjusted lookups are also calculated. 
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SAMPLE Tool Pages 

Some results are presented in this section for some sample data.  A 32-unit building with 
28,000 sq ft total floor area in Illinois and 41 occupants has an energy use for a year of 
188,000 kWh and 6,580 therms of gas.  The Score and Model page results are shown here 
for reference. 

Score 

 

 

 

 

 

 

 

 

 

 

Model 

 



 

Second Release – 14 – Energy Performance Measurement Institute 

 

Feedback 

Those who test this tool can provide feedback on results or needs to: 

Mike MacDonald  mike.macdonald@epminst.us 

 


