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2012 State Residential Sector  
Energy Efficiency Grades  
Based on the State Energy Data System (SEDS) data of the Energy Information Administration 

 

Residential sector total delivered energy use in the United States, as shown in the above 
figure, has remained remarkably stable since 1970, despite population growth.  Energy 
was inexpensive until the early 1970’s and the Oil Embargo.  The resulting oil price 
shock and aftereffects lasted until 1990.  The dip in 2012 in the figure above is the result 
of switching here from 5-yr to 1-yr intervals in the data, with weather effects showing, 
but by 2013 the total energy use was back up and about the same as in 2011.  

Projections by the US Department of Energy (DOE) show total residential sector 
energy use in the year 2040 to be 11.6 quad/yr, only slightly more than the 11.4 quad/yr 
in 2013.  (A quad is a quadrillion Btu, and quadrillion is a million billions.) 

One effect of the oil price shock was that fossil fuel use — oil and natural gas — was 
reduced in response to the increase in prices, and use of electricity increased, since 
electric prices did not increase as much.  Increased use of electricity increases primary 
energy use, since the main difference between primary energy and delivered energy is the 
inclusion of losses for electricity generation, transmission, and distribution in primary 
energy values. 

If air emissions are a primary concern, primary energy use is more closely related to 
air emissions than delivered energy.  Since U.S. population has been increasing, total 
primary energy use and air emissions have been increasing until recently (see figure 
below). 
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If desired policy is to reduce total air emissions resulting from residential sector 
energy use in the United States, then some consideration should be given to trying to 
influence states to reduce their total residential sector primary energy use.  Current DOE 
policies have some minimal state interaction, but there are NO current means in place to 
establish incentives for states to specifically reduce total residential sector energy use.  
The primary federal government focus is the individual building or individual home. 

Previously, total buildings sector — residential and commercial buildings considered 
together — energy conservation grades were developed for all 50 states for the years 
2004 and 2009: 

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

This working paper presents results of energy performance scoring modeling of 
residential sector energy use for all 50 states and the District of Columbia for the year 
2012.  Energy performance scoring (rating) systems for individual buildings have been in 
use since the 1990’s.  In recent years, there has been growing recognition that the entire 
buildings sector must see improvement in energy performance if any real progress is to 
be made.  As a result, energy performance rating has begun to be legally required for 
many existing buildings, although only a small portion of the US residential sector is 
affected.   

The analysis method used to model energy performance of state residential sectors is 
called multiple-parameter linear regression, a statistical method.  There are other methods 
that could be used, but experience has shown that multiple linear regression best meets 
the need, especially for populations of buildings.1  The Energy Star ® performance rating 
system (PortfolioManager performance scoring under energystar.gov) is based on 

                                                 
1 Readers can consult the report Investigation of Metered Data Analysis Methods, 1989, 

Section 2.1.  http://epminst.us/ORNLproducts/CON-279.htm  
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multiple linear regression results for several discrete specific populations of buildings.  In 
order to use regression analysis on sectors that use multiple fuels, primary energy is 
easier to analyze than delivered energy.  In the United States, there are statistically 
significant differences between populations of buildings that are all-electric and those 
that are not IF delivered energy is used for the calculations.  If primary energy is used, 
the difference is not significant.  For performance measurement based on statistical 
methods, unacceptable biases can be introduced if there are statistically different groups 
pooled together in the analysis.  Other means could be tried to overcome the difficulties 
of using delivered energy to develop sectoral energy performance scoring methods, but 
the use of primary energy is simpler at this time. 

Performance Scoring Model 
A residential sector energy use (or energy efficiency) scoring model for the states and DC 
that adjusts for weather is presented here for the year 2012.  This model can be used for 
any year, since it adjusts for weather, if the weather and other input data for the year to be 
scored are used in calculating a score.   

The U.S. Energy Information Administration (EIA) of DOE develops and stores a 
wide range of data on energy topics such as production, stocks, usage, imports, exports, 
and prices.  Of interest here for analyzing residential sector energy performance is the 
State Energy Data System (SEDS), with historical energy use breakouts for end-use 
sectors for each state (the previous figures are based on SEDS data).   

For the residential sector, one key normalization factor is population, which can be 
used to bring the energy used to the basis of how much per person.  Another common 
factor used to normalize buildings energy use is floor area, but the levels of uncertainty in 
measuring and defining the floor area values to be used2 are large compared to 
uncertainties in population.  Using floor area to normalize energy allows larger homes to 
have lower normalized energy (increasing the floor area of a home decreases the 
normalized energy use quantity of energy use per unit of floor area).  Conversely, small 
homes are penalized.  Floor area will not be used here.  The decision here is that using 
population provides more meaningful information than using floor area for sectoral 
energy performance measurement. 

Weather is one major factor that affects energy performance, and many people wish to 
take weather influences out as much as possible when evaluating energy performance of 
buildings.  Weather affects heating and cooling energy use, but the energy used for 
heating is different than the energy used for cooling. 

                                                 
2 In detached dwellings, the complications over whether to use heated floor area, gross floor 

area, cooled floor area, conditioned floor area, or other value are problem enough, but confusion 
over what to do with basements, attached garages, partially finished attics, partially conditioned 
sunrooms or porches, etc., becomes fairly convoluted.  In multifamily buildings or apartment 
blocks the complexity and potential confusion over what value to use increases even more.   
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Degree-days are a means of summing up outdoor temperature effects (outdoor 
temperature is by far the main weather influence parameter of interest) on heating and 
cooling over time.  The degree-days used here are obtained from the National Climatic 
Data Center (NCDC), and are the population-weighted degree-days in 2012 for each 
state, both heating and cooling, with a base temperature of 65 F (readers can consult 
http://degreedays.net, “Degree days for beginners,” for information on degree-days).  
Additional complexity occurs in that the degree-day effects must also be per person, so 
the degree-days are multiplied by population. 

The scoring model is based on total residential sector primary energy use of all 50 
states plus DC, using the SEDS data for 2012. The analysis employs multiple linear 
regression of total residential sector primary energy (derived from the SEDS data) on: 

1. Population (per-capita energy use effect), thousands 
2. Population-weighted heating-degree-days TIMES population PLUS 

population-weighted cooling-degree-days TIMES population (combined 
degree-day effect), divided by one million 

3. Ratio of delivered energy to primary energy TIMES population (proxy 
used to adjust for the difference in heating degree-day and cooling 
degree-day effects) 

4. Population-weighted heating-degree-days TIMES population-weighted 
cooling-degree-days TIMES population (cross-product to adjust for 
correlation of heating and cooling degree-days) , divided by one billion 

The combined degree-days are used since the disparity between cooling-dominated 
climates and heating-dominated climates is so large, leading to poor correlations if used 
separately.  However, 20 years of experience in developing such models leads to the 
observation that the coefficient for cooling degree-days is typically larger (even twice or 
more) than the coefficient for heating degree-days when modeling primary energy, so by 
combining the degree-days in one parameter, a bias in favor of heating-dominated 
climates is introduced in any performance scoring to be done. 

Parameter 3 in the list above is introduced to try to offset this heating climate bias as 
reasonably as possible.  Further scoring model development may find more elegant 
means of achieving this objective. 

Since the population-weighted heating and cooling degree-days are somewhat 
correlated (R-square about 0.75), parameter 4 is introduced to adjust for this correlation. 

The regression model predicts an “average” performance relative to all 50 states plus 
DC for the year 2012 statewide residential sector primary energy use.   The prediction of 
expected primary energy use for each state (the expected value for average performance) 
is divided by the SEDS-derived 2012 total residential primary energy use for each state to 
calculate a performance scoring figure of merit.  The scoring value for each state can be 
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divided by the highest score and multiplied by 100 to adjust the scoring to a “grade” with 
the highest score of 100. 

Previous work on state-level energy performance normalizations has shown that 
Hawaii is much different than the rest of the states when it comes to energy use in 
buildings.  Anyone who has been there will have some understanding of why heating and 
cooling of residences is mostly non-existent and why energy use is low.  Hawaii must be 
dropped from the scoring scale because it is a statistical outlier using certain 
nonparametric measures of being an outlier.  Hawaii’s score approaches 200 after it is 
dropped from the scoring scale directly, and in the approach here, Hawaii receives a score 
of 100 out of 100 by default. 

The residential sector energy performance “grade” for each state is generally reflective 
of the price / cost of energy in each state, with lower-cost states generally not doing as 
well, and higher-cost states doing better (“cost” might be relative to income).  From a 
policy perspective, this result is not necessarily “bad.” 

Scoring Model Results 

The scoring model is based on a linear, ordinary least squares regression of the 
population and weather normalization parameters against the dependent parameter of 
total annual primary energy use in 2012 for each state and DC, N = 51. 

In the initial regression, parameters 1, 2, and 3 are significant at better than 0.0001, 
and parameter 4 is significant at the 0.009 level, while the intercept is not significant 
(p=0.15).  The intercept is 11.8 Trillion Btu, and it is preferable to eliminate the intercept 
(force it to zero) in order 
to prevent unacceptable 
bias upward for small 
states. 

In the revised 
regression with no 
intercept, there are slight 
changes in the parameter 
coefficients, but overall 
the model is much the 
same, with a little higher 
effect going to degree 
days.  The significance of 
parameter 4 reduces 
slightly.  R-square and the F-statistic are technically not defined, but they can be 
estimated.  Statistical results are summarized in the table here (TBtu = trillion Btu). 

 

A Dependent Parameter 
Total primary energy 

use in 2012 

B 
# of observations 51 

Model adjusted R-square ~ 0.99 

Model F Statistic ~ 1177 

 Model Significance < 0.0001 

C 

Parameter 
Model 
Coefficients 

T value Significance 

Intercept (forced to 0)   

Population (000s) 0.05227  TBtu/yr 13.56 < 0.0001 

Parameter 2 0.00782  TBtu/yr 10.70 < 0.0001 

Parameter 3 –0.07117 TBtu/yr 12.08 < 0.0001 

Parameter 4 0.00170  TBtu/yr 2.67    0.0103 



Page 6 February 2016   

Model R-square of 99% indicates the linear model is appropriate and estimation of the 
combined effects of population and weather should be good.  Without parameters 3 and 
4, R-square drops to about 95%. 

Although some may have a keen interest in understanding relative income impacts of 
this type of model, income effects might be better modeled separately from population 
and weather effects, where income effects are handled in a second stage that is state-
specific, and geared toward state programs and resources. 

State numerical “grades” are presented in the following table, along with 
corresponding letter grades similar to school subjects.  After Hawaii, Alaska had the 
highest score.   

State 
Performance Grade

Numerical Letter

Alabama 71 C
Alaska 100 A+
Arizona 92 A-
Arkansas 74 C
California 81 B-
Colorado 87 B+
Connecticut 71 C
Delaware 81 B-
District of Columbia 91 A-
Florida 79 C+
Georgia 71 C-
Hawaii 100 A+
Idaho 85 B
Illinois 79 C+
Indiana 75 C
Iowa 89 B+
Kansas 79 C+
Kentucky 70 C-
Louisiana 68 C-
Maine 84 B-
Maryland 81 B-
Massachusetts 75 C
Michigan 74 C
Minnesota 94 A
Mississippi 73 C
Missouri 73 C
Montana 78 C+
Nebraska 83 B-
Nevada 92 A-
New Hampshire 87 B
New Jersey 76 C
New Mexico 85 B
New York 85 B
North Carolina 78 C+



Page 7 February 2016   

State 
Performance Grade

Numerical Letter

North Dakota 83 B-
Ohio 73 C
Oklahoma 76 C
Oregon 80 B-
Pennsylvania 78 C+
Rhode Island 72 C
South Carolina 74 C
South Dakota 89 B+
Tennessee 73 C
Texas 87 B
Utah 99 A+
Vermont 74 C
Virginia 78 C+
Washington 77 C
West Virginia 64 D+
Wisconsin 89 B+
Wyoming 81 B-

 

Letter grades are also presented on a map in the figure below. 

 

State Residential Sector Energy Performance Grades 
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Scoring Data 
In addition to providing a “grade” on sectoral energy performance, the raw scoring results 
also allow calculations of reductions in total primary energy use needed to achieve 
improved scores.  The table below lists the calculated “average” primary energy use 
expected to be used in the residential sector for each state (Modeled Primary) based on 
the scoring model.  The Scoring Ratio is the Modeled Primary energy divided by the 
SEDS-derived sectoral energy for 2012.  Alaska was set to 100, so if a state wanted to 
score 100, the modeled primary energy would need to be 1.242 times the actual energy 
used.  Similarly, since Arizona scored 92, the ratio would need to be 1.147 to achieve a 
score of 92. 

State Grade 

Modeled Primary 
Energy, Trillion 

Btu 

2012 Primary 
Energy, 

Trillion Btu 
Scoring 
Ratio 

Alabama 71 298 338 0.883 

Alaska 100 68 55 1.242 

Arizona 92 442 386 1.147 

Arkansas 74 204 222 0.920 

California 81 1,473 1,472 1.001 

Colorado 87 365 337 1.082 

Connecticut 71 208 234 0.886 

Delaware 81 62 62 1.001 

District of Columbia 91 40 35 1.136 

Florida 79 1,127 1,146 0.983 

Georgia 71 590 672 0.878 

Hawaii 100 75 38 1.967 

Idaho 85 122 117 1.051 

Illinois 79 903 915 0.987 

Indiana 75 487 520 0.936 

Iowa 89 248 224 1.107 

Kansas 79 217 221 0.985 

Kentucky 70 314 361 0.870 

Louisiana 68 286 339 0.842 

Maine 84 84 81 1.040 

Maryland 81 404 401 1.007 

Massachusetts 75 379 409 0.926 

Michigan 74 648 702 0.924 

Minnesota 94 436 373 1.168 

Mississippi 73 176 194 0.910 

Missouri 73 448 491 0.912 

Montana 78 78 81 0.964 

Nebraska 83 152 147 1.033 

Nevada 92 177 155 1.141 

New Hampshire 87 88 81 1.077 

New Jersey 76 522 552 0.944 

New Mexico 85 123 116 1.059 

New York 85 1,085 1,024 1.060 

North Carolina 78 656 676 0.970 

North Dakota 83 66 64 1.029 

Ohio 73 787 864 0.911 
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State Grade 

Modeled Primary 
Energy, Trillion 

Btu 

2012 Primary 
Energy, 

Trillion Btu 
Scoring 
Ratio 

Oklahoma 76 275 290 0.947 

Oregon 80 245 246 0.994 

Pennsylvania 78 841 867 0.971 

Rhode Island 72 53 60 0.891 

South Carolina 74 314 340 0.923 

South Dakota 89 72 65 1.106 

Tennessee 73 453 498 0.911 

Texas 87 1,718 1,599 1.075 

Utah 99 198 161 1.232 

Vermont 74 34 37 0.924 

Virginia 78 563 580 0.971 

Washington 77 457 480 0.953 

West Virginia 64 125 159 0.790 

Wisconsin 89 438 397 1.104 

Wyoming 81 45 45 1.001 

 

Usage 

If performance comparisons among states are desired, modeling of performance in order 
to obtain a measured performance score can offer some benefits: 

1. Energy performance of states can be compared with increased confidence, 
although there are likely to always be complaints about scores and 
methods 

2. Improvements in performance scores can be used as goals 

3. Relative performance of states might be used to determine levels of 
incentives or types of incentives that are offered 

4. If the credibility of the performance scores is reasonably good, the scores 
can provide some political motivation for action 

 

The performance measurement methods here are intended to allow readily 
understandable large-scale measurement of the energy performance of the residential 
sector.  Use of these methods allows initial development of a program foundation for 
achieving large-scale energy use reductions in the residential sector.  Or at least to begin 
to speak clearly about energy performance on a wider scale.   

 


