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1. INTRODUCTION 

ComEd contracted with the Opinion Dynamics team to complete a comprehensive end-use 
saturation and penetration study of its residential, and key commercial and industrial 
customer segments, and conduct a behavioral analysis designed to identify energy waste 
associated with inefficient behavioral practices. The goal of this research is to inform 
program planning efforts by identifying gaps in current program measure offerings and any 
energy efficient technologies that have achieved sufficient market saturation to warrant 
exclusion from programs in the future. The behavioral waste analysis further enhances 
program planning efforts by quantifying end-use specific savings that could be achieved 
through the adoption of programs designed to promote efficient behaviors. The combined 
analysis provides energy usage profiles by end-use that disaggregate current energy usage 
into three components: 1) efficient usage, 2) energy waste associated with the use of 
inefficient technologies, and 3) energy waste due to behaviors. 

This report presents the analysis of electricity usage and waste, as well as summary 
penetration and saturation results, for residential customers. This report is organized as 
follows: 

 Section 2: Summary of Key Penetration and Saturation Results. This section presents 
the penetration and saturation data collected in the mail survey and adjusted, where 
necessary, by site visit results. 

 Section 3: Summary of Electricity Usage and Waste. This section provides an overview 
of usage and waste across all end-uses included in this study. 

 Section 4: Methodology. This section presents information about our approaches to 
primary data collection, metering, and the overall usage and waste analysis. It includes 
details about our primary data sampling and weighting methodology, and defines key 
usage and waste concepts used throughout this report. 

 Sections 5 through 12: These sections present the usage and waste analyses and 
summarize key penetration and saturation results. Sections 5 through 10 are organized 
by end-use. Section 11 present an overview of other electric equipment not included in 
this analysis. Section 12 provides general characteristics of ComEd’s customers and 
their homes. 

 Section 5: Lighting 
 Section 6: Cooling 
 Section 7: Electric Space Heating 
 Section 8: Electric Water Heating 
 Section 9: Major Appliances 
 Section 10: Electronics and Computing 
 Section 11: Other Electric Equipment 
 Section 12: General Home and Customer Characteristics 

The summary data tables included in Sections 5 through 12 present penetration and 
saturation data crossed by the following three variables: 
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1. Home Type: The customer’s home type is based on Question A2 of the mail survey 
(“Is your home…”). Home types are grouped as follows: 

 Single family: (1) Mobile home; (2) Single family detached residence; (3) Single 
family attached residence, e.g., a townhouse. 

 Multi-family: (4) Apartment or condominium. 

2. Electricity Usage, by Home Type: Electricity usage is based on 2011 ComEd billing 
data. Within each home type, residential customers are divided into three usages 
groups: 

 High: Customers accounting for the top one-third of electricity usage, within each 
home type. 

 Medium: Customers accounting for the middle one-third of electricity usage, 
within each home type. 

 Low: Customers accounting for the bottom one-third of electricity usage, within 
each home type. 

3. Heating Fuel, by Home Type: The heating fuel is based on ComEd’s residential rates. 
Within each home type, residential customers are divided into two groups: 

 Electric heat includes rates: B90, B91, H90, H91, R90, and R91. 
 Non-electric heat includes rate classes: B70, B71, H70, H71, R70, and R71. 

Each summary table also presents the total number of occupied homes. These numbers are 
slightly lower than the number of ComEd residential accounts and reflect the fact that some 
homes are vacant. Because vacant homes have no or only minimal electricity usage, they 
should not be included when extrapolating the usage and waste results to the population. 

Where fewer than 30 people responded to a question, results are not shown in the summary 
data tables (denoted by “*”) because differences between subgroups with less than 30 
responses cannot be statistically detected. Appendix 3 of this report presents more detail 
about the number of responses for each question as well as significant differences between 
comparison groups. 

Appendix 1 

Appendix 1 is the technical appendix. It provides a detailed discussion of the usage and 
waste calculations for the following end-uses: 

 Lighting 
 Cooling 
 Electric Space Heating 
 Electric Water Heating 
 Major Appliances 
 Electronics and Computing 

Each section presents our technical approach to estimating 1) current electricity usage, 2) 
technology waste, and 3) behavioral waste. The final section of this appendix contains a 
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description of how assumptions about building shell insulation and duct sealing were 
developed. These are important inputs into the cooling and electric space heating analyses. 

Appendix 2 

Appendix 2 contains the primary data collection instruments used for this effort, i.e., the 
2012 Residential Energy Use Survey (or “mail survey”) and the On-Site Data Collection 
instrument. 

Appendix 3 

Appendix 3 contains the detailed mail survey results. Each section in Appendix 3 begins with 
the survey questions, as seen by the responding customer in the mail survey. Mail survey 
data in Appendix 3 has been adjusted by site visit results if 1) the same information was 
collected in both data collection efforts and 2) site visit results were significantly different 
from mail survey results (at 95% confidence) for the same set of respondents. The 
Methodology section provides more information about the mail survey adjustment process 
and the variables that were adjusted.  
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2. SUMMARY OF KEY PENETRATION AND 

SATURATION RESULTS 

A primary purpose of this study was to determine the penetration and saturation of homes 
with key appliances and other electricity using equipment. These two concepts are defined 
as follows: 

 Penetration: A percentage representing the proportion of customers that have one or 
more particular appliance (or other piece of equipment). It is calculated by dividing the 
number of customers with one or more of an appliance (or other piece of equipment) by 
the total number of customers responding to that question.  

 Saturation: A percentage representing how many of a particular appliance (or other 
piece of equipment) exists among all customers. It is calculated by dividing the total 
number of a particular appliance (or other piece of equipment) by the total number of 
customers responding to that question. This percentage is at least equal to, but 
generally higher than the corresponding penetration of a particular appliance, because 
some households will have more than one of the appliance. 

Table 2-1 presents the penetration and saturation data collected in the 2012 Residential 
Energy Use Survey and adjusted, where necessary, by site visit results. In some cases 
(footnoted), penetration and saturation data is sourced directly from site visit data. 

Table 2-1. 2012 Penetration and Saturation 

Appliance/Equipment 
Penetration Saturation 

All SF MF All SF MF 
LightingS 

Incandescent 99% 100% 98% 3,620%  4,738%  1,688% 

CFL 85% 90% 75% 1,090%  1,333%  684% 

Fluorescent tube lighting 64% 72% 49% 460%  653%  128% 

Halogen 47% 50% 40% 344%  365%  309% 

LED 5% 7% 3% 37%  57%  4% 

Cooling 

Central air conditioning units 73% 87% 46% 81% 97% 51% 

Programmable thermostats 44% 47% 35% - - - 

Window units 30% 18% 52% 53% 32% 91% 

Space and Water Heating 

Electric space heating (primary fuel) 10% 4% 24% - - - 

Any electric space heating 33% 28% 42% - - - 

Electric water heating 8% 6% 13% - - - 
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Table 2-1. 2012 Penetration and Saturation (cont.) 

Appliance/Equipment 
Penetration Saturation 

All SF MF All SF MF 
Major Appliances 

Clothes washer (private use) 80% 98% 47% 87% 106% 50% 

Electric clothes dryer (private use) 25% 26% 23% 26% 27% 23% 

Refrigerator 100% 100% 100% 134% 149% 107% 

Secondary refrigerator 30% 42% 7% - - - 

Standalone freezer 31% 40% 13% 32% 42% 13% 

Electric cooktop 23% 19% 30% 23% 20% 30% 

Electric oven 29% 26% 33% 34% 33% 34% 

Dishwasher 67% 75% 54% 68% 75% 54% 

Electronics and Computing A 

Television 98% 99% 96% 252% 286% 187% 

CRT TV 51% 57% 41% 90% 104% 64% 

Flat screen LCD TV 61% 64% 56% 107% 121% 80% 

Flat screen LED TV 21% 22% 18% 31% 34% 25% 

Flat screen plasma TV 13% 14% 12% 17% 19% 15% 

Projection TV 6% 8% 3% 7% 10% 3% 

Cable/satellite box with DVR 59% 64% 49% 93% 106% 67% 

Stand-alone cable/satellite box 43% 46% 37% 72% 83% 52% 

DVR separate from cable/satellite box 14% 14% 14% 17% 18% 15% 

Video game player 44% 47% 38% 59% 64% 51% 

Home theater system B 23% 25% 18% 30% 33% 25% 

Digital TV converter box B 40% 44% 32% 66% 74% 49% 

DVD or VCR player B 62% 65% 58% 85% 89% 77% 

Stereo, CD player, iPod,  or MP3 player B 59% 60% 56% 88% 93% 78% 

TV streaming device B 22% 21% 24% 31% 29% 34% 

Desktop computer 57% 64% 43% 69% 80% 48% 

Laptop/Tablet 64% 66% 62% 103% 110% 91% 

Cordless phone (landline) and/or 
answering machine 62% 71% 45% 100% 119% 63% 

Cell phone charger 93% 93% 92% 168% 176% 153% 
Printer, fax, scanner, copier, or 
multifunction device 

68% 74% 56% 80% 90% 60% 

Copier 19% 22% 14% 20% 24% 14% 
DSL/cable modem, WiFi routers, or 
home network 73% 76% 67% 88% 93% 77% 
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Table 2-1. 2012 Penetration and Saturation (cont.) 

Appliance/Equipment 
Penetration Saturation 

All SF MF All SF MF 

Other Electric Equipment A 

Electronic household air 
cleaner/humidifier 36% 31% 27% 42% 49% 30% 

Dehumidifier 23% 34% 5% 25% 37% 5% 

Hot tub/whirlpool 13% 17% 6% 13% 17% 6% 

Electric-powered exercise equipment 15% 22% 3% 16% 23% 3% 

Aquarium 10% 12% 6% 11% 14% 7% 

Water bed 1% 2% <1% 1% 2% <1% 

Well and/or sump pump 36% 54% 3% 46% 68% 3% 

Microwave B 98% 99% 97% 128% 131% 125% 

Toaster oven B 44% 44% 44% 59% 59% 59% 
Electric cooking appliances (griddle, 
waffle iron, Panini press, etc.) B 

28% 29% 26% 37% 39% 35% 

Slow cooker B 27% 31% 19% 29% 34% 21% 

Electric kettle B 7% 7% 7% 9% 8% 10% 

Breadmaker B 3% 4% 2% 4% 5% 2% 

Coffee maker B 62% 69% 49% 92% 103% 70% 

Rice maker B 9% 8% 12% 12% 10% 15% 

Air compressor B 9% 13% 1% 10% 14% 1% 

Pools 

Pool 7% 9% 4% - - - 

Pool pump 5% 8% 1% 6% 8% 1% 

Source: 2012 ComEd Residential Mail Survey; 2012 Residential Site Visits 

A Question asked about appliances/equipment used in home. 
B Question asked about appliances/equipment used more than once a week.  
S All lighting data presented in this table is based on site visits. 
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3. SUMMARY OF ELECTRICITY USAGE AND 

WASTE 

Our usage and waste analysis includes the end-uses that account for the majority of 
electricity usage among ComEd’s residential customers. For each end-use, we assessed 
current electricity usage as well as key categories of technology and behavioral waste. In 
this analysis, we did not attempt to quantify every possible source of waste; rather, we 
focused on those categories that have the potential to provide significant savings from 
addressing waste. 

Sections 5 through 10 of this report present detailed results for each end-use included in 
this analysis. This section brings together the individual end-use results and provides a high-
level summary of our findings. 

Overall, the analyzed end-uses account for 82% of ComEd’s residential electricity usage. Not 
surprisingly, the top end-uses are lighting (19%), major appliances (18%), cooling (14%), and 
consumer electronics (13%).  

Figure 3-1. Summary of Residential Energy Usage by End-Use 

 

 

These usage numbers align fairly closely with 2010 EIA estimates of U.S. Residential 
Electricity Consumption by End-Use, which estimate 22% of usage for space cooling, 17% of 
usage for appliances, and 14% of usage for lighting.  

In terms of waste, lighting still shows the greatest opportunities to reduce technology waste, 
which accounts for 64% of current usage, by switching to CFLs. Cooling has the greatest 
opportunities to reduce behavioral waste, which accounts for 38% of current usage, mainly 
by increasing temperature setpoints. 

Table 3-1 presents the usage and waste results, across key analyzed end-uses. 

Lighting
19%

Major 
Appliances
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Cooling
14%

Electronics
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Space Heating
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Table 3-1. Summary of Usage and Waste Results 

  

Key Analyzed End-UsesA 

Lighting Major 
Appliances B Cooling Consumer 

ElectronicsC 

Electric 
Space 

Heating 

Electric 
Water 

Heating 
% of Residential Usage 19% 18% 14% 13% 7% 5% 

End-Use Penetration 100% 100% 94% 100% 33% 8% 

kWh Per HH (with End-Use) 1,661 1,560 1,351 1,153 1,829 4,943 

kWh Per HH (All HH) 1,661 1,560 1,267 1,153 596 398 

Total Annual GWh 5,528 5,189 4,215 3,837 1,982 1,323 

% Efficient Usage 25% * 37% * 85% 73% 

% TW (before BW) 64% * 33% * 13% 17% 

% BW (after TW) 11% * 30% * 2% 9% 

% BW (before TW) 30% * 38% * 3% 10% 

% TW (after BW) 45% * 26% * 13% 17% 

GWh TW (before BW) 3,536 862 1,402 919 261 228 

GWh BW (after TW) 603 78 1,273 78 39 124 

GWh BW (before TW) 1,662 101 1,587 161 50 132 

GWh TW (after BW) 2,477 838 1,087 836 250 219 
Source: Usage and Waste Analysis 
A This table does not include furnace fans, for which we estimated current usage, but not waste. 
B Usage results include electric cooking appliances. 
C Usage results include set top boxes. 
D Waste percentages for these end-uses are not shown since they include a variety of different types of 
equipment. 
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4. METHODOLOGY 

Key activities in support of the Residential Saturation/End-use, Market Penetration, and 
Behavioral Study included extensive primary data collection, monitoring, and engineering 
analysis of six electric end-uses. The following sections present details about each of these 
activities. 

4.1 Primary Data Collection 
The primary data collection activities for this effort included a mail survey with 4,414 
residential customers and in-home visits at 297 homes. This section describes the sampling 
and weighting methodologies associated with these two activities. 

4.1.1 Mail Survey 
The 2012 Residential Energy Use Survey consisted of a mail/internet survey of ComEd 
residential customers. The mail survey was designed to collect comprehensive penetration 
and saturation data on electricity using equipment as well as information about customers’ 
use of this equipment, i.e., their behaviors. 

The survey was sent to 18,000 homes in April 2012. To enhance recognition and response 
rates, all written communications with customers were conducted on specially-designed 
stationery, displaying the ComEd logo. The cover letter included a reference to a website and 
a personal identification number (PIN), and offered customers the option to complete the 
survey on-line instead of by mail. The cover letter also announced a drawing of ten $100 gift 
cards among respondents who returned the completed survey by the specified deadline. 

About two and four weeks later, respectively, two reminder mailings – one postcard and one 
mailing containing another copy of the survey booklet – were sent to customers who had not 
yet returned a completed survey. 

Sample Design 
As of January 2012, there were 3,407,717 residential accounts in ComEd’s service territory. 
The sample frame consisted of 2,971,612 residential accounts. Dropped from the 
population were: 

 Accounts with less than 2 kWh average daily usage in 2011 
 Accounts with less than 2 kWh average daily usage in three or more summer 

months (May-Sept) in 2011 
 Accounts where the customer moved into the premise after May 2011 

Dropping these accounts removed vacant premises and premises with insufficient 2011 
summer data needed for analysis. The remaining records were grouped by home type (single 
family, multi-family).  
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Table 4-1. Mail Survey Sample Frame 
Home Type # of Records % of Records % of Usage 
Single Family          2,063,884  69% 81% 
Multi-Family             907,728  31% 19% 
TOTAL 2,971,612 100% 100% 

Source: 2011 ComEd Billing Data 
 

The target number of completed surveys was 3,000. To achieve this number we sent out 
18,000 survey booklets, assuming a response rate of approximately 17%. 

The sampling approach was a stratified random sample within each of two home type 
groups (single family, multi-family), in proportion to their representation in the population of 
residential accounts. The following table presents the quota for the outgoing survey sample 
and the expected number of completed surveys for the two groups. 

Table 4-2. Mail Survey Targets 

Home Type % of Records Quota 
Expected 

Completes 
Single Family 69% 12,500 2,125 
Multi-Family 31% 5,500 935 
TOTAL 100% 18,000 3,060 

 

Within each of the two home type groups, we sampled households in proportion to their 
electricity usage. To this end, we ranked households within each home type group by their 
average daily usage (in kWh) and divided them into three usage groups – high, medium, and 
low – each comprising one third of total electricity usage for each group. Because of the very 
wide range of usage in the “high” group, we then divided that group into very high usage (the 
top 5% of electricity usage) and high usage (the remaining 28% of the top third).1  

                                                 
1 We also considered stratifying the sample by electric heat and non-electric heat, within the single family and 
multi-family home type groups. However, sample sizes were too small in many of the electric heat usage 
subgroups. In addition, most electric heat households fall into the “very high” usage group under our current 
sampling approach. As such, electric heat household were oversampled, resulting in a sufficient number of 
completed surveys for our analysis. 
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Table 4-3. Distribution of Households by Usage Groups 

Home Type 
Usage 
Group 

% of Usage 
(within 
Group) 

# of 
Households 

% of HH 
(within 
Group) 

Usage 
Range (Ave 
Daily kWh) 

Mean 
Usage (Ave 
Daily kWh) 

Single Family Very high 5% 23,156 1% 88 – 1,843            125  
High 28% 314,539 15% 40 – 88              52  
Medium 33% 603,510 29% 26 – 40              32  
Low 33% 1,122,679 54% 2 – 26              17  

Multi-Family Very high 5% 8,556 1% 58 – 1,782              81  
High 28% 113,673 13% 25 – 58              35  
Medium 33% 248,839 27% 14 – 25              19  
Low 33% 536,660 59% 2 – 14                 9  

Total  2,971,612  2 – 1,843 24 
Source: 2011 ComEd Billing Data 
 

This approach of sampling households in proportion to their electricity usage resulted in an 
oversample of the high and very high usage groups. For example, 1% of single family 
households account for 5% of electricity usage (see table above). These households 
represented 5% of the single family sample, even though they only represent 1% of single 
family households. This approach provided us with more data on customers who have higher 
usage and therefore an assumed higher potential for savings. The following table 
summarizes the distribution of mailed surveys and the expected number of completed 
surveys among the eight home type/usage groups. The expected number of completed 
surveys assumes a response rate of 17%. 

Table 4-4. Mail Survey Quota by Usage Groups 

Home Type 
Home Type 

Quota 
Usage 
Group 

% of Usage 
(within Group) Quota 

Expected 
Completes 

Single Family 12,500 Very high 5% 620 105 
High 28% 3,540 602 
Medium 33% 4,170 709 
Low 33% 4,170 709 

Multi-Family 5,500 Very high 5% 280 48 
High 28% 1,560 265 
Medium 33% 1,830 311 
Low 33% 1,830 311 

Total 18,000 
  18,000 3,060 

Summary of Survey Statistics 
Overall, we received 4,452 responses to the survey, 3,728 by mail and 724 via the Internet. 
Of these, 38 responses were either duplicates or largely incomplete and could not be 
included in the analysis, leaving a total of 4,414 usable responses. Overall, 2% of mailed 
surveys were undeliverable (1% for single family homes and 5% for multi-family homes). The 
resulting overall response rate, calculated as the number of completed surveys divided by 
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the number of deliverable surveys, was 25%. Given this response rate, we greatly exceeded 
the target number of completes. 

Table 4-5 summarizes these survey statistics. 

Table 4-5. Summary of Mail/Internet Survey Responses 

 TOTAL Single 
Family 

Multi-
Family 

Total Mailed 18,000 12,500 5,500 

Completed Survey – Mail 3,728 2,815 913 

Completed Survey – Internet 724 512 212 

Completed Survey – Total 4,452 3,327 1,125 

Undeliverable – Number 354 105 249 

Undeliverable – Percent 2% 1% 5% 

Response Rate 25% 27% 21% 
 

Weighting 
To ensure that mail survey results are representative of ComEd’s population of residential 
customers, we developed and applied weights. We developed these weights in a two-step 
process, as described below. 

Development of Sample Weights 

We first developed sample weights that correct for the fact that we oversampled multi-family 
and high usage households. We estimated these weights for each sample stratum by 
dividing the stratum’s share of the population by the stratum’s share of the sample. For 
example, Stratum 2 (high usage single family homes) represents 11% of the population but 
21% of the mail survey responses. The weight for this stratum is calculated as 11% divided 
by 21%, or approximately 0.52. This means that the survey responses of customers in this 
stratum are weighted down. In other words, each response only counts about half, 
compared to a stratum with a weight of 1. 

Table 4-6. Mail Survey Sample Weights 

Stratum 
Home 
Type Usage Group 

Population Sample Sample 
Weight Count % Count % 

1 SF Very high usage 23,156 0.8% 149 3.4% 0.231 
2 SF High usage 314,539 11% 907 21% 0.515 
3 SF Medium usage 603,510 20% 1,146 26% 0.782 
4 SF Low usage 1,122,679 38% 1,123 25% 1.485 
5 MF Very high usage 8,556 0.3% 43 1.0% 0.296 
6 MF High usage 113,673 4% 252 6% 0.670 
7 MF Medium usage 248,839 8% 369 8% 1.002 
8 MF Low usage 536,660 18% 425 10% 1.876 

 TOTAL 2,971,612 100% 4,414 100% 

ICC Case No. 13-0550 
Direct Testimony of Geoffrey Crandall 
ELPC Exhibit 1.3 
Page 22 of 263



Methodology 

 
Page 13 

opiniondynamics.com 

Development of Post-Stratification Weights 

Post-stratification is a technique used to adjust or correct survey information. It is used 
when (1) survey respondents are not representative of the population from which they were 
selected, i.e., some subgroups of interest are over-represented and some are under-
represented; and (2) over-represented subgroups are different from under-represented 
subgroups. In order to conduct post-stratification, information is required on both the 
percentage of the population and the percentage of the respondents that fall into the 
subgroups of interest (or strata). It is important that the strata available for the population 
are the same as the strata available for survey respondents. In addition, data to assign 
survey respondents into the strata must be available for all survey respondents; if survey 
responses to stratification variables are missing, responses have to be imputed. 

We determined the need for post-stratification by comparing survey responses with known 
statistics about the population. We compared the survey data across core demographic and 
household characteristics with 2010 U.S. Census data for all Illinois counties in ComEd’s 
service territory. This comparison found that homes with older heads-of-household are over-
represented in our survey responses relative to the population. Since customers of different 
ages likely vary in their ownership and use of certain electricity using equipment, we 
developed an age-based post-stratification weight. This weight is calculated the same way 
as the sample weight, by dividing the stratum’s share of the population by the stratum’s 
share of the sample. It should be noted that to determine the stratum’s share of the sample, 
we first apply the sample weights.  

Table 4-7. Mail Survey Post-Stratification Weights 

Age 
Population Sample 

Weight Count % Count % 
Under 34 years 710,946 20% 396 9% 2.218 
35 to 44 years 689,248 20% 564 13% 1.510 
45 to 54 years 766,547 22% 871 20% 1.088 
55 to 64 years 619,872 18% 1,050 24% 0.730 
65 years + 714,981 20% 1,448 33% 0.611 
Missing Response 

  
84 

 
1.000 

TOTAL 3,501,594 
 

4,414 
  

 

Adjustment of Mail Survey Data 
We used information from the in-home visits to adjust certain mail survey responses. In 
general, we considered for adjustment items that are technical in nature and often difficult 
for customers to report correctly, e.g., questions about equipment age or ENERGY STAR 
rating or questions about the customer’s type of windows. We did not consider for 
adjustment items that cannot be observed during in-home visits (such as questions about 
behavior) or simple equipment counts that customers generally report correctly (with the 
exception of light bulbs). We also did not adjust questions with low incidence in the in-home 
sample. 
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We first conducted a Pearson’s chi-squared test for questions considered for adjustment. 
Only if the test showed that mail survey responses are significantly different from on-site 
observations, did we include the question for adjustment. 

Below are the survey questions we adjusted, by report section. The number in parentheses 
indicates the question number in the mail survey (see Appendix 2 for the final mail survey 
instrument).  

 B. Central Air Conditioning/Cooling 

o Age of central air conditioner (B4) 

o ENERGY STAR rating of CAC (B5) 

o Have programmable thermostat (B6) 

 C. Window Air Conditioning 

o ENERGY STAR rating of window unit (C3a) 

 D. Insulation and Ventilation 

o Attic/top floor ceiling is insulated (D1) 

o Exterior walls are insulated (D2) 

o Type of windows (D3) 

 F. Water Heating 

o Water heater fuel type (F1) 

 G. Appliances 

o Age of clothes washer (G3) 

o Fuel type of clothes dryer (G6) 

o ENERGY STAR rating of primary refrigerator (G10a) 

o Age of primary refrigerator (G11) 

o Age of primary stand-alone freezer (G14) 

o ENERGY STAR rating of dishwasher (G18) 

o Age of dishwasher (G19) 

 H. Entertainment and Technology 

o Use of smart strips (H6) 

 J. Lighting 

o Number of bulbs inside the home (J1) 

o Percentage of indoor bulbs that are CFLs (J2) 

o Number of bulbs outside the home (J3) 

o Percentage of outdoor bulbs that are CFLs (J4) 

o Have bought a screw-in LED (J5) 
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Adjustment Methodology 

We used the ratio adjustment method to adjust the mail survey responses for the items 
listed above.2 This method first develops an adjustment factor, based on the value of the 
245 nested in-home visits and the value from the survey responses of the same 245 
households.3 The adjustment factor is then multiplied by the value from the survey 
responses for all 4,414 households. The values to be adjusted can be either a mean or a 
proportion. 

Figure 4-1 shows this two-step ratio adjustment method. 

Figure 4-1. Ratio Adjustment Algorithm 

   Step 1: 
o

o

Y

X
FactorAdjustment   

   Step 2: ssa YFactorAdjustmentY *  

Where: 

Xo  = mean/proportion from the 245 nested in-home visits 
Yo  = mean/proportion from the survey responses for the 245 households 

with in-home visits 
Ysa = adjusted mean/proportion for the item 
Ys  = mean/proportion from the survey responses for all 4,414 households 

 
 

Consider the following example: 

The in-home visits found that 42% of homes have a programmable thermostat. By contrast, 
the mail survey responses provided by the same 245 households reported that 78% have a 
programmable thermostat. Using these values, we first developed the adjustment factor for 
programmable thermostats, as follows: 

Have Programmable Thermostat:   54.0
%78

%42
FactorAdjustment  

Do not Have Programmable Thermostat:   62.2
%22

%58
FactorAdjustment  

 

Of all mail survey respondents, 2,241 reported that that they have a programmable 
thermostat and 676 reported that they do not (valid n=2,917). Multiplying these responses 
by the adjustment factor yields:  

                                                 
2 Judith T. Lessler and William D. Kalsbeek. Nonsampling Error in Surveys. 1992. p. 269. 
3 The adjustment excludes the 52 non-nested in-home site visits because we do not have complete mail survey 
data for these customers. See also the discussion of sampling for the in-home site visits below. 
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Have Programmable Thermostat: Adjusted Value = 2,241 * 0.54 = 1,210 or 41% 

Do not Have Programmable Thermostat: Adjusted Value = 676 * 2.62 = 1,768 or 59% 

When adjusting proportions, a final adjustment step is necessary. When the data is 
categorical data, as in the example above, each category is adjusted separately. As a result, 
in many cases, the total number of responses no longer sums to the correct valid “n”. To 
correct for this, when adjusting categorical data in this report, we adjusted the base of our 
results.  

Precision of Results 
Overall, the precision of mail survey results is approximately 2.0% at a 95% confidence level 
for single family homes and 2.5% at a 95% confidence level for multi-family homes. 
However, for equipment with low incidence in the population (e.g., central air conditioning in 
multi-family homes), the precision is lower for follow-up questions about equipment 
characteristics or behaviors. In addition, precision levels are lower for questions with many 
incomplete or incorrect responses. 

4.1.2 In-Home Visits 
We conducted a total of 297 in-home visits with ComEd residential customers. The in-home 
visits were designed to collect data to verify mail survey responses and to collect additional, 
more technical data that we did not include in the mail survey as customers generally find it 
difficult to report. In addition, we used the in-home visits to install monitoring equipment at a 
subset of site visit homes (see also Section 4.2, Metering below). 

The site visits took place between June and October 2012. To compensate customers for 
their efforts, we offered an incentive of $75 for site visits without monitoring and $200 for 
site visits with monitoring. 

Sample Design 
The target number of site visits was 300. This included 150 metered and 150 non-metered 
site visits, and 200 total site visits in single family residences and 100 in multi-family 
residences. 

Table 4-8. Site Visit and Metering Quotas by Home Type 
Home Type Non-Metered Metered TOTAL 
Single Family 125 75 200 
Multi-Family 25 75 100 
TOTAL 150 150 300 

 

The sampling approach was a stratified random sample within each of two home type 
groups (single family, multi-family), in proportion to their representation in the population.  

Within each of the two home type groups, we also sampled households in proportion to their 
electricity usage, similar to the sampling method used for the mail survey. The approach was 
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the same for metered and unmetered site visits, i.e., we applied proportions of usage within 
the group to metered and non-metered quotas. 

This approach of sampling households in proportion to their electricity usage resulted in an 
oversample of the high and very high usage groups. This approach provided us with more 
data on customers who have higher usage and therefore a higher potential for savings.  

The in-home visits were originally designed as a nested sample, i.e., we set out to draw the 
sample of site visit homes from the population of mail survey respondents. However, for 
some of the quota groups, we were not able to reach our target number of visits from among 
the mail survey respondents. In particular, we had difficulty meeting the quota for metering 
in the lower usage multi-family homes as it was sometimes physically impossible to install 
the metering equipment. As such, we recruited additional site visit homes from among 
customers to whom we had sent a mail survey, but who did not return it. These customers 
were asked to complete a shortened version of the mail survey, focusing on behavioral 
questions, at the time of the site visit. 

Table 4-9. Site Visit Quotas by Home Type and Usage Group 

Home Type Usage Group 
% of Usage 

(within Home Type) Sample Frame 
Site Visit Quota 

Non-Metered Metered Total 
Single Family Very high 5% 149 6 4 10 

High 28% 907 36 21 57 
Medium 33% 1,146 42 25 67 
Low 33% 1,123 42 25 67 

Multi-Family Very high 5% 43 1 4 5 
High 28% 252 7 21 28 
Medium 33% 369 8 25 33 
Low 33% 425 8 25 33 

Total 
  4,414 150 150 300 

 

Summary of Site Visit Statistics 
Overall, we conducted 297 site visits, 187 in single family homes and 110 in multi-family 
homes. Of these, 137 included metering and 160 did not include metering. In addition, 245 
of the 297 site visits were nested, i.e., from within the population of mail survey 
respondents, while 52 were non-nested. 

Table 4-10 summarizes these statistics. 
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Table 4-10. Summary of In-Home Visits 

 TOTAL Single 
Family 

Multi-
Family 

Total Number of In-Home Visits 297 187 110 

   With Metering 137 72 65 

   No Metering 160 115 45 

   Nested 245 179 66 

   Non-Nested 52 8 44 
 

Weighting 
To ensure that on-site results are representative of ComEd’s population of residential 
customers, we developed and applied weights.  We used the same two-step process that 
was used for the mail survey. However, in order to ensure proper sample proportions, we 
added an additional step, discussed below. 

Development of Sample Weights 

We first developed sample weights that correct for the fact that we oversampled multi-family 
and high usage households. We estimated these weights for each sample stratum by 
dividing the stratum’s share of the population by the stratum’s share of the sample. 

Table 4-11. Site Visit Sample Weights 

Stratum 
Home 
Type Usage Group 

Population Sample Sample 
Weight Count % Count % 

1 SF Very high usage 23,156 0.8% 11 3.7% 0.210 
2 SF High usage 314,539 11% 48 16.2% 0.655 
3 SF Medium usage 603,510 20% 68 22.9% 0.887 
4 SF Low usage 1,122,679 38% 60 20.2% 1.870 
5 MF Very high usage 8,556 0.3% 5 1.7% 0.171 
6 MF High usage 113,673 4% 32 10.8% 0.355 
7 MF Medium usage 248,839 8% 35 11.8% 0.711 
8 MF Low usage 536,660 18% 38 12.8% 1.411 

 TOTAL 2,971,612 100% 297 100.0% 
 

 

Development of Post-Stratification Weights 

As with the mail survey, we compared demographics of site visit participants with those of 
the population and found that homes with older heads-of-household are over-represented in 
our site visits. To correct for this, we developed an age-based post-stratification weight. This 
weight is calculated the same way as the sample weight, by dividing the stratum’s share of 
the population by the stratum’s share of the sample. It should be noted that to determine 
the stratum’s share of the sample, we first apply the sample weights.  
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Table 4-12. Site Visit Post-Stratification Weights 

Age 
Population Sample 

Weight Count % Count % 
Under 34 years 710,946 20% 34 11% 1.785 
35 to 44 years 689,248 20% 45 15% 1.281 
45 to 54 years 766,547 22% 44 15% 1.475 
55 to 64 years 619,872 18% 70 24% 0.743 
65 years + 714,981 20% 102 35% 0.590 
Missing Response 

  
2 

 
1.000 

TOTAL 3,501,594 
 

297 
  

 

Restoring Single Family/Multi-Family Home Proportions 

When we applied post-stratification weights for the site visits, the distribution of the sample 
between single family and multi-family homes slightly changed from its original proportions. 
To preserve the proper proportion of single family homes to multi-family homes we took a 
third step and applied a final factor to our post-stratification weights. This factor was 1.036 
for single family homes and 0.939 for multi-family homes. 

4.2 Metering 
In support of our usage and waste analysis, we conducted three types of metering activities: 
1) circuit-level monitoring of electricity usage, 2) monitoring of lighting use and occupancy, 
and 3) measurement of room temperature. These are described in the sections below. 

We sampled for all metering activities as part of the sampling for site visits. In general, we 
attempted to deploy eMonitors, loggers, and temperature sensors in 150 homes, 75 single 
family and 75 multi-family, distributed evenly across the high, medium, and low usage 
groups (see also Section 4.1.2 above).4  

Table 4-13 summarizes the number of homes for which we obtained the different types of 
metering data.  

Table 4-13. Number of Homes with Metering 

 TOTAL Single 
Family 

Multi-
Family 

Any Metering 137 72 65 

   eMonitors 130 69 61 

   Light/Occupancy Loggers 132 68 64 

   Temperature Sensors 118 63 55 
 

                                                 
4 The target for valid metered site visits is 70 per home type. We deployed metering equipment in 10 additional 
homes to account for any meter failure or interruptions (e.g., logger recording or transmission failure, or 
unexpected absence of participants during metering period). 

ICC Case No. 13-0550 
Direct Testimony of Geoffrey Crandall 
ELPC Exhibit 1.3 
Page 29 of 263



Methodology 

 
Page 20 

opiniondynamics.com 

Weighting 
Similar to the site visits, we developed and applied weights for the metering data, using a 
three-step process. 

Development of Sample Weights 

We first developed sample weights that correct for the fact that we oversampled multi-family 
and high usage households. We estimated these weights for each sample stratum by 
dividing the stratum’s share of the population by the stratum’s share of the sample.  

Table 4-14. Metering Sample Weights 

Stratum 
Home 
Type Usage Group 

Population Sample Sample 
Weight Count % Count % 

1 SF Very high usage 23,156 0.8% 3 2.2%        0.356  
2 SF High usage 314,539 11% 20 14.6%        0.725  
3 SF Medium usage 603,510 20% 26 19.0%        1.070  
4 SF Low usage 1,122,679 38% 23 16.8%        2.250  
5 MF Very high usage 8,556 0.3% 1.0 0.7%        0.394  
6 MF High usage 113,673 4% 23 16.8%        0.228  
7 MF Medium usage 248,839 8% 27 19.7%        0.425  
8 MF Low usage 536,660 18% 14 10.2%        1.767  

 TOTAL 2,971,612 100% 137 100.0% 
 

 

Development of Post-Stratification Weights 

We then compared demographics of metering participants with those of the population and 
found that homes with older heads-of-household are over-represented in our metering. To 
correct for this, we developed an age-based post-stratification weight. This weight is 
calculated the same way as the sample weight, by dividing the stratum’s share of the 
population by the stratum’s share of the sample. As before, to determine the stratum’s 
share of the sample, we first apply the sample weights.  

Table 4-15. Metering Post-Stratification Weights 

Age 
Population Sample 

Weight Count % Count % 
Under 34 years 710,946 20% 16 12% 1.679 
35 to 44 years 689,248 20% 27 20% 0.998 
45 to 54 years 766,547 22% 25 18% 1.199 
55 to 64 years 619,872 18% 27 20% 0.887 
65 years + 714,981 20% 41 30% 0.681 
Missing Response 

  
2 

 
1.000 

TOTAL 3,501,594 
 

137 
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Restoring Single Family/Multi-Family Home Proportions 

When we applied post-stratification weights for the metered sites, the distribution of the 
sample between single family and multi-family homes slightly changed from its original 
proportions. To preserve the proper proportion of single family homes to multi-family homes 
we took a third step and applied a final factor to our post-stratification weights. This factor 
was 1.033 for single family homes and 0.983 for multi-family homes. 

4.2.1 eMonitors 
The eMonitor is an in-home energy management system sold by Powerhouse Dynamics. It 
allows homeowners to monitor the energy usage on every circuit of their home, enabling 
them to assess where most of the electricity is used, and potentially wasted. 

As part of our usage and waste analysis, we deployed eMonitors in close to 150 homes. We 
attempted to monitor all electricity usage in each home, both on the electrical mains 
(providing total household usage) and for each individual circuit, for a period of two weeks. 
For each circuit, we also collected detailed information on the types of equipment that was 
connected to the circuit. In general, major equipment, such as central air conditioning 
systems and electric water heaters, is serviced by a dedicated circuit, allowing us to 
determine the electric usage for the equipment and to observe operating patterns. Other 
types of equipment, such as electronics, lighting, and smaller appliances, are generally on 
mixed circuits, making a determination of what is on at a given time difficult. 

Our deployment of eMonitors was designed to support our usage and waste analysis and to 
develop load profiles for those types of equipment that tend to be on their own circuit. 

4.2.2 Light and Occupancy Loggers 
We deployed combination light and occupancy loggers in the same homes that received an 
eMonitor. For most of these homes, we deployed loggers in two rooms, generally the living 
room and the kitchen. The purpose of this metering activity was to assess behavioral waste 
associated with leaving the lights on when the room is not occupied. It should be noted that 
while the loggers captured the total time that lights were on, this effort was not designed to 
determine hours of use. Because of the limited extent of our metering – for a two-week 
period in any one home and within a relatively narrow period of time (June through 
September) – these results cannot be considered representative of lighting usage in 
ComEd’s service territory, or even for the sampled customers. 

The analysis of logger data involved several data verification steps. We removed loggers 
from analysis based on the following criteria: 

 The logger captured less than 10 days of lighting data. 

 The logger showed excessive flickering of monitored lights, defined as four or more 
one hour time periods where the lights turned on/off more than an average of 10 
times per hour. 

 The logger showed occupancy activity but no light between 8 p.m. and 6 a.m. 
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 The logger showed a high percentage of lights turning on or off without accompanying 
occupancy. 

We calculated behavioral waste, by type of home, as the percentage of lighting run time 
during which the room was unoccupied. We developed percentages for different “time-out” 
periods, indicated by how long after occupancy the lights could remain on before counting 
the lighting usage as waste. We chose a time-out period of 15 minutes (which reflects a 
typical setting that could be expected for an occupancy sensor)—that is, if a room is left 
vacant for 15 consecutive minutes or less, we would not consider it waste if the lights were 
still on. After 15 minutes of a room being vacant, we consider a light left on as behavioral 
waste. 

The lighting section in the technical appendix provides further detail about our methodology 
for estimating behavioral waste as well as the results of this analysis. 

4.2.3 Temperature Measurements 
We deployed temperature/humidity sensors in the same homes that received eMonitors and 
light/occupancy loggers. These sensors were generally placed near the thermostat of the 
central air conditioning unit, if present. For homes without central air conditioning, we 
placed the sensors near a room air conditioning unit. 

This metering effort was designed to verify self-reported temperature setpoints from the mail 
survey and to refine our estimate of current central air conditioning usage. For each 
monitored home, we calculated the average temperature over the monitoring period for 
each of the six mail survey time periods (i.e., 6 a.m. – 9 a.m., 9 a.m. – 12 p.m., 12 p.m. – 4 
p.m., 4 p.m. – 7 p.m., 7 p.m. – 10 p.m., and 10 p.m. – 6 a.m.). Using these average 
temperatures as setpoints, we estimated the actual equivalent full load hours (EFLH) for 
each household central air conditioning system. Comparing this to the EFLH based on self-
reported setpoints provided us with a realization rate that we applied to all site visit 
households. 

The cooling section in the technical appendix provides further detail about our methodology 
for estimating EFLH as well as the results of this analysis.  

4.3 Usage and Waste Analysis 
Our usage and waste analysis includes the end-uses that account for the majority of 
electricity usage among ComEd’s residential customers. The technical appendix provides 
detailed information about the analysis for each end-use. This section explains our general 
approach to estimating current usage, technology waste, and behavioral waste and presents 
the graphical representations of usage and waste used in this report. This section also 
summarizes the types of technology and behavioral waste included in our analysis. 

4.3.1 Estimating Current Usage and Waste 
The usage and waste analysis for all end-uses begins with an assessment of current usage. 
For most end-uses, we use engineering algorithms to estimate current usage. Where 
possible, these usage estimates are grounded in information obtained through end-use 
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monitoring. The analysis is generally based on the site visit homes but utilizes a host of 
information collected not only during the site visits, but also through the mail survey and our 
metering efforts. Since our primary data collection could not cover all aspects of technology 
and behavior for all end-uses, we often supplement our primary data with secondary data. 
Where possible, we use information specific to ComEd’s customers, e.g., assumptions from 
the Illinois TRM.  

In some cases, there is missing information in the primary data, e.g., when a mail survey 
respondent left a question blank or if an on-site auditor could not assess certain equipment 
characteristics. We generally fill in this information with default values that we develop 
either from the mail survey or the site visits. Depending on the type of question and the 
number of valid responses that we received, we might develop one default value for the 
entire sample, we might develop separate default values for single family and multi-family 
homes, or we might develop default values by other key equipment characteristics, such as 
ENERGY STAR rating. 

After estimating current usage, we estimate technology waste. For most end-uses, we 
assessed savings opportunities associated with upgrading to a more efficient model, 
generally an ENERGY STAR model (or equivalent level of efficiency). Other types of 
technology waste could be eliminated by adding insulation or a tank wrap or by sealing 
ducts. Technology waste can be developed directly, or it can be inferred, e.g., by estimating 
the usage of an efficient piece of equipment and subtracting that usage from the current 
usage. In many cases, we use the latter approach as the engineering algorithms often 
contain a term for technology efficiency that can be substituted with a more efficient level. 

Behavioral waste for many end-uses is associated with longer than necessary run times, 
either as a result of inefficient temperature setpoints or by having equipment on when not 
using it (e.g., TVs or lights). Other types of behavioral waste vary by type of equipment. 
Similar to technology waste, behavioral waste can be developed directly, or it can be 
inferred, e.g., by estimating the usage with efficient run times and subtracting that usage 
from the current usage. 

The magnitude of behavioral waste depends on whether it is addressed before or after 
addressing technology waste. To allow for flexibility in using our results, we estimate 
behavioral waste both ways. When it is addressed before technology waste, changes in 
behavior are applied to current technology parameters; when it is addressed after 
technology waste, changes in behavior are applied to efficient technology parameters. 

The following graphic illustrates current usage, for a given end-use, and its disaggregation 
into technology waste, behavioral waste, and “efficient usage,” i.e., the residual usage once 
both technology waste and behavioral waste have been addressed. The area of the 
rectangle represents total current energy consumption for the end-use, which is determined 
by the energy demand of the installed equipment (y-axis) and the baseline run time (x-axis). 
Reductions in the area of the rectangle equate to a reduction in usage. The green shaded 
area across the top of the rectangle represents the share of current consumption that can 
be considered technology waste. By switching to more efficient equipment, less wattage is 
required, and the area of the rectangle is reduced. The blue shaded area on the right side of 
the rectangle represents the share of current consumption that can be considered 
behavioral waste. By changing behavioral or operational practices in a way that reduces 
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equipment run time, the area of the rectangle is again reduced. The remaining (white) area, 
after technology waste and behavioral waste are subtracted, constitutes the efficient usage 
of efficient equipment.  

It should be noted that the residual, “efficient usage” is only efficient given the waste 
categories that we included in our analysis. Since there are many sources of waste for every 
end-use, inasmuch as other categories of waste exist, efficient usage would be further 
reduced. As such, the estimate of efficient usage should be considered a maximum value. 

Figure 4-2. Usage and Waste Diagram – Addressing Technology Waste First 

 

The graphic above shows definitions of waste if technology waste is addressed before 
behavioral waste. The magnitude of both types of waste changes, if behavioral waste is 
addressed first, as presented in the following graphic. 

Figure 4-3. Usage and Waste Diagram – Addressing Behavioral Waste First 
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The difference between the two estimates of behavioral waste (and the two estimates of 
technology waste) can be considered “shared” waste, i.e., waste that is part of either 
technology waste or behavioral waste, depending on which is addressed first. 

Figure 4-4. Usage and Waste Diagram – Showing Shared Waste 

 

To facilitate assessment of the relative size of the four sources of energy consumption, this 
report uses pie charts, as shown below, instead of the rectangles. However, the terminology 
corresponds to the concepts presented above. 

Figure 4-5. Usage and Waste Pie Chart 
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4.3.2 Summary of Waste Categories Included in 
this Report 

This analysis focused on the key residential end-uses and major categories of technology 
and behavioral waste. The following tables summarize the categories of technology waste 
and behavioral waste, respectively, that are included in this analysis. 

Table 4-16. Technology Waste Categories Included in Analysis 
End-use/Equipment Description 
Lighting  Upgrade incandescent and halogen bulbs to CFLs 
Cooling  
 Central AC  Upgrade to new ES unit (SEER=14.5) 

 Seal unsealed duct joints / insulate uninsulated ducts 
 Insulate uninsulated surface areas 

 Room AC  Upgrade to new ES unit (various EER ratings) 
Electric Space Heating  Upgrade to new ES unit (HSPF=8.2; heat pumps only) 

 Seal unsealed duct joints / insulate uninsulated ducts 
 Insulate uninsulated surface areas 

Electric Water Heating  Insulate uninsulated storage tank 
 Insulate uninsulated pipes 
 Install low-flow shower heads/aerators 

Major Appliances  
 Refrigerators  Upgrade to new ES unit (20% more efficient than Federal Standard) 
 Stand-Alone Freezers  Upgrade to new ES unit (10% more efficient than Federal Standard) 
 Laundry Equipment  Upgrade clothes washer to new ES unit (MEF 2.0) 
 Dishwasher  Upgrade dishwasher to new ES unit 
Consumer Electronics  
 Televisions  Upgrade to new ES unit (LCD, LED, or plasma unit of the same size) 
 Video Game Systems  Upgrade to more efficient unit 
 Computers  Upgrade CRT monitors to LCD monitors 
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Table 4-17. Behavioral Waste Categories Included in Analysis 
End-use/Equipment Description 
Lighting  Turn off lights when room not occupied (15 minute time-out period) 
Cooling  
 Central AC  Perform annual system maintenance 

 Increase temperature setpoints (78°F when home; 82°F when asleep; 
85°F when away) 

 Room AC  None estimated 
Electric Space Heating  Reduce temperature setpoints (68°F when home; 60°F when away) 
Electric Water Heating  Reduce temperature setpoint to 120°F 
Major Appliances  
 Refrigerators  Unplug empty/nearly empty secondary fridge 
 Stand-Alone Freezers  Unplug empty/nearly empty freezer 
 Laundry Equipment  Eliminate excessive hot water use (% hot water usage > average)* 
 Dishwasher  Use “no heat dry” function 

 Eliminate partial loads 
Consumer Electronics  
 Televisions  Turn off TV when not watching 
 Video Game Systems  None estimated 
 Computers  None estimated 
* Behavioral waste was quantified but not included in appliance analysis because waste is associated with 
electric water heaters. 
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5. LIGHTING 

Lighting is used by all households in ComEd’s service territory and accounts for 
approximately 19% of total residential electricity usage. Each household uses an average of 
1,661 kWh per year to light their home. We estimate that technology and behavioral waste 
associated with lighting accounts for approximately 64% and 11%, respectively, of current 
usage (if technology waste is addressed first). 

Figure 5-1 shows the contribution of lighting to overall residential electricity usage (pie chart 
on the left) and the breakout of lighting usage into efficient usage, technology waste, 
behavioral waste, and “shared waste” (pie chart on the right).5 

Figure 5-1. Usage and Waste Analysis – Lighting 

 
Source: Usage and waste analysis 
 

5.1 Lighting Characteristics 
All of ComEd’s residential customers use lighting in their homes. Incandescent lighting 
remains the most commonly used lighting technology. Almost all customers (99%) have at 
least one incandescent bulb installed in their home, and the average residential household 
has 36 incandescent bulbs. CFLs are the second most commonly used lighting technology, 

                                                 
5 Note that “Efficient Usage” represents the residual usage taking into account only the waste categories 
included in this analysis. If additional waste categories were identified and quantified, efficient usage might be 
smaller than presented here. 
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with 85% having at least one CFL installed and an average of 11 CFLs per home. LEDs are 
still rare, with only 5% of household having one or more LEDs in their home.  

Figure 5-2. Penetration and Saturation of Lighting, by Type 

 
Source: 2012 Residential Site Visits 
 

Table 5-2 at the end of this chapter provides key penetration and saturation information 
about lighting in ComEd’s service territory. 

5.2 Usage and Waste Analysis: Lighting 
The amount of electricity a light bulb uses is a function of the bulb’s wattage and the 
amount of time it is turned on. We estimated electricity usage for all bulbs found in site visit 
homes. The site visits collected information on the quantity of bulbs as well as each bulb’s 
technology (e.g., incandescent, CFL, fluorescent, halogen, LED), shape, wattage, socket type 
(pin-based, standard screw-based, specialty screw-based), control type (on/off, 3-way, 
dimmable, motion sensor), and room location in the home. Hours of use are based on 
secondary information and were assigned by room type.6  

Technology waste for lighting is estimated for all installed incandescent and halogen bulbs 
and is defined as the difference between the usage of the current bulb and the usage of an 
equivalent CFL. We used the ENERGY STAR general assumption that a CFL uses 25% of the 
electricity used by an equivalent incandescent or halogen bulb. 

                                                 
6 While we deployed light and occupancy loggers in support of the behavioral waste analysis, this effort was not 
designed to determine hours of use. As a result, our analysis of current usage uses does not rely on logger 
data. 
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Behavioral waste for lighting is associated with lights left on when the room is not occupied. 
This is based on 96 light and occupancy loggers deployed in living rooms and kitchens of 79 
homes. Our analysis used a 15-minute time-out period, meaning that the first 15 
consecutive minutes of no occupancy, when the lights are still on, are not counted as waste. 
We estimated behavioral waste by applying the weighted average waste percentage (i.e., the 
percentage of lighting usage associated with unoccupied rooms) to total indoor household 
lighting usage. This analysis assumes that the waste percentages observed in living rooms 
and kitchens are representative of other types of rooms. 

Lighting used by ComEd’s residential customers accounts for 19% of total residential 
electricity usage. Each household uses an average of 1,661 kWh per year for lighting. There 
is substantial potential for energy savings from upgrading to more efficient technologies: If 
all existing incandescent and halogen lamps were replaced with CFLs, 64% of lighting 
electricity use could be saved. Behavioral savings potential is also substantial: We estimate 
that not leaving lights on when rooms are unoccupied would save an additional 11% of the 
current total lighting usage (30% if behavioral waste was addressed first). 

Figure 5-3 shows the average annual per household energy usage and savings potential 
associated with lighting. The figure shows estimated usage and savings when addressing 
technology waste, behavioral waste, or both. 

Figure 5-3. Technological and Behavioral Potential – Lighting 

 
Source: Usage and waste analysis 
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The following table presents the same usage and waste information, both in aggregate and 
for single family and multi-family homes. The table shows 1) average per household results 
and 2) total usage and waste results for ComEd’s residential population.  
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Table 5-1. Summary of Lighting Usage and Waste 
  Per HH (with Equipment; kWh) Per HH (Overall; kWh)A Total ComEd Population (MWh) 

Total SF MF Total SF MF Total SF MF 

Penetration: 100% 100% 100% No. of Occupied Homes in ComEd Service 
Territory (thousands): 

3,327 2,163 1,165 

 Current Usage 1,661 2,145 763    5,528,352 4,639,783 888,570 

Efficient Usage 418 541 188    1,390,007 1,170,789 219,218 

% Efficient Usage 25% 25% 25% 
   

25% 25% 25% 

Waste 1,244 1,604 575    4,138,345 3,468,994 669,351 

% Waste 75% 75% 75%    75% 75% 75% 

Te
ch

no
lo

gy
 

Fi
rs

t 

Technology 1,063 1,373 486    3,535,725 2,969,622 566,102 

Technology % 64% 64% 64%    64% 64% 64% 

Behavioral 181 231 89    602,620 499,371 103,249 

Behavioral % 11% 11% 12% 
   

10.9% 10.8% 11.6% 

B
eh

av
io

r F
irs

t Behavioral 499 634 249    1,661,746 1,371,798 289,948 

Behavioral % 30% 30% 33%    30% 30% 33% 

Technology 744 970 326    2,476,599 2,097,195 379,404 

Technology % 45% 45% 43%    45% 45% 43% 

Source: Usage and waste analysis 
A Because the penetration of lighting is 100%, overall per household values are identical to those of households with lighting. 
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Table 5-2. Summary of Lighting DataS 

Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

No. of Occupied Homes in ComEd 
Service Territory (thousands) 

3,327 2,163 1,165 1,176 632 354 689 319 157 33 2,129 158 1,017 

Mean number of light bulbs  
Total 56.7 72.7 29.0 54.4 84.1 104.0 27.7 31.0 30.0 56.6 73.1 24.3 29.7 
Inside the house 53.2 67.5 28.5 50.5 78.6 95.7 27.2 30.5 29.5 53.6 67.8 24.2 29.1 
Outside the house 3.5 5.2 0.5 3.9 5.5 8.3 0.5 0.5 0.5 3.0 5.3 0.1 0.5 

Have incandescent lighting 99% 100% 98% 100% 100% 100% 98% 100% 91% 100% 100% 91% 99% 
Mean number of incandescent 
light bulbs A  

Total 36.5 47.4 17.2 35.6 54.1 68.2 17.2 17.4 17.1 36.0 47.6 14.8 17.6 
Inside the house 34.2 43.9 17.0 32.7 50.8 63.2 17.0 17.1 17.0 34.1 44.2 14.7 17.3 
Outside the house 2.3 3.4 0.3 2.9 3.3 5.0 0.2 0.3 0.1 1.9 3.5 0.1 0.3 

Percentage of bulbs that are 
incandescent 63% 65% 56% 66% 65% 65% 58% 55% 47% 55% 66% 48% 57% 

Have CFLs 85% 90% 75% 90% 89% 90% 73% 79% 79% 52% 90% 71% 76% 

Have non-spiral CFLs 36% 46% 18% 37% 59% 50% 14% 23% 38% 3% 47% 13% 19% 

Mean number of CFLs A  
Total 12.9 14.8 9.1 13.4 16.2 16.5 7.9 9.8 12.0 6.6 14.9 9.4 9.0 
Inside the house 11.9 13.4 8.8 12.5 14.4 14.5 7.7 9.6 11.5 5.9 13.5 9.3 8.7 
Outside the house 1.0 1.4 0.2 0.9 1.8 2.0 0.2 0.2 0.5 0.7 1.4 0.1 0.3 

Percentage of bulbs that are 
CFLs 23% 20% 27% 22% 19% 16% 25% 27% 36% 5% 20% 32% 26% 

Have fluorescent tube lighting 64% 72% 49% 70% 71% 80% 50% 43% 59% 57% 72% 56% 48% 
Mean number of fluorescent 
tube lamps A 7.2 9.1 2.6 5.4 11.8 13.8 2.7 2.5 2.5 14.2 9.0 2.1 2.7 
Percentage of bulbs that are 
fluorescent tubes 7% 8% 6% 7% 8% 10% 7% 4% 6% 8% 8% 8% 4% 
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Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

Have halogen lighting 47% 50% 40% 36% 62% 70% 40% 23% 38% 71% 50% 39% 41% 
Mean number of halogen 
lamps A 7.4 7.3 7.6 5.0 6.6 11.4 7.7 7.9 6.7 10.3 7.2 6.0 7.9 
Percentage of bulbs that are 
halogen 6% 4% 8% 3% 6% 6% 8% 10% 8% 30% 4% 9% 8% 

Have LEDs 5% 7% 3% 4% 12% 6% 1% 7% 0% 5% 7% 0% 3% 

Mean number of LEDs A 6.9 8.2 1.4 10.6 7.6 5.7 1 1.6 0 26 7.9 0 1.4 
Percentage of bulbs that are 
LEDs <1% 1% <1% 1% 1% <1% <1% <1% 0% 1% 1% 0% <1% 

Have occupancy sensors  
Inside the house 15% 15% 2% 13% 16% 21% 2% 4% 0% 26% 15% 0% 2% 
Outside the house 19% 21% 1% 16% 24% 27% 2% 0% 0% 26% 21% 0% 1% 

Have dimmers (indoors) 47% 60% 25% 49% 71% 72% 19% 32% 34% 34% 61% 30% 24% 

Have timers  
Inside the house 19% 20% 2% 21% 19% 20% 0% 4% 6% 14% 20% 0% 2% 
Outside the house 9% 11% 1% 12% 11% 8% 0% 3% 0% 0% 11% 0% 1% 

Source: 2012 Residential Site Visits  

S All lighting data presented in this table is based on site visits. 
A Based on households with this type of light bulb. 
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6. COOLING 

Our analysis of cooling includes central air conditioning and room air conditioning. Almost 
every home in ComEd service territory (94%) has some type of air conditioning system to 
cool their home. Almost three quarters (73%) of households have central air conditioning, 
while 30% have room air conditioning (4% have both).  

Overall, cooling accounts for approximately 14% of total residential electricity usage. Each 
household with cooling equipment uses an average of 1,351 kWh per year to operate 
cooling equipment. Central air conditioning accounts for the vast majority of this usage 
(93%). We estimate that technology and behavioral waste associated with cooling accounts 
for approximately 33% and 30%, respectively, of current usage (if technology waste is 
addressed first). 

Figure 6-1 shows the contribution of cooling to overall residential electricity usage (pie chart 
on the left) and the breakout of cooling into efficient usage, technology waste, behavioral 
waste, and “shared waste” (pie chart on the right).7 

Figure 6-1. Usage and Waste Analysis – Cooling 

 
Source: Usage and waste analysis

                                                 
7 Note that “Efficient Usage” represents the residual usage taking into account only the waste categories 
included in this analysis. If additional waste categories were identified and quantified, efficient usage might be 
smaller than presented here. 
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6.1 Central Air Conditioning 

6.1.1 Central Air Conditioning Characteristics 
Almost three quarters of customers in ComEd service territory (73%) have central air 
conditioning in their homes. However, there is a significant difference between single family 
and multi-family homes: less than half of multi-family homes (46%) have central air 
conditioning, compared to 87% of single family homes. Of those with central air conditioning, 
most customers (89%) have only one unit.  

Figure 6-2. Central Air Conditioner Saturation 

 
Source: 2012 ComEd Residential Mail Survey 

 
Nearly half of units in ComEd territory (42%) are sized under 3 tons. Thirty-eight percent of 
units are sized at exactly 3 tons, and the remainder (20%) are larger units of over 3 tons.8 
The vast majority of units (93%) are under an efficiency level of 14 SEER, the current 
ENERGY STAR standard. The mean age of central air conditioning units is 10 years. 

Approximately one-quarter (26%) of ComEd customers have a service contract for regular 
maintenance on their central air conditioning system, and less than half of customers (46%) 
have had their system serviced within the past year. 

Less than half of ComEd customers (44%) have a programmable thermostat, although two 
thirds of customers (67%) with a programmable thermostat reported having it programmed 
to adjust temperature automatically depending on the time of day. 

                                                 
8 Note that central air conditioner tonnage could not be determined for 28% of units observed during site visits. 
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Table 6-3 at the end of this chapter provides key penetration and saturation information 
about central air conditioning units in ComEd’s service territory. 

6.1.2 Usage and Waste Analysis: Central Air 
Conditioning 
The usage and waste analysis for central air conditioning is based on mail survey, site visit, 
and secondary data. The analysis includes 251 central air conditioning units observed at the 
297 site visit homes. 

The amount of electricity a central air conditioning unit uses is a function of the system’s 
efficiency level, system capacity, and the number of hours of use. We collected system 
capacity and efficiency levels through the site visits and subsequent model number lookups. 
Where we were unable to collect this information, we estimated characteristics based on 
unit age, unit type, ENERGY STAR status of the unit, and home type. Hours of use are based 
on self-reported temperature setpoints that we adjusted with on-site temperature 
measurements. 

We calculated three categories of technology waste for central air conditioning units: unit 
efficiency, duct sealing and insulation, and building shell. The algorithms account for 
interactive effects among these categories. 

Behavioral waste for central air conditioning units is calculated for two categories of waste: 
lack of system maintenance and thermostat setpoints being lower than the setpoints 
recommended by ComEd and ENERGY STAR. Setpoint waste is calculated by developing a 
ratio of efficient EFLH (equivalent full load hours) to current household EFLH, given self-
reported occupancy patterns. 

Overall, central air conditioning used by ComEd’s residential customers accounts for 
approximately 14% of total residential electricity usage. Each household with a central air 
conditioning system uses an average of 1,620 kWh per year to operate the system.  

There is significant potential for energy savings in central air conditioning. If technology 
waste was addressed first, more than one third of current usage (35%) could be saved by 
upgrading central air conditioning systems, duct systems, and home insulation.9 If 
technology waste was addressed individually, unit efficiency, duct sealing and insulation, 
and building shell improvements would account for 20%, 8%, and 12% respectively of 
current usage (however, note that due to interactive effects, these percentages are not 
additive).  

Behaviorally, 41% of current cooling usage could be saved if ComEd’s customers raised their 
cooling setpoints to ComEd/ENERGY STAR recommended levels of 78°F when the home is 
occupied during waking hours, 82°F when the home is occupied during sleep hours, and 
85°F when the home is unoccupied. Potential savings from raising setpoints would be 32% 
if technology upgrades took place first. If both sources of waste could be completely 

                                                 
9 Note that the analysis of insulation improvements is limited to adding insulation to uninsulated surfaces. The 
analysis did not include adding insulation to surfaces that already have some amount of insulation. Therefore, 
the reduction in usage from insulation improvements is a conservative estimate. 
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addressed, an average efficient household would use only 526 kWh per year to operate their 
central air conditioning system, approximately one third (32%) of current usage. 

Figure 6-3 summarizes the breakout of central air conditioning usage into efficient usage, 
technology waste, behavioral waste, and “shared waste.”  

Figure 6-3. Usage and Waste Analysis – Central Air Conditioning 

 
Source: Usage and waste analysis 
 

Figure 10-5 shows the average annual per household energy usage and savings potential 
associated with central air conditioning. The figure shows estimated usage and savings 
when addressing technology waste, behavioral waste, or both. 
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Figure 6-4: Technological and Behavioral Potential – Central Air Conditioning 

 
Source: Usage and waste analysis 
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6.2 Room Air Conditioning 

6.2.1 Room Air Conditioning Characteristics 

Figure 6-5. Room Air Conditioner Saturation 

 
Source: 2012 ComEd Residential Mail Survey 

 

Three out of ten customers in ComEd’s service territory (30%) use window or wall air 
conditioning units. As with central air conditioning, there is a significant difference between 
single family and multi-family homes: only 18% of single family homes use window or wall 
unit air conditioning, compared to over half (52%) of multi-family homes. 

Thirty-eight percent of room air conditioners are small units, 6,000 BTU/h or under (0.5 tons 
or less), while 62% are over 6,000 BTU/h.10 Approximately one third of units (35%) are 
ENERGY STAR rated. 

The majority of room air conditioners (55%) are units less than 5 years of age – 26% are 
between 5 and 9 years of age, and 19% are 10 or more years of age. 

Table 6-4 at the end of this chapter provides key penetration and saturation information 
about room air conditioning units in ComEd’s service territory. 

                                                 
10 BTU/h could not be determined for approximately 50% of room air conditioners observed during site visits. 
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6.2.2 Usage and Waste Analysis: Room Air 
Conditioning 
The usage and waste analysis for room air conditioners is based on a combination of site 
visit, mail survey, and secondary data. The analysis includes 125 units observed at 297 site 
visit homes.  

Current energy usage of room air conditioners is a function of the unit’s capacity, efficiency 
level, and the number of hours of use. We estimated efficiency level based on site visit 
observations of the unit’s age, ENERGY STAR status, and capacity. Hours of use are based 
on default values from the TRM. 

Technology waste for room air conditioners is defined as the difference between the 
estimated usage of the current unit and the usage of an equivalent efficient unit. Efficient 
units are new ENERGY STAR units of the same capacity as the current unit. 

No behavioral waste was calculated for room air conditioners. 

Room air conditioner use by ComEd’s residential customers accounts for approximately 1% 
of total residential electricity usage. Each household with a room air conditioner uses an 
average of 299 kWh per year running their room air conditioner. Upgrading inefficient 
existing room air conditioning units to ENERGY STAR models would save approximately 10% 
of current usage. 

Figure 6-6 summarizes the breakout of room air conditioner usage into efficient usage and 
technology waste. 

Figure 6-6.  Usage and Waste Analysis – Room Air Conditioners 

 
Source: Usage and waste analysis 

Figure 6-7 shows the average annual energy usage and savings potential for households 
that have room air conditioners. The figure shows estimated cooling usage and savings 
when addressing technology waste. 
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Figure 6-7. Technological and Behavioral Potential – Room Air Conditioners 

 
Source: Usage and waste analysis 

 

The following two tables present the same usage and waste information for central air 
conditioning and room air conditioning, respectively. The tables show 1) average per 
household results for households with each type of air conditioning, 2) average per 
household results for all households, and 3) total usage and waste results for ComEd’s 
residential population. The tables present these results in aggregate and for single family 
and multi-family homes. 
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Table 6-1. Summary of Central Air Conditioning Usage and Waste 
  Per HH (with Equipment; kWh) Per HH (Overall; kWh) Total ComEd Population (MWh) 

Total SF MF Total SF MF Total SF MF 

Penetration: 73% 87% 46% No. of Occupied Homes in ComEd Service 
Territory (thousands): 

3,327 2,163 1,165 

 Current Usage 1,620 1,720 1,270 1,178 1,496 586 3,919,004 3,235,969 683,035 

Efficient Usage 526 625 301 383 544 139 1,273,598 1,175,662 162,091 

% Efficient Usage 32% 36% 24% 32% 36% 24% 32% 36% 24% 

Waste 1,094 1,095 969 795 953 447 2,645,406 2,060,307 520,944 

% Waste 68% 64% 76% 68% 64% 76% 68% 64% 76% 

Te
ch

no
lo

gy
 

Fi
rs

t 

Technology 567 584 446 413 508 206 1,372,851 1,098,296 239,695 

Technology % 35% 34% 35% 35% 34% 35% 35% 34% 35% 

Behavioral 526 511 523 382 445 241 1,272,556 962,010 281,250 

Behavioral % 32% 30% 41% 32% 30% 41% 32% 30% 41% 

B
eh

av
io

r F
irs

t Behavioral 656 659 645 477 574 298 1,587,247 1,240,429 346,817 

Behavioral % 41% 38% 51% 41% 38% 51% 41% 38% 51% 

Technology 437 436 324 318 379 150 1,058,160 819,877 174,127 

Technology % 27% 25% 25% 27% 25% 25% 27% 25% 25% 

Source: Usage and waste analysis 
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Table 6-2. Summary of Room Air Conditioning Usage and Waste 
  Per HH (with Equipment; kWh) Per HH (Overall; kWh) Total ComEd Population (MWh) 

Total SF MF Total SF MF Total SF MF 

Penetration: 30% 18% 52% No. of Occupied Homes in ComEd Service 
Territory (thousands): 

3,327 2,163 1,165 

 Current Usage 299 279 311 89 50 162 296,480 107,395 189,085 

Efficient Usage 269 267 294 80 48 153 267,195 102,846 178,339 

% Efficient Usage 90% 96% 94% 90% 96% 94% 90% 96% 94% 

Waste 30 12 18 9 2 9 29,284 4,549 10,746 

% Waste 10% 4% 6% 10% 4% 6% 10% 4% 6% 

Te
ch

no
lo

gy
 

Fi
rs

t 

Technology 30 12 18 9 2 9 29,284 4,549 10,746 

Technology % 10% 4% 6% 10% 4% 6% 10% 4% 6% 

Behavioral - - - - - - - - - 

Behavioral % - - - - - - - - - 

B
eh

av
io

r F
irs

t Behavioral - - - - - - - - - 

Behavioral % - - - - - - - - - 

Technology 30 12 18 9 2 9 29,284 4,549 10,746 

Technology % 10% 4% 6% 10% 4% 6% 10% 4% 6% 

Source: Usage and waste analysis 
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Table 6-3. Summary of Central Air Conditioning Data 

Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

No. of Occupied Homes in ComEd 
Service Territory (thousands) 

3,327 2,163 1,165 1,176 632 354 689 319 157 33 2,129 158 1,017 

Have central air cooling A 73% 87% 46% 83% 92% 91% 35% 61% 62% 58% 88% 56% 45% 

Mean number of CAC units 1.1 1.1 1.1 1.0 1.1 1.3 1.1 1.1 1.2 1.1 1.1 1.1 1.1 

Mean age of primary unit 10.1 10.3 9.2 10.4 10.2 9.9 9.4 8.5 9.9 * 10.3 11.7 8.8 

Size of primary unit S              
<3 tons 42% 36% * 50% 32% 19% * * * * 37% * * 
3 tons 38% 41% * 36% 47% 41% * * * * 41% * * 
>3 tons 20% 23% * 14% 21% 40% * * * * 22% * * 

Unit is <SEER 14 S 93% 93% * 95% 93% 88% * * * * 93% * * 

Unit has ECM fan S 6% 8% 0% 3% 15% 8% * * * * 8% * 0% 

Cool entire house 85% 83% 93% 82% 84% 84% 91% 95% 90% 86% 83% 88% 93% 

Have progr. thermostat 44% 47% 35% 43% 49% 55% 28% 47% 34% 27% 47% 29% 36% 

Thermostat is programmed B 67% 69% 61% 66% 73% 69% 59% 66% 54% * 69% 48% 63% 
Set thermostats at <78°F 
during summer  

6am – 9am 80% 80% 82% 75% 83% 87% 78% 85% 86% * 80% 81% 82% 
9am – 12pm 77% 77% 76% 73% 82% 83% 70% 80% 82% * 77% 75% 76% 
12 pm – 4pm 79% 79% 79% 74% 83% 83% 72% 84% 84% * 79% 76% 79% 
4pm – 7pm 84% 84% 86% 80% 87% 88% 79% 91% 91% * 84% 87% 86% 
7pm – 10pm 86% 85% 88% 82% 88% 89% 82% 92% 93% * 85% 88% 88% 
10pm – 6am 82% 82% 84% 79% 84% 86% 80% 87% 86% * 82% 81% 84% 

Have service contract 26% 25% 28% 23% 26% 28% 30% 27% 29% 20% 25% 33% 28% 

Serviced CAC within last year 46% 46% 48% 41% 47% 53% 49% 44% 54% * 45% 47% 48% 
Source: 2012 ComEd Residential Mail Survey; 2012 Residential Site Visits 
A All subsequent questions were only asked of households with central air cooling. 
B Asked of households with a programmable thermostat. 
S Data based on site visits.  
* Insufficient number of responses 
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Table 6-4. Summary of Window Air Conditioning Data 

Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

No. of Occupied Homes in ComEd 
Service Territory (thousands) 

3,327 2,163 1,165 1,176 632 354 689 319 157 33 2,129 158 1,017 

Use window units A  30% 18% 52% 20% 15% 16% 59% 43% 44% 51% 17% 53% 52% 
Mean number of window units 
used in summer 1.8 1.8 1.8 1.7 1.8 2.0 1.7 1.8 1.9 * 1.8 1.6 1.8 

Unit is ENERGY STAR B 35% 37% 33% 33% 47% 41% 32% 44% 22% * 38% 16% 36% 

Age of window unit B   
<5 years 55% 57% 53% 57% 53% 60% 53% 57% 46% 46% 58% 43% 55% 
5-9 years 26% 30% 24% 29% 31% 30% 24% 26% 23% 35% 29% 27% 24% 
10+ years 19% 14% 22% 14% 16% 10% 23% 17% 31% 18% 13% 31% 21% 

How often is the unit turned on 
in the summer months? B  

Not used at all 1% 1% 1% 2% <1% 1% 1% 1% 1% 0% 1% 1% 1% 
Turned on a few times each 
summer 35% 40% 31% 46% 35% 28% 34% 24% 26% 62% 39% 37% 30% 
Turned on quite a bit 44% 43% 45% 38% 50% 48% 43% 45% 54% 33% 44% 42% 46% 
Turned on just about all 
summer  20% 16% 23% 14% 14% 22% 22% 30% 19% 5% 17% 21% 24% 

Source: 2012 ComEd Residential Mail Survey 
A All subsequent questions were only asked of households with window air cooling. 
B Based on all window units used in home. 
* Insufficient number of responses. 
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7. ELECTRIC SPACE HEATING 

Electric space heating is used by approximately 33% of households in ComEd’s service 
territory. Overall, electric heating accounts for approximately 7% of total residential 
electricity usage. Each household with electric space heating uses an average of 1,829 kWh 
per year to heat their home. We estimate that technology and behavioral waste associated 
with electric heating accounts for approximately 13% and 2%, respectively, of current usage 
(if technology waste is addressed first). 

Figure 7-1 shows the contribution of electric space heating to overall residential electricity 
usage (pie chart on the left) and the breakout of heating usage into efficient usage, 
technology waste, behavioral waste, and “shared waste” (pie chart on the right).11 

Figure 7-1. Usage and Waste Analysis – Electric Space Heating 

 
Source: Usage and waste analysis 

 

                                                 
11 Note that “Efficient Usage” represents the residual usage taking into account only the waste categories 
included in this analysis. If additional waste categories were identified and quantified, efficient usage might be 
smaller than presented here. 
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7.1 Electric Heating Characteristics 
The vast majority of ComEd households use natural gas as their primary heating fuel. Ten 
percent use electricity and 2% use another heating fuel, such as propane or oil. In addition, 
22% of customers use electricity as a secondary heating fuel. 

Figure 7-2. Primary Electric Heat Penetration 

 
Source: 2012 ComEd Residential Mail Survey 

 

Electric baseboards are the most common type of primary electric heating system (55%); 
fewer households use electric furnaces (28%) or heat pumps (17%). Most customers who 
use electric heat (either as a primary or secondary fuel source) also have one or more 
portable space heaters (72%). 

Table 7-3 at the end of this chapter provides key penetration and saturation information 
about electric heat in ComEd’s service territory. 
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usage as the incremental usage of each home during the primary heating months 
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October). We excluded the summer months from this analysis of incremental winter usage 
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We considered households to use electricity as their primary heating source if 1) the site 
visit determined that there was no other primary heating source (such as a natural gas boiler 
or furnace) and 2) the mail survey indicated that electric heat was the primary fuel source 
(or the response was missing). We considered households to use electricity as their 
secondary heating source if the mail survey indicated that they used electricity to heat any 
spaces in their home, but the household was not flagged as using electricity as their primary 
heating fuel. 

Technology waste for primary electric heating is calculated for three categories of waste: 
heat pump efficiency, duct sealing and insulation, and building shell.12 The algorithms 
account for the interactive effects among these categories. For secondary electric heating, 
we only considered technology waste associated with building shell. 

Behavioral waste is estimated for primary electric heat and is associated with thermostat 
setpoints higher than the setpoints recommended by ENERGY STAR and ComEd. It is 
calculated by developing a ratio of efficient EFLH (equivalent full load hours) to current 
household EFLH, given self-reported occupancy patterns. 

Overall, electric heat used by ComEd’s residential customers accounts for approximately 7% 
of total residential electricity usage. This share is much larger among households that use 
electricity as a primary (36%) or secondary (10%) heating fuel. Each household with primary 
electric heat uses an average of 3,815 kWh per year for home heating; each household with 
secondary electric heat uses an average of 897 kWh per year. There is some potential for 
energy savings from upgrading to more efficient technologies: If all possible technological 
sources of primary electric heat waste were addressed, 17% of current electric heat usage 
could be saved. Behaviorally, 3% of current primary electric heat usage could be saved if 
ComEd’s customers lowered their heating setpoints (4% if technology upgrades took place 
first). 

                                                 
12 Note that the analysis of insulation improvements is limited to adding insulation to uninsulated surfaces. 
The analysis did not include adding insulation to surfaces that already have some amount of insulation. 
Therefore, the reduction in usage from insulation improvements is a conservative estimate. 
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Figure 7-3. Usage and Waste Analysis – Primary Electric Heating 

 
Source: Usage and waste analysis 

 
Figure 7-4 shows the average annual energy usage and savings potential for households 
that have primary electric heating. The figure shows estimated electric heating usage and 
savings when addressing technology waste, behavioral waste, or both. 
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Figure 7-4.  Technological and Behavioral Potential – Primary Electric Heating 

 
 
Source: Usage and waste analysis 
 

 

The two tables at the end of this chapter present the same usage and waste information for 
primary electric heat and secondary electric heat, respectively. The tables show 1) average 
per household results for households with electric heat, 2) average per household results for 
all households, and 3) total usage and waste results for ComEd’s residential population. The 
tables present these results in aggregate and separately for single family and multi-family 
homes (where sample sizes allow). 
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on assumptions from secondary sources) and equivalent full load run hours (calculated from 
setpoints reported in the mail survey).  

Overall, we estimate that 70% of households in ComEd’s service territory have fans 
associated with non-electric furnaces. These account for 6% of current usage among all 
ComEd households and for approximately 8% of usage among households with a furnace 
fan. 
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Table 7-1. Summary of Electric Heat Usage and Waste – Primary 
  Per HH (with Equipment; kWh) Per HH (Overall; kWh) Total ComEd Population (MWh) 

Total SFA MF Total SFA MF Total SFA MF 

Penetration: 10% 2% 25% No. of Occupied Homes in ComEd Service 
Territory (thousands): 

3,327 2,163 1,165 

 Current Usage 3,815  3,451 397  877 1,320,482  1,021,640 

Efficient Usage 3,046  2,762 317  702 1,054,176  817,836 

% Efficient Usage 80%  80% 80%  80% 80%  80% 

Waste 769  688 80  175 266,306  203,804 

% Waste 20% 
 

20% 20% 
 

20% 20% 
 

20% 

Te
ch

no
lo

gy
 

Fi
rs

t 

Technology 657  616 68  157 227,258  182,436 

Technology % 17%  18% 17%  18% 17%  18% 

Behavioral 113  72 12  18 39,048  21,369 

Behavioral % 3%  2% 3%  2% 3%  2% 

B
eh

av
io

r F
irs

t Behavioral 145  98 15  25 50,109  29,091 

Behavioral % 4% 
 

3% 4% 
 

3% 4% 
 

3% 

Technology 625  590 65  150 216,197  174,713 

Technology % 16%  17% 16%  17% 16%  17% 

Source: Usage and waste analysis 
A The incidence of primary electric space heating was too small to estimate usage and waste for single family homes. 
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Table 7-2. Summary of Electric Heat Usage and Waste – Secondary 
  Per HH (with Equipment; kWh) Per HH (Overall; kWh) Total ComEd Population (MWh) 

Total SF MFA Total SF MFA Total SF MFA 

Penetration: 22% 27% 14% No. of Occupied Homes in ComEd Service 
Territory (thousands): 

3,327 2,163 1,165 

 Current Usage 897 1,024 444 199 273 62 661,251 589,567 71,684 

Efficient Usage 866 1,003 377 192 267 52 638,435 577,491 60,944 

% Efficient Usage 97% 98% 85% 97% 98% 85% 97% 98% 85% 

Waste 31 21 67 7 6 9 22,816 12,076 10,740 

% Waste 3% 2% 15% 3% 2% 15% 3% 2% 15% 

Te
ch

no
lo

gy
 

Fi
rs

t 

Technology 31 21 67 7 6 9 22,816 12,076 10,740 

Technology % 3% 2% 15% 3% 2% 15% 3% 2% 15% 

Behavioral - - - - - - - - - 

Behavioral % 0% 0% 0% 0% 0% 0% 0% 0% 0% 

B
eh

av
io

r F
irs

t Behavioral - - - - - - - - - 

Behavioral % 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Technology 31 21 67 7 6 9 22,816 12,076 10,740 

Technology % 3% 2% 15% 3% 2% 15% 3% 2% 15% 

Source: Usage and waste analysis 
A The incidence of secondary electric space heating was too small to estimate usage and waste for multi-family homes. 
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Table 7-3. Summary of Electric Heating Data 

Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

No. of Occupied Homes in ComEd 
Service Territory (thousands) 

3,327 2,163 1,165 1,176 632 354 689 319 157 33 2,129 158 1,017 

Primary space heating fuel   
Natural gas 87% 94% 74% 96% 96% 85% 83% 73% 33% 14% 96% 4% 85% 
Electric 10% 4% 24% 2% 2% 10% 14% 25% 67% 81% 2% 95% 13% 
Other 2% 2% 2% 1% 2% 5% 3% 2% <1% 5% 2% 1% 2% 

Primary Heating System Type A,S  
Baseboard heating 55% * * * * * * * * * * * * 
Electric furnace 28%  
Heat pump 17% * * * * * * * * * * * * 

Home uses electric heat 
(primary or non-primary) 33% 28% 42% 23% 29% 38% 33% 43% 76% 88% 27% 96% 33% 
Home uses portable space 
heater B 72% 83% 57% 85% 85% 77% 66% 60% 37% 50% 85% 29% 71% 
Mean number of portable 
space heaters C 1.5 1.5 1.5 1.4 1.6 1.8 1.5 1.5 1.9 1.6 1.5 1.9 1.5 
Set thermostats >69°F during 
winter B  

6am – 9am 41% 37% 47% 31% 44% 40% 46% 49% 44% 31% 38% 46% 47% 
9am – 12pm 38% 35% 43% 33% 34% 40% 43% 45% 39% 31% 35% 40% 44% 
12 pm – 4pm 38% 35% 43% 33% 36% 39% 43% 45% 40% 33% 36% 40% 44% 
4pm – 7pm 50% 48% 53% 45% 51% 49% 52% 55% 53% 38% 48% 48% 55% 
7pm – 10pm 51% 46% 59% 41% 49% 50% 60% 59% 56% 39% 46% 55% 61% 
10pm – 6am 32% 25% 43% 22% 28% 27% 44% 46% 39% 22% 25% 44% 43% 

Source: 2012 ComEd Residential Mail Survey; 2012 Residential Site Visits 
A Asked of households that use electricity as their primary space heating fuel. 
B Asked of households that use electric heat. 
C Asked of households that use portable space heaters. 
S Data based on site visits. 
* Insufficient number of responses. 
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8. ELECTRIC WATER HEATING 

Electric water heaters are used by 8% of households in ComEd’s service territory. Overall, 
they account for approximately 5% of total residential electricity usage in ComEd’s service 
territory. However, this share is much larger among households that have an electric water 
heater (36%). We estimate that technology and behavioral waste associated with electric 
water heaters accounts for approximately 17% and 9%, respectively, of current usage (if 
technology waste is addressed first). 

Figure 8-1 shows the contribution of electric water heaters to overall residential electricity 
usage (pie chart on the left) and the breakout of electric water heater usage into efficient 
usage, technology waste, behavioral waste, and “shared waste” (pie chart on the right).13 

Figure 8-1. Usage and Waste Analysis – Electric Water Heaters 

 
Source: Usage and waste analysis 

 

8.1 Water Heater Characteristics 
The majority of ComEd’s residential customers use natural gas water heaters (91%). Electric 
water heaters are relatively uncommon with only 8% of customers using one. Electric water 

                                                 
13 Note that “Efficient Usage” represents the residual usage taking into account only the waste categories 
included in this analysis. If additional waste categories were identified and quantified, efficient usage might be 
smaller than presented here. 
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heaters are more common in multi-family homes (16%) compared to single family homes 
(6%). 

Figure 8-2. Penetration of Electric Water Heaters 

 
Source: 2012 ComEd Residential Mail Survey 

 

Most electric water heaters in ComEd’s service territory are storage water heaters (93%); 7% 
are tankless electric water heaters. 

Few households with electric water heaters have tank wrap (3%) or pipe wrap (9%) that 
would reduce the energy requirement to keep the water at the desired set point. A larger 
percentage has faucet aerators (62%) or low flow shower heads (40%) that would reduce 
the water flow.14 

                                                 
14 Note that these percentages are based on site visits which surveyed 32 homes with electric water heaters. 
Self-reported numbers from the mail survey showed a higher share of customers with tank wrap (24%) and 
low-flow shower heads (46%). These self-reported numbers are likely an over-estimate. However, the site visits 
did not include a sufficient sample of electric water heaters to make a statistically valid adjustment to the self-
reported numbers. 
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Figure 8-3. Penetration of Water Heater Insulation and Flow Reduction Measures 

 
Source: 2012 Residential Site Visits 

The majority of households (68%) reports having a medium set point (126-135°F) for their 
water heater. Twenty-two percent report a low set point (120-125°F) while 10% report a high 
set point (136-140°F). Notably, 46% of all respondents did not know their set point. 

Table 8-2 at the end of this chapter provides key penetration and saturation information 
about electric water heaters in ComEd’s service territory. 

8.2 Usage and Waste Analysis: Electric 
Water Heaters 

The usage and waste analysis for electric water heaters is based on site visit data. The 
analysis includes 32 electric water heaters observed at the 297 site visit homes.  

The amount of electricity used by an electric water heater is a function of 1) daily hot water 
usage, 2) the difference in temperature between water heater set point and incoming water 
temperature, and 3) the water heater energy factor. The age and the efficiency of the water 
heater are not considered in these calculations because electric resistance heating is 
approximately 100% efficient and no significant degradation in efficiency takes place as the 
heater ages.  

We estimate hot water usage for four end-uses: clothes washers, dishwashers, showers, and 
faucets. In general, hot water usage for each end-use is estimated based on the number of 
occupants, the number of “events” (e.g., showers or loads of laundry) per day, the gallons of 
water used per event, and the percentage of hot water used in each event. We derived the 
number of occupants, the number of events per person per day, and the share of hot water 
usage for showers from the mail survey; all other inputs into the water usage analysis are 
based on secondary sources (e.g., ENERGY STAR or the Illinois TRM). 
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Water heater set points are also derived from the mail survey, while the water heater energy 
factor is a function of tank size and type (storage or on-demand), which were collected 
during the site visits. 

This analysis includes three sources of technology waste for electric water heaters: 1) no 
storage tank insulation, 2) no pipe insulation, and 3) excess water usage due to lack of low-
flow shower heads and faucet aerators. We also estimated waste associated with extra hot 
water usage due to inefficient clothes washers and dishwashers. These categories of waste 
are not included in the results for electric water heaters but are discussed in the appliance 
chapter. 

Behavioral waste for electric water heaters is associated with high temperature set points. 
We also estimated behavioral waste associated with excessive hot water use due to 1) 
customers washing an excessive percentage of clothes washer loads with hot water and 2) 
customers running partial dishwasher loads. As with technology waste, these categories of 
waste are not included in the results for electric water heaters but are discussed in the 
appliance chapter. 

Overall, electric water heaters account for approximately 5% of total residential electricity 
usage in ComEd’s service territory. However, this share is much larger among households 
that have an electric water heater (36%). Each household with an electric water heater uses 
an average of 4,943 kWh per year for water heating. There is substantial potential for 
energy savings from installing tank and pipe wrap as well as low flow shower heads and 
faucet aerators: If these measures were installed in all homes that do not already have 
them, 17% of water heater electricity use could be saved. The majority of these savings 
come from low flow shower heads (33%) and faucet aerators (34%); the potential savings 
from pipe wrap (19%) and tank wrap (13%) are smaller. 

There is also substantial savings potential from reducing water heater temperature set 
points: Mail survey results show that most households do not use an efficient water heater 
set point. We estimate that about 10% of current water heater usage could be saved if these 
customers reduced their set point to a low setting of 120-125°F (9% if technology upgrades 
took place first).  

Figure 8-4 shows the average annual per household energy usage and savings potential 
associated with electric water heaters (for households that have them). The figure shows 
estimated usage and savings when addressing technology waste, behavioral waste, or both. 
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Figure 8-4. Technological and Behavioral Potential – Electric Water Heaters 

  

Source: Usage and waste analysis 

 

 

The following table presents the same usage and waste information, including 1) average 
per household results for households with an electric water heater, 2) average per 
household results for all households, and 3) total usage and waste results for ComEd’s 
residential population. 
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Table 8-1. Summary of Electric Water Heating Usage and Waste 
  Per HH (with Equipment; kWh) Per HH (Overall; kWh) Total ComEd Population (MWh) 

Total SFA MFA Total SFA MFA Total SFA MFA 

Penetration: 8% 5% 15% No. of Occupied Homes in ComEd Service 
Territory (thousands): 

3,327 2,163 1,165 

 Current Usage 4,943   398   1,323,479   
Efficient Usage 3,630   292   971,977   
% Efficient Usage 73%   73%   73%   
Waste 1,313   106   351,502   
% Waste 27% 

  
27% 

  
27% 

  

Te
ch

no
lo

gy
 

Fi
rs

t 

Technology 851   68   227,834   
Technology % 17%   17%   17%   
Behavioral 462   37   123,668   
Behavioral % 9%   9.3%   9.3%   

B
eh

av
io

r F
irs

t Behavioral 493   40   132,045   
Behavioral % 10% 

  
10% 

  
10% 

  
Technology 820   66   219,457   
Technology % 17%   17%   17%   

Source: Usage and waste analysis 
A The incidence of electric water heaters was too small to estimate usage and waste by single family and multi-family homes. 
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Table 8-2. Summary of Water Heating Data 

Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

No. of Occupied Homes in ComEd 
Service Territory (thousands) 

3,327  2,163 1,165 1,176 632 354 689 319  157 33 2,129 158 1,017

Primary water heating fuel A   
Natural gas 91% 94% 83% 95% 94% 88% 92% 80% 51% 23% 95% 26% 90% 
Electric 8% 6% 16% 5% 5% 10% 7% 19% 49% 76% 5% 74% 9% 
Other 1% 1% 9% <1% 1% 2% 1% 1% <1% 1% 1% <1% 1% 

Age of electric water heater  
<5 years 45% 47% 42% 48% 49% 44% * 42% 47% 47% 47% 50% 31% 
5-10 years 36% 37% 34% 38% 35% 37% * 38% 27% 32% 38% 26% 42% 
11+ years 20% 17% 25% 14% 17% 20% * 20% 26% 21% 15% 23% 27% 

Type of electric water heaterS  
Storage 93% * * * * * * * * * * * * 
Tankless 7% * * * * * * * * * * * * 

Water heater has insulation 
blanket/tank wrap S 3% * * * * * * * * * * * * 
Water heater has pipe 
insulation S 9% * * * * * * * * * * * * 
Have low-flow showerheads S 40%  

Have faucet aerator S 62% * * * * * * * * * * * * 

Water heater temp. setting  
Low (120-125°F) 22% 22% 22% 31% 11% 21% * * 19% 26% 21% 24% 20% 
Medium (126-135°F) 68% 70% 63% 68% 77% 67% * * 66% 63% 73% 59% 68% 
High (136-140°F) 10% 8% 15% 1% 11% 12% * * 15% 10% 7% 17% 12% 

Source: 2012 ComEd Residential Mail Survey; 2012 Residential Site Visits 
A All subsequent results only include households with electric water heaters. 
S Data based on site visits. 
* Insufficient number of responses.  
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9. MAJOR APPLIANCES 

Our analysis of major appliances includes refrigeration equipment (refrigerators and 
freezers), laundry equipment (washers and electric dryers), and dishwashers. Overall, major 
appliances account for approximately 13% of total residential electricity usage. Each 
household uses an average of 1,104 kWh per year to operate major appliances. 
Refrigerators account for the majority of this usage (68%). We estimate that technology and 
behavioral waste associated with major appliances accounts for approximately 23% and 2%, 
respectively, of current usage (if technology waste is addressed first). 

In addition, we assessed current usage of cooking appliances (electric ovens and ranges as 
well as microwaves). These appliances account for an additional 5% of current usage. 

Figure 9-1 shows the contribution of appliances to overall residential electricity usage (pie 
chart on the left) and the breakout of appliance usage into efficient usage, technology 
waste, behavioral waste, and “shared waste” (pie chart on the right). Shared waste refers to 
the portion of waste that can be addressed by either technologies or behavior changes, 
depending on which is addressed first.15 

Figure 9-1. Usage and Waste Analysis – Overall Appliances 

 
Source: Usage and waste analysis 

                                                 
15 Note that “Efficient Usage” represents the residual usage taking into account only the waste categories 
included in this analysis. If additional waste categories were identified and quantified, efficient usage might be 
smaller than presented here. 
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9.1 Refrigerators and Freezers 

9.1.1 Refrigerator Characteristics 
Refrigerators are found in nearly every home in ComEd’s service territory. Less than one 
percent of residential customers do not have a refrigerator in their home. Most customers 
(70%) only have one refrigerator, 26% have two refrigerators, and 4% of customers have 
three or more.  

Figure 9-2. Refrigerator Saturation 

 
Source: 2012 ComEd Residential Mail Survey 

 

Approximately half (49%) of refrigerators in ComEd territory are the traditional top freezer - 
bottom fridge type, almost all without a through the door icemaker. Another 29% are side-by-
side, and 12% are bottom freezer - top fridge. Only 4% are single door refrigerators. Overall, 
25% of refrigerators have a through the door ice maker. 

ComEd customers’ refrigerators vary widely in age. The largest share of refrigerators (39%) 
is 9 years old or older. A quarter of refrigerators (26%) are less than 4 years old, and the 
remaining 36% are between 4 and 8 years old.16 

Just under one third (31%) of refrigerators in ComEd service territory are ENERGY STAR 
models.17   

                                                 
16 Note that refrigerator age could not be determined for 30% of the units observed during site visits. 
17 We considered a refrigerator to be ENERGY STAR rated if there was visible evidence of such a rating on the 
unit, e.g., a sticker or information on the nameplate. As a result, our reported percentage of ENERGY STAR 
units might be an underestimate. 
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Figure 9-3. Key Refrigerator Characteristics 

 
Source: 2012 Residential Site Visits 

There is a distinct relationship between refrigerator age and ENERGY STAR: Only 2% of 
refrigerators 9 years or older are ENERGY STAR models, while 66% of refrigerators that are 
less than 4 years old are ENERGY STAR rated. 

Figure 9-4. Refrigerator Age and ENERGY STAR 

 
Source: 2012 Residential Site Visits 
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9.1.2 Freezer Characteristics 
Slightly less than one third of ComEd customers (31%) have stand-alone freezers. The 
majority (69%) of ComEd customers do not own a separate freezer unit. 

Figure 9-5. Freezer Saturation 

 
Source: 2012 ComEd Residential Mail Survey 

 

Fifty-six percent of freezers in ComEd territory are chest freezers, while 44% are upright. 
More than half of all freezers (54%) are 9 years old or older.18 Only 20% of freezers in 
ComEd service territory are ENERGY STAR models.19 

 

                                                 
18 Note that freezer age could not be determined for 31% of the units observed during site visits. 
19 We considered a freezer to be ENERGY STAR rated if there was visible evidence of such a rating on the unit, 
e.g., a sticker or information on the nameplate. As a result, our reported percentage of ENERGY STAR units 
might be an underestimate. 
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Figure 9-6. Key Freezer Characteristics 

 
Source: 2012 Residential Site Visits 

As with refrigerators, there is a relationship between freezer age and ENERGY STAR status: 
Only 5% of freezers 9 years or older and 10% of freezers between 4 and 8 years old are 
ENERGY STAR models. However, 79% of freezers that are less than 4 years old are ENERGY 
STAR. 

Figure 9-7. Freezer Age and ENERGY STAR 

 
Source: 2012 Residential Site Visits 
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Table 9-5 at the end of this chapter provides key penetration and saturation information 
about refrigerators and freezers in ComEd’s service territory. 

9.1.3 Usage and Waste Analysis: Refrigerators 
and Freezers 

The usage and waste analysis for refrigerators and freezers is based on site visit data. The 
analysis includes 407 refrigerators and 86 freezers observed at the 297 site visit homes.  

The amount of electricity used by refrigerators and freezers is a function of the unit’s type, 
volume, and age, and whether the unit is ENERGY STAR rated. For non-ENERGY STAR 
refrigerators and freezers, we estimated usage based on the current Federal minimum 
efficiency standards, by type. We then made age-based adjustments to reflect the fact that 
the Federal minimum standard has changed over the lifetime of the units observed in our 
study. For ENERGY STAR units, we estimated usage as a percentage of the Federal 
minimum standard, based on the ENERGY STAR criteria at the time the unit was 
manufactured.  

Technology waste for refrigerators and freezers is defined as the difference between the 
estimated usage of the current unit and the usage of an equivalent efficient unit. Efficient 
units are new ENERGY STAR units of the same type and volume as the current unit. Current 
ENERGY STAR criteria (as of April 28, 2008) require refrigerators to be at least 20% more 
efficient and freezers to be at least 10% more efficient than the federal minimum standard. 
We therefore estimate efficient usage to be 80% and 90%, respectively, of the usage of an 
equivalent non-ENERGY STAR refrigerator or freezer.  

Behavioral waste for refrigeration is associated with freezers and secondary refrigerators 
that were found to be empty or nearly empty at the time of the site visit. For these units, the 
entire energy usage is considered to be behavioral waste. 

Refrigeration used by ComEd’s residential customers accounts for approximately 9% of total 
residential electricity usage. Each household uses an average of 910 kWh per year for 
refrigeration. There is substantial potential for energy savings from upgrading to more 
efficient technologies: If all existing standard efficiency and older model ENERGY STAR 
refrigerators and freezers were replaced with a new ENERGY STAR model, 23% of 
refrigeration electricity use could be saved. Behavioral savings potential is more limited as 
only 3% of freezers and refrigerators were considered wasteful because of their level of 
fullness. We estimate that elimination of these units would save an additional 2% of the 
current total refrigeration usage. 

By equipment type, refrigerators account for 83% of total refrigeration usage. We estimate 
that 24% of current refrigerator usage is waste, compared to 27% for freezers. Figure 7-3 
compares the break-down of usage and waste shares for refrigerators and freezers. 
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Figure 9-8. Usage and Waste Analysis by Equipment 

Refrigerators Freezers 

  
Source: Usage and waste analysis 

 

Figure 9-9 shows the average annual energy usage and savings potential for households 
that have refrigeration equipment. The figure shows estimated refrigeration usage and 
savings when addressing technology waste, behavioral waste, or both. 
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Figure 9-9.  Technological and Behavioral Potential – Refrigeration 

 
Source: Usage and waste analysis 

 

9.2 Clothes Washers and Dryers 

9.2.1 Washer and Dryer Characteristics 
Four out of five ComEd customers (80%) have a clothes washer in their home. Nearly all 
single family homes (98%) have a clothes washer, while just under half of multi-family 
homes (47%) have one.20 

Similarly, 80% of ComEd customers have a clothes dryer in their home. Again, nearly all 
single family homes (97%) have one, while just under half of multi-family homes (47%) have 
one. Three quarters of clothes dryers in ComEd territory (75%) are fueled by natural gas or 
propane, while 25% are powered by electricity. (Taking into account dryer penetration, this 
translates into 20% of all households having an electric dryer.) Multi-family homes more 
often have electric models (42%) compared to single family homes (21%).  

                                                 
20 Clothes washers located in common areas for shared used are excluded from this analysis. 
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Figure 9-10. Clothes Washer and Dryer Penetration 

  
Source: 2012 ComEd Residential Mail Survey 

 

Three quarters of clothes washers (76%) are of the top loading type, while 24% are front 
loading. Based on the site visits, we estimate that 32% of clothes washers are ENERGY 
STAR rated.21  

The largest share of clothes washers in ComEd’s territory (40%) are between five and nine 
years old. One-quarter are less than five years old, and 16% are 20 or more years old. 

On average, households wash 1.1 hot water loads, 2.3 warm water loads, and 2.4 cold 
water loads per week. 

9.2.2 Usage and Waste Analysis: Clothes 
Washers and Dryers 

The usage and waste analysis for clothes washers and dryers is based on a combination of 
site visit, mail survey, and secondary data. The analysis includes 228 clothes washers 
observed at the 297 site visit homes. Fifty-two of these homes have an electric dryer. 

Current energy usage of clothes washers and electric dryers is determined by first estimating 
the energy requirements associated with the full laundry cycle (i.e., the electrical energy 
consumption of the washer and the dryer as well as the hot water energy consumption of 
the washer) and then determining the share of overall usage that is washer and dryer 
electrical usage. Overall laundry energy usage is based on the clothes washer type (front 
loading or top loading), its capacity (estimated based on age), the number of loads washed 
per year, and the washer’s efficiency level. 

                                                 
21 We considered a clothes washer to be ENERGY STAR rated if there was visible evidence of such a rating on 
the unit, e.g., a sticker or information on the nameplate. As a result, our reported percentage of ENERGY STAR 
units might be an underestimate. 
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Technology waste for the laundry cycle is defined as the difference between the usage of the 
installed laundry equipment and the usage of laundry equipment where an efficient washer 
is substituted for the current unit. 

Behavioral waste for clothes washers is associated with an above-average share of hot 
water usage. We only considered this source of waste if the customer has an electric water 
heater. Because this type of waste is associated with hot water usage and because 
electricity requirements for current hot water usage are captured in the water heater 
analysis, we do not formally include the potential for waste reduction in this analysis. 
However, we do quantify it and discuss it below.22 

We did not estimate behavioral waste associated with dryers.  

Laundry equipment used by ComEd’s residential customers (including washer and dryer, but 
excluding hot water) accounts for approximately 0.8% of total residential electricity usage. 
Each household with laundry equipment uses an average of 122 kWh per year for laundry. 
However, for households with an electric dryer, usage is substantially higher, averaging 345 
kWh.23 By equipment type, clothes washers account for 36% of total laundry electric usage, 
while electric dryers account for 64%. These numbers reflect the higher usage of electric 
dryers but their lower penetration, compared to clothes washers (which are all electric).  

The potential for energy savings from upgrading to more efficient technologies is rather 
small overall: If all existing clothes washers were replaced with an efficient model, 25% of 
laundry energy usage, or approximately 30 kWh per household with laundry equipment, 
could be saved. 

While behavioral waste from reducing clothes washer hot water usage is not formally 
included in the analysis of laundry equipment waste, we did quantify potential savings: We 
estimate that customers with an electric water heater use approximately 600 kWh per year 
for laundry (including washer, dryer, and hot water). Average usage for these customers is 
higher compared to all customers with laundry equipment due to the extra water heating 
requirement of the electric water heater. In addition, customers with an electric hot water 
heater also tend to have an electric dryer. These customers could save 90 kWh a year, or 
15%, by reducing the amount of hot water used to wash their laundry, given their current 
water heater configuration (i.e., whether or not they have tank wrap or pipe wrap). This 
number would decrease to 49 kWh if their system was first upgraded with tank wrap and 
pipe wrap.  

Figure 9-11 compares the break-down of usage and waste shares for clothes washers and 
dryers. 

                                                 
22 Including this waste in the clothes washer waste analysis would provide misleading results since energy 
usage associated with hot water requirements are not included for current usage. 
23 This estimate is lower than some values available from secondary sources. The main factor accounting for 
this difference is the lower average number of dryer loads (232 per year, among site visit homes) reported by 
ComEd customers, compared to assumptions used in other estimates. 
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Figure 9-11. Usage and Waste Analysis by Equipment 

Clothes Washers Clothes Dryers 

Source: Usage and waste analysis 
 

Figure 9-12 shows the average annual per household energy usage and savings potential 
associated with laundry as a whole. The figure shows estimated usage and savings when 
addressing technology waste, behavioral waste, or both. These numbers represent a typical 
household with laundry equipment. 
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Figure 9-12. Technological and Behavioral Potential – Laundry 

 
Source: Usage and waste analysis 
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9.3 Dishwashers 

9.3.1 Dishwasher Characteristics 
Two thirds of ComEd customers (67%) have dishwashers installed in their homes. Three 
quarters of single family homes (75%) have at least one dishwasher, while just over half of 
multi-family homes (54%) have one. Approximately one quarter (28%) of dishwashers in 
ComEd’s service territory are ENERGY STAR rated.24 Taking into account dishwasher 
penetration, this translates into 19% of all households having an ENERGY STAR rated 
dishwasher. 

Figure 9-13. Penetration of Dishwashers 

 
Source: 2012 ComEd Residential Mail Survey 

 
Fairly even shares of dishwashers are less than five years old (33%), between five and nine 
years old (31%), and between 10 and 19 years old (30%); 5% are over 20 years old. 

On average, households run 2.7 full dishwasher loads and 0.5 partial loads per week. 
Almost four in five customers (79%) report never running a partial dishwasher load. 

9.3.2 Usage and Waste Analysis: Dishwashers 
The usage and waste analysis for dishwashers is based on a combination of site visit, mail 
survey, and secondary data. The analysis includes 227 dishwashers observed at the 297 
site visit homes. 

The amount of electricity a dishwasher uses is a function of the unit’s efficiency level (i.e., if 
it is ENERGY STAR rated), whether the unit has a “no-heat dry” function and the customer 
uses it, and the number of cycles the unit runs per year. ENERGY STAR rating and presence 

                                                 
24 For dishwashers, the ENERGY STAR rating is based on the mail survey, adjusted by site visit observation. 
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of a “no-heat dry” function are based on site visits; usage of the “no-heat dry” function and 
the number of cycles per year are based on the mail survey. 

Technology waste for dishwashers is defined as the difference between the usage of the 
current unit and the usage of an equivalent ENERGY STAR unit.  

This analysis includes behavioral waste for dishwashers from two sources: waste associated 
with having a “no-heat dry” function but not using it, and waste associated with running the 
dishwasher to wash only a partial load (for the purposes of our analysis, a partial load was 
considered to be a dishwasher that was half full).  

Dishwasher use by ComEd’s residential customers accounts for approximately 1% of total 
residential electricity usage. Each household with a dishwasher uses an average of 137 kWh 
per year running their dishwasher. Upgrading all existing dishwashers to ENERGY STAR 
models would save approximately 22% of current usage. Using the “no-heat dry” function 
and running fewer dishwasher loads by waiting until the dishwasher is full would save 
approximately 11% in electric operating costs (9% if technology waste is addressed first). 

Additional behavioral waste associated with running partial loads exists for customers that 
have an electric water heater. These customers would save on water heating costs if they 
eliminated partial loads. Similar to clothes washers, we do not formally include water 
heating savings in this dishwasher analysis. However, we estimate the potential electricity 
savings associated with reduced electric water usage to be approximately 25 kWh per year 
based on the current water heater configuration (i.e., whether or not tank wrap or pipe wrap 
is present). This number would decrease to 16 kWh if their system was first upgraded with 
tank wrap and pipe wrap. 

Figure 9-14 summarizes the breakout of dishwasher usage into efficient usage, technology 
waste, behavioral waste, and “shared waste”. Shared waste refers to the portion of waste 
that can be addressed by either technologies or behavior changes, depending on which is 
addressed first. 

ICC Case No. 13-0550 
Direct Testimony of Geoffrey Crandall 
ELPC Exhibit 1.3 
Page 86 of 263



Major Appliances 

 
Page 77 

opiniondynamics.com 

Figure 9-14. Usage and Waste Analysis – Dishwashers 

 
Source: Usage and waste analysis 

 

Figure 9-15 shows the average annual per household energy usage and savings potential 
associated with dishwashers. The figure shows estimated usage and savings when 
addressing technology waste, behavioral waste, or both. These numbers represent a typical 
home with a dishwasher. 
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Figure 9-15. Technological and Behavioral Potential – Dishwashers 

 
Source: Usage and waste analysis 

 

The three tables at the end of this chapter present the same usage and waste information 
for refrigeration equipment, laundry equipment, and dishwashers, respectively. The tables 
show 1) average per household results for households with each appliance type, 2) average 
per household results for all households, and 3) total usage and waste results for ComEd’s 
residential population. The tables present these results in aggregate and for single family 
and multi-family homes. 

9.4 Electric Cooking Appliances 
We also quantified current usage for major electric cooking appliances, i.e., electric ovens, 
electric ranges, and microwaves. We did not estimate waste associated with these 
appliances since they account for a relative small share of overall usage.  

Current usage estimates for electric cooking appliances are based on penetration results 
from the mail survey and per unit energy usage assumptions from secondary sources. 
Overall, we estimate that electric ovens and ranges and microwaves account for 5% of 
current usage.  
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Table 9-1 summarizes penetration values for electric cooking equipment and our estimates 
of annual per unit usage, average annual usage per household in ComEd’s service territory, 
and the share of each appliance of overall household electricity usage. 

Table 9-1. Cooking Appliance Current Usage 

Appliance Penetration 
Annual Usage per 

Unit (kWh) 
Annual Usage per 

HH (kWh) 
Share of Overall 

HH Usage 
Electric Ovens 29% 440 128 1.5% 
Electric Ranges 23% 536 123 1.4% 
Microwaves 98% 209 205 2.3% 
Source: 2012 ComEd Residential Mail Survey; 2001 RECS 
(http://www.eia.gov/emeu/recs/recs2001/enduse2001/enduse2001.html) 
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Table 9-2. Summary of Refrigeration Usage and Waste 
  Per HH (with Equipment; kWh) Per HH (Overall; kWh) Total ComEd Population (MWh) 

Total SF MF Total SF MF Total SF MF 

Penetration: 100% 100% 100% No. of Occupied Homes in ComEd Service 
Territory (thousands): 

3,327 2,163 1,165 

 Current Usage 910 1,074 605 910 1,074 605 3,026,463 2,322,000 704,464 

Efficient Usage 686 802 470 686 802 470 2,282,660 1,735,482 547,177 

% Efficient Usage 75% 75% 78% 75% 75% 78% 75% 75% 78% 

Waste 224 271 135 224 271 135 743,803 586,517 157,286 

% Waste 25% 25% 22% 25% 25% 22% 25% 25% 22% 

Te
ch

no
lo

gy
 

Fi
rs

t 

Technology 209 251 131 209 251 131 694,904 541,796 153,108 

Technology % 23% 23% 22% 23% 23% 22% 23% 23% 22% 

Behavioral 15 21 4 15 21 4 48,899 44,721 4,178 

Behavioral % 1.6% 1.9% 0.6% 1.6% 1.9% 0.6% 1.6% 1.9% 0.6% 

B
eh

av
io

r F
irs

t Behavioral 19 27 5 19 27 5 64,816 59,324 5,492 

Behavioral % 2.1% 2.6% 0.8% 2.1% 2.6% 0.8% 2.1% 2.6% 0.8% 

Technology 204 244 130 204 244 130 678,987 527,193 151,794 

Technology % 22% 23% 22% 22% 23% 22% 22% 23% 22% 

Source: Usage and waste analysis 
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Table 9-3. Summary of Laundry Equipment Usage and Waste 
  Per HH (with Equipment; kWh) Per HH (Overall; kWh) Total ComEd Population (MWh) 

Total SF MF Total SF MF Total SF MF 

Penetration: 77% 94% 44% No. of Occupied Homes in ComEd Service 
Territory (thousands): 

3,327 2,163 1,165 

 Current Usage 122 122 120 93 115 53 309,966 248,352 61,614 

Efficient Usage 85 85 87 65 80 38 217,134 172,633 44,501 

% Efficient Usage 70% 70% 72% 70% 70% 72% 70% 70% 72% 

Waste 36 37 33 28 35 15 92,831 75,719 17,112 

% Waste 30% 30% 28% 30% 30% 28% 30% 30% 28% 

Te
ch

no
lo

gy
 

Fi
rs

t 

Technology 36 37 33 28 35 15 92,831 75,719 17,112 

Technology % 30% 30% 28% 30% 30% 28% 30% 30% 28% 

Behavioral - - - - - - - - - 

Behavioral % 0% 0% 0% 0% 0% 0% 0% 0% 0% 

B
eh

av
io

r F
irs

t Behavioral - - - - - - - - - 

Behavioral % 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Technology 36 37 33 28 35 15 92,831 75,719 17,112 

Technology % 83% 82% 87% 83% 82% 87% 83% 82% 87% 

Source: Usage and waste analysis 
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Table 9-4. Summary of Dishwasher Usage and Waste 
  Per HH (with Equipment; kWh) Per HH (Overall; kWh) Total ComEd Population (MWh) 

Total SF MF Total SF MF Total SF MF 

Penetration: 74% 80% 61% No. of Occupied Homes in ComEd Service 
Territory (thousands): 

3,327 2,163 1,165 

 Current Usage 137 155 95 101 124 58 336,449 268,922 67,528 

Efficient Usage 95 107 67 70 86 41 233,733 185,920 47,813 

% Efficient Usage 69% 69% 71% 69% 69% 71% 69% 69% 71% 

Waste 42 48 28 31 38 17 102,716 83,002 19,714 

% Waste 31% 31% 29% 31% 31% 29% 31% 31% 29% 

Te
ch

no
lo

gy
 

Fi
rs

t 

Technology 30 35 19 22 28 12 73,931 60,132 13,799 

Technology % 22% 22% 20% 22% 22% 20% 22% 22% 20% 

Behavioral 12 13 8 9 11 5 28,785 22,869 5,915 

Behavioral % 9% 9% 9% 9% 9% 9% 9% 9% 9% 

B
eh

av
io

r F
irs

t Behavioral 15 17 11 11 13 7 36,586 28,874 7,713 

Behavioral % 11% 11% 11% 11% 11% 11% 11% 11% 11% 

Technology 27 31 17 20 25 10 66,129 54,128 12,002 

Technology % 20% 20% 18% 20% 20% 18% 20% 20% 18% 

Source: Usage and waste analysis 
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Table 9-5. Summary of Appliance Data 

Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

No. of Occupied Homes in ComEd 
Service Territory (thousands) 

3,327 2,163 1,165 1,176 632 354 689 319 157 33 2,129 158 1,017 

Have a clothes washer 80% 98% 47% 98% 98% 99% 40% 56% 54% 94% 98% 33% 49% 

Washer type  
Top loading washer 76% 76% 77% 82% 73% 61% 79% 76% 71% 77% 76% 75% 77% 
Front loading washer 24% 24% 23% 18% 27% 39% 21% 24% 29% 23% 24% 25% 23% 

Age of washer  
<5 years 25% 25% 23% 24% 25% 29% 25% 21% 23% 19% 25% 18% 24% 
5-9 years 40% 37% 49% 34% 41% 42% 47% 50% 53% 48% 37% 65% 47% 
10-19 years 20% 21% 16% 21% 22% 17% 16% 16% 15% 16% 21% 9% 16% 
20+ years 16% 17% 12% 20% 13% 12% 12% 13% 9% 17% 17% 8% 12% 

Have a clothes dryer 80% 97% 47% 97% 98% 98% 41% 56% 53% 94% 97% 30% 50% 

Dryer fuel              
Natural gas 68% 72% 49% 74% 72% 67% 56% 49% 29% 16% 73% 1% 54% 
Electricity 32% 27% 51% 25% 27% 32% 44% 51% 71% 83% 26% 99% 46% 
Propane 1% 1% 0% 1% 1% 2% 0% 0% 0% 2% 1% 0% 0% 

Number of refrigerators  
0 <1% <1% <1% <1% 0% <1% <1% <1% 0% 0% <1% 0% <1% 
1 70% 57% 93% 72% 45% 32% 94% 92% 90% 72% 57% 97% 93% 
2 26% 36% 6% 26% 47% 49% 5% 7% 6% 24% 36% 3% 6% 
3 or more 4% 6% 1% 2% 8% 18% <1% <1% 4% 5% 6% <1% 1% 

Primary fridge is ENERGY STAR 31% 38% 19% 37% 41% 38% 17% 23% 21% 23% 39% 15% 20% 

Age of primary refrigerator  
<4 years 20% 20% 19% 20% 21% 19% 19% 19% 21% 16% 20% 21% 19% 
4-11 years 56% 53% 61% 52% 54% 55% 62% 60% 56% 55% 53% 57% 61% 
12-19 years 10% 10% 9% 10% 11% 10% 9% 8% 9% 9% 10% 9% 8% 
20+ years 15% 17% 12% 18% 14% 16% 11% 12% 14% 21% 16% 14% 11% 
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Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

Have stand-alone freezer 31% 40% 13% 31% 47% 52% 10% 14% 20% 51% 39% 10% 13% 
Age of primary stand-alone 
freezer              

<5 years 29% 27% 45% 30% 26% 23% 50% 37% 44% * 27% * 46% 
5-9 years 30% 30% 28% 26% 34% 32% 26% 31% 27% * 30% * 27% 
10-19 years 29% 30% 23% 32% 28% 31% 21% 26% 22% * 30% * 22% 
20+ years 12% 13% 5% 12% 13% 14% 3% 6% 7% * 13% * 5% 

Have dishwasher 67% 75% 54% 67% 82% 86% 44% 65% 75% 60% 75% 65% 52% 

Dishwasher is ENERGY STAR 28% 32% 18% 31% 32% 34% 20% 17% 17% 20% 32% 15% 19% 

Age of dishwasher              
<5 years 33% 33% 33% 34% 32% 35% 33% 35% 32% 31% 33% 31% 34% 
5-9 years 31% 30% 36% 27% 31% 33% 36% 37% 35% 32% 30% 32% 37% 
10-19 years 30% 32% 24% 33% 33% 29% 25% 22% 26% 28% 32% 25% 24% 
20+ years 5% 5% 6% 6% 4% 3% 6% 6% 6% 9% 5% 12% 5% 

Have…              
Electric oven 29% 26% 33% 20% 28% 44% 25% 32% 73% 88% 25% 93% 23% 
Electric range 23% 19% 30% 17% 18% 27% 22% 28% 71% 87% 17% 93% 20% 
Microwave 98% 99% 97% 99% 98% 98% 96% 97% 98% 100% 99% 98% 96% 

Source: 2012 ComEd Residential Mail Survey 
* Insufficient number of responses. 
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10. ELECTRONICS AND COMPUTING 

Our analysis of consumer electronics includes televisions, video game systems, and 
computers. Overall, these three categories of consumer electronics account for 
approximately 9% of total residential electricity usage. Each household uses an average of 
824 kWh per year to operate these electronics. Televisions account for a majority of this 
usage (53%). We estimate that technology and behavioral waste associated with consumer 
electronics accounts for approximately 34% and 3%, respectively, of current usage (if 
technology waste is addressed first).25 

In addition, we assessed current usage of set top boxes. These units account for 
approximately 4% of total residential electricity usage. 

Figure 10-1 shows the contribution of consumer electronics to overall residential electricity 
usage (pie chart on the left) and the breakout of consumer electronics usage into efficient 
usage, technology waste, behavioral waste, and “shared waste” (pie chart on the right). 
Shared waste refers to the portion of waste that can be addressed by either technologies or 
behavior changes, depending on which is addressed first.26 

                                                 
25 Behavioral waste in this analysis only includes waste for televisions; we did not estimate behavioral waste 
for computers and video game systems. 
26 Note that “Efficient Usage” represents the residual usage taking into account only the waste categories 
included in this analysis. If additional waste categories were identified and quantified, efficient usage might be 
smaller than presented here. 
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Figure 10-1. Usage and Waste Analysis – Consumer Electronics 

 
Source: Usage and waste analysis 
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10.1 Televisions 

10.1.1 Television Characteristics 
TVs are nearly ubiquitous among ComEd’s residential customers: 99% of single family 
customers and 96% of multi-family customers use them in their homes. The most common 
types of TV are flat screen LCDs, with 61% of households using at least one, followed by 
CRTs (51%). On average, ComEd residential customers use 2.5 TVs in their homes. 

Figure 10-2. Penetration and Saturation of TVs, by Type 

 
 
Source: 2012 ComEd Residential Mail Survey 

 
ComEd customers use their TVs extensively: single family customers have theirs turned on 
an average of 4.0 hours on weekdays and 4.8 hours on weekend days. Not surprisingly, 
primary TVs are turned on more frequently (6.0 hours per weekday and 7.3 hours per 
weekend day) compared to secondary TVs (2.6 hours per weekday and 3.1 hours per 
weekend day). 
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Figure 10-3. Hours of TV Usage – Primary TV 

 
Source: 2012 ComEd Residential Mail Survey 

10.1.2 Usage and Waste Analysis: Televisions 
The usage and waste analysis for televisions is based on mail survey, site visit, and 
secondary data. The analysis includes 859 televisions observed at the 297 site visit homes. 

The amount of electricity a TV uses is a function of the power draw (in on and off states) and 
the amount of time it is turned on. Power draw, in turn, is a function of 1) TV type, 2) screen 
size, and 3) efficiency level. For each TV type (CRT, LCD, LED, Plasma, and Projection), we 
estimated electricity usage for all TVs found in site visit homes. The site visits collected 
information on the type, size, and efficiency level of each unit; the mail survey collected 
information on the number of hours TVs are turned on during weekdays and during weekend 
days. 

Technology waste for TVs is defined as the difference between the usage of the current unit 
and the usage of the equivalent efficient unit. Efficient units are new ENERGY STAR LCD, 
Plasma, or LED TVs (based on ENERGY STAR v5.3) with the same diagonal as the current 
unit. 

Behavioral waste for TVs is associated with the amount of time that units are turned on 
when nobody is watching. Expected hours that TVs are watched is based on secondary data 
and reflects national averages. These hours are specific to weekdays and weekend days and 
to the age of the head of household. 

TVs used by ComEd’s residential customers account for approximately 5% of total residential 
electricity usage. Each household with a television uses an average of 441 kWh per year for 
TVs. There is substantial potential for energy savings from upgrading to newer, more 
efficient technologies: If all existing non-ENERGY STAR or old ENERGY STAR TVs were 
replaced with new ENERGY STAR flat screen technologies of the equivalent size, 58% of TV 
electricity use could be saved. This potential is related to ENERGY STAR status and 
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technology type: Less than 40% of TVs are ENERGY STAR rated (including current and 
previous ENERGY STAR standards), and over 50% of homes have at least one CRT. 
Behavioral savings potential is more limited: We estimate that about half of residential 
customers could save energy by turning off their TVs when not watching. This could save 
about 11% of TV usage (5% if technology upgrades took place first).  

Figure 10-4 shows the breakout of TV usage into efficient usage, technology waste, 
behavioral waste, and “shared waste” (pie chart on the right). Shared waste refers to the 
portion of waste that can be addressed by either technologies or behavior changes, 
depending on which is addressed first. The figure shows that efficient usage accounts for 
only 37% of total current usage. If technologies are addressed first, 58% of usage can be 
saved by upgrading to newer, more efficient TVs. If behavior is addressed first, 11% can be 
saved by turning off TVs when not watching. 

Figure 10-4: Usage and Waste Analysis – TVs 

 
Source: Usage and waste analysis 

 

Figure 10-5 shows the average annual per household energy usage and savings potential 
associated with TVs. The figure shows estimated usage and savings when addressing 
technology waste, behavioral waste, or both. 
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Figure 10-5: Technological and Behavioral Potential – TVs 

 
Source: Usage and waste analysis 

 

10.2 Video Game Systems 

10.2.1 Video Game System Characteristics 
Video game systems are relatively common among ComEd’s residential customers: 47% of 
single family customers and 38% of multi-family customers use them in their homes. 
Approximately a quarter (27%) of homes with a video game system have more than one. 
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Figure 10-6. Video Game System Saturation 

 
Source: 2012 ComEd Residential Mail Survey 

 

On average, video game players are in use for 2.5 hours on weekdays and 3.4 hours on 
weekends.  

Figure 10-7. Hours of Video Game Player Usage 

 
Source: 2012 ComEd Residential Mail Survey 
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10.2.2 Usage and Waste Analysis: Video Game 
Systems 
The usage and waste analysis for video game systems is based on mail survey responses 
and secondary data. 

The amount of electricity a video game system uses is a function of the power draw (in 
active, idle, and off states) and the amount of time it is in each of these states of usage. The 
mail survey collected information on the number of hours each unit is in active mode. 
However, our data collection efforts did not include detailed information on the type of video 
game systems customers own. Since electricity usage of video game systems differs by 
model, we calculated default values for each of the three usage modes, based on an 
average of power draw values for the most common video game systems in the market, 
weighted by the market share of each system. Our analysis included the 2005, 2007, and 
2010 revisions of the Xbox 360, the 2006, 2007, and 2010 revisions of the Playstation 3, 
and the Nintendo Wii. 

Technology waste includes waste from usage of inefficient video game systems. While there 
is no ENERGY STAR standard for video game systems, new revisions tend to be more 
efficient than older ones. Thus our analysis of technology waste compared usage of current 
units to usage of newer revisions. 

Behavioral waste was not calculated for video game systems. 

Video game systems used by ComEd’s residential customers account for approximately 1% 
of total residential electricity usage. Each household with a video game system uses an 
average of 215 kWh on video games. There is limited potential for energy savings from 
upgrading to newer, more efficient technologies: If existing inefficient video game systems 
were replaced with the most recent revision of each model, 23% of video game electricity 
use could be saved. 

Figure 10-8 summarizes the breakout of video game systems usage into efficient usage and 
technology waste. 

ICC Case No. 13-0550 
Direct Testimony of Geoffrey Crandall 
ELPC Exhibit 1.3 
Page 102 of 263



Electronics and Computing 

 
Page 93 

opiniondynamics.com 

Figure 10-8. Usage and Waste Analysis – Video Game Systems 

 
Source: Usage and waste analysis 

 

Figure 10-14 shows the average annual per household energy usage and technology 
savings potential associated with video game systems.  
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Figure 10-9.Technological and Behavioral Potential – Video Game Systems 

 
Source: Usage and Waste Analysis 

10.3 Computers 

10.3.1 Computer Characteristics 
Computers are common among ComEd’s residential customers: 87% of single family 
customers and 80% of multi-family customers use them in their homes. More homes have a 
laptop computer or tablet (64%) than a desktop computer (57%). On average, ComEd 
customers use 1.7 computers in their homes. 
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Figure 10-10. Portable and Desktop Computer Saturation 

 
Source: 2012 ComEd Residential Mail Survey 

 
Most desktops in ComEd territory (88%) are connected to an LCD (flat panel) monitor, with 
only a small minority (12%) using a CRT (tube) monitor. Approximately 8% of laptops in 
ComEd’s service territory are connected to an external monitor, all of them to LCD flat panel 
monitors. 

Customers’ laptops and tablets are turned on for an average of 5.7 hours per day on 
weekdays and 6 hours per day on weekends; laptops are turned on 6.9 hours per day on 
weekdays and 7.3 hours per day on weekends. 

Figure 10-11. Hours of Use – Laptops and Tablets 

 
Source: 2012 ComEd Residential Mail Survey 
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Figure 10-12. Hours of Use – Desktops 

 
Source: 2012 ComEd Residential Mail Survey 

10.3.2 Usage and Waste Analysis: Computers 
The usage and waste analysis for computers is based on mail survey, site visit, and 
secondary data. It includes 460 computers observed at the 297 site visit homes. 

The amount of electricity a computer uses is a function of the power draw (in on, sleep, and 
off states) and the amount of time it is in these different states of usage. The mail survey 
collected information on the number of hours each computer is in active mode. Power draw 
values are from secondary sources and are defined by computer type. 

Technology waste includes waste from usage of in efficient CRT monitors. Efficient computer 
monitors were defined as LCD (flat panel) monitors. 

Behavioral waste was not calculated for computer systems. 

Computers used by ComEd’s residential customers account for approximately 3% of total 
residential electricity usage. Each household with a computer uses an average of 381 kWh 
per year for computers. There is limited potential for energy savings from upgrading from 
CRT to LCD monitors: with only 12% of desktop monitors and 0% of laptop external monitors 
being CRT models, savings potential is only 2%. 

Figure 10-13 summarizes the breakout of computer usage into efficient usage and 
technology waste. 
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Figure 10-13. Usage and Waste Analysis - Computers 

 
Source: Usage and waste analysis 

 

Figure 10-14 shows the average annual per household energy usage and savings potential 
associated with computers. The figure shows estimated usage and savings when addressing 
technology waste. 

ICC Case No. 13-0550 
Direct Testimony of Geoffrey Crandall 
ELPC Exhibit 1.3 
Page 107 of 263



Electronics and Computing 

 
Page 98 

opiniondynamics.com 

Figure 10-14. Technological and Behavioral Potential – Computers 

 
Source: Usage and waste analysis 

 

The tables at the end of this chapter present the same usage and waste information for 
televisions, video game systems, and computers, respectively. The tables show 1) average 
per household results for households with each equipment type, 2) average per household 
results for all households, and 3) total usage and waste results for ComEd’s residential 
population. The tables present these results in aggregate and for single family and multi-
family homes. 

10.4 Set Top Boxes 
We also quantified current usage for set top boxes. We did not estimate waste associated 
with these units since they account for a relative small share of overall usage.  

Current usage estimates for set top boxes are based on saturation results from the mail 
survey and per unit energy usage assumptions from secondary sources. Overall, we estimate 
that set top boxes account for 3.8% of current usage.  
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Table 10-1 summarizes penetration and saturation values for set top boxes, by type, and our 
estimates of annual per unit usage, average annual usage per household in ComEd’s 
service territory, and the share of set top boxes of overall household electricity usage. 

Table 10-1. Cooking Appliance Current Usage 
Type of Set Top 
Box Penetration Saturation 

Annual Usage 
per Unit (kWh) 

Annual Usage 
per HH (kWh) 

Share of Overall 
HH Usage 

Box with DVR 59% 93% 221 206  
Stand-alone box 43% 72% 110 79  
Stand-alone DVR 14% 17% 275 47  
Total 84% 182%  331 3.8% 
Source: 2012 ComEd Residential Mail Survey; Fraunhofer Center for Sustainable Energy Systems 
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Table 10-2. Summary of TV Usage and Waste 
  Per HH (with Equipment; kWh) Per HH (Overall; kWh) Total ComEd Population (MWh) 

Total SF MF Total SF MF Total SF MF 

Penetration: 99% 99% 98% No. of Occupied Homes in ComEd Service 
Territory (thousands): 

3,327 2,163 1,165 

 Current Usage 441 490 348 435 487 339 1,447,939 1,052,935 395,005 

Efficient Usage 163 174 143 161 173 140 536,267 373,652 162,615 

% Efficient Usage 37% 35% 41% 37% 35% 41% 37% 35% 41% 

Waste 278 316 205 274 314 200 911,672 679,283 232,389 

% Waste 63% 65% 59% 63% 65% 59% 63% 65% 59% 

Te
ch

no
lo

gy
 

Fi
rs

t 

Technology 254 283 198 250 281 193 833,388 608,828 224,559 

Technology % 58% 58% 57% 58% 58% 57% 58% 58% 57% 

Behavioral 24 33 7 24 33 7 78,285 70,455 7,830 

Behavioral % 5% 7% 2% 5% 7% 2% 5% 7% 2% 

B
eh

av
io

r F
irs

t Behavioral 49 67 15 48 67 14 161,374 144,885 16,488 

Behavioral % 11% 14% 4% 11% 14% 4% 11% 14% 4% 

Technology 228 249 190 225 247 185 750,299 534,398 215,901 

Technology % 52% 51% 55% 52% 51% 55% 52% 51% 55% 

Source: Usage and Waste Analysis 
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Table 10-3. Summary of Video Game System Usage and Waste 
  Per HH (with Equipment; kWh) Per HH (Overall; kWh) Total ComEd Population (MWh) 

Total SF MF Total SF MF Total SF MF 

Penetration: 41% 45% 32% No. of Occupied Homes in ComEd Service 
Territory (thousands): 

3,327 2,163 1,165 

 Current Usage 215 213 221 88 97 70 291,211 209,398 81,813 

Efficient Usage 165 163 170 67 74 54 223,131 160,137 62,994 

% Efficient Usage 77% 76% 77% 77% 76% 77% 77% 76% 77% 

Waste 50 50 51 20 23 16 68,080 49,261 18,819 

% Waste 23% 24% 23% 23% 24% 23% 23% 24% 23% 

Te
ch

no
lo

gy
 

Fi
rs

t 

Technology 50 50 51 20 23 16 68,080 49,261 18,819 

Technology % 23% 24% 23% 23% 24% 23% 23% 24% 23% 

Behavioral - - - - - - - - - 

Behavioral % 0% 0% 0% 0% 0% 0% 0% 0% 0% 

B
eh

av
io

r F
irs

t Behavioral - - - - - - - - - 

Behavioral % 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Technology 50 50 51 20 23 16 68,080 49,261 18,819 

Technology % 23% 24% 23% 23% 24% 23% 23% 24% 23% 

Source: Usage and Waste Analysis 
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Table 10-4. Summary of Computer Usage and Waste 
  Per HH (with Equipment; kWh) Per HH (Overall; kWh) Total ComEd Population (MWh) 

Total SF MF Total SF MF Total SF MF 

Penetration: 79% 86% 64% No. of Occupied Homes in ComEd Service 
Territory (thousands): 

3,327 2,163 1,165 

 Current Usage 381 378 387 299 326 249 994,774 704,384 290,390 

Efficient Usage 374 370 385 294 318 248 977,240 688,770 288,471 

% Efficient Usage 98% 98% 99% 98% 98% 99% 98% 98% 99% 

Waste 7 8 3 5 7 2 17,534 15,614 1,919 

% Waste 2% 2% 1% 2% 2% 1% 2% 2% 1% 

Te
ch

no
lo

gy
 

Fi
rs

t 

Technology 7 8 3 5 7 2 17,534 15,614 1,919 

Technology % 2% 2% 1% 2% 2% 1% 2% 2% 1% 

Behavioral - - - - - - - - - 

Behavioral % 0% 0% 0% 0% 0% 0% 0% 0% 0% 

B
eh

av
io

r F
irs

t Behavioral - - - - - - - - - 

Behavioral % 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Technology 7 8 3 5 7 2 17,534 15,614 1,919 

Technology % 2% 2% 1% 2% 2% 1% 2% 2% 1% 

Source: Usage and Waste Analysis 
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Table 10-5. Summary of Consumer Electronics Data 

Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

No. of ComEd Customers 
(thousands) 

3,327 2,208 1,120 1,201 646 361 662 307 151 34 2,174 152 968 

Home uses              
TV 98% 99% 96% 99% 100% 100% 95% 98% 100% 100% 99% 99% 96% 
Video game player 44% 47% 38% 37% 55% 62% 31% 50% 41% 40% 47% 37% 38% 
DVR  64% 68% 55% 60% 76% 81% 48% 65% 68% 65% 69% 51% 56% 
Cable/satellite box 43% 46% 37% 43% 49% 52% 33% 40% 49% 48% 46% 44% 36% 
Laptop/Tablet 64% 66% 62% 57% 74% 79% 58% 68% 64% 55% 66% 61% 62% 
Desktop computer 57% 64% 43% 57% 70% 76% 39% 47% 50% 44% 65% 39% 43% 

Mean number of TVs  
Total 2.5 2.9 1.9 2.5 3.1 3.6 1.6 2.1 2.4 2.2 2.9 1.9 1.9 
Standard tube (CRT) 0.9 1.0 0.6 1.0 1.1 1.1 0.6 0.6 0.8 0.9 1.0 0.7 0.6 
Flat panel LCD 1.1 1.2 0.8 1.0 1.3 1.7 0.7 0.9 1.0 0.8 1.2 0.8 0.8 
Flat panel LED 0.3 0.3 0.2 0.3 0.4 0.4 0.2 0.3 0.3 0.4 0.3 0.2 0.2 
Flat panel plasma 0.2 0.2 0.2 0.1 0.2 0.3 0.2 0.1 0.2 0.1 0.2 0.1 0.2 
Projection TV 0.1 0.1 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.0 0.0 

Mean hours turned on – per 
weekday  

Primary TV 5.9 5.8 6.1 5.7 6.0 6.0 5.9 6.1 6.7 5.7 5.8 6.4 6.0 
Secondary TV 3.0 2.9 3.1 2.8 3.0 3.1 3.3 2.8 3.4 2.8 2.9 2.9 3.2 
Tertiary TV 2.1 2.1 2.4 1.9 2.1 2.3 2.3 2.4 2.3 * 2.1 2.2 2.4 
DVR  5.3 5.5 5.1 4.4 6.3 7.3 4.0 6.3 7.5 6.1 5.4 4.8 5.1 
Video game player 2.5 2.4 3.0 2.2 2.3 2.7 3.5 2.3 3.3 * 2.4 3.5 2.9 

Mean hours turned on – per 
weekend day  

Primary TV 7.2 7.1 7.4 6.9 7.4 7.5 7.2 7.6 7.7 6.7 7.2 7.7 7.4 
Secondary TV 3.6 3.5 3.9 3.3 3.6 3.8 4.0 3.7 4.0 2.7 3.5 3.4 4.0 
Tertiary TV 2.6 2.5 3.3 2.3 2.5 2.8 2.8 3.7 3.7 * 2.5 3.1 3.4 
DVR  5.7 5.9 5.3 4.7 6.7 8.0 3.9 6.9 7.7 5.8 5.9 5.3 5.3 
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Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

Video game player 3.4 3.2 4.0 2.9 3.2 3.7 4.5 3.4 3.7 * 3.2 3.8 4.0 
Source: 2012 ComEd Residential Mail Survey 
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11. OTHER ELECTRIC EQUIPMENT 

Our usage and waste analysis focused on those end-uses that account for a majority of 
ComEd’s residential energy usage and had likely opportunities to reduce waste. We estimate 
that 82% of ComEd’s current usage is associated with those analyzed end-uses, leaving a 
residual of 18%, which is comprised of “other” electric uses and equipment. 

Types of “other” equipment include various household appliances, such as humidifiers and 
dehumidifiers, exercise equipment, small kitchen appliances, and pool pumps. It also 
includes plug-load that we could not quantify. 

Table 11-1 below summarizes the types of other electric equipment present in ComEd’s 
service territory, for which we collected penetration and saturation information through the 
mail survey. 
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Table 11-1.  Summary of Other Electric Equipment Data 

Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

No. of Occupied Homes in ComEd 
Service Territory (thousands) 

3,327 2,163 1,165 1,176 632 354 689 319 157 33 2,129 158 1,017 

Home uses              
Air cleaner and/or humidifier 36% 41% 27% 36% 46% 50% 26% 27% 29% 28% 42% 28% 26% 
Dehumidifier 23% 34% 5% 24% 41% 48% 4% 6% 10% 24% 34% 3% 6% 
Electric-powered exercise 
equipment 15% 22% 3% 16% 25% 32% 2% 3% 9% 13% 22% 4% 3% 
Aquarium 10% 12% 6% 8% 14% 19% 5% 8% 8% 6% 12% 8% 6% 
Water bed 1% 2% 0% 2% 2% 2% 0% 4% 2% 0% 
Well and/or sump pump 36% 54% 3% 45% 58% 72% 2% 4% 3% 48% 54% 2% 3% 

Home uses more than once a 
week  

Toaster oven 44% 44% 44% 43% 45% 45% 44% 44% 48% 34% 44% 48% 44% 
Electric cooking appliances 28% 29% 26% 24% 33% 38% 25% 27% 28% 23% 29% 27% 26% 
Slow cooker 27% 31% 19% 27% 34% 38% 18% 18% 21% 28% 31% 16% 19% 
Electric kettle 7% 7% 7% 6% 7% 7% 6% 9% 8% 3% 7% 6% 7% 
Breadmaker 3% 4% 2% 4% 4% 5% 2% 2% 5% 3% 4% 5% 2% 
Coffee maker 62% 69% 49% 63% 74% 77% 43% 55% 60% 68% 69% 51% 49% 
Rice maker 9% 8% 12% 8% 8% 8% 14% 7% 11% 3% 8% 6% 13% 
Air compressor 9% 13% 1% 9% 16% 18% 1% 0% 1% 13% 13% 0% 1% 

Home has a pool 7% 9% 4% 4% 11% 19% 3% 5% 4% 8% 9% 5% 3% 

Pool  heat  
Electricity 7% 4% 24% 2% 3% 7% * * * * 4% * * 
Natural gas 32% 36% 4% 14% 35% 50% * * * * 36% * * 
Propane 1% 1% 1% 1% * * * * 1% * * 
Unheated 61% 59% 72% 84% 62% 42% * * * * 59% * * 

Number of pool pumps  
0 9% 6% * 13% 6% 2% * * * * 6% * * 
1 85% 90% * 87% 92% 90% * * * * 90% * * 
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Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

2 5% 4% * 0% 2% 7% * * * * 4% * * 
3 or more <1% <1% * 0% 0% 1% * * * * <1% * * 

Source: 2012 ComEd Residential Mail Survey 
* Insufficient number of responses. 
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12. GENERAL HOME AND CUSTOMER 

CHARACTERISTICS 

Home and customer characteristics do not account for energy usage or waste, per se, but 
they are important inputs into many of our analyses. For example, most of our results are 
presented by single family and multi-family homes. Square footage is an important input for 
the central air conditioning analysis, and many of the default values for hot water usage are 
based on the number of occupants in the home. 

In addition, information on the homes’ shell, including insulation and windows, are key 
determinants of cooling and heating usage. They also contribute to waste and can present 
significant opportunities for savings, if improved. 

The following three tables summarize mail survey responses to questions about key home 
and customer characteristics. 
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Table 12-1. Summary of Home Characteristics 

Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

No. of Occupied Homes in ComEd 
Service Territory (thousands) 

3,327 2,163 1,165 1,176 632 354 689 319 157 33 2,129 158 1,017 

Own home 74% 92% 38% 91% 94% 93% 33% 42% 51% 81% 93% 40% 38% 

Building type  

Mobile home 1% 2% -- 2% 1% 2% -- -- -- 5% 2% -- -- 
Single family detached 56% 85% -- 82% 88% 91% -- -- -- 71% 85% -- -- 
Single family attached 9% 13% -- 17% 10% 8% -- -- -- 24% 13% -- -- 
Multi-family (Less than 5 
units) 29% -- 29% -- -- -- 30% 30% 29% -- -- 13% 32% 
Multi-family (5+ units) 71% -- 71% -- -- -- 70% 70% 71% -- -- 87% 68% 

Home built  
2000-2012 15% 14% 16% 12% 16% 18% 13% 23% 16% 6% 14% 6% 18% 
1970-1999 37% 37% 37% 33% 38% 45% 33% 36% 53% 52% 36% 65% 32% 
1950-1969 25% 29% 17% 32% 28% 20% 19% 14% 15% 26% 29% 16% 17% 
Before 1950 23% 20% 30% 23% 18% 16% 35% 27% 15% 17% 20% 12% 33% 

Square footage of home  
Less than 500 4% 2% 8% 3% 1% 1% 10% 4% 4% 1% 2% 6% 8% 
500-999 15% 6% 34% 9% 4% 2% 36% 32% 28% 10% 6% 40% 33% 
1,000-1,499 27% 23% 35% 30% 19% 11% 34% 37% 36% 30% 23% 25% 36% 
1,500-1,999 21% 26% 11% 31% 24% 17% 8% 15% 16% 21% 27% 18% 10% 
2,000-2,499 13% 18% 4% 15% 23% 18% 3% 4% 9% 20% 18% 4% 4% 
2,500-2,999 8% 11% 3% 7% 14% 16% 2% 4% 2% 10% 11% 1% 3% 
3,000-3,499 4% 6% 1% 3% 8% 13% 1% 1% 3% 3% 6% 1% 1% 
3,500 or more 6% 7% 4% 2% 6% 22% 5% 3% 3% 4% 7% 3% 5% 

Mean number of bedrooms 2.6 3.1 1.8 2.9 3.2 3.5 1.6 1.9 2.0 2.7 3.1 1.6 1.8 

Have finished basement 33% 42% 15% 34% 49% 56% 17% 14% 10% 31% 43% 2% 17% 
Source: 2012 ComEd Residential Mail Survey 
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Table 12-2. Summary of Home Insulation & Ventilation Characteristics 

Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

No. of Occupied Homes in ComEd 
Service Territory (thousands) 

3,327 2,163 1,165 1,176 632 354 689 319 157 33 2,129 158 1,017 

Home has attic/top floor 
insulation A 75% 75% -- 71% 78% 83% -- -- -- 84% 75% -- -- 

Thickness of insulation  
0-3 inches 17% 17% -- 19% 17% 15% -- -- -- * 18% -- -- 
4-6 inches 45% 45% -- 47% 46% 39% -- -- -- * 45% -- -- 
7-10 inches 25% 25% -- 22% 25% 33% -- -- -- * 25% -- -- 
10+ inches 12% 12% -- 12% 13% 13% -- -- -- * 12% -- -- 

Home has exterior wall 
insulation 92% 94% 83% 93% 95% 97% 81% 83% 88% 98% 94% 86% 82% 

Home windows  
All or most single pane 10% 6% 17% 7% 6% 5% 18% 17% 17% 10% 6% 18% 17% 
All or most double pane 7% 8% 5% 9% 8% 8% 4% 5% 7% 9% 8% 6% 5% 
Mixture of single and double 
pane 74% 75% 69% 73% 77% 80% 68% 72% 69% 73% 75% 73% 69% 
All or most triple pane 1% 1% 1% 1% 1% 1% 1% <1% 1% 2% 1% <1% 1% 

Home uses  
Whole-house or attic fan 12% 17% 3% 14% 20% 22% 3% 3% 6% 13% 17% 3% 3% 
Ceiling fan 67% 75% 51% 71% 79% 80% 48% 57% 47% 70% 75% 41% 52% 
Window fan 12% 12% 14% 12% 11% 10% 16% 9% 12% 9% 12% 11% 14% 
Portable fan 49% 46% 54% 45% 48% 45% 55% 53% 50% 57% 46% 53% 54% 
Any kitchen ventilation fan 68% 72% 60% 70% 71% 77% 53% 70% 69% 70% 72% 71% 58% 
Any bathroom ventilation fan 74% 82% 59% 78% 84% 88% 50% 72% 75% 80% 82% 73% 57% 

Source: 2012 ComEd Residential Mail Survey  

A Applicable to single family homes only. 
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Table 12-3. Summary of Customer Characteristics 

Total 
 

Home Type Electric Usage Rate Class 

Single 
Family 

Multi-
family 

Single Family Multi-Family Single Family Multi-Family 
Low Med. High Low Med. High Elec. Heat Non-Elec. Elec. Heat Non-Elec. 

No. of Occupied Homes in ComEd 
Service Territory (thousands) 

3,327 2,163 1,165 1,176 632 354 689 319 157 33 2,129 158 1,017 

Age of head-of-household  
Under 25 years 2% 1% 3% 2% 0% 0% 4% 2% 5% 2% 1% 7% 3% 
25 to 34 years 18% 12% 31% 14% 10% 8% 31% 32% 28% 13% 12% 24% 32% 
35 to 44 years 20% 19% 20% 15% 23% 25% 18% 26% 18% 18% 19% 15% 21% 
45 to 54 years 22% 25% 16% 21% 27% 34% 16% 16% 15% 16% 25% 14% 16% 
55 to 64 years 18% 20% 13% 20% 20% 19% 14% 12% 13% 21% 20% 12% 13% 
65 years and over 20% 23% 16% 27% 19% 14% 17% 13% 21% 30% 23% 28% 14% 

Highest education level  
Less than high school 
graduate/GED 5% 5% 6% 6% 3% 2% 7% 4% 6% 4% 5% 7% 6% 
High school graduate/GED 15% 14% 16% 17% 11% 11% 17% 15% 14% 20% 14% 17% 16% 
Some college/trade/ 
vocational school 24% 25% 23% 25% 27% 21% 22% 24% 24% 35% 25% 25% 22% 
College degree 31% 31% 31% 30% 33% 33% 30% 33% 32% 30% 31% 31% 31% 
Graduate or postgraduate 
degree 25% 25% 24% 22% 26% 32% 24% 23% 24% 11% 25% 21% 24% 

Mean household income $70k $78k $55k $64k $89k $100k $51k $60k $61k $58k $78k $47k $56k 
Home is permanent year-
round residence 99% 99% 99% 99% 100% 99% 99% 99% 98% 99% 99% 97% 99% 

Mean number of occupants 2.64 2.89 2.18 2.50 3.12 3.63 2.02 2.35 2.46 2.20 2.90 1.94 2.21 

Primary language is English 93% 95% 90% 92% 98% 99% 88% 92% 94% 96% 95% 94% 89% 
Source: 2012 ComEd Residential Mail Survey  
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1. INTRODUCTION 

This report presents the results of the commercial and industrial portion of the 
comprehensive end-use saturation, penetration, and behavioral study conducted for 
Commonwealth Edison (ComEd) by the Opinion Dynamics team. The overarching study 
covers ComEd’s customers in both the residential sector and key commercial and industrial 
(C&I) segments and identifies electricity waste associated with inefficient technologies and 
behaviors. This report presents only commercial and industrial findings; residential findings 
are contained in a separate report. The goal of this research is to inform program planning 
efforts by identifying gaps in current program measure offerings and any energy efficient 
technologies that have achieved sufficient market saturation to warrant exclusion from 
programs in the future. The behavioral waste analysis further enhances program planning 
efforts by quantifying end-use specific savings that could be achieved through the adoption 
of programs designed to promote efficient behaviors. The combined analysis provides 
energy usage profiles for each end use that disaggregate current energy use into three 
components: 1) efficient use, 2) energy waste associated with the use of inefficient 
technologies, and 3) energy waste due to inefficient behaviors. 

This report presents the analysis of electricity usage and waste as well as summary 
penetration and saturation results for the C&I sectors. It is organized as follows:  

 Section 2: Summary of Key Penetration and Saturation Results. This section presents 
the penetration and saturation data collected in the telephone survey and adjusted, 
where necessary, by site visit results. 

 Section 3: Summary of Electricity Usage and Waste. This section provides an overview 
of usage and waste across all end uses included in this study. 

 Section 4: Methodology. This section presents information about our approaches to 
primary data collection, metering, and the overall usage and waste analysis. It includes 
details about our primary data sampling and weighting methodology, and defines key 
usage and waste concepts used throughout this report. 

 Sections 5 through 12: These sections present the usage and waste analyses and 
summarize key penetration and saturation results. Section 5 provides general 
characteristics of ComEd’s C&I customers. Sections 6 through 11 are organized by end 
use. Section 12 presents an overview of other electric equipment for which the usage 
and waste were not analyzed in this study.  

o Section 5: General C&I Customer Characteristics 

o Section 6: Lighting 

o Section 7: Cooling 

o Section 8: Ventilation 

o Section 9: Refrigeration 

o Section 10: Motors 
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o Section 11: Office Equipment 

o Section 12: Other Energy Using Equipment 

The summary data tables included in Sections 5 through 12 present penetration and 
saturation data crossed by commercial segment and industrial rate class. Each summary 
table also presents the total number of C&I customers within the scope of this study. (See 
Section 4, Methodology for a description of the C&I customers included in this study.) Where 
fewer than 30 businesses responded to a question, results are not shown in the summary 
data tables (denoted by “*”) because differences between subgroups with less than 30 
responses cannot be statistically detected. Appendix 2 presents more detail about the 
number of responses for each question as well as significant differences between 
comparison groups. 

Also included in this report are the following three appendices presenting more detail on our 
data collection and analysis methods:  

 Appendix 1 is the technical appendix. It provides a detailed discussion of the usage, 
waste calculations, and assumptions for the following end uses:  

o Lighting 

o Cooling 

o Ventilation 

o Refrigeration 

o Motors 

o Office Equipment 

o Water Heating 

Each section of the sections above presents our technical approach to estimating 1) current 
electricity use, 2) technological waste, and 3) behavioral waste. 

 Appendix 2 contains the detailed telephone survey results. Each section in Appendix 2 
begins with the survey questions, as asked in the telephone survey. Telephone survey 
data in Appendix 2 is weighted, but is not adjusted by site visits results. Section 4 
(Methodology) provides more information about the weighting process. Section 4 also 
contains more information about the telephone survey adjustment process and how 
variables were adjusted for penetration and saturation reporting in Sections 2, 3, 5-12. 
Sections 2, 3, 5-12 contain weighted and adjusted penetration and saturation results 
for many telephone survey questions. 

 Appendix 3 contains the primary data collection instruments used for this effort, which 
include the Telephone Survey Instrument and the Site Audit Data Collection Instrument.
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2. SUMMARY OF KEY PENETRATION AND 

SATURATION RESULTS 

A primary purpose of this study was to determine the penetration and saturation of 
commercial and industrial customers with key electricity using equipment. These two 
concepts are defined as follows: 

 Penetration: A percentage representing the proportion of customers that have one or 
more particular piece of equipment. It is calculated by dividing the number of customers 
with one or more of the equipment types by the total number of customers responding 
to that question.  

 Saturation: A mean representing how many of a particular piece of electricity-using 
equipment) exists among all customers. It is calculated by dividing the total number of 
each piece of equipment by the total number of customers responding to that question. 
Therefore, the saturation value includes customers who do not have the equipment, 
and it will be slightly lower than the mean count among those that have the equipment 
(if equipment penetration is less than 100%). The saturation value is at least equal to, 
but generally higher than the corresponding penetration of a particular equipment type, 
because many businesses will have more than one of each equipment type. The units-
of-measure are typically equipment counts. 

Table 2-1 presents the penetration and saturation data collected in the 2012 C&I Energy 
Use Survey and adjusted, where necessary, by site visit results. In some cases (footnoted), 
penetration and saturation data is sourced directly from site visit data. 

Table 2-1. 2012 Penetration and Saturation 

End Use/Equipment Type 
Penetration Saturation (Mean # 

Equipment Type) 
Total Com

 
Ind Total Comm Ind 

Lightinga 

Linear Fluorescent Light Fixtures 98% 98% 98% 152.6 156.3 112.7 

T12 Linear Fluorescent Light Fixtures 66% 65% 71% 63.0 64.2 50.3 

T10 Linear Fluorescent Light Fixtures 3% 3% 2% 0.0 0.0 0.0 

T8 Linear Fluorescent Light Fixturesb 57% 58% 56% 71.7 73.0 58.0 

T5 Linear Fluorescent Light Fixturesc 11% 10% 12% 17.8 19.1 4.0 

CFL Fixtures 46% 47% 35% 24.4 26.4 2.7 

Incandescent Bulb Fixtures 50% 50% 47% 25.2 27.2 3.9 

HID Bulb Fixturesd 13% 12% 18% 3.9 3.4 9.4 

Halogen Bulb Fixtures 11% 11% 7% 1.9 2.1 0.5 

LED Light Fixtures 6% 6% 3% 4.0 4.3 0.5 

Neon (Cold Cathode) Light Fixtures 1% 1% 0% 0.0 0.0 0.0 

All Exit Signs 84% 84% 88% 7.1 7.1 6.4 
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End Use/Equipment Type 
Penetration Saturation (Mean # 

Equipment Type) 
Total Com

 
Ind Total Comm Ind 

Incandescent Exit Signs 30% 29% 47% -- -- -- 

CFL Exit Signs 23% 23% 16% -- -- -- 

LED Exit Signs 41% 41% 35% -- -- -- 

Cooling Equipment  

Packaged and Split Systems 81% 81% 86% 3.4 3.4 3.2 

Room A/C Units 26% 27% 22% 5.0 5.2 * 

Chillers 4% 3% 6% 0.1 0.1 * 

Ventilation 

Ventilation (All Types) 82% 81% 93% -- -- -- 

Ventilation Hoods 36% 35% 47% 1.3 1.2 1.7 

Fans 50% 51% 49% 4.7 4.5 6.5 

Dust Collection System 17% 0% 37% -- -- -- 

Demand Controlled Ventilation 1% 1% 2% -- -- -- 

Motors 

Overall Motors 32% 25% 78% 4.3 3.1 18.3 

AC Induction Motors 26% 20% 69% 3.9 3.1 14.4 

DC Brushed Motors 3% 1% 20% 0.3 * 2.3 

DC Brushless Motors 0% 0% 0% 0.0 * * 

Stepper Motors 1% 0% 10% 0.0 * * 

Refrigeration 

Standing Refrigerator or Freezer 18% 19% 7% 1.3 1.4 * 

Refrigerated Display Cases 6% 6% 0% 12.2e 12.9e * 

Walk-in Coolers  11% 12% 5% 348.9f 317.0f * 

Walk-in Freezers 6% 7% 4% 283.0f 242.6f * 

Refrigerated Vending Machines 4% 4% 3% 0.5 0.5 0.1 

Ice Machines 4% 4% 0% 0.5 0.5 * 

Office Equipment 

Computers (All Types) 92% 92% 95% 10.1 10.2 7.1 

Desktops 89% 89% 92% 7.8 7.9 6.2 

Laptops 54% 55% 43% 2.3 2.4 0.9 

Imaging Equipmentg 92% 92% 94% 4.2 4.1 4.8 

Televisions 31% 32% 21% 3.3 3.4 1.2 

Retail Registers/POS Terminals 11% 12% 4% 0.7 0.7 0.0 

Servers 29% 30% 21% -- -- -- 
*Denotes fewer than 30 observations 

a Lighting refers to indoor overhead hardwired lighting unless specified 
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b T8 linear fluorescent lights include T8 Plus lights 
c T5 linear fluorescent lights include T5 High Output (T5HO) lights   
d HID Lighting includes metal halide, high pressure sodium, and mercury vapor bulbs 
e Linear feet 
f Square feet 
g Imaging equipment includes printers, copy machines, scanners, and multi-function devices
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3. SUMMARY OF ELECTRICITY USAGE AND 

WASTE 

Our usage and waste analysis includes the end uses that account for the majority of 
electricity usage among the ComEd customers within commercial and industrial segments 
targeted by this study. (See Section 4 for details on the segments included.) For each end 
use, we assessed current electricity usage as well as key categories of technology and 
behavioral waste. Throughout this study, energy “waste” refers to the amount of electricity 
that is currently being used, but does not need to be used given (a) reasonable expectations 
for equipment upgrades that all customers could make today, (b) reasonable behavioral or 
operational changes that customers could make today, and still meet their operating needs. 
More specific definitions of technological and behavioral waste are provided in Section 
4.2.1. In this analysis, we did not attempt to quantify every possible source of electricity 
waste; rather, we focused on those categories that have the potential to provide significant 
savings from addressing waste. 

Sections 6 through 12 of this report present detailed results for each end use included in 
this analysis. This section brings together the individual end-use results and provides a high-
level summary of our findings. 

Figure 3-1 summarizes the total electricity usage by C&I customers in the ComEd service 
territory by end use. Overall, the analyzed end uses account for 78% of the C&I electricity 
usage for the segments in scope. The top end uses are interior lighting (28%), cooling (15%), 
motors/fans/pumps (13%)1, office equipment (9%), ventilation (8%), and refrigeration (6%).   

                                                 
1 Usage and waste for motors, fans and pumps is calculated for both Commercial and Industrial customers. 
This category excludes motors used in HVAC for fans, blowers, and compressors. 
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Figure 3-1. Summary of Commercial and Industrial Energy Usage by End Use 

 
a=Interior lighting only 
Source: Usage and waste analysis 

These usage numbers align fairly closely with 2003 EIA estimates of U.S. Commercial and 
Manufacturing Sectors Electricity Consumption by End Use, which estimates that across the 
country, 36% of usage is for lighting (interior and exterior), 12% for cooling, 10% for 
refrigeration, 10% for ventilation, 8% for industrial motors, 5% for office equipment and 18% 
for all other.  

Table 3-1 summarizes the total electricity usage by commercial and industrial customers in 
the ComEd service territory for the individual end uses under study. The table shows the 
shares of end use electricity usage for each commercial segment and industrial rate class 
group. Lighting, cooling, and motors account for the three largest shares of usage for both 
the commercial and industrial sectors, but with lighting representing the largest commercial 
end use and motors composing the largest end use among industrial customers. Other end 
uses make up smaller shares of the total electricity usage with the exception of a few 
industry-specific equipment types, such as office equipment in the office segment and 
refrigeration in the food services and grocery and convenience store segments. 

 

Lightinga, 28%
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Pumps, 13%

Data Center & 
Office 

Equipment, 9%

Ventilation, 8%

Refrigeration, 
6%

Non-Process 
Water Heating, 

0.4%
All Other, 21%

ICC Case No. 13-0550 
Direct Testimony of Geoffrey Crandall 
ELPC Exhibit 1.3 
Page 135 of 263



 

 
Page 8 

opiniondynamics.com 

Table 3-1. Summary of Electricity Usage of Individual End Use by Commercial Segment and Industrial Rate Class Group 

   Total 
Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

No. of Identifiable 
ComEd Customers  300,230 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 15,675 12,377 2,282 1,016 

Usage Summary                

Lightinga 28% 31% 30% 32% 49% 17% 37% 25% 33% 27% 29% 17% 28% 18% 13% 

Cooling 15% 15% 15% 22% 17% 7% 5% 7% 21% 23% 15% 11% 12% 17% 8% 

Ventilation 8% 9% 8% 19% 8% 12% 9% 4% 16% 4% 6% 7% 8% 8% 7% 

Motors, Fans, Pumps 13% 7% 3% 4% 5% 5% 2% 7%* 7%* 7%* 14% 38% 37% 42% 47% 

Refrigeration 6% 6% 1% 1% 3% 40% 3% 24% 5%+ 2% 5% 1% 3%+ 1%+ 0% 

Office Electronics 9% 10% 21% 12%+ 4% 2% 5% 1%+ 6% 5% 5% 3% 9% 3%+ 2%+ 

Non-Process Hot Water 0.4% 0.4% 0.5% 0.4% 0.2% 0.4% 0.4% 0.4% 0.4% 0.4% 0.5% 0.2% 0.9% 0.2% 0.2% 

All Other 21% 22% 21% 10% 13% 16% 39% 32% 12% 32% 25% 23% 2% 11% 23% 

Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Note: may not sum to 100% due to rounding  
* End use percentage defaults to sector average due to low sample size 
+ At least 1 type of equipment within end use defaults to sector average due to low sample size 
a=Interior lighting only 
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In terms of waste, refrigeration and lighting show the greatest opportunities to reduce 
technological waste by upgrading to newer, more efficient equipment. Technological waste 
accounts for 38% and 35% of current usage for these end uses, respectively.  Lighting also 
has the greatest opportunities to reduce behavioral waste, which accounts for 36% of 
current usage, mainly by improving and optimizing lighting controls. 

Table 3-2 presents the usage and waste results, across all analyzed end uses. 

Table 3-2. Summary of Usage and Waste Results 

  

Analyzed End Uses 

Lighting Cooling Ventilation Refrigeration Motors 
Office 

Equipment 
% of C&I Usage 28% 15% 8% 6% 13% 9% 

End-Use Penetration 100% 64% 82% 25% 32% 93% 
kWh Per Business (with 
end -use) 36,394 29,781 13,475 39,863* 54,049 22,433* 

kWh Per Business (All in-
scope businesses) 36,394 19,199 11,018 7,181 20,482 11,311 

Total Annual MWh 10,926,461 5,764,059 3,308,014 2,155,858 5,117,542 3,395,989 

% Efficient Usagea 42% 63% 89% 59% 94% 42% 

% TW (before BW)b 35% 29% 11% 38% 6% 42% 

% BW (after TW)c 23% 9% 0% 3% 0% 16% 

% BW (before TW) 36% 12% 0% 8% 0% 23% 

% TW (after BW) 23% 26% 10% 33% 6% 35% 

MWh TW (before BW) 3,802,392 1,661,246 353,309 818,900 291,991 1,417,598 

MWh BW (after TW) 2,543,488 497,550 15,149 72,681 16,433 563,814 

MWh BW (before TW) 3,882,878 682,822 17,031 181,816 17,631 797,457 

MWh TW (after BW) 2,463,002 1,475,974 351,426 709,765 290,793 1,183,955 
Source: Usage and Waste Analysis 
a Defined as the percentage of current kWh usage that would be used if technology and behavior were 
“efficient” (per this study). The remaining component of current kWh is considered waste (per this study). 

b This row displays the percentage of current kWh usage that is technological waste, if we assess technological 
waste assuming current behaviors (i.e., before assessing behavioral waste). TW = “Technological Waste” and 
BW = “Behavioral Waste”.  

c This row displays the percentage of current kWh usage that is behavioral waste, if we assess behavioral 
waste assuming current equipment (i.e., before assessing technological waste). BW = “Behavioral Waste” and 
TW = “Technological Waste”.  

*This is an average value for a business that has all types of equipment within the end use. For refrigeration, 
this would include two types of refrigeration (walk-in refrigeration and refrigerated cases), and for office 
equipment, this would include nine types of equipment (PCs, notebooks, servers, printers, multi-function 
devices, copiers, scanners, cash registers and televisions). 
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4. METHODOLOGY 

Key activities in support of the Commercial and Industrial Saturation/End Use, Market 
Penetration, and Behavioral Study included extensive primary data collection, monitoring, 
and engineering analysis of electricity end uses. This section describes each of these 
activities in detail. 

4.1 Primary Data Collection 
The primary data collection activities for this effort included a telephone survey with 1,6662 
C&I customers, on-site audits at 347 businesses, and lighting and occupancy metering at 70 
businesses. This subsection describes the sampling and weighting, data collection, and 
adjustment methodologies associated with these activities. 

4.1.1 Telephone Survey 
The telephone survey collected comprehensive penetration and saturation data on 
electricity-using equipment as well as information about customers’ use of this equipment, 
(i.e., their behaviors). The survey was aimed at building owners, business owners, and 
facility managers with knowledge of energy-using equipment at the business. We also used 
the telephone survey to recruit a subset of survey respondents for on-site audits and 
metering. We implemented the survey from our call center between July 5 and September 
12, 2012, and completed 1,666 interviews. On average, the survey took 22.5 minutes to 
complete. Our response rate was 3.8%. 

The survey primarily focused on the end uses of lighting, cooling, ventilation, refrigeration, 
motors, office equipment, water heating, compressed air, cooking, and process heating and 
drying. The survey also included questions about each business’s demographics and 
important energy characteristics of each facility, such as hours of operation. The telephone 
survey instrument is presented in Appendix 3. To maintain a reasonable length, the survey 
only asked customers about their top four end uses. Also, some less frequently encountered 
end uses, or end uses known to be significant for certain sectors, were prioritized for some 
sectors. For example, we included questions about refrigeration and commercial kitchen 
equipment in surveys of the grocery and food service segments; office equipment was 
prioritized in surveys of office buildings; and compressed air and motors were prioritized in 
surveys for industrial customers. 

Sample Design 
Our sampling unit was the commercial or industrial business account. As of January 2012, 
there were 341,824 C&I accounts in ComEd’s service territory. A portion of these accounts 
were out of scope or inappropriate for this study and, therefore, were dropped, resulting in a 
sample frame of 190,392 C&I accounts. As shown in Table 4-1, 151,432 accounts were 
removed for the following reasons: 

                                                 
2 Due to segment reclassification and removal of public sector customers and other out of scope customers, 
the total number of telephone surveys used in the analysis was 1,519. 
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 Vacant premises (Criteria 1, 2) 

 Premises with insufficient 2011 data needed for analysis (Criteria 3, 4) 

 Accounts associated with customer having more than two accounts (Criterion 5) 

 Duplicate or invalid phone numbers that cannot be contacted (Criteria 6, 7) 

Table 4-1. Records Dropped Prior to Sampling 

Criteria for Dropping Records Number of Records 
Dropped* 

1. Accounts with 2011 annual usage = 0 5,425 
2. Accounts with less than 2 kWh average daily usage in 

2011 
16,539 

3. Accounts in service only after May 2011 18,177 
4. Accounts with less than 2 kWh average daily use in 3 or 

more summer months (May-Sept) in 2011 
8,698 

5. Accounts in excess of 2 per unique customer 42,673 
6. Accounts with missing or invalid phone number 4,812 
7. Accounts with duplicate phone number 55,108 
TOTAL RECORDS DROPPED 151,432 

* Drops are sequential. 

The primary objective of the sample design was to administer the survey to enough 
customers within each segment to conduct analysis at the segment level whenever possible. 
Secondary objectives were: 1) to have a distribution of business types and sizes to enable 
us to “roll up” findings to a sector level (commercial or industrial), and 2) to have a large 
enough pool of completed phone interviews to recruit site visit participants. 

Our sample design employed a stratified random sampling approach, with strata based on 
business segments and customer rate classes. The segments and rate classes were 
determined following discussions with ComEd and our review of the customer data and are 
described below.  

Our target number of completed surveys was 1,800. We set quotas for 10 commercial 
segments and 14 industrial segments. The initial assignment included 70 completes in each 
segment (to meet a minimum precision level of 10% at 90% confidence), except for those 
industrial segments where the number of feasible completes (assuming a completion rate of 
10-15%) was less than 70. For these sparsely populated industrial segments, we attempted 
to survey a census of the businesses. Any additional interviews were to be distributed 
among the segments proportional to each segment’s electricity use, thereby increasing the 
overall statistical precision of the results.  

Within each segment, we stratified accounts by rate class3, and sampled in proportion to the 
total annual electricity use each rate class contributes to the segment total. For example, if 
warehouse accounts in the 100-400kW rate class contribute 25% of total warehouse kWh, 
but only 6% of total warehouse customers, we aimed to complete interviews with 25% of 
warehouses in the 100-400 kW rate class. 
                                                 
3 Rate classes are provided in Table 4-5. 

ICC Case No. 13-0550 
Direct Testimony of Geoffrey Crandall 
ELPC Exhibit 1.3 
Page 139 of 263



Methodology 

Page 12 
opiniondynamics.com 

Customers with missing segment information in the ComEd customer database comprised 
32% of C&I customers and 19% of electricity use. We sampled these customers in 
proportion to their contribution to overall electricity use (i.e., we attempted to place 
approximately 20% of calls to survey customers with missing segment information). These 
customers were classified into the appropriate segment, based on their responses to the 
business segment module in the survey.  

C&I Segment Classification  
The telephone survey covered private sector (non-governmental) C&I ComEd customers 
within each major sector (i.e., commercial and industrial). To best meet ComEd’s analysis 
and planning needs for C&I efficiency programs, we grouped customers into business 
segments of like business types, and excluded businesses considered outside of the 
commercial and industrial sectors (e.g., agriculture, mining, transportation, construction). In 
grouping, we developed a series of rules (described in detail in the following subsection) 
starting with the SIC and NAICS classifications provided by ComEd. We performed the 
classification for the ComEd C&I database as a whole (to guide sampling), and verified the 
segment assignment of phone survey respondents following the survey. The final sectors 
and segments included and excluded from the analysis are shown in Table 4-2. 

Table 4-2. Segments within Sectors 

Commercial Industrial Not included in analysis 
(Out of Scope) 

 

 Office Buildings 
 Health Services 
 Retail 
 Food Service 
 Warehouse 
 Grocery/Convenience 
 Non-Public Education 
 Lodging/Hospitality 
 All Other Commercial 

 

 

 Industrial Machinery 
 Fabricated Metals 
 Printing 
 Electronics/Instrumentation 
 Paper/Lumber/Furniture 
 Food (Industrial) 
 Rubber/Plastics 
 Chemicals 
 Stone/Clay/Glass 
 Primary Metals 
 Transportation Equipment 
 Apparel/Textiles 
 Petroleum 
 Misc. Manufacturing 

 

 Agriculture 
 Forestry 
 Fishing 
 Mining 
 Construction 
 Transportation 
 Communication 
 Utilities 
 Housing 

 
 

 

Customer Population Segment Assignment Rules 
We applied a series of rules for assigning businesses to C&I segments both before and after 
the survey. The steps we used in classifying customers into the appropriate segments are 
outlined below. 
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Customer database segment assignment before sampling and 
surveying 

Before constructing the sample and conducting customer interviews, we identified the most 
appropriate segment for each customer based on SIC and NAICS combinations. These initial 
segment classifications allowed us to develop quotas for each segment. Some commercial 
and industrial facilities have a mix of functions, and we developed several rules to 
consistently assign businesses to a single segment. Specifically, we: 

1) Used SIC/NAICS rules provided by ComEd 

2) Combined grocery stores and convenience stores based on discussion with ComEd 

3) Combined several industrial segments based on discussion with ComEd 

4) Identified customer classes within ‘All Other Commercial’ group (using customer name) that 
could be part of one of our other analysis segments 

5)  Identified customer classes that were in the industrial sector, but not in a specific segment 
that could be part of one of our other analysis segments (using customer name) 

As described above, we did not reduce the original sample frame numbers, but did 
rearrange the sample frame numbers within specific segments.  

Phone survey respondent segment assignment after phone surveys 

We asked customers to verify and correct their segment assignment (as needed) through 
the survey. We also examined the segment assignments resulting from the telephone 
surveys to ensure that customers’ responses were consistent with the rules-based 
classification we developed for the customer database. For example, if the customer 
reported that they manufactured toothbrushes, we looked at the segment that similar 
manufacturers (based on name) fell into in the customer database (e.g., Miscellaneous 
Manufacturing, Electronics/Instrumentation, or Rubber/Plastics). We then re-classified the 
telephone survey respondents’ segment to align as closely as possible with rules that had 
been established for the customer database. Specifically, we: 

1) Determined the segment assignment most aligned with customer database rules through 
examination of (a) phone survey responses such as business type, space types, equipment, 
and (b) secondary data (the assigned SIC and NAICS codes, company websites, press 
releases, photographs of the facility) 

2) Removed public sector customers based on customer name (91 respondents) 

3) Removed any other out-of-scope customers (26 respondents) 

4) Exclude site visit recruits who did not complete the survey (30 respondents) 

The resulting 1,519 surveys formed the basis of our phone survey analysis. 
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Customer database segment assignment after telephone surveys 

After conducting this reclassification, we revisited segment assignments in the customer 
database to determine if we needed to adjust any of the SIC or NAICS-based rules to reflect 
what we learned about customers in the telephone survey and subsequent research. We 
also created rules to identify public sector customers. We conducted this analysis to develop 
a sample frame that aligned with the telephone survey sample that could be used for 
weighting and extrapolation. Specifically, we: 

1) Examined trends in reclassification to identify SIC/NAICS combinations that followed a 
similar pattern  

2) Modified and re-applied SIC/NAICS segment rules for a select set of SIC/NAICS if a trend 
could be identified from phone respondent reclassification work 

3) Developed and applied rules for identifying and removing public sector customers (based on 
SIC, NAICS, and keywords) 

4) Examined the final segment distribution of telephone survey respondents with missing 
SIC/NAICS to determine if further adjustments to the sample frame were needed 

This last adjustment further refined the sample frame segment-specific numbers using our 
improved rule-based system. We only removed data points that were public sector and, 
therefore, out of scope. We did not adjust segment-specific numbers in the sample frame 
based on the distribution of telephone respondents with missing SIC and NAICS.4 The public 
sector adjustment reduced the size of the final sample frame for analysis from 190,392 to 
183,687. 

Table 4-3 and Table 4-4 present the final Commercial and Industrial segments, respectively, 
used in this study and briefly describe the types of businesses that fall within each segment. 
Please note that each segment is also defined by multiple unique combinations of SIC and 
NAICS codes that are not shown here. 

  

                                                 
4 There were a few differences between the segment distribution of respondents with unknown SIC and NAICS 
(n=194) and the segment distribution within the sample frame. The magnitude of the differences, however, 
was not large and we know that other factors such as non-response bias and decision-maker screening criteria 
account for some of the differences observed in the response rate between segments. Therefore, we did not 
adjust the sample frame based on the segment distribution of the 194 customers with missing SIC and NAICS. 
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Table 4-3. Definition of Commercial Segments 

Segment Definition Examples of Types of Businesses in the 
Segment  

Office Buildings 
Any business that is conducted in 
an office setting, including the 
headquarters of retail 
manufacturing businesses  

Law firms, architectural firms, headquarters 
of retailers, consulting companies, retail 
banks5 

Health Services Inpatient and Outpatient health 
services   

Hospitals, nursing homes, in-patient 
treatment centers, dentists’ offices, 
outpatient mental health services, 
dermatologists, primary care physician offices 

Retail Businesses that sell things other 
than prepared food and groceries 

Home improvement stores, jewelry stores, 
clothing stores, office supply stores 

Food Service Businesses that prepare and serve 
food as their main function 

Restaurants, bars, bakeries, delis, ice cream 
stores  

Warehouse Any establishment that stores 
goods and has no manufacturing 
capabilities and little or no retail 
space. 

Warehouses of all types, self storage 
facilities, junk yards 

Grocery/ 
Convenience 

Businesses that sell food where 
most of the food is pre-packaged.   

Supermarkets, corner stores, gas stations 

Non-Public 
Education 

Businesses that have classroom 
space and whose goal is to educate 

Non-public elementary, middle, and high 
schools, colleges and universities, pre-
schools, libraries, day care, beauty colleges, 
training centers for continuing education, 
teachers and tutors working from home 
offices 

Lodging/ 
Hospitality 

Businesses that provide living 
space. This segment excludes 
educational establishments such as 
universities or boarding schools 

Hotels, motels, assisted and supportive living, 
correctional facilities, condos and apartment 
buildings (common space only), camp sites 
with cabins  

All Other 
Commercial 

Commercial endeavors that do not 
fit in any of the above categories 

Auto mechanics, houses of worship, car 
washes, auto body shops, car dealerships, 
movie theatres, parks, camp sites without 
cabins, museums, fraternal lodges, 
community centers, recreation centers, 
laundromats, golf clubs, bowling centers  

 

  

                                                 
5 It was not possible to distinguish between retail banks and bank offices based on SIC or NAICS codes. 
Therefore, for consistency, we grouped all into the office buildings segment.   
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Table 4-4. Definitions of Industrial Segments 

Segment Definition Examples of Types of Businesses/Products 
Manufactured in the Segment 

Industrial 
Machinery 

Facilities that make machines that 
are used to produce other products 

Machines used in assembly lines, or any 
other type of machine  

Fabricated 
Metals 

Facilities that manufacture metal in 
pre-defined shapes 

Sheet metal, metal furniture, metal tools 
such as screws, welding 

Printing Facilities that create printed 
documents 

Facilities that print books, wedding 
invitations, screen printing of textiles, retail 
establishments that make photo copies 

Electronics/ 
Instrumentation 

Facilities that manufacture 
electronics or instruments 

Computers, electrical panels, other 
electronic devices, and instruments used in 
the medical field 

Paper/ 
Lumber/ 
Furniture 

Facilities that produce paper 
produces, lumber products, and 
furniture, excluding metal and plastic 
furniture 

Paper, lumber, products made of lumber, 
cabinets, furniture that is not made solely 
of metal or plastic, wood, paper, or 
cardboard based packaging 

Food 
(Industrial) 

Industrial facilities that produce food 
in mass quantities 

Facilities that produce food in mass 
quantities for consumption in a location 
other than the one in which they are being 
produced 

Rubber/Plastics Facilities that make plastic or rubber 
items  

Rubber bands, plastic furniture such as 
plastic lawn chairs, toothbrushes, plastic 
toys, plastic packaging 

Chemicals Facilities that make chemicals or 
chemical products 

Industrial chemicals, lawn fertilizer, 
biodiesel fuel, bonding agents, dyes, paint, 
food-grade chemicals 

Stone/Clay/ 
Glass 

Facilities that produce products that 
are made of stone, clay, or glass 

Cement, paving, lenses, mirrors, minerals 

Primary Metals Facilities that refine raw material to 
become usable metal 

Steel, iron, and other metals 

Transportation 
Equipment 

Facilities that make transportation 
equipment  

Trains, trucks, cars, airplanes. This 
segment does not include those who fix 
cars such as mechanics and auto body 
shops.  

Apparel/ 
Textiles 

Facilities that make apparel and 
textiles 

Clothes, sheets, drapes, and other textiles 

Petroleum Facilities that refine petroleum  Petroleum, fuel, lubricants 
Miscellaneous 
Manufacturing 

Facilities that manufacture products 
that are defined by NAICS as 
miscellaneous manufacturing 

Signs, brushes, brooms, dental labs, 
facilities that produce more than 2 items 
each of which is in a different sector 
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C&I Rate Class Rules 
The rate classes used in this analysis are based on 2011 ComEd billing data. Within each 
sector, commercial and industrial customers were divided into four groups as shown in 
Table 4-5. 

Table 4-5. Rate Class Groups 

Rate Class Group Rate Class 
Less than 100 kW B72, B73, B92, B93, H73, R72, R73 
100 – 400 kW B74, B94, H74, R74 
400 kW – 1 MW B75, B95, H75, R75 
Greater than 1 MW A76, H76, H77, R76, R77 

 

Summary of Telephone Survey Statistics 
Table 4-6 presents the final dispositions for the telephone survey. The response rate was 
3.8% (computed as the number of completed interviews divided by the number of eligible 
respondents). The cooperation rate was 7.9% (computed as the number of completed 
interviews divided by the total number of eligible sample units actually contacted). 
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Table 4-6. C&I Customer Survey Disposition 

Disposition Number 

Completed Interviews (I)  1,6666 
Eligible Non-Interviews  31,120 
  Refusals (R)  17,831 
  Mid-Interview terminate (R) 1,463 
  Respondent never available (NC) 11,287 
  Language Problem (NC) 539 
Not Eligible (e)  11,603 
  Fax/Data Line  845 
  Duplicate Number  126 
  Non-Working  6,954 
  Wrong Number  1,763 
  Business, government office, other organization 1,617 
  No eligible respondent  298 
Unknown Eligibility Non-Interview (U) 14,639 
  Not Dialed/Worked  0 
  No Answer   5,362 
  Answering Machine   8,864 
  Busy   280 
  Call Blocking  133 
Total Contacts in Sample 59,028 
Response Rate  .038 
Cooperation Rate  .079 

 

Table 4-7 shows final numbers of phone survey completes and on-site audit completes for 
each segment. Despite attempting to call all customers in our sample frame for many 
segments, we were not able to complete 1,800 telephone surveys as initially anticipated. 
Though we attempted a census of eligible customers in most segments, completes per 
segment were often below the desired numbers needed to provide information at the 
desired confidence level of 90% and precision level of 10%7. Furthermore, because the 
phone survey asked each respondent about no more than four electricity end uses (to 
increase response rates and reduce survey fatigue), there were fewer responses about most 
end uses than the overall number of responses.  

Anticipating fewer eligible accounts in the industrial segments, we oversampled industrial 
customers relative to their proportion of the eligible customer base (8%) and their proportion 
of total annual usage in eligible segments (19%). As shown in Table 4-7, industrial 
                                                 
6 1,666 represents the total number of phone surveys completed. Subsequent reclassification reduced the 
total number of surveys in the scope of the study to 1,519. 
7 A general rule of thumb for proportions in population sizes larger than 500 is that 67 independent sample 
points are needed to achieve 90% confidence with 10% precision (the criteria established by ComEd). A 
sample size of 50 can yield 90% confidence at 12% precision (or 80% confidence with 9% precision, and a 
sample size of 30 can achieve 90% confidence with 15% precision (or 80% confidence with 12% precision). 
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customers comprised 35% of both phone interviews and on-site audits. Nevertheless, the 
limited number of end uses asked about per respondent, combined with the low numbers of 
completed surveys in most industrial segments, resulted in fewer than 20 telephone survey 
completes per industrial segment for many end uses.  

Table 4-7. Phone and On-Site Audit Completes by Segment 

Segment 

Phone Survey  On-site Audits  ComEd Customers (in 
Baseline Study segments) 

n Percent 
Completes n Percent 

Completes 
Percent of 
Customers 

Percent of 
Annual Use 

(MWh) 
Office Buildings 165 10.9% 18 5.2% 27.0% 18.2% 
Hospitals/Health Services 127 8.4% 23 6.6% 9.4% 7.2% 
Retail 113 7.4% 27 7.8% 12.0% 8.5% 
Food Service 155 10.2% 47 13.5% 8.3% 6.7% 
Warehouse 155 10.2% 26 7.5% 4.8% 6.6% 
Grocery/Convenience 54 3.6% 14 4.0% 2.5% 5.8% 
Education 56 3.7% 13 3.7% 1.7% 4.7% 
Lodging/Hospitality 55 3.6% 20 5.8% 0.6% 3.6% 
Other Commercial 112 7.4% 38 11.0% 25.2% 15.9% 
Industrial Machinery 92 6.1% 26 7.5% 1.7% 2.6% 
Fabricated Metals 140 9.2% 30 8.6% 1.2% 3.3% 
Printing 71 4.7% 19 5.5% 1.0% 1.7% 
Electronics/Instrumentation 47 3.1% 14 4.0% 0.9% 2.3% 
Paper/Lumber/Furniture 24 1.6% 3 0.9% 0.6% 1.6% 
Food Industrial 26 1.7% 3 0.9% 0.6% 3.6% 
Rubber/Plastics 38 2.5% 8 2.3% 0.4% 3.2% 
Chemicals 21 1.4% 7 2.0% 0.3% 1.2% 
Stone/Clay/Glass 18 1.2% 2 0.6% 0.3% 0.4% 
Primary Metals 8 0.5% 1 0.3% 0.3% 1.2% 
Transportation Equipment 9 0.6% 1 0.3% 0.2% 0.4% 
Apparel/Textiles 4 0.3% 2 0.6% 0.2% 0.2% 
Petroleum 3 0.2% 1 0.3% 0.1% 0.1% 
Misc. Manufacturing 26 1.7% 4 1.2% 0.8% 0.8% 
Total 1,519 100% 347 100% 100% 100% 
   Commercial Sector 992 65% 226 65% 91% 77% 
   Industrial Sector 527 35% 121 35% 9% 23% 

 

The limited sample sizes for industrial end uses by segment meant that we could not with 
confidence report on the end-use profile of most industrial segments. Therefore, we needed 
to aggregate responses further, to create reporting groups with larger sample sizes (of both 
phone survey and site visit data). This could be done by combining segments or by reporting 
at a rate class level. We determined that reporting at a rate class level, rather than 
combining segments, was preferable for the following reasons: 

ICC Case No. 13-0550 
Direct Testimony of Geoffrey Crandall 
ELPC Exhibit 1.3 
Page 147 of 263



Methodology 

Page 20 
opiniondynamics.com 

 Facilities within individual industrial segments were found to have a high degree of 
heterogeneity in the types of products, processes, facility size, and age, making it difficult 
to characterize how electricity was used and efficiency levels within industry segments. 
Aggregating individual segments would only increase the amount of variation found 
within combined segments. The existing 14 industrial segments cannot be bundled 
much further because of functional dissimilarities. 

 The phone survey data show that less variation exists within industrial rate classes than 
within individual industrial segments, indicating that we can better characterize 
penetration and saturation within an industrial rate class than within an industrial 
segment.    

 The phone survey data show significant differences in efficiency level of equipment 
between rate classes that would be lost in segment-level summaries.  

 With segment-based reporting, penetration, and saturation, numbers would be more 
reflective of the equipment and operational profile of smaller customers, who make up 
the bulk of each segment, and obscure the equipment and operational profile of larger 
customers.  

The largest rate class in this study (Greater than 1 MW) includes 25 respondents. Because 
25 completes is not sufficient for reporting end use results for this rate class for the 
industrial sector, we combined customers in the 400 kW – 1 MW class and Greater than 1 
MW class to create one “400 kW and higher” group for the industrial sector.  

For the commercial sector, most segments had sufficient numbers of phone survey 
responses to allow reporting of penetration at the segment level.  

As shown in Table 4-8, we summarized the survey results for commercial customers by each 
of nine commercial sector segments, and for industrial customers by each of three rate 
class groups. 
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Table 4-8. Analytical Groupings for Commercial and Industrial Sectors and  
Number of Survey Completes 

Commercial Sector  Industrial Sector 

Segment n  Rate Class Group n 

Office Buildings 165  Less than 100 kW 316 

Hospitals/Health Services 127  100-400 kW 138 

Retail 113  Greater than 400 kW 73 

Food Service 155  Industrial Total 527 

Warehouse 155    

Grocery/Convenience 54    

Non-Public Education 56    

Lodging/Hospitality 55    

All Other Commercial 112    

Commercial Total 992    

4.1.2 Telephone Survey Data Weighting and 
Adjustments 

The telephone survey data presented in this report are weighted and adjusted using the 
data collected during on-site audits. We have also adjusted several key survey questions 
using other sources when respondents could not accurately provide answers. We describe 
the data adjustments generally in the sections below and in more detail in each of the end-
use technical appendices.  

Telephone Survey Weighting 
We employed separate weighting schemes for penetration and saturation reporting than for 
the usage and waste analysis to address different analysis constraints and objectives. For 
penetration and saturation reporting, where the goal is reporting the percentage of all 
customers within a group that have a type of equipment (or the number that they have), we 
used stratum weights that accounted for differences in customer counts between groups in 
our sample versus the population. For usage and waste analysis, where the goal is reporting 
the proportion of energy use within a group that is attributable to each end use, we use 
“usage-based” stratum weights that accounted for different amounts of energy that each 
stratum contributes to their group total. Penetration and saturation weighting is described in 
this section, and usage and waste weighting is described in the following section.  
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Penetration and Saturation findings presented in this report are weighted to account for the 
following factors:  

1) Differences in the distribution of customer counts by rate classes within our sample 
compared with the sample frame (i.e., customer base), since we attempted to oversample 
large accounts (with demand greater than 100 kW) to inform the usage and waste analysis 

2) Differences in the distribution of customer counts by segment within the commercial sector, 
to account for oversampling some segments to achieve the desired level of confidence and 
precision within each segment   

3) Differences in the distribution of customer counts by sector within the sample, to account for 
oversampling industrial customers to ensure representation from all industrial segments. 

As the basis for weighting, we used the sample frame of all accounts in the 2011 customer 
population with (1) a known segment (i.e., known SIC and/or NAICS) and (2) a segment that 
is in the scope of the study. The size of the sample frame is 183,687 accounts, from a 2011 
customer population of 341,824 customers. We removed 116,543 customers with missing 
SIC and NAICS information from the sample frame, and 41,594 out-of-scope customers (due 
to their segment or public sector status).8 The commercial sample frame contains 168,012 
accounts and the industrial sample frame contains 15,675 accounts. As discussed above, 
we developed segment classification rules through multiple stages, including modifications 
after the phone survey effort to align SIC and NAICS rules with phone survey respondent 
classification (to the extent possible). 

We weighted commercial sector and industrial sector findings differently due to differences 
in reporting requirements and the sampling approach. 

Commercial: Phone survey data are reported at a segment level for commercial segments, 
with a sector-level summary.  

 Within each segment, data are weighted by customer rate class to align with the 
proportion of accounts within each rate class of each segment in the commercial sample 
frame. If the sample contained less than 10 respondents in a given rate class, the rate 
class was combined with a contiguous rate class and weights were calculated for the 
combined rate classes. In most cases, these within-segment rate class weights resulted 
in customers in the smallest rate class (<100 kW) weighted upward, and all other 
customers weighted downward.  

 To develop sector-level values, we applied additional weights to align the proportion of 
accounts within each segment in the completed commercial survey sample with the 
same proportions in the commercial sample frame. 

Industrial: Phone survey data are reported at the rate class level for three rate class groups, 
with a sector-level summary.  

 Within each rate class, industrial segment data are not weighted. While there is a slight 
difference in the distribution of segments within each rate class (and for the industrial 
sample overall) compared with the industrial sample frame, the sample design had 

                                                 
8 This sample frame is different than that presented earlier in this chapter because we removed public sector 
customers following telephone survey completion. 
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minimal influence on these differences. Due to the relatively small number of accounts 
in industrial segments compared with survey goals, we made a census attempt in nearly 
all industrial segments—i.e., we called every customer in the sample frame for the 
segment and completed as many interviews as possible. Additionally, sample sizes in 
many cases are too small to apply weights. Therefore, we did not apply segment weights 
to the industrial sector telephone survey data. 

 To estimate sector-level penetration and saturation, we applied weights to align the 
proportion of accounts within each of the three rate class groups of the industrial 
customers in the sample with the distribution in the industrial sample frame. 

All Commercial & Industrial Customers: Phone survey data are reported for all Commercial & 
industrial customers combined. 

 To estimate penetration and saturation for all customers, we applied weights to align the 
proportion of accounts within each sector in the sample with the same distribution in the 
sample frame. 

We evaluated final weights in both sectors for undesirable unequal weighting effects and 
found none.9 

Telephone Survey Weighting for Usage and Waste Analysis 
The key metrics in the Commercial & Industrial usage and waste analysis are proportions – 
specifically, electricity usage and waste as a proportion of each customer’s annual electricity 
use. We first calculated proportions of usage and waste for each customer, for each end use 
(data permitting), and then calculated weighted averages to represent the percentage of 
energy used by each segment or rate class that is drawn by each end use.  

The objective of the usage and waste analysis was to construct an energy profile for each 
segment, rate class or sector that reflects how much kWh is consumed by each end use. 
Therefore, larger facilities (who consume relatively more energy in their segment or sector) 
should be given slightly more weight, as their energy use patterns have a greater influence 
on the energy use of any ComEd segment or sector overall. Therefore we developed usage-
based stratum weights that account for the proportion of energy use that each ComEd sub-
group (a segment or rate class) contributes to the total energy use of the analysis group (a 
segment, rate class or sector). 

Usage and waste findings presented in this report are weighted to account for the following 
factors:  

1) Differences in the distribution of the customer count of each rate class group within a 
segment of our sample compared with the proportion of energy each rate class group 
contributes to the segment in the sample frame (i.e., customer base). 

2) Differences in the distribution of the customer count of each segment within a sector of our 
sample compared with the proportion of energy each segment contributes to the analysis 

                                                 
9 A weighting scheme with a high standard deviation of weights relative to the mean weight can yield 
undesirable results by allowing some customer responses too much influence on the direction of results of 
their group (e.g., sector). The weighting schemes described above were tested to ensure they would not exhibit 
undesirable unequal weighting effects. 
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group in the sample frame (i.e., customer base). As mentioned above, we oversampled some 
segments to achieve the desired level of confidence and precision within each segment.  

3) Differences in the distribution of the customer count of each sector within our sample 
compared with the proportion of energy each sector contributes to the analysis group in the 
sample frame (i.e., customer base). We purposefully oversampled industrial customers to 
ensure representation from all industrial segments. 

For an example of factor (1), Office segment customers in the “less than 100 kW” rate class 
group comprised 73% of survey completes, yet they consume only 29% of energy use among 
all of ComEd’s non-public Office customers. They would be given a weight of 0.4 (29% / 
73%) when calculating the weighted average of lighting as a percentage of annual kWh 
among the Office segment.10 For an example of factor (3), Commercial customers comprised 
65% of survey completes, yet they consume 77% of energy use among all of ComEd’s non-
public C&I customers. They are given a weight of 1.2 (77% / 65%) when calculating the 
weighted average of lighting as a percentage of annual kWh among all ComEd customers. 

We used the same sample frame described above as the basis for weighting. The 
commercial sample frame contains 168,012 accounts and the industrial sample frame 
contains 15,675 accounts. As discussed above, we developed segment classification rules 
through multiple stages, including modifications after the phone survey effort to align SIC 
and NAICS rules with phone survey respondent classification (to the extent possible). 

We weighted commercial sector and industrial sector findings differently due to differences 
in reporting requirements and the sampling approach. For both sectors, we collapsed rate 
classes such that customers in the “less than 100 kW” rate class formed one rate class 
group, and customers in any rate class “greater than 100 kWh” formed a second rate class 
group.  

Commercial: Phone survey data are reported at a segment level for commercial segments, 
with a sector-level summary.  

 To develop segment-level results, usage and waste proportions are weighted by 
customer rate class group to align with the proportion of annual kWh that each rate class 
group in the commercial sample frame contributes to total annual kWh of the segment. 
In all cases, these within-segment rate class weights resulted in customers in the 
smallest rate class (<100 kW) weighted downward, and all other customers weighted 
upward.  

 To develop sector-level values, we applied additional weights to align the distribution of 
customers by segment with the proportion of annual kWh that each segment in the 
commercial sample frame contributes to total annual kWh of the sector.  

                                                 
10 For further illustration: Assume our sample consists of exactly two Office customers. Customer 1 is in the 
small rate class, and lighting is 40% of the customer’s annual kWh. The 47,300 ComEd Office customers with 
a rate class < 100 kWh contribute 29% of annual kWh for the Office segment. Customer 2 is in the large rate 
class group and lighting is only 20% of the customer’s annual kWh. The 2,231 ComEd Office customers with a 
rate class > 100 kWh contribute 71% of annual kWh for the Office segment. The segment’s weighted average 
proportion of lighting would be calculated as (40% x 29%) + (20% x 71%) = 25.8%. 

ICC Case No. 13-0550 
Direct Testimony of Geoffrey Crandall 
ELPC Exhibit 1.3 
Page 152 of 263



Methodology 

Page 25 
opiniondynamics.com 

Industrial: Phone survey data are reported at the rate class group level for three rate class 
groups, with a sector-level summary. 

 To develop rate class results, we first developed segment groups, with the four largest 
segments (Industrial Machinery, Fabricated Metals, Printing, 
Electronics/Instrumentation) forming their own groups, and all other industrial 
customers forming a fifth segment group. Within each segment, usage and waste 
proportions are weighted by customer rate class to align with the proportion of annual 
kWh that each rate class in the commercial sample frame contributes to total annual 
kWh of the segment. In all cases, these within-segment rate class weights resulted in 
customers in the smallest rate class (<100 kW) weighted downward, and all other 
customers weighted upward.  

 To develop sector-level values, we applied additional weights to align the distribution of 
customers by segment group with the proportion of annual kWh that each segment 
group in the industrial sample frame contributes to total annual kWh of the sector.  

All Commercial & Industrial Customers: Phone survey data are reported for all commercial 
and industrial customers combined. 

 To estimate penetration and saturation for all customers, we applied weights to align the 
proportion of accounts within each sector in the sample with the proportion of annual 
kWh that each sector in the sample frame contributes to total annual kWh of the sample 
frame 

We evaluated final weights in both sectors for undesirable unequal weighting effects and 
found none. 

Manual Adjustments 
Our initial review of the survey data revealed that there were several key survey questions 
for which many respondents could not accurately provide answers. Whenever possible, we 
used other data sources to adjust these data, as described below. 

Square Footage 

We asked each customer about the size of their business in square feet. Obtaining accurate 
values for square footage was essential to the analysis as it was to be used for lighting and 
HVAC use and waste analyses. Although interviewers were instructed to prompt respondents 
to give their best estimate, 16% of customers were still unable to estimate the square 
footage of their business. To find the square footage of these properties, we used public 
property records, as well as aerial and satellite photographs along with a web-based 
application designed to obtain the square footage of a building from these photos.  

We also compared the square footage reported by customers completing the telephone 
survey to the square footage reported by site auditors. About a quarter of sites that we 
visited reported a square footage that differed from the auditor’s square footage by more 
than 20%. In these cases, we typically applied the square footage collected during the site 
audit.  

Multiple Accounts 
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Customer accounts were the basis for our sample frame and for the weights we applied. 
However, for usage and waste analysis, it is important to understand total energy usage and 
demand for the facility that the respondent described to us (and that we audited on-site). 
While most of the ComEd customers we spoke with had a single electric account, some had 
multiple accounts. The multiple account adjustments described below were performed for 
the usage and waste analysis but did not influence our sample frame or weights. 

In cases of a business holding multiple accounts, we asked the customers to answer the 
survey questions for the account we called about, and if they could not answer for the 
specific account, to respond for the single building/address. If a single building or address 
had multiple accounts and the respondent answered for multiple accounts, we used the 
customer database to identify the additional accounts and linked annual consumption of 
these accounts to the survey respondent.  

After carrying out these adjustments, we found that additional manual changes were 
necessary for the purposes of the usage and waste analysis. Some customers have more 
than one account associated with a subject property, but the accounts have different 
customer telephone numbers. These customers would not have been asked if they had 
more than one account. We also found that some customers reported only having one 
electric account for their business, but in reality they had multiple accounts.  

To identify such discrepancies between the survey responses and the associated electric 
accounts, we analyzed survey responses for which the reported square footage seemed very 
high or very low given the electricity use and demand of the known accounts linked to the 
property. We used secondary research to define a reasonable range of watts per square foot 
(W/ft2) for the customer classes in the study (e.g., a range between 2 W/ft2 and 18 W/ft2). 
By identifying and looking at cases that were outside of the expected range, we identified 
additional businesses that either misreported square footage or had not earlier been 
identified as having multiple electric accounts supplying energy to their business. In these 
cases, the square footage or account information were adjusted, as necessary.   

We did not adjust the sample frame or weights based on this information to ensure that 
extrapolation from the sample to sample frame remained at the account level. The 
improvements in customer information were used to improve the energy usage and waste 
analysis. 

4.1.3 On-site Audits 
The 347 on-site audits were designed to collect data to verify the telephone survey 
responses and to collect more detailed and technical data that customers are generally 
unable to report on during a telephone survey. Based on the responses and the verified site 
data for the same set of customers, we were able to develop adjustment ratios that we 
applied back to the entire set of survey respondents. We also collected energy use and 
behavioral information from these facilities. The objective of this data collection was to not 
only gather information about the saturation and penetration of different types of 
equipment, but also to understand how the equipment is being used and how energy is 
wasted in C&I facilities. In addition, we used the on-site audits to install lighting monitoring 
equipment at a subset of 70 sites (see also Section 4.1.4, Metering below). 
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Initially, we aimed to complete 210 site audits under this study. We also sought to leverage 
data gathered through an additional 200 site audits completed as part of the potential 
study11, which would allow us to increase the depth of measure and efficiency saturation 
data at the segment and rate class levels. We used the same site data collection instrument 
for both studies thus allowing us to use these results to the benefit of both efforts. With a 
limited uncalled sample available for the potential study site audit recruiting effort, we 
offered the potential study recruits a $100 incentive to compensate customers for their time 
and effort and to increase our recruitment rates. Despite this effort, the lower than 
anticipated survey response rate and 17 sites being identified as out of scope by the 
auditors, resulted in full audit data sets from 347 C&I facilities. Table 4-9 shows the number 
of site audit completes by commercial sector and industrial rate class group. 

Table 4-9. Analytical Groupings for Commercial and Industrial Sectors and  
Number of Site Audit Completes 

Commercial Sector  Industrial Sector 

Segment n  Rate Class Group n 

Office Buildings 18  Less than 100 kW 63 

Hospitals/Health Services 23  100-400 kW 43 

Retail 27  Greater than 400 kW 15 

Food Service 47  Industrial Total 121 

Warehouse 26    

Grocery/Convenience 14    

Non-Public Education 13    

Lodging/Hospitality 20    

All Other Commercial 38    

Commercial Total 226    

 

Our team of qualified technicians conducted the site audits between July and November 
2012. They entered facility data using tablet computers and a comprehensive Excel-based 
data collection instrument. The data collection instrument covered the following topics:  

                                                 
11 Concurrent to this C&I Saturation/End Use, Market Penetration and Behavioral Study, the Opinion Dynamics 
team conducted a separate Commercial Market DSM Potential Study that utilized much of the penetration and 
saturation data collected and analyzed in this study. 
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 Site characteristics 

 Building characteristics 

 Building envelope 

 Business hours 

 Compressed air 

 Cooking equipment 

 Electronics, computers, 
servers 

 Electronics - Printers 

 HVAC - air handler 
system 

 HVAC - chillers 

 HVAC - controls 

 HVAC - unitary  

 HVAC - ventilation 

 Indoor lighting 

 Motors 

 Maintenance 

 Open industrial 

 Refrigeration 

 Refrigeration: Walk-
in coolers/freezers 

 Refrigeration 
systems 

 Wastewater 
treatment 

 Water heating 

 

Appendix 3 presents the final on-site audit data collection instrument. 

Site Audit Weighting 
The site audit data was used as the basis for saturation rates, adjustments to penetration 
rates, and developing assumptions for missing values required for usage and waste 
analysis. To account for differences in segment, rate class and sector between the site 
auditing sample frame, we developed a stratum-based weighting scheme similar to the 
penetration and saturation weighting scheme described above for Telephone Survey 
Penetration and Saturation Reporting.   

Site audit findings are weighted to account for the following factors:  

4) Differences in the distribution of the customer count of each rate class group within a 
segment of our sample compared with the same distribution within the sample frame  

5) Differences in the distribution of the customer count of each segment within a sector of our 
sample compared with the same distribution within the sample frame 

6) Differences in the distribution of the customer count of each sector within our sample 
compared with the same distribution within the sample frame 

We used the same sample frame described above as the basis for weighting. The 
commercial sample frame contains 168,012 accounts and the industrial sample frame 
contains 15,675 accounts. As discussed above, we developed segment classification rules 
through multiple stages, including modifications after the phone survey effort to align SIC 
and NAICS rules with phone survey respondent classification (to the extent possible). 

The weighting rules for site audits are described below. For both sectors, we collapsed rate 
classes such that customers in the “less than 100 kW” rate class formed one rate class 
group, and customers in any rate class “greater than 100 kWh” formed a second rate class 
group. 

Commercial:  

 Within each segment, data are weighted by customer rate class group to align with the 
proportion of accounts within each rate class group of each segment in the sample 
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frame. If any rate class (within a segment) had less than 10 site audit participants, this 
weight is not applied. 

 Within each sector, data are weighted by customer segment to align with the proportion 
of accounts within each segment of the commercial sample frame. 

Industrial: We first developed segment groups, with the four largest segments (Industrial 
Machinery, Fabricated Metals, Printing, Electronics/Instrumentation) forming their own 
groups, and all other industrial customers forming a fifth segment group. 

 Within each segment group, data are weighted by customer rate class group to align with 
the proportion of accounts within each rate class group of each segment in the sample 
frame. If any rate class (within a segment) had less than 10 site audit participants, this 
weight is not applied. 

 Within each sector, data are weighted by customer segment to align with the proportion 
of accounts within each segment group of the industrial sample frame 

To estimate penetration and saturation for all customers, we applied weights to align the 
proportion of accounts within each sector in the sample with the same distribution in the 
sample frame. 

We evaluated final weights in both sectors for undesirable unequal weighting effects and 
found none. 

4.1.4 Metering 
In support of our usage and waste analysis, we initially sought to monitor energy use in key 
areas of each facility using the Powerhouse Dynamics monitoring package. This package 
includes a central data logger, current transformers (CTs), and software with the ability to 
monitor up to 24 separate variables at a time with the primary objective of monitoring the 
largest electricity uses of large refrigeration systems, space cooling, and lighting. The use of 
this equipment would depend upon an adequate number of facilities with these end uses 
being monitored directly from a single electrical panel, or wirelessly (using the facility’s 
wireless router) with a signal being sent to the central data logger from remote equipment 
throughout the facility.  

After conducting numerous on-site audits, we identified relatively few facilities with the 
necessary conditions of: 1) the target end uses on dedicated circuits (with the exception of 
cooling), 2) a single electrical panel containing each end use’s circuits, or 3) adequate 
wireless signals accessible throughout the facility. Our alternative to this multichannel 
approach was to monitor one or two of the priority end uses when feasible. However, we 
found very few facilities with qualifying refrigeration systems that were willing or able to 
allow us to monitor their systems, and we only identified a sufficient number of candidate 
cooling systems for monitoring after a significant portion of the cooling season had elapsed.  

Ultimately, we focused monitoring efforts on refining the use and waste estimates for the 
largest electricity end use: lighting. By deploying a combination light and occupancy loggers, 
we were able to assess both hours of use and behavioral waste associated with leaving the 
lights on in a space when the space is not occupied. The purpose of this metering activity 
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was twofold: first, to compare the hours of use using logger measurements to the auditor-
reported data (and thereby develop an adjustment factor for usage and waste analysis), and 
second, to assess behavioral waste associated with leaving the lights on when the room is 
not occupied. 

We deployed combination light and occupancy loggers in a total of 70 commercial locations. 
Lighting use and occupancy were metered in each business for an average of 20 days 
between the months of September and November. For most of these businesses, we 
deployed loggers in five space types: conference rooms/classrooms, dining areas, 
hallways/stairwells, offices, and storage areas.  

Hours of Use Analysis 
The hours of use analysis included a detailed analysis of light and occupancy logger data. 
The analysis of logger data involved several data verification steps. Logger data was 
aggregated by day, including measure of the number of hours the lights were on, and how 
many times the lights were turned on and off (called flickers). We removed full days from 
logger data based on the following criteria: 

 Federal holidays 

 All cases of lights being turned off occurred when the logger showed that the space was 
unoccupied, which may indicate that loggers were picking up changes in daylight rather 
than lights being turned on/off 

 Excessive flickering that may indicate loggers were picking up changes in daylight rather 
than lights being turned on/off, defined as:  

o 1 or more hours where the lights turned on/off more than 10 times per hour, or  

o 4 or more hours where the lights turned on/off more than 5 times per hour. 

 A combination of one of the excessive flickering criteria as well as light turned on/off 
when unoccupied 50% of the time. 

We then spot-checked the included days for occupancy and lighting patterns. 

 We used the cleaned logger data to create an “average week” for each logger, 
aggregating daily data by day of the week. Data were filled in for missing days of the 
week with average hours of use from days with the same schedule of operating 
hours. We then removed full loggers from the analysis based on the following criteria: 

o Less than 7 full days of logger data 

o Previously eliminated logger data for 3 or more days of the week 

o Missing data for the auditor’s estimate of operating hours per week 

o The logger reported no lighting run time 

ICC Case No. 13-0550 
Direct Testimony of Geoffrey Crandall 
ELPC Exhibit 1.3 
Page 158 of 263



Methodology 

Page 31 
opiniondynamics.com 

Occupancy and Waste Analysis 
The second purpose of deploying light and occupancy loggers was to assess behavioral 
waste as the percentage of lighting run time during which the room was unoccupied. This 
analysis was completed separately, and slightly different data validation rules were used 
than from the hours of use analysis. 

We removed full days from logger data based on the following criteria: 

 Federal holidays 

 Three-quarters (75%) or more of instances of lights being turned off occurred when the 
logger showed that the space was unoccupied  

 Excessive flickering, defined as:  

o 1 or more hours where the lights turned on/off more than 10 times per hour and 
less than 200 daily occupancy changes. 

o 7 or more hours where the lights turned on/off more than 5 times per hour and less 
than 10 daily occupancy changes. 

We removed full loggers from the analysis based on the following criteria: 

 Less than 7 full days of logger data 

 The logger was monitoring lights that were already on occupancy sensors 

 The logger reported no lighting run time 

We calculated the percentage of behavioral waste by space type, as well as overall. We used 
a typical timeout period of 15 minutes—that is, if a room is left vacant for 15 consecutive 
minutes or less, we would not consider it waste if the lights were still on. After 15 minutes of 
a room being vacant, we consider a light left on as behavioral waste. 

Meter Data Weighting and Adjustments 
To arrive at a measured average hours of use estimate, we weighted the sample using the 
percentage of fixtures by space type of the sample, compared to the percentage of fixtures 
by space type of all monitored facilities. To correct for the difference between auditor-
reported hours of use and measured hours of use, we used a ratio of the two values to 
create an adjustment factor that was applied to the sample. 

We calculated behavioral waste percentages by overlaying two weighting schemes that 
account for (and adjust) the business segment as well as the type of space. First, we 
developed weights that control for the proportion of total wattage by space type of the 
sample compared to the proportion of total wattage by space type of all 70 monitored 
facilities. Second, we applied the site audit stratum weights (described above) that adjust for 
business segment for commercial and rate class group for industrial.   
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4.2 Usage and Waste Analysis 
Our usage and waste analysis includes the end uses that account for the majority of 
electricity usage among the in-scope ComEd C&I customers. Specifically, we quantified 
electricity use and waste for the following end uses: 

 Interior lighting 

 Cooling 

 Ventilation 

 Refrigeration 

 Motors, fans and pumps12 

 Office equipment and data centers 

 Non-process water heating 

                                                 
12 Note that this category includes motors, fans and pumps for both commercial and industrial customers. 
However, it excludes HVAC fans. 
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Other end uses primarily comprise known end uses for which we did not quantify electricity 
use and waste because we expected them to comprise a relatively small portion of C&I 
electricity use. These include: exterior lighting, cooking, space heating, compressed air, 
process cooling, process heating, miscellaneous plug loads, industrial processes, and 
wastewater treatment.  

This section explains our general approach to estimating current usage, technological waste, 
and behavioral waste including adjustments made to the use and waste estimates. It 
summarizes the types of technological and behavioral waste included in our analysis, and 
introduces the graphical representations of usage and waste used throughout this report. 
The technical appendix provides more detailed information about the analysis for each end 
use. 

4.2.1 Estimating Current Usage and Waste 
The usage and waste analysis for all end uses begins with an assessment of current 
electricity usage. For most end uses, we use engineering algorithms to estimate current 
usage. The analysis is generally based on the data collected during site audits, but utilizes a 
host of information collected not only during the site audits, but also through the telephone 
survey and our metering efforts. Since our primary data collection could not cover all 
aspects of technology and behavior for all end uses, we often supplement our primary data 
with secondary data. Where possible, we use information specific to ComEd’s customers, 
e.g., assumptions from the Illinois TRM.13  

In some cases, information was missing from the primary data (e.g., when a telephone 
survey respondent was not able to answer a question, an on-site auditor could not assess 
certain equipment characteristics), or there was not a sufficient number of observations. We 
generally fill in this information with default values that we develop either from the 
telephone survey or the site audits. Depending on the type of question and the number of 
valid responses that we received, we may either: 1) develop one default value for the entire 
sample, 2) develop separate default values for one or more segments or rate classes, or 3) 
develop default values by other key facility or equipment characteristics, such as number of 
employees or equipment age.  

After estimating current usage, we estimate technological waste. For most end uses, we 
assessed savings opportunities associated with upgrading to more efficient equipment, 
where “more efficient equipment” was defined as CEE Tier 3 (if widely available for ComEd 
market), CEE Tier 2, or the current ENERGY STAR version of equipment.14 Other types of 
technological waste could be eliminated by adding additional energy saving measures such 
as variable frequency drives (VFDs), or demand controlled ventilation. Technological waste 
can be developed directly, or it can be inferred, e.g., by estimating the electricity usage of an 
efficient piece of equipment and subtracting that usage from the current usage. In many 

                                                 
13 State of Illinois Energy Efficiency Technical Reference Manual. Final as of September 14th, 2012. Effective 
June 1st, 2012. 
14 Where possible, efficient equipment thresholds align with program guidelines. There were no requirements 
for cost-effectiveness when defining the efficient case. Appendix 1 of this study contains all detailed technical 
definitions of waste thresholds. 
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cases, we use the latter approach as the engineering algorithms often contain a term for 
technology efficiency that can be substituted with a more efficient level. 

Behavioral waste for many end uses is associated with longer than necessary run times, 
either as a result of inefficient temperature setpoints or by having equipment on when not 
using it (e.g., lights or computers). Other types of behavioral waste vary by type of 
equipment. Similar to technological waste, behavioral waste can be developed directly, or it 
can be inferred, e.g., by estimating the usage with efficient run times and subtracting that 
usage from the current usage. 

The magnitude of behavioral waste depends on whether it is addressed before or after 
addressing technological waste. To allow for flexibility in using our results, we estimate 
behavioral waste both ways. When it is addressed before technological waste, changes in 
behavior are applied to current technology parameters; when it is addressed after 
technological waste, changes in behavior are applied to efficient technology parameters. 

The following graphic illustrates current usage, for an end use, and its disaggregation into 
technological waste, behavioral waste, and “efficient usage,” i.e., the residual usage once 
both technological waste and behavioral waste have been addressed. The larger area of the 
rectangle represents total current energy consumption for the end use, which is determined 
by the energy demand of the installed equipment (y-axis) and the baseline run time (x-axis). 
Reductions in the area of the rectangle equate to a reduction in usage. The green shaded 
area across the top of the rectangle represents the share of current consumption that can 
be considered technological waste. By switching to more efficient equipment, less wattage is 
required, and the area of the rectangle is reduced. The blue shaded area on the right side of 
the rectangle represents the share of current consumption that can be considered 
behavioral waste. By changing behavioral or operational practices in a way that reduces 
equipment run time, the area of the rectangle is again reduced. The remaining (white) area, 
after technological waste and behavioral waste are subtracted, constitutes the efficient 
usage of efficient equipment.  

It should be noted that the residual, “efficient usage” is only efficient given the waste 
categories that we included in our analysis. Since there are many sources of waste for every 
end use, inasmuch as other categories of waste exist, efficient usage would be further 
reduced. As such, the estimate of efficient usage should be considered a maximum value. 
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Figure 4-1. Usage and Waste Diagram—Addressing Technological Waste First 

 

The graphic above shows definitions of waste if technological waste is addressed before 
behavioral waste. The magnitude of both types of waste changes, if behavioral waste is 
addressed first, is presented in the following graphic. 

Figure 4-2. Usage and Waste Diagram—Addressing Behavioral Waste First 

 

The difference between the two estimates of behavioral waste (and the two estimates of 
technological waste) can be considered “shared” waste, i.e., waste that is part of either 
technological waste or behavioral waste, depending on which is addressed first. 
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Figure 4-3. Usage and Waste Diagram—Showing Shared Waste 

 

To facilitate assessment of the relative size of the four sources of energy consumption, this 
report uses pie charts, as shown below, instead of the rectangles. However, the terminology 
corresponds to the concepts presented above. 

Figure 4-4. Example Usage and Waste Pie Chart 

 

 

This analysis focused on the key C&I end uses and major categories of technological and 
behavioral waste. The categories of technological waste and behavioral waste that are 
included in this analysis are summarized in Table 4-10 and Table 4-11, respectively.  
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Table 4-10. Technological Waste Categories Included in Analysis 

End use/Equipment Description 
Lighting  Upgrade high efficient lighting 
Cooling  

 Packaged/Split  
Systems 

 Upgrade to new efficient systema 

   Chillers  Upgrade to new efficient system, according to ComEd incentive 
qualification standards 

 Room AC  Upgrade to new efficient unit, according to ComEd incentive 
qualification standards 

Ventilation  Installing variable frequency drives in air handling units 
 Use demand controlled ventilation (where applicable) 

Motors  Install variable frequency drives (where feasible) 
 Upgrade to new efficient motor 

Refrigeration  

   Standing 
Refrigerators/Freezers 

 Upgrade to ENERGY STAR unit 

   Display Cases  Upgrade to new efficient cases 
 Install LED lighting (where applicable) 
 Install occupancy sensors for lighting (where applicable) 
 Install electronically commutated (EC) evaporator fan motors 
 Install door heater controls (where applicable) 

   Walk-In 
Coolers/Freezers 

 Install strip curtains 
 Install automatic door closers 
 Install electronically commutated (EC) evaporator fan motors 
 Install evaporator fan motor control 
 Allow floating head pressure control 
 Install door heater controls (where applicable) 

Office Equipment  

 Computers  Upgrade to ENERGY STAR laptop 
 Replace all monitors with ENERGY STAR flat screen monitor 

 Imaging Equipmentb  Upgrade to ENERGY STAR unit 
   Servers  Upgrade to more efficient servers 

 Upgrade computer room air conditioning equipment 
 Televisions  Upgrade to ENERGY STAR television 
   Retail Register  Upgrade to new efficient units 
a 15 SEER for systems below 5.4 tons, 12.2 EER for system 5.4-20 tons, 10.6 EER for systems above 20 tons 
b Imaging equipment includes standalone printers, standalone copy machines, standalone scanners, and 
multi-function devices 
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Table 4-11. Behavioral Waste Categories Included in Analysis 

End use/Equipment Description 
Lighting  Turn off lights when not in use for given task 

 Implement multiple methods of lighting controls 
Cooling  Maintain packaged or split systems regularly (at least every 30 

months) 
 Increase occupied temperature setpoints (77°F for commercial; 82°F 

for industrial) 
 Increase unoccupied temperature setpoints (85°F for commercial and 

industrial) 
Ventilation  Reduce ventilation when not needed based on facility operations and 

production (industrial sector only) 
Motors  Perform regular maintenance of motors 

 Maintain or improve efficiency standards for motors through 
purchasing newer, more efficient motors rather than rewinding 

Refrigeration  Set refrigerators to 38°F and freezers to 0°F 
Office Equipment  
   Computers  Turn off or switch to power saver mode when idle 

 Power down computers outside of business hours 
   Imaging Equipmenta  Optimize power management settings 
   Servers  Virtualization (i.e., consolidation) 

 Power management improvements 
   Televisions  Turn off television outside of business hours 
   Retail Registers  Turn off register/POS terminal when not in use 
a Imaging equipment includes standalone printers, standalone copy machines, standalone scanners, and 
multi-function devices 
 

4.2.2 Adjustments to Penetration and Saturation 
Values 

We adjusted penetration and saturation rates developed from the phone survey data to 
account for three types of errors that may cause bias in unadjusted phone survey results.15 
The three types of adjustments are described below. 

End Use Category Adjustment 
This adjustment accounts for self-report error in the end use penetration rate from phone 
survey questions that serve as “gateways” to more detailed equipment questions. For 
example, customers were asked whether they had “stand-alone commercial refrigeration.” If 
they answered that they did not have this equipment, they were not asked specific questions 

                                                 
15 A fourth type of potential bias is self-selection among phone survey respondents, if customers with greater 
interest in energy efficiency and management were more likely to respond to the survey. Survey sampling, 
recruitment and design attempted to minimize this bias.  
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about this type of refrigeration later in the survey, which could have refreshed their memory 
about certain types of refrigeration they may have that did not immediately come to mind 
when initially asked. The adjustment ratio is calculated by comparing end-use category 
penetration rates between phone survey respondents and the audit results at the same 
facilities. 

Specific Equipment Adjustment 
This adjustment accounts for self-report error in the specific type of equipment that is 
asked—for example, customers’ self-report of having T8 linear fluorescent lamps, or a 
specific type of motor. This adjustment is only used when it is clear that the site visits were 
able to comprehensively audit all of the equipment types on site. For example, laptop 
computers may be difficult for auditors to count accurately if they are used outside of the 
office a portion of the day; therefore, we did not adjust these phone survey responses. For 
categorical variables (i.e., penetration rates) the adjustment ratio is calculated by comparing 
penetration rates of specific equipment between site audit respondents and the same 
phone survey respondents. For continuous variables (i.e., saturation rates) the adjustment 
ratio is calculated by comparing average counts of specific equipment or average values of 
equipment characteristics (e.g., motor HP) between site visit respondents and the same 
phone survey respondents. 

Equipment Selection Bias Adjustment 
This adjustment accounts for non-random selection of equipment modules. Each phone 
survey respondent was asked about only four end uses, even if their facility had more. 
Consequently, customers with more end uses such as motors, refrigeration, and 
compressed air were less likely to be asked about end uses such as lighting, cooling, 
ventilation, and computer electronics. Therefore, we might expect slightly different 
penetration and saturation rates among customers who have an end use but were not 
asked specific questions about it, compared with customers who have the end use and were 
asked about it. The adjustment ratio is calculated by comparing site visit penetration or 
saturation rates among customers who have the end use and were asked about it by phone, 
and customers who have the end use, but were not asked specific questions about the type 
of equipment over the phone.  

To determine if each of the adjustments above was necessary to report a penetration or 
saturation rate, we first examined results of statistical tests. If the statistical test revealed a 
significant difference in the penetration or saturation rate (where applicable) at a confidence 
level of 95% (two-tailed), we performed an adjustment. The details of this process are 
described below. 

4.2.3 Adjustments to Usage and Waste Values 
Usage and waste algorithms are applied to both telephone and site visit data. For more end 
use algorithms, the site visit data contains more detailed and more complete information on 
equipment characteristics, such as quantity, age, capacity, and type. Both instruments 
collected detailed information on business characteristics, such as operating hours, 
production hours, the types (and sizes) of different spaces at the facility, number of 
employees, and penetration of equipment end uses. Therefore the engineering algorithms 
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can be applied to both sets of data, though adaptations (and assumptions) are required to 
apply the engineering algorithms to the phone survey data. 

The phone survey provides the basis for usage and waste analysis at the segment or rate 
class level, because of the larger sample size of each analysis group (compared to the site 
visits). Because the phone survey responses may be less complete and potentially biased (in 
the ways listed above), phone survey usage and waste results must be adjusted to align 
directionally, if not proportionally, with what we aligned on site. The nested sample design 
allows for comparative analysis of engineering-based results applied to customers who 
completed both the telephone survey and site visit process. By comparing usage and waste 
percentages among an identical group of customers for whom we can apply the engineering 
algorithms to the phone survey data independently of the site visit data, as well as applying 
the algorithms to the phone survey data, we generate adjustment ratios for the following 
percentages: 

 Baseline kWh as a percentage of annual kWh 

 Total Waste kWh as a percentage of Baseline kWh 

 Total technological savings (taken before behavioral savings) as a percentage of total 
waste 

 Remaining behavioral savings (taken after technological) as a percentage of total 
waste 

 Total behavioral savings (taken before technological savings) as a percentage of total 
waste 

 Remaining technological savings (taken after behavioral) as a percentage of total 
waste 

These adjustment ratios can then be applied to segment- or rate-class level weighted 
averages. The adjustment process accounts for a variety of discrepancies that arise 
between phone survey and site visit data, including non-systematic discrepancies. The 
engineering algorithm process is designed to develop assumptions than can correct for any 
systematic differences in self-report, such as hours of use of lighting, computer mode 
settings, or linear feet of refrigeration. However, many discrepancies we observed are not as 
systematic – square feet of the facility, equipment counts, equipment size, and even 
business hours. Because these biases can be upward or downward, we did not adjust many 
individual inputs in usage and waste analysis (e.g., computer counts) because such an 
adjustment – that might help correct one person – could inflate the results of another 
person, with cascading implications for usage & waste. Therefore we relied on an end-use-
specific, aggregate adjustment process to both (a) pinpoint places where algorithm 
assumptions could be improved, and (b) develop an adjustment factor to apply to phone 
result.  

The steps of the end-use-specific, aggregate usage and waste adjustment process are: 

1. Apply engineering algorithms to all phone survey results and calculate usage and 
waste as a percentage of annual kWh 
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2. Apply engineering algorithms to all site visits results and calculate usage and waste 
as a percentage of annual kWh 

3. For each end use, find all customers who have usage & waste estimates based on 
both their phone responses and the site audit data 

4. Compare unweighted usage and waste percentages for this group of customers that 
have analogous results16 

5. Develop the six adjustment ratios listed above based on the percent differences of 
each of the six key metrics between the site audit results and phone survey results 

6. Apply adjustment ratios from this group to weighted average phone results from all 
analysis groups (segments, rate classes) 

For example, there were 75 customers for whom we could calculate motors usage based on 
their site visit data (using a bottom-up, motor-by-motor approach) as well as the phone 
survey data (using segment- and rate-class level averages to fill in values of motor counts, 
horsepower or age that customers did not know). The engineering algorithms predicted that 
average annual motor use comprised 45% of annual kWh for these 75 customers using their 
site visit values, and comprised 52% of annual kWh using phone survey values. The average 
percentage difference of -12.5% can be applied to other segments and rate classes to 
adjust weighted average motors kWh as a proportion of annual facility kWh. For example, 
motor kWh among retail customers with motors was estimated at 32% using phone survey 
data, and adjusted to 28% using the aggregate, end-use-specific adjustment of -12.5%. This 
adjustment counts for a number of reporting differences – such as average motor 
horsepower, age, or not considering certain motor types when responding by phone – as 
well as any assumptions that were made to fill in missing values. A similar process can be 
applied to adjust waste percentages, which can account for more systematic differences 
such as over-reporting cooling set points (i.e., reporting a higher temperature set-point than 
observed) or over-reporting the use of computer energy-savings modes. In summary, this 
adjustment process enables site visit findings to be extrapolated to segment and rate class 
samples. 

Technological and behavioral savings adjustments were applied to all end uses for which we 
calculated technological and behavioral savings. The usage adjustment was not applied to 
(a) ventilation, because the site visit methodology was only applicable to a subset of 
customers, or (b) motors for the largest rate class (> 400 kWh), because the phone survey 
methodology was different for this class (compared with the phone survey for all other 
segments and rate classes), therefore the same adjustment ratio would not apply.  

                                                 
16 We compare unweighted results because this adjustment process aims to adjust for self-report error, which 
we do not expect to be systematically linked to segment or rate class across the variety of parameters under 
analysis. 
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5. GENERAL C&I CUSTOMER CHARACTERISTICS 

The usage and waste analysis for each end use depended on the specific characteristics of 
ComEd’s commercial and industrial customers. We use factors such as square footage of 
the facility, annual operating hours, and number of employees as inputs into various 
algorithms to calculate electricity usage for each end use. Table 5-1 shows characteristics of 
the customers’ physical facilities while Table 5-2 shows the characteristics of the 
businesses, broken out by commercial segment and industrial rate class. 
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Table 5-1. Summary of Building Characteristics 

   Total17  
Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

No. of ComEd Customers  300,230 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 15,675 12,377 2,282 1,016 

Building Ownership (n=1,488) 

Own Building 43% 42% 33% 36% 38% 38% 40% 34% 62% 94% 56% 51% 47% 62% 79% 

Lease/Rent Building 57% 58% 67% 64% 62% 62% 60% 66% 38% 6% 44% 49% 53% 38% 21% 

Business Occupies More 
than One Building 
(n=1,513) 

11% 11% 9% 6% 16% 3% 11% 14% 18% 11% 14% 18% 85% 76% 54% 

Age of Building (n=1,221) 

2 to 9 Years 5% 6% 7% 12% 2% 9% 7% 8% 6% 17% 2% 4% 4% 4% 8% 

10 to 19 Years 11% 11% 14% 11% 13% 9% 14% 7% 7% 7% 10% 11% 11% 10% 18% 

20 to 29 Years 15% 15% 20% 21% 9% 15% 21% 20% 11% 19% 10% 16% 16% 19% 18% 

30 to 39 Years 14% 14% 19% 11% 12% 11% 13% 14% 7% 7% 12% 14% 14% 18% 8% 

40 to 49 Years 13% 13% 10% 16% 8% 10% 14% 4% 10% 16% 18% 17% 18% 15% 18% 

More Than 50 Years 41% 41% 31% 29% 56% 47% 30% 47% 59% 34% 47% 37% 38% 33% 29% 

Building Type (n=867) 

Standalone 78% 78% 74% 74% 71% 75% 79% 72% 89% 93% 83% 80% 77% 92% 86% 

1 Shared Wall 12% 12% 18% 15% 12% 13% 11% 18% 5% 4% 9% 13% 15% 3% 8% 

2 Shared Walls 9% 9% 8% 11% 17% 11% 10% 10% 6% 3% 6% 6% 6% 5% 6% 

Other 1% 1% 0% 0% 0% 0% 0% 0% 0% 0% 2% 1% 1% 0% 0% 

Avg. Number of Stories 2.59 2.70 4.60 2.14 2.03 2.02 1.18 2.15 2.08 6.90 1.69 1.22 1.21 1.28 1.38 

                                                 
17 This includes 116,543 ComEd customers with unknown SIC and NAICS, but excludes 41,594 who are an out-of-scope segment or public sector.  
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   Total17  
Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

(n=1,396) 

Area of Buildinga (n=1,368) 

0 to 2,499 Sqft 36% 38% 50% 50% 35% 42% 14% 46% 22% 17% 25% 15% 19% 1% 0% 

2,500 to 4,999 Sqft 24% 25% 24% 29% 28% 36% 14% 25% 16% 3% 23% 17% 21% 0% 3% 

5,000 to 9,999 Sqft 17% 16% 12% 13% 12% 16% 20% 15% 16% 10% 24% 19% 23% 3% 0% 

10,000 to 49,999 Sqft 17% 15% 11% 5% 18% 5% 35% 9% 27% 40% 21% 38% 34% 68% 22% 

50,000 to 99,999 Sqft 3% 3% 1% 1% 3% 0% 10% 3% 6% 10% 3% 7% 2% 22% 27% 

100,000 Sqft or More 3% 3% 1% 2% 4% 0% 7% 2% 14% 21% 3% 4% 0% 7% 48% 
a Square footage estimates were adjusted based on site visits and other sources 
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Table 5-2. Summary of Business Characteristics 

   Total  
Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

No. of ComEd 
Customers  300,230 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 15,675 12,377 2,282 1,016 

Year Round Operation 
(n=1,516) 97% 97% 100% 100% 99% 98% 97% 95% 85% 99% 94% 98% 98% 99% 100% 

Mean Operating Hours 
per Week (n=1,496) 61.7 62.0 52.8 55.0 62.2 89.4 55.6 97.8 57.5 149.7 61.1 58.2 52.3 70.8 102.4 

Days Open per Week (n=1,518) 

Less than 5 
days/week 4% 4% 3% 12% 3% 1% 3% 0% 8% 0% 4% 2% 2% 3% 1% 

5 days/week 46% 44% 74% 50% 16% 2% 76% 5% 57% 2% 33% 73% 74% 76% 53% 

More than 5 
days/week 50% 52% 23% 38% 80% 97% 21% 95% 35% 98% 63% 25% 24% 21% 45% 

Number of Employees (n=1,480) 

1-4 Employees 38% 38% 35% 34% 46% 25% 32% 47% 16% 23% 46% 31% 38% 3% 1% 

5-9 Employees 28% 28% 30% 35% 22% 24% 27% 31% 14% 29% 28% 24% 29% 7% 1% 

10-24 Employees 20% 19% 20% 18% 19% 32% 24% 9% 28% 12% 15% 23% 23% 33% 8% 

25-99 Employees 11% 11% 12% 9% 10% 18% 15% 4% 28% 19% 6% 17% 8% 49% 43% 

100 or More 
Employees 4% 4% 3% 4% 3% 1% 2% 8% 13% 17% 6% 5% 1% 8% 46% 
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6. LIGHTING 

Summary 
Figure 6-1 presents the penetration and saturation of interior lighting equipment18 among 
commercial customers in ComEd’s service territory. The vast majority (98%) of commercial 
customers have linear fluorescent lighting installed in their businesses. Incandescent bulbs 
and CFLs are present in 53% and 50% of commercial businesses, respectively. Other 
lighting types, such as halogen bulbs, LEDs, and HID bulbs, can be found in less than a 
quarter of businesses as these are used in more specialized applications.  

On average, ComEd customers in commercial segments have 225 working light fixtures. 
Linear fluorescent lights, incandescent bulbs, and CFLs are the most commonly installed 
fixture types, in terms of the number of fixtures per business. 

Figure 6-1. Penetration and Saturation of Interior Lighting Fixtures among Commercial 
Customers 

 
Source: Phone survey and site visits 

Figure 6-2 shows the penetration and saturation of interior lighting equipment among 
industrial customers in ComEd’s service territory. Nearly all (94%) industrial customers have 
linear fluorescent lights in their business. Similar to commercial customers, incandescent 
bulbs (37%) and CFLs (27%) represent the next most commonly present lighting types with 
other lighting types installed in 20% of businesses or less.  

On average, ComEd customers in the industrial sector have 133 working light fixtures. 
Linear fluorescent lights are by far the most commonly installed fixture types. 

 

                                                 
18 Lighting in this analysis refers to interior lighting. Exterior lighting was not quantified. 
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Figure 6-2. Penetration and Saturation of Interior Lighting Fixtures among Industrial 
Customers 

 
Source: Phone survey and site visits 
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Table 6-1. Summary of Lighting Penetration and Saturation by Commercial Segment and Industrial Rate Class 

Lighting 

  
 Total  

Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

No. of Identifiable ComEd 
Customers 

300,230 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 15,675 12,377 2,282 1,016 

All Lighting 

Mean Number of Light 
Fixtures in Business 216.8 224.6 

- 
 

- 
 

- 
 

- 
 

- 
 

- 
 

- 
 

- 
 

- 
 133.4 - 

 
- 
 

- 
 

Percentage of Customers 
that Have Linear 
Fluorescent Lights in 
Business 

98% 98% 99% 99% 98% 96% 99% 96% 100% 96% 98% 98% 99% 98% 93% 

Mean Number of Linear 
Fluorescent Fixtures per 
Business 

152.6 156.3 - - - - - - - - - 112.7 - - - 

Percentage of Customers 
that Have CFLs in 
Business 

46% 47% 41% 53% 53% 64% 23% 43% 56% 90% 45% 35% 34% 37% 45% 

Mean Number of CFL 
Fixtures per Business 24.4 26.4 - - - - - - - - - 2.7 - - - 

Percentage of Customers 
that Have Incandescent 
Bulbs in Business 

50% 50% 46% 47% 51% 62% 31% 30% 50% 75% 55% 47% 46% 53% 56% 

Mean Number of 
Incandescent Bulb 
Fixtures per Business 

25.2 27.2 - - - - - - - - - 3.9 - - - 

Percentage of Customers 
that Have HID Bulbs in 
Businessa 

13% 12% 8% 7% 16% 13% 15% 7% 15% 31% 17% 18% 15% 34% 28% 

Mean Number of HID 
Bulb Fixtures per 
Businessa 

3.9 3.4 - - - - - - - - - 9.4 - - - 

Percentage of Customers 
that Have Halogen Bulbs 
in Business 

11% 11% 8% 13% 12% 20% 8% 9% 14% 18% 11% 7% 6% 9% 9% 

Mean Number of Halogen 
Bulb Fixtures per 
Business 

1.9 2.1 - - - - - - - - - 0.5 - - - 
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Lighting 

  
 Total  

Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

Percentage of Customers 
that Have LED Lights in 
Business 

6% 6% 6% 6% 5% 9% 3% 9% 9% 15% 6% 3% 3% 5% 8% 

Mean Number of LED 
Light Fixtures per 
Business 

4.0 4.3 - - - - - - - - - 0.5 - - - 

Percentage of Customers 
that Have Neon (Cold 
Cathode) Lights in 
Business 

1% 1% 0% 0% 1% 3% 0% 2% 0% 1% 1% 0% 0% 0% 0% 

Mean Number of Neon 
(Cold Cathode) Light 
Fixtures per Business 

0.0 0.0 - - - - - - - - - 0.0 - - - 

Linear Fluorescent Lights 

Percentage of Customers 
that Have T12 Linear 
Fluorescent Lights in 
Business 

66% 65% 64% 75% 76% 73% 65% 69% 57% 78% 54% 71% 72% 73% 55% 

Mean Number of T12 
Linear Fluorescent Light 
Fixtures per Business 

63.0 64.2 - - - - - - - - - 50.3 - - - 

Percentage of Customers 
that Have T10 Linear 
Fluorescent Lights in 
Business 

2% 2% 2% 1% 1% 1% 1% * * 0% 2% 1% 1% 0% 0% 

Mean Number of T10 
Linear Fluorescent Light 
Fixtures per Business 

0.0 0.0 - - - - - - - - - 0.0 - - - 

Percentage of Customers 
that Have T8 Linear 
Fluorescent Lights in 
Businessb 

57% 58% 62% 59% 60% 55% 45% * * 69% 53% 56% 52% 61% 83% 

Mean Number of T8 
Linear Fluorescent Light 
Fixtures per Businessb 

71.7 73.0 - - - - - - - - - 58.0 - - - 

Percentage of Customers 
that Have T5 Linear 
Fluorescent Lights in 

11% 10% 8% 11% 6% 5% 26% * * 5% 13% 12% 9% 21% 24% 
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Lighting 

  
 Total  

Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

Businessc 

Mean Number of T5 
Linear Fluorescent Light 
Fixtures per Businessc 

17.8 19.1 - - - - - - - - - 4.0 - - - 

Lighting Controls 

Percentage of Customers 
with only Manual Lighting 
Controls 

78% 77% - - - - - - - - - 91% - - - 

Percentage of Customers 
with One Other Non-
Manual Lighting Control 
Type in Additional to a 
Manual Control 

14% 15% - - - - - - - - - 8% - - - 

Percentage of Customers 
with Two or more Non-
Manual Lighting Controls 

4% 5% - - - - - - - - - 0% - - - 

Percentage of Customers 
with Energy Management 
System 

2% 3% - - - - - - - - - 0% - - - 

Percentage of Light 
Fixtures that are 
Manually Controlled 

78% 77% - - - - - - - - - 96% - - - 

Percentage of Light 
Fixtures with Dimmer or 
Dual Level Switches 

1% 1% - - - - - - - - - 0% - - - 

Percentage of Light 
Fixtures with Timers 5% 5% - - - - - - - - - 0% - - - 

Percentage of Light 
Fixtures with Occupancy 
Sensors 

4% 5% - - - - - - - - - 1% - - - 

Percentage of Light 
Fixtures with No Controls 2% 2% - - - - - - - - - 3% - - - 

Percentage of Light 
Fixtures with Energy 
Management System 

10% 10% - - - - - - - - - 0% - - - 

Percentage of Light 
Fixtures on During 94% 94% - - - - - - - - - 97% - - - 
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Lighting 

  
 Total  

Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

Business Hours 

Percentage of Light 
Fixtures on During Non-
Business Hours 

23% 23% - - - - - - - - - 21% - - - 

Exterior Lightingd 

Percentage of Customers 
with Exterior Lighting 
Included in Electric Bill 

51% 50% 30% 35% 59% 67% 55% 55% 62% 81% 66% 58% 51% 84% 96% 

Percentage of Customers 
with Exterior Lighting - 
Surface Parking Lot 
Lights 

61% 61% 62% 63% 61% 47% 59% 60% 78% 78% 63% 63% 54% 81% 96% 

Percentage of Customers 
with Exterior Lighting - 
Parking Lot Lights 

4% 4% 4% 5% 2% 2% 0% 0% 0% 6% 6% 1% 1% 0% 6% 

Percentage of Customers 
with Exterior Lighting - 
Walkway and Entryway 
Lights 

57%  55% 57% 55% 58% 68% 66% 57% 82% 89% 46% 69% 63% 82% 90% 

Exit Signs 

Percentage of Customers 
that Have Exit Signs in 
Business 

84% 84% 79% 89% 80% 94% 90% 88% 94% 90% 85% 88% 86% 95% 97% 

Average Number of Exit 
Signs per Business 7.1 7.1 6.5 10.9 4.4 3.6 8.1 3.1 26.8 40.0 6.8 6.4 4.3 11.0 28.1 

Percentage of Exit Sign 
Fixtures that are 
Incandescent 

30% 29% - - - - - - - - - 47% - - - 

Percentage of Exit Sign 
Fixtures that are CFL 23% 23% - - - - - - - - - 16% - - - 

Percentage of Exit Sign 
Fixtures that are LED 41% 41% - - - - - - - - - 35% - - - 

* Denotes fewer than 30 observations. 
a HID Lighting includes metal halide, high pressure sodium, and mercury vapor bulbs 
b T8 Linear Fluorescent lights include T8 Plus lights 
c T5 Linear Fluorescent lights include T5 High Output (T5HO) lights 
d Penetration of exterior lighting types is based on the number of customers with outdoor lighting included in electric bill
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Lighting Controls 

As shown in Figure 6-3, the manual controls (on/off switches) control the majority of light 
fixtures for in both the commercial and industrial sectors. Only 4% of fixtures in commercial 
businesses use occupancy sensors, compared to 1% in industrial businesses.  

Figure 6-3. Percentage of Light Fixtures by Control Type 

 
Source: Phone survey and site visits 

Usage and waste analysis 

Electricity consumption for lighting depends on several technological and behavioral factors: 

 Installed wattage, based on the square footage and baseline lighting power density and 
validated by using lighting/lamp types, wattage, and bulb counts, and 
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 The expected hours of use, determined by the percentage of lighting on during business 
operating hours and the percentage of lighting on during non-operating hours. 

We define technological waste for lighting as the difference between the usage of installed 
lighting and the usage high efficiency lighting. Behavioral waste for lighting occurs when 
lights are used for longer than needed for a given task. 

Commercial Sector 
Figure 6-4 shows the contribution of interior lighting to overall commercial electricity usage 
(illustrated in the pie chart on the left) and the breakout of lighting usage into efficient 
usage, technological waste, behavioral waste, and “shared waste” (shown in the pie chart 
on the right). Shared waste refers to the portion of waste that can be addressed by either 
technology upgrades or behavior changes, depending on which is addressed first. The figure 
shows lighting accounts for 31% of overall electricity use in the commercial sector. Large 
opportunities for energy savings exist for lighting in the commercial sector, as efficient usage 
accounts for only 42% of total base electricity use for lighting. If technologies are addressed 
first, 34% of usage can be saved by upgrading to newer, more efficient equipment. If 
behavior is addressed first, 35% can be saved implementing energy-saving behaviors, such 
as turning off lights outside of business hours or using occupancy sensors. 

Figure 6-4: Usage and Waste Analysis for the Commercial Sector – Lighting 

 
Source: Usage and waste analysis 

Figure 6-5 shows the average annual energy usage and savings potential associated with 
lighting for the commercial sector. The figure shows estimated usage and technological and 
behavioral savings when addressing technological waste first or behavioral waste first. 
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Figure 6-5: Technological and Behavioral Potential for the Commercial Sector – Lighting 

 Source: Usage and waste analysis 
 

Table 6-2 shows the average annual energy usage and savings potential associated with 
lighting for the commercial sector by segment. The table shows estimated usage and 
savings when addressing technological waste, behavioral waste, and both. Note that the 
data we provide in the figures and tables shows the percentage of equipment (or end use) 
usage and waste among all customers in the sector or sub-sector, including those who may 
not have the equipment. 
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Table 6-2. Technological and Behavioral Potential by Commercial Segment – Lighting 

  
  

Comm. 
Total Office 

Hosp / 
Health 

Svc Retail Food Svc 
Ware-
house 

Groc / 
Conv Education Lodging 

Other 
Comm. 

Number of Identifiable 
Customers 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 

Average Annual kWh 140,949 112,914 127,846 118,829 134,946 228,249 378,347 459,606 974,624 105,648 
Sample (n) 962 158 126 108 155 150 53 54 54 104 
Percentage That Have 
Equipment 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Usage & Waste Summary  

Avg Base 
Usage 

% Annual 
kWh 31% 30% 32% 49% 17% 37% 25% 33% 27% 29% 
kWh 43,943 34,172 40,577 57,889 23,505 83,791 93,747 150,443 259,763 30,698 

Avg Total 
Waste 

% Base 
Usage 58% 58% 60% 52% 60% 60% 51% 57% 61% 61% 
kWh 25,275 19,760 24,191 30,069 14,164 50,381 48,125 85,602 157,222 18,612 

Avg Efficient 
Usage 

% Base 
Usage 42% 42% 40% 48% 40% 40% 49% 43% 39% 39% 
kWh 18,668 14,412 16,385 27,820 9,340 33,410 45,622 64,841 102,541 12,086 

Address Technology First  
Avg 
Technological 
Waste 

% Base 
Usage 34% 33% 36% 25% 37% 38% 26% 35% 40% 39% 
kWh 14,865 11,398 14,644 14,700 8,764 32,180 23,958 52,009 102,865 11,828 

Avg Behavioral 
Waste 

% Base 
Usage 24% 24% 24% 27% 23% 22% 26% 22% 21% 22% 
kWh 10,410 8,362 9,547 15,369 5,401 18,201 24,167 33,594 54,357 6,784 

Address Behavior First  

Avg Behavioral 
Waste 

% Base 
Usage 35% 35% 37% 30% 37% 37% 30% 35% 38% 38% 
kWh 15,400 12,005 14,891 17,631 8,772 31,387 28,258 52,327 98,649 11,593 

Avg 
Technological 
Waste 

% Base 
Usage 22% 23% 23% 21% 23% 23% 21% 22% 23% 23% 
kWh 9,875 7,755 9,300 12,439 5,392 18,994 19,867 33,276 58,573 7,019 

Source: Usage and waste analysis 
 

Industrial Sector 
Figure 6-6 shows the average annual energy usage and savings potential associated with 
interior lighting for ComEd customers in the industrial sector. For this sector, efficient usage 
accounts for 38% of total base electricity use on lighting. Addressing technology first results 
in savings of 41% of usage, while addressing behaviors first saves 39%.  
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Figure 6-6: Usage and Waste Analysis for the Industrial Sector – Lighting 

 
Source: Usage and waste analysis 

Figure 6-7 shows the average annual energy usage and savings potential associated with 
lighting for the industrial sector. The figure shows estimated usage and technological and 
behavioral savings when addressing technological waste first or behavioral waste first. 
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Figure 6-7: Technological and Behavioral Potential for the Industrial Sector– Lighting 

 
Source: Usage and waste analysis 
 

Table 6-3 shows the average annual energy usage and savings potential associated with 
lighting for the industrial sector by rate class. The table shows estimated usage and savings 
when addressing technological waste, behavioral waste, and both. 
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Table 6-3. Technological and Behavioral Potential by Industrial Rate Class – Lighting 

  
  

Industrial 
Total 

Less than 
100 kW 

100-400 
kW 

Greater 
than 400 
kW 

Number of Identifiable 
Customers 15,675 12,377 2,282 1,016 
Average Annual kWh 444,425 50,339 568,641 4,966,218 
Sample (n) 521 310 138 73 
Percentage that have 
Equipment 100% 100% 100% 100% 
Usage & Waste Summary  

Avg Base Usage 
% Annual 
kWh 17% 28% 18% 13% 
kWh 75,309 14,200 100,714 636,718 

Avg Total Waste % Base Usage 62% 63% 62% 59% 
kWh 46,328 8,918 62,553 378,123 

Avg Efficient 
Usage 

% Base Usage 38% 37% 38% 41% 
kWh 28,980 5,282 38,161 258,595 

Address Technology First  
Avg Technological 
Waste 

% Base Usage 41% 40% 41% 42% 
kWh 30,628 5,729 41,011 265,066 

Avg Behavioral 
Waste 

% Base Usage 21% 22% 21% 19% 
kWh 15,701 3,189 21,542 121,841 

Address Behavior First  
Avg Behavioral 
Waste 

% Base Usage 39% 39% 39% 32% 
kWh 29,171 5,606 39,397 205,398 

Avg 
Technological 
Waste 

% Base Usage 23% 23% 23% 19% 

kWh 17,157 3,312 23,156 120,620 

Linear Fluorescent Lighting 
As shown in Table 6-1, nearly all commercial and industrial businesses have interior linear 
fluorescent lights, with at least 98% of customers in each segment or rate class having 
these lights.  

As shown in Figure 6-8, T8 fixtures account for approximately half of all interior linear 
fluorescent fixtures installed in the ComEd service territory (47% in commercial segments 
and 51% in industrial segments). T12 fixtures represent similar, but smaller shares of 
installed linear fluorescent fixtures. Twelve percent of linear fluorescent light fixtures in the 
commercial sector are T5 types, while this type makes up only 4% of fixtures in the industrial 
sector. Note that less than 1% of all linear fluorescent fixtures are T10 fixtures. 
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Figure 6-8. Percentage of Installed Interior Linear Fluorescent Light Fixtures by Type  

 
Source: Phone survey and site visits 
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7. COOLING 

Summary 
Figure 7-1 shows the penetration and saturation of cooling equipment among commercial 
customers in ComEd’s service territory. Overall, 92% of commercial customers have cooled 
spaces in their business. Over three-quarters (81%) of customers in commercial segments 
have a packaged or split cooling system. Twenty-seven percent of commercial customers 
have room air conditioning units (window or wall mounted units) and 3% have chillers. 

On average, ComEd customers in commercial segments have 3.4 packaged/split cooling 
systems, 5.2 room air conditioner units, and 0.1 chillers.  

Figure 7-1. Penetration and Saturation of Cooling Equipment among Commercial Customers 

   
Source: Phone survey and site visits 

Figure 7-2 presents the penetration and saturation of cooling equipment among industrial 
customers in ComEd’s service territory. Overall, 91% of ComEd customers in the industrial 
sector have cooled spaces in their business. Nearly nine tenths (86%) of industrial 
customers have packaged or split cooling systems, while 22% have window/wall units, and 
6% have chillers. The average industrial customers has 3.2 packaged or split systems. We 
do not report the mean number of window/wall units and chillers due to the low number of 
observations. 
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Figure 7-2. Penetration and Saturation of Cooling Equipment among Industrial Customers 

   
Source: Phone survey and site visits 
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Table 7-1. Summary of Cooling Equipment Penetration and Saturation by Commercial Segment and Industrial Rate Class 

Cooling 

  
 Total 

Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

No. of Identifiable 
ComEd Customers  300,230 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 15,675 12,377 2,282 1,016 

Overall Cooling 

Percentage of Customers 
That Have Cooled 
Spaces 

92% 92% 93% 91% 93% 99% 90% 98% 97% 96% 88% 91% 89% 95% 98% 

Percentage of Customers 
with Cooling Controlled 
by Manual Thermostat 

48% 48% 47% 53% 52% 52% 34% 57% 42% 55% 45% 46% 50% 34% 20% 

Percentage of Customers 
with Cooling Controlled 
by Programmable 
Thermostat 

55% 55% 55% 58% 50% 56% 68% 42% 53% 28% 55% 64% 63% 71% 61% 

Percentage of Customers 
with Cooling Controlled 
by EMS 

6% 6% 9% 5% 6% 1% 0% 7% 10% 9% 4% 3% 0% 6% 23% 

Percentage of Customers 
with Cooling Controlled 
by Manual On/Off 

2% 2% 1% 1% 2% 2% 2% 2% 4% 6% 2% 1% 1% 1% 1% 

Percentage of Customers 
with Regularly 
Maintained Cooling 
Equipment 

80% 80% 76% 83% 80% 90% 83% * 87% 91% 75% 85% 82% 95% * 

Packaged and Split Cooling Systems 

Have Packaged/Split 
Systems in Business 81% 81% 78% 80% 85% 89% 87% * 82% 68% 76% 86% 84% 93% * 

Mean Number of 
Packaged/Split Systems 
in Business 

3.4 3.4 - - - - - - - - - 3.2 - - - 

Mean Age of 
Packaged/Split Systems 12.1 12.0 - - - - - - - - - 13.6 - - - 

Mean Rated Cooling 
Capacity of 

Packaged/Split Systems 
7.9 8.0 - - - - - - - - - 7.5 - - - 
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Cooling 

  
 Total 

Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

Room Air Conditioners 

Percentage of Customers 
That Have Room A/C 
Units in Business 

26% 27% 23% 11% 29% 23% 9% * 44% 64% 35% 22% 23% 12% * 

Mean Number of Room 
A/C Units in Business 5.0 5.2 * * * * * * * * * * * * * 

Mean Age of Room A/C 
Units 6.8 6.7 * * * * * * * * * * * * * 

Chillers 

Percentage of Customers 
That Have Chillers in 
Business 

4% 3% 5% 5% 1% 1% 2% * 10% 13% 3% 6% 3% 6% * 

Mean Number of Chillers 
in Business 0.1 0.1 * * * * * * * * * * * * * 

Mean Age of Chillers 14.1 14.3 * * * * * * * * * * * * * 

Mean Chiller Size (Tons) 348.0 373.6 * * * * * * * * * * * * * 

Percentage of Customers 
with Chillers with Chilled 
Water Flow Controlled by 
VFD 

47% 46% * * * * * * * * * * * * * 

* Denotes fewer than 30 observations.
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Usage and waste analysis 

We use different algorithms to calculate the usage and waste of the different types of 
cooling equipment under study. Following the presentation of the usage and waste analyses 
for the commercial and industrial sectors, we provide the factors that feed into the 
calculation of each equipment type’s usage and technological and behavioral waste. 

Commercial Sector 
Figure 7-3 shows the contribution of cooling equipment to overall commercial electricity 
usage (illustrated in the pie chart on the left) and the breakout of cooling equipment usage 
into efficient usage, technological waste, behavioral waste, and “shared waste” (shown in 
the pie chart on the right). Shared waste refers to the portion of waste that can be 
addressed by either technology upgrades or behavior changes, depending on which is 
addressed first. The figure shows cooling accounts for 15% of overall electricity use in the 
commercial sector. Efficient usage accounts for 63% of total base electricity use for cooling 
equipment. If technologies are addressed first, 29% of usage can be saved by upgrading to 
newer, more efficient equipment. If behavior is addressed first, 11% can be saved by 
changing temperature setpoints to more efficient levels during operation hours and non-
operation hours. 

Figure 7-3: Usage and Waste Analysis for the Commercial Sector – All Cooling Equipment 

 
Source: Usage and waste analysis 

Figure 7-4 shows the average annual energy usage and savings potential associated with 
cooling for the commercial sector. The figure shows estimated usage and technological and 
behavioral savings when addressing technological waste first or behavioral waste first. 
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Figure 7-4: Technological and Behavioral Potential for the Commercial Sector – All Cooling 
Equipment 

 
Source: Usage and waste analysis 
 

Table 7-2 shows the average annual energy usage and savings potential associated with 
cooling equipment for the commercial sector by segment. The table shows estimated usage 
and savings when addressing technological waste, behavioral waste, and both. Note that the 
data we provide in the figures and tables shows the percentage of equipment (or end use) 
usage and waste among all customers in the sector or sub-sector, including those who may 
not have the equipment. 
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Table 7-2. Technological and Behavioral Potential by Commercial Segment – All Cooling 
Equipment 

  
  

Comm. 
Total Office 

Hosp / 
Health 

Svc Retail Food Svc 
Ware-
house 

Groc / 
Conv Education Lodging 

Other 
Comm. 

Number of Identifiable 
Customers 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 

Average Annual kWh 140,949 112,914 127,846 118,829 134,946 228,249 378,347 459,606 974,624 105,648 
Sample (n) 651 115 92 70 112 76 29 42 47 68 
Percentage That Have, 
Own/Maintain Own 
Cooling 

64% 54% 60% 76% 74% 62% 82% 74% 86% 65% 

Usage & Waste Summary  

Avg Base 
Usage 

% Annual 
kWh 15% 15% 22% 17% 7% 5% 7% 21% 23% 15% 
kWh 21,577 17,443 28,197 19,923 9,663 11,893 25,834 98,316 228,152 16,348 

Avg Total 
Waste 

% Base 
Usage 37% 39% 39% 37% 43% 47% 43% 34% 39% 32% 
kWh 8,008 6,720 10,860 7,364 4,180 5,612 11,106 33,014 87,910 5,264 

Avg Efficient 
Usage 

% Base 
Usage 63% 61% 61% 63% 57% 53% 57% 66% 61% 68% 
kWh 13,569 10,723 17,337 12,559 5,483 6,281 14,727 65,302 140,242 11,084 

Address Technology First  
Avg 
Technological 
Waste 

% Base 
Usage 29% 33% 28% 29% 34% 28% 27% 24% 25% 28% 
kWh 6,271 5,706 7,896 5,754 3,258 3,286 6,969 23,503 57,647 4,580 

Avg Behavioral 
Waste 

% Base 
Usage 8% 6% 11% 8% 10% 20% 16% 10% 13% 4% 
kWh 1,737 1,014 2,964 1,610 921 2,326 4,137 9,511 30,263 684 

Address Behavior First  

Avg Behavioral 
Waste 

% Base 
Usage 11% 11% 13% 11% 13% 25% 20% 12% 17% 6% 
kWh 2,444 1,886 3,682 2,105 1,285 2,983 5,285 11,629 38,294 997 

Avg 
Technological 
Waste 

% Base 
Usage 26% 28% 25% 26% 30% 22% 23% 22% 22% 26% 
kWh 5,564 4,834 7,178 5,259 2,894 2,630 5,822 21,385 49,616 4,267 

Source: Usage and waste analysis 

Commercial Sector 
Figure 7-5 shows the average annual energy usage and savings potential associated with all 
cooling equipment for ComEd customers in the industrial sector. For this sector, efficient 
usage accounts for 60% of total base electricity use on cooling equipment. Addressing 
technology first results in savings of 27% of usage, while addressing behaviors first saves 
16%.  
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Figure 7-5: Usage and Waste Analysis for the Industrial Sector – All Cooling Equipment 

 
Source: Usage and waste analysis 

Figure 7-6 shows the average annual energy usage and savings potential associated with 
cooling for the industrial sector. The figure shows estimated usage and technological and 
behavioral savings when addressing technological waste first or behavioral waste first. 
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Figure 7-6: Technological and Behavioral Potential for the Industrial Sector– All Cooling 
Equipment 

 
Source: Usage and waste analysis 
 

Table 7-3 shows the average annual energy usage and savings potential associated with all 
cooling equipment for the industrial sector by rate class. The table shows estimated usage 
and savings when addressing technological waste, behavioral waste, and both. 
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Table 7-3. Technological and Behavioral Potential by Industrial Rate Class – All Cooling 
Equipment 

  
  

Industrial 
Total 

Less than 
100 kW 

100-400 
kW 

Greater 
than 400 

kW 
Number of Identifiable 
Customers 15,675 12,377 2,282 1,016 
Average Annual kWh 444,425 50,339 568,641 4,966,218 
Sample (n) 215 130 49 36 
Percentage That Have, 
Own/Maintain Own Cooling 70% 81% 72% 68% 
Usage & Waste Summary  

Avg Base Usage 
% Annual 
kWh 11% 12% 17% 8% 
kWh 51,018 6,059 96,730 374,111 

Avg Total Waste % Base Usage 40% 44% 41% 38% 
kWh 20,620 2,671 39,600 141,743 

Avg Efficient 
Usage 

% Base Usage 60% 56% 59% 62% 
kWh 30,397 3,388 57,130 232,368 

Address Technology First  
Avg Technological 
Waste 

% Base Usage 27% 34% 28% 23% 
kWh 13,729 2,035 26,641 86,617 

Avg Behavioral 
Waste 

% Base Usage 14% 10% 13% 15% 
kWh 6,892 636 12,959 55,126 

Address Behavior First  
Avg Behavioral 
Waste 

% Base Usage 16% 15% 16% 17% 
kWh 8,324 882 15,753 63,473 

Avg 
Technological 
Waste 

% Base Usage 24% 30% 25% 21% 

kWh 12,297 1,789 23,847 78,270 
Source: Usage and waste analysis 

Packaged and Split Systems 
As shown in Table 7-1, penetration of packaged or split systems is 80% or higher among 
several commercial customers segments, including hospitals/health service, retail, food 
service, warehouse, and education. Penetration among industrial customers is above 80% 
for all rate classes.  

Figure 7-7 shows that 46% of businesses in commercial segments with packaged or split 
cooling systems have economizers on at least one of these systems. Similarly, 52% of 
industrial customers have economizers on at least one of their packaged or split cooling 
systems.  
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Figure 7-7. Presence of Economizers in Businesses with Packaged/Split Cooling Systems  

  
Source: Phone survey and site visits 

Sixty-seven percent of commercial customers with packaged or split cooling systems have at 
least one system with the ENERGY STAR rating. In comparison, three-quarters (75%) of 
industrial customers with packaged or split cooling systems have at least one ENERGY STAR 
rated system. 

Figure 7-8. Penetration of ENERGY STAR-Rated Systems among Businesses with 
Packaged/Split Cooling Systems 

  
Source: Phone survey and site visits 
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 The number of systems, 

 The cooling capacity of the equipment in tons,  

 The Effective Full Load Cooling Hours in cooling mode (determined by temperature setpoints 
and occupancy), and 

 The SEER or EER of the system (depending on capacity) which is degraded based on the age 
of the equipment and maintenance schedules.  

We define technological waste for packaged and split cooling systems as the difference 
between the usage of the current system and the usage of a new energy efficient system, 
where the usage of the current system is partially determined by degraded (S)EER, and the 
usage of the new system was partially defined by a (S)EER threshold appropriate to the 
equipment type.19  

Behavioral waste for packaged and split systems is based on: 

 Occupied cooling setpoints lower than the efficient summer occupied setpoints of 77°F for 
commercial facilities and 82°F  for industrial facilities, 

 Unoccupied cooling setpoints lower than the efficient summer unoccupied setpoint of 85°for 
both commercial and industrial facilities.  

Chillers 
Only 3% of commercial businesses and 6% of industrial businesses in ComEd’s service 
territory have chillers used for air conditioning systems (as opposed to industrial 
applications). Overall, 47% of customers with chillers have the chilled water flow controlled 
by variable frequency drives. 

Usage and waste analysis 

The energy consumption of chillers is determined by the following factors:  

 Size of the chiller (nominal capacity in tons), 

 The Effective Full Load Hours in cooling mode (determined by  the presence of an 
economizer, temperature setpoints and occupancy), and 

 The integrated part load value (kW/ton), determined by the performance rating of the system 
or, if not available, by the model and age of the system. 

We define technological waste for chillers as the difference between the usage of the 
current system and the usage of a new energy efficient system (according to the ComEd 
incentive qualification standards).  
                                                 
19 For air cooled packaged and split systems with no heat, energy efficient systems are defined as 15 SEER or 
higher for systems with a cooling capacity below 5.4 tons, 12.2 EER for systems between 5.4 and 20 tons, and 
10.6 EER for systems above 20 tons. For air cooled systems with heat, the threshold is 15 SEER for systems 
below 5.4 tons, 12 EER for systems between 5.4 and 20 tons, and 10.4 for larger systems. The lack of an 
economizer in and of itself was not considered waste, but factored into Effective Full Load Hours (EFLH) 
estimates. 
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Behavioral waste for chillers is based on: 

 Occupied cooling setpoints lower than the efficient summer occupied setpoints of 77°F for 
commercial facilities and 82°F  for industrial facilities, 

 Unoccupied cooling setpoints lower than the efficient summer unoccupied setpoint of 85°F 
for both commercial and industrial facilities.  

Room Air Conditioners 
As shown in Table 7-1, 27% of commercial customers and 22% of industrial customers have 
room air conditioners in their businesses.  

Only 24% of businesses in the commercial sector have any room air conditioners with 
ENERGY STAR ratings. Even fewer industrial businesses (4%) have units that meet this 
standard. 

Figure 7-9. Penetration of ENERGY STAR-Rated Systems among Businesses with Room Air 
Conditioners 

 
Source: Telephone survey and site visit 

Usage and waste analysis 

The energy consumption of room air conditioners is calculated using the following factors:  

 The cooling capacity of the unit in Btu per hour,  

 The Effective Full Load Hours in cooling mode (determined by temperature setpoints and 
occupancy), and 

 The Energy Efficiency Ratio (EER) of the installed equipment, determined by the model 
lookup or estimated by age. 
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We define technological waste for room air conditioners as the difference between the 
usage of the current system and the usage of a new energy efficient system (according to 
the ComEd incentive qualification standards).  

Behavioral waste for room air conditioners is based on: 

 Occupied cooling setpoints lower than the efficient summer occupied setpoints of 77°F for 
commercial facilities and 82° for industrial facilities, 

 Unoccupied cooling setpoints lower than the efficient summer unoccupied setpoint of 85°F 
for both commercial and industrial facilities.  
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8. VENTILATION 

Summary 
Figure 8-1 presents the penetration and saturation of ventilation equipment among 
ComEd’s customers in the commercial sector. Eighty-one percent of commercial customers 
have ventilation equipment in their business, defined as equipment that brings fresh air into 
a facility as well as circulates air for cooling, brings in outside air for cooling, removes fumes 
or odors, and performs dust collection.  

Approximately one-third of commercial businesses have ventilation hoods (35%) and fans 
(31%). On average, customers in the commercial sector have 1.2 ventilation hoods and 4.5 
fans. Only 1% of commercial customers have demand controlled ventilation. Because 
demand controlled ventilation is most applicable in businesses and segments where the 
occupancy of a space (and therefore its ventilation requirements) vary significantly, such as 
lodging and education, the overall penetration is very low.  

Figure 8-1. Penetration and Saturation of Ventilation Equipment among Commercial 
Customers 

   
Source: Phone survey and site visits 

Figure 8-2 shows the penetration and saturation of ventilation equipment among industrial 
customers in ComEd’s service territory. As shown, 93% of industrial customers have 
ventilation equipment in their business. Ventilation hoods and fans are present in slightly 
less than half of industrial businesses (49% and 47%, respectively). Additionally, 37% of 
customers in the industrial sector have a dust collection system. The mean numbers of 
ventilation hoods (1.7) and fans (6.5) per ComEd industrial customer are higher than the 
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averages in commercial segments due to the increased need for circulating air and 
removing airborne contaminants in industrial facilities. 

Figure 8-2. Penetration and Saturation of Ventilation Equipment among Industrial 
Customers 

   
Source: Phone survey and site visits 
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Table 8-1. Summary of Ventilation Penetration and Saturation by Commercial Segment and Industrial Rate Class 

Ventilation 

  
 Total 

Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

No. of ComEd Customers 
(Thousands) (PENDING) 300,230 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 15,675 12,377 2,282 1,016 

Overall Ventilation  

Have Ventilation in 
Business 82% 81% 82% 93% 83% 88% 92% * 78% 59% 71% 93% 91% 97% * 

Ventilation Hoods 

Have Vent Hoods in 
Business 36% 35% 18% 44% * 75% 23% * 49% * 28% 47% 43% 55% * 

Mean Number of Vent 
Hoods 1.3 1.2 * 1.8 * 1.6 * * * * * 1.7 1.0 2.4 * 

Fans 

Have Fans in Business 50% 51% - - - - - - - - - 49% - - - 

Mean Number of Fans 4.7 4.5 - - - - - - - - - 6.5 - - - 

Dust Collection System 

Have Dust Collection 
System in Business 17% 0% * * * * * * * * * 37% 36% 40% 40% 

Have Dust Collection 
System with Automated 
Gates 

48% * * * * * * * * * * 48% 53% * * 

Have Dust Collection 
System with VFD 17% * * * * * * * * * * 17% 19% * * 

Demand Controlled Ventilation  

Have Demand Controlled 
Ventilation  1% 1% * * * * * * * * * 2% * * * 

* Denotes fewer than 30 observations.
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Usage and waste analysis 
The energy use associated with ventilation is based on the following factors: 

 Reported equipment run hours, 

 Power rating of the fan in horsepower, 

 Load factor of the fan motors, 

 Efficiency of the fan motors,   

 Use of demand controlled ventilation, and 

 Installation of variable frequency drives. 

We define technological waste for ventilation as the savings that could come from the 
application of variable frequency drives in air handling units or the use of demand controlled 
ventilation. We have defined behavioral waste as using ventilation for longer than is needed 
based on facility operations and production. 

Commercial Sector 
Figure 8-3 shows the contribution of ventilation to overall electricity usage in the commercial 
sector (illustrated in the pie chart on the left) and the breakout of ventilation usage into 
efficient usage, technological waste, behavioral waste, and “shared waste” (shown in the pie 
chart on the right). Shared waste refers to the portion of waste that can be addressed by 
either technology upgrades or behavior changes, depending on which is addressed first. As 
shown in the figure, ventilation accounts for 9% of overall electricity use in the commercial 
sector. Efficient usage accounts for 90% of total base electricity use for ventilation. If 
technologies are addressed first, 10% of usage can be saved by using demand controlled 
ventilation or VFDs.  Behavioral waste consists of keeping ventilation systems operating 
when it is not needed due to inactivity in the building space. For the commercial sector, we 
assumed it unlikely that spaces would be predictably unoccupied for significant periods 
during business hours where ventilation could be reduced manually. Instead, we assume 
that the best option for commercial facilities would be to achieve technological savings from 
implementing demand controlled ventilation.  We did not, therefore, calculate behavior 
waste for commercial facilities. Because demand controlled ventilation is not typically 
applicable to industrial spaces and ventilation needs can vary substantially with production 
schedules, we did estimate savings at industrial facilities associated with operating 
ventilation systems only when needed. 
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Figure 8-3: Usage and Waste Analysis for the Commercial Sector – Ventilation 

 
Source: Usage and waste analysis 

Figure 8-4 shows the average annual energy usage and savings potential associated with 
ventilation for the commercial sector. The figure shows estimated usage and technological 
and behavioral savings when addressing technological waste first or behavioral waste first. 
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Figure 8-4: Technological and Behavioral Potential for the Commercial Sector – Ventilation 

 
Source: Usage and waste analysis 
 

Table 8-2 shows the average annual energy usage and savings potential associated with 
ventilation for the commercial sector, broken out by segment. The table shows estimated 
usage and savings when addressing technological waste, behavioral waste, and both. Note 
that the data we provide in the figures and tables shows the percentage of equipment (or 
end use) usage and waste among all customers in the sector or sub-sector, including those 
who may not have the equipment. 
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Table 8-2. Technological and Behavioral Potential by Commercial Segment – Ventilation 

  
  

Comm. 
Total Office 

Hosp / 
Health 

Svc Retail Food Svc 
Ware-
house 

Groc / 
Conv Education Lodging 

Other 
Comm. 

Number of Identifiable 
Customers 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 

Average Annual kWh 140,949 112,914 127,846 118,829 134,946 228,249 378,347 459,606 974,624 105,648 
Sample (n) 988 164 127 111 155 155 54 55 55 112 
Percentage That Have 
Equipment 81% 82% 93% 83% 88% 92% 93% 78% 59% 71% 
Usage & Waste Summary  

Avg Base 
Usage 

%Annual 
kWh 9% 8% 19% 8% 12% 9% 4% 16% 4% 6% 
kWh 12,627 9,316 24,338 9,402 15,590 20,803 13,673 73,113 39,463 6,790 

Avg Total 
Waste 

%Base 
Usage 10% 10% 12% 10% 14% 0% 5% 11% 23% 8% 
kWh 1,267 922 2,850 956 2,230 - 648 7,888 8,981 577 

Avg Efficient 
Usage 

%Base 
Usage 90% 90% 88% 90% 86% 100% 95% 89% 77% 92% 
kWh 11,360 8,393 21,488 8,447 13,361 20,803 13,025 65,226 30,482 6,213 

Address Technology First  
Avg 
Technological 
Waste 

%Base 
Usage 10% 10% 12% 10% 14% - 5% 11% 23% 8% 
kWh 1,267 922 2,850 956 2,230 - 648 7,888 8,981 577 

Avg Behavioral 
Waste 

%Base 
Usage 0% 0% 0% 0% 0% - 0% 0% 0% 0% 
kWh - - - - - - - - - - 

Address Behavior First  

Avg Behavioral 
Waste 

%Base 
Usage 0% 0% 0% 0% 0% - 0% 0% 0% 0% 
kWh - - - - - - - - - - 

Avg 
Technological 
Waste 

%Base 
Usage 10% 10% 12% 10% 14% - 5% 11% 23% 8% 
kWh 1,267 922 2,850 956 2,230 - 648 7,888 8,981 577 

Source: Usage and waste analysis 

Industrial Sector 
Figure 8-5 shows the average annual energy usage and savings potential associated with 
ventilation for ComEd customers in industrial segments. For this sector, efficient usage 
accounts for 87% of total base electricity use on ventilation. Addressing technology first 
results in savings of 10% of usage, while addressing behaviors first saves 2%.  
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Figure 8-5: Usage and Waste Analysis for the Industrial Sector – Ventilation 

 
Source: Usage and waste analysis 

Figure 8-6 presents the average annual energy usage and savings potential associated with 
ventilation for the industrial sector. The figure shows both the estimated usage and the 
technological and behavioral savings when addressing technological waste first or 
behavioral waste first. 
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Figure 8-6: Technological and Behavioral Potential for the Industrial Sector– Ventilation 

 
Source: Usage and waste analysis 

Table 8-3 shows the average annual energy usage and savings potential associated with 
ventilation for the industrial sector by rate class. The table shows estimated usage and 
savings when addressing technological waste, behavioral waste, and both. 
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Table 8-3. Technological and Behavioral Potential by Industrial Rate Class – Ventilation 

  
  

Industrial 
Total 

Less than 
100 kW 

100-400 
kW 

Greater 
than 400 

kW 
Number of Identifiable 
Customers 15,675 12,377 2,282 1,016 
Average Annual kWh 444,425 50,339 568,641 4,966,218 
Sample (n) 521 310 138 73 
Percentage That Have 
Equipment 93% 91% 97% 96% 
Usage & Waste Summary  

Avg Base Usage %Annual kWh 7% 8% 8% 7% 
kWh 32,321 4,028 44,178 351,379 

Avg Total Waste %Base Usage 16% 11% 17% 17% 
kWh 5,304 423 7,584 59,147 

Avg Efficient 
Usage 

%Base Usage 84% 89% 83% 83% 
kWh 27,017 3,605 36,594 292,232 

Address Technology First  
Avg Technological 
Waste 

%Base Usage 14% 7% 14% 14% 
kWh 4,397 286 6,327 50,065 

Avg Behavioral 
Waste 

%Base Usage 3% 3% 3% 3% 
kWh 907 138 1,257 9,081 

Address Behavior First  
Avg Behavioral 
Waste 

%Base Usage 3% 4% 3% 3% 
kWh 1,022 147 1,425 10,294 

Avg 
Technological 
Waste 

%Base Usage 13% 7% 14% 14% 

kWh 4,282 276 6,159 48,852 
Source: Usage and waste analysis 

Dust Collection Systems 
Slightly less than half (48%) of industrial customers with dust collection systems have 
automated gates on the system. Only 17% of businesses with dust collection systems have 
variable frequency drives in the system. 

Figure 8-7. Percentage of Industrial Customers with Dust Collection Systems That Have 
Automated Gates and Variable Frequency Drives 
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9. REFRIGERATION 

Summary 
As shown in Figure 9-1, 26% of ComEd customers in commercial segments have 
refrigeration equipment. Nineteen percent of commercial customers have standing 
refrigerators or freezers and 17% have refrigerated display cases, while lesser shares have 
walk-in coolers or freezers.  

On average, ComEd customers in commercial segments have 1.4 standing refrigerators or 
freezers, 12.8 linear feet of refrigerated display cases, and 560 square feet of walk-in 
coolers or freezers.  

Figure 9-1. Penetration and Saturation of Refrigeration Equipment among Commercial 
Customers 

 
Source: Phone survey and site visits 
a=square feet 
b=linear feet 

Figure 9-2 presents the penetration and saturation of refrigeration equipment among 
industrial customers in ComEd’s service territory. Overall, 12% of industrial customers have 
refrigeration in their business. As shown in the figure, relatively few industrial customers 
have standing refrigerators or freezers, walk-in coolers or freezers, refrigerated vending 
machines, refrigerated display cases, or ice machines. 
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Figure 9-2. Penetration and Saturation of Refrigeration Equipment among Industrial 
Customers 

 
Source: Phone survey and site visits 

 

 

 

Table 9-1 summarizes the penetration and saturation of refrigeration by commercial 
segment and industrial rate class group. Food service and grocery/convenience segments 
represent the highest penetration among all segments. Notably, the penetration of 
refrigeration is less than 100% in grocery and convenience stores and food service 
businesses, due to the presence of specialty stores like confectionary or dry goods stores 
and tea shops where refrigeration is not a requirement. 
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Table 9-1. Summary of Refrigeration Penetration and Saturation by Commercial Segment and Industrial Rate Class 

Refrigeration 

  
 Total  

Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

No. of ComEd 
Identifiable Customers   300,230 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 15,675 12,377 2,282 1,016 

Overall Refrigeration 

Have Refrigeration in 
Business  25% 26% 13% 20% 21% 97% 13% 78% 40% 52% 21% 12% 10% 9% 32% 

Standing Refrigeration 

Have Standing 
Refrigerators or Freezers 
in Business 

18% 19% * * 10% 82% * 66% * * * 7% * * * 

Mean Number of 
Refrigerators/Freezers 1.3 1.4 * * * 5.0 * 5.1 * * * * * * * 

Refrigerated Display Cases 

Have Refrigerated 
Display Cases in 
Business 

6% 6% * * 3% 41% * 45% * * * 0% * * * 

Mean Linear Feet of 
Refrigerated Display 
Case 

12.2 12.8 * * * 24.7 * * * * * * * * * 

Refrigerated Walk-In Coolers and Freezers 

Have Walk-In Cooler in 
Business 12% 12% * * 9% 68% * 61% * * * 5% * * * 

Mean Size of Walk-In 
Cooler Space (Sq Ft) 348.9 317.0 * * * 229.4 * 572.4 * * * * * * * 

Have Walk-In Freezer in 
Business 7% 7% * * 5% 43% * 25% * * * 4% * * * 

Mean Size of Walk-In 
Freezer Space (Sq Ft) 283.0 242.6 * * * 183.2 * * * * * * * * * 

Other Refrigeration 

Have Refrigerated 
Vending Machines 4% 4% 1% 1% 4% 8% 2% 14% 9% 29% 4% 3% * * * 

Mean Number of 0.5 0.5 0.2 0.4 0.6 1.1 0.2 2.2 1.1 2.1 0.3 0.1 * * * 
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Refrigeration 

  
 Total  

Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

Refrigerated Vending 
Machines 

Have Ice Machines 4% 4% 1% 1% 1% 63% 0% 26% 3% 26% 2% 0% * * * 

Mean Number of Ice 
Machines 0.5 0.5 * 1.3 * 1.1 * * * 4.0 * * * * * 

* Denotes fewer than 30 observations. 
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Usage and waste analysis 

Commercial Sector 
Figure 9-3 shows the contribution of refrigeration equipment to overall commercial 
electricity usage (illustrated in the pie chart on the left) and the breakout of refrigeration 
usage into efficient usage, technological waste, behavioral waste, and “shared waste” 
(shown in the pie chart on the right). Shared waste refers to the portion of waste that can be 
addressed by either technology upgrades or behavior changes, depending on which is 
addressed first. Refrigeration accounts for 6% of overall electricity use in the commercial 
sector. Efficient usage accounts for 58% of total base electricity use for refrigeration. If 
technologies are addressed first, 39% of usage can be saved by upgrading to newer, more 
efficient equipment. If behavior is addressed first, 9% can be saved implementing energy-
saving behaviors, such as optimizing temperature levels. 

Figure 9-3: Usage and Waste Analysis for the Commercial Sector – Refrigeration 

 

Source: Usage and waste analysis 

Figure 9-4 shows the average annual energy usage and savings potential associated with 
refrigeration for the commercial sector. The figure shows estimated usage and technological 
and behavioral savings when addressing technological waste first or behavioral waste first. 
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Figure 9-4: Technological and Behavioral Potential for the Commercial Sector – All 
Refrigeration Equipment  

 
Source: Usage and waste analysis 
 

Table 9-2 shows the average annual energy usage and savings potential associated with 
refrigeration for the commercial sector by segment. The table shows estimated usage and 
savings when addressing technological waste, behavioral waste, and both. Note that the 
data we provide in the figures and tables shows the percentage of equipment (or end use) 
usage and waste among all customers in the sector or sub-sector, including those who may 
not have the equipment. 
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Table 9-2. Technological and Behavioral Potential by Commercial Segment – All 
Refrigeration 

  
  

Comm. 
Total Office 

Hosp / 
Health 

Svc Retail Food Svc 
Ware-
house 

Groc / 
Conv Education Lodging 

Other 
Comm. 

Number of Identifiable 
Customers 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 

Average Annual kWh 140,949 112,914 127,846 118,829 134,946 228,249 378,347 459,606 974,624 105,648 
Sample (n) 269 7 20 31 129 12 40 3 17 10 
Percentage That Have 
Equipment 26% 13% 20% 21% 97% 13% 78% 40% 52% 21% 
Usage & Waste Summary  

Avg Base 
Usage 

%Annual 
kWh 6.0% 0.9% 1.4% 3.4% 39.9% 2.5% 24.3% 5.2% 1.5% 4.6% 
kWh 8,487 1,011 1,741 4,082 53,822 5,799 91,829 23,830 14,670 4,837 

Avg Total 
Waste 

%Base 
Usage 42% * 44% 38% 47% 30% 37% * 55% 44% 
kWh 3,562 * 772 1,533 25,373 1,737 33,568 * 8,098 2,140 

Avg Efficient 
Usage 

%Base 
Usage 58% * 56% 62% 53% 70% 63% * 45% 56% 
kWh 4,925 * 969 2,549 28,449 4,062 58,261 * 6,572 2,697 

Address Technology First  
Avg 
Technological 
Waste 

%Base 
Usage 39% * 39% 34% 44% 28% 34% * 52% 39% 
kWh 3,271 * 676 1,397 23,924 1,610 31,337 * 7,612 1,884 

Avg Behavioral 
Waste 

%Base 
Usage 3% * 5% 3% 3% 2% 2% * 3% 5% 
kWh 291 * 95 136 1,448 127 2,231 * 486 255 

Address Behavior First  

Avg Behavioral 
Waste 

%Base 
Usage 9% * 11% 9% 6% 4% 9% * 7% 11% 
kWh 728 * 184 352 3,193 208 8,720 * 969 545 

Avg 
Technological 
Waste 

%Base 
Usage 33% * 34% 29% 41% 26% 27% * 49% 33% 
kWh 2,833 * 587 1,180 22,180 1,528 24,849 * 7,129 1,595 

Source: Usage and waste analysis 
*Denotes fewer than 10 observations. 

Industrial Sector 
Figure 9-5 shows the average annual energy usage and savings potential associated with 
refrigeration for ComEd customers in the industrial sector. For this sector, efficient usage 
accounts for 84% of total base electricity use on refrigeration. Addressing technology first 
results in savings of 15% of usage, while addressing behaviors first saves 2%.  
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Figure 9-5: Usage and Waste Analysis for the Industrial Sector – Refrigeration 

 
Source: Usage and waste analysis 

Figure 9-6 shows the average annual energy usage and savings potential associated with 
refrigeration for the industrial sector. The figure shows estimated usage and technological 
and behavioral savings when addressing technological waste first or behavioral waste first. 
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Figure 9-6: Technological and Behavioral Potential for the Industrial Sector– All Refrigeration 

 
Source: Usage and waste analysis 

Table 9-3 shows the average annual energy usage and savings potential associated with 
refrigeration for the industrial sector by rate class. The table shows estimated usage and 
savings when addressing technological waste, behavioral waste, and both. 
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Table 9-3. Technological and Behavioral Potential by Industrial Rate Class – All Refrigeration 

  
  

Industrial 
Total 

Less than 
100 kW 

100-400 
kW 

Greater 
than 400 

kW 
Number of Identifiable 
Customers 15,675 12,377 2,282 1,016 
Average Annual kWh 444,425 50,339 568,641 4,966,218 
Sample (n) 26 12 5 9 
Percentage That Have 
Equipment 12% 10% 9% 32% 
Usage & Waste Summary  

Avg Base Usage %Annual kWh 0.8% 2.5% 0.8% 0.5% 
kWh 3,437 1,259 4,398 23,473 

Avg Total Waste %Base Usage 16% 50% * * 
kWh 554 625 * * 

Avg Efficient 
Usage 

%Base Usage 84% 50% * * 
kWh 2,883 634 * * 

Address Technology First  
Avg Technological 
Waste 

%Base Usage 15% 45% * * 
kWh 514 564 * * 

Avg Behavioral 
Waste 

%Base Usage 1% 5% * * 
kWh 40 61 * * 

Address Behavior First  
Avg Behavioral 
Waste 

%Base Usage 2% 10% * * 
kWh 78 122 * * 

Avg 
Technological 
Waste 

%Base Usage 14% 40% * * 

kWh 476 503 * * 
Source: Usage and waste analysis 
*Denotes fewer than 10 observations. 

Standalone Refrigeration 
Standalone refrigeration includes commercial standing refrigerators and freezers as well as 
horizontal and vertical display cases. Standing refrigerators or freezers may have solid doors 
or glass doors and display cases may be open or have doors. As shown in Table 9-1, 
penetration of standing refrigerators and freezers is above 50% for the food service and 
grocery segments, and 18% overall. Twelve percent of commercial customers have 
refrigerated display cases in their businesses, with the largest penetration in the grocery 
(45%) and food service (38%) segments. 

Usage and waste analysis 

We use different algorithms to calculate the usage and technological waste of standing 
refrigerators and freezers and display cases. For both types of refrigeration, behavioral 
waste is the difference between the current temperature and the higher, but still acceptable 
and safe, temperature of 38ºF for refrigerators and 0ºF for freezers. 

Standing Refrigerators and Freezers 

Electricity use of standing refrigerators and freezers upon the quantity of units, the volume 
of the unit, and the daily energy use assumption for type of unit (solid or glass door, 
refrigerator or freezer).  
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We define technological waste for standing refrigerators and freezers as the difference 
between the usage of the current unit and the usage of a new ENERGY STAR unit.  

Refrigerated Display Cases 

The energy consumption of refrigerated display cases is calculated using the following 
factors: 

 Linear feet of case length, 

 Presence of lighting efficiency measures, 

 Presence of occupancy sensors for lighting, 

 Presence of electronically commutated evaporator fan motor, 

 Presence of door heater controls (if applicable), 

 Number of display doors, and 

 Age of the display case, 

We define technological waste as the difference between the usage of the current display 
case and the usage of a newer, more efficient display case that incorporates the following 
energy saving measures: 

 LED lighting 

 Occupancy sensors for lighting 

 Electronically commutated evaporator fan motor 

 Door heater controls 

Commercial Sector 
Each commercial business uses an average of 7,308 kWh per year for standalone 
refrigeration. Substantial potential for energy savings exists for upgrading to newer, more 
efficient technologies: If businesses replaced all existing standalone refrigeration with new 
more energy efficient units, 38% of electricity use associated with this equipment type could 
be saved. Eliminating behavioral waste could result in 9% of savings if taken first.  

Figure 9-7 shows the average annual energy usage and savings potential associated with 
standalone refrigeration per business in the commercial sector. The figure shows estimated 
usage and savings when addressing technological waste, behavioral waste, or both. 
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Figure 9-7: Technological and Behavioral Potential for the Commercial Sector – Standalone 
Refrigeration 

 
Source: Usage and waste analysis 

Table 9-4 shows the average annual energy usage and savings potential associated with 
standalone refrigeration for the commercial sector by segment. The table shows estimated 
usage and savings when addressing technological waste, behavioral waste, and both. 
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Table 9-4. Technological and Behavioral Potential by Commercial Segment – Standalone 
Refrigeration 

  
  

Comm. 
Total Office 

Hosp / 
Health 

Svc Retail Food Svc 
Ware-
house 

Groc / 
Conv Education Lodging 

Other 
Comm. 

Number of Identifiable 
Customers 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 

Average Annual kWh 140,949 112,914 127,846 118,829 134,946 228,249 378,347 459,606 974,624 105,648 
Sample (n) 228 7 20 29 102 9 32 3 17 9 
Percentage That Have 
Equipment 21% 7% 16% 14% 91% 9% 76% 40% 44% 11% 
Usage & Waste Summary  

Avg Base 
Usage 

%Annualk
Wh 5% 1% 1% 3% 33% 1% 21% 5%+ 1% 4% 
kWh 7,308 964 1,676 3,863 44,000 1,372 79,189 23,830 12,077 4,017 

Avg Total 
Waste 

%BaseUsa
ge 44% * 45% 38% 51% * 39% * 59% * 
kWh 3,220 * 750 1,475 22,231 * 30,978 * 7,158 * 

Avg Efficient 
Usage 

%BaseUsa
ge 56% * 55% 62% 49% * 61% * 41% * 
kWh 4,088 * 926 2,389 21,769 * 48,211 * 4,918 * 

Address Technology First  
Avg 
Technological 
Waste 

%BaseUsa
ge 40% * 39% 35% 47% * 36% * 56% * 
kWh 2,946 * 656 1,340 20,874 * 28,855 * 6,752 * 

Avg Behavioral 
Waste 

%BaseUsa
ge 4% * 6% 3% 3% * 3% * 3% * 
kWh 274 * 94 135 1,357 * 2,123 * 406 * 

Address Behavior First  

Avg Behavioral 
Waste 

%BaseUsa
ge 10% * 11% 9% 7% * 11% * 7% * 
kWh 698 * 183 350 3,033 * 8,529 * 818 * 

Avg 
Technological 
Waste 

%BaseUsa
ge 35% * 34% 29% 44% * 28% * 53% * 
kWh 2,522 * 567 1,125 19,197 * 22,449 * 6,341 * 

Source: Usage and waste analysis 
*Denotes fewer than 10 observations 
+Defaults to sector average 
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Industrial Sector 
Standalone refrigeration accounts for only a small fraction of total electricity usage among 
ComEd’s customers in the industrial sector. Each business uses only an average of 420 kWh 
per year. If businesses replaced all existing units with efficient units, 55% of electricity use 
could be saved. Eliminating behavioral waste could result in 14% of savings  

Figure 9-8 shows the average annual energy usage and savings potential associated with 
standing refrigerators and freezers per business in the industrial sector. The figure shows 
estimated usage and savings when addressing technological waste, behavioral waste, or 
both. 

Figure 9-8: Technological and Behavioral Potential for the Industrial Sector – Standing 
Refrigerators and Freezers 

 
Source: Usage and waste analysis 
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Table 9-5 shows this information for the industrial sector by rate class. The table show 
estimated usage and savings when addressing technological waste, behavioral waste, and 
both. 

Table 9-5. Technological and Behavioral Potential by Industrial Rate Class – Standalone 
Refrigeration 

  
  

Industrial 
Total 

Less than 
100 kW 

100-400 
kW 

Greater 
than 400 

kW 
Number of Identifiable 
Customers 15,675 12,377 2,282 1,016 
Average Annual kWh 444,425 50,339 568,641 4,966,218 
Sample (n) 15 7 3 5 
Percentage That Have 
Equipment 6% 5% 4% 17% 
Usage & Waste Summary  

Avg Base Usage %Annual kWh 0.1% 1.1% 0.1%+ 0.1% 
kWh 420 567 537 4,389 

Avg Total Waste %Base Usage 67% * * * 
kWh 279 * * * 

Avg Efficient 
Usage 

%Base Usage 33% * * * 
kWh 140 * * * 

Address Technology First  
Avg Technological 
Waste 

%Base Usage 59% * * * 
kWh 249 * * * 

Avg Behavioral 
Waste 

%Base Usage 7% * * * 
kWh 31 * * * 

Address Behavior First  
Avg Behavioral 
Waste 

%Base Usage 15% * * * 
kWh 62 * * * 

Avg 
Technological 
Waste 

%Base Usage 52% * * * 

kWh 217 * * * 
Source: Usage and waste analysis 
*Denotes fewer than 10 observations 
+Defaults to sector average 

 

Walk-In Coolers and Freezers 
As shown in Table 9-1, 13% of commercial customers and 5% of industrial customers have 
walk-in coolers or freezers in their businesses.  

Usage and waste analysis 

Many factors influence how much energy a walk-in cooler or freezer consumes, including: 

 The location of the condenser (indoors or outdoors), 

 Whether the system is rack system (also called a multiplex system), 

 The number of glass display doors 

 The presence of an automatic door closer, 

 The presence of strip curtains, 
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 The presence of door heater controls for display doors, 

 The type evaporator fan motor (shaded pole, permanent split capacity, or ECM)  

 The presence of an evaporator fan motor control 

 The number of fans 

 The compressor horsepower 

 If the system allows the compressor head pressure to float in response to changes in outdoor 
weather conditions, 

 The presence of electric defrost control, 

 The temperature setting of the cooler or freezer, and 

 The square footage of the cooler or freezer. 

We define technological waste as the difference between the usage of the current system 
and the usage of a walk-in cooler or freezer that incorporates the following energy saving 
measures: 

 Strip curtains 

 Automatic door closers 

 ECM evaporator fans 

 Evaporator fan motor control 

 Floating head pressure control 

 Evaporator defrost control 

 Door heater controls 

Behavioral waste occurs when walk-in coolers or freezers are over-cooled with the 
temperature of the space set to levels below recommended safe and efficient temperatures. 
The technical appendix describes how energy savings accruing from each technological or 
behavioral savings approach were calculated. 

Commercial Sector 
Each commercial business uses an average of 1,179 kWh per year for walk-in coolers or 
freezers. As expected, the food service and grocery/convenience store segments have the 
highest usage of walk-in coolers and freezers. Businesses upgrading to more newer systems 
or implementing energy efficient measures on their coolers could save 25% of walk-in 
cooler/freezer electricity use. Eliminating behavioral waste could only 2% of related 
electricity use. Figure 9-9 shows average annual energy usage and savings potential 
associated with walk-ins in the commercial sector. 
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Figure 9-9: Technological and Behavioral Potential for the Commercial Sector – Walk-in 
Coolers/Freezers 

 
Source: Usage and waste analysis 
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Table 9-6 shows the average annual energy usage and savings potential for walk-in coolers 
and freezers in the commercial sector by segment. The table shows estimated usage and 
savings when addressing technological waste, behavioral waste, and both. 

Table 9-6. Technological and Behavioral Potential by Commercial Sector – Walk-in 
Coolers/Freezers 

  
  

Comm. 
Total Office 

Hosp / 
Health 

Svc Retail Food Svc 
Ware-
house 

Groc / 
Conv Education Lodging 

Other 
Comm. 

Number of Identifiable 
Customers 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 

Average Annual kWh 140,949 112,914 127,846 118,829 134,946 228,249 378,347 459,606 974,624 105,648 
Sample (n) 211 1 13 25 108 6 37 0 13 8 
Percentage That Have 
Equipment 13% 0% 4% 9% 73% 6% 64% 0% 22% 7% 
Usage & Waste Summary  

Avg Base 
Usage 

% Annual 
kWh 1% 0% 0% 0% 7% 2% 3% 0% 0% 1% 
kWh 1,179 - 64 219 9,821 4,427 12,641 - 2,593 820 

Avg Total 
Waste 

% Base 
Usage 29% - 33% 27% 32% * 20% - 36% * 
kWh 341 - 21 58 3,142 * 2,591 - 940 * 

Avg Efficient 
Usage 

% Base 
Usage 71% - 67% 73% 68% * 80% - 64% * 
kWh 837 - 43 161 6,679 * 10,050 - 1,653 * 

Address Technology First  
Avg 
Technological 
Waste 

% Base 
Usage 28% - 32% 26% 31% * 20% - 33% * 
kWh 325 - 20 56 3,051 * 2,482 - 860 * 

Avg Behavioral 
Waste 

% Base 
Usage 1% - 1% 1% 1% * 1% - 3% * 
kWh 17 - 1 2 91 * 109 - 80 * 

Address Behavior First  

Avg Behavioral 
Waste 

% Base 
Usage 3% - 2% 1% 2% * 2% - 6% * 
kWh 30 - 1 3 160 * 190 - 152 * 

Avg 
Technological 
Waste 

% Base 
Usage 26% - 31% 25% 30% * 19% - 30% * 
kWh 311 - 20 55 2,982 * 2,400 - 788 * 

Source: Usage and waste analysis 
*Denotes fewer than 10 observations 
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Industrial Sector 
Walk-in coolers and freezers account for less than 1% of total electricity usage among 
ComEd’s industrial customers. Each industrial facility uses an average of 3,018 kWh per 
year for walk-in coolers and freezers. Limited potential for energy savings exists for 
businesses upgraded to more efficient units – only 8% of related electricity use could be 
saved. Eliminating behavioral waste would have very little effect. 

Figure 9-10: Technological and Behavioral Potential for the Industrial Sector – Walk-In 
Coolers/Freezers 

 
Source: Usage and waste analysis 
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Table 9-7 shows the technology and behavioral potential for walk-in coolers and freezers 
used in the industrial sector by rate class. The table shows estimated usage and savings 
when addressing technological waste, behavioral waste, and both. 

Table 9-7. Technological and Behavioral Potential by Industrial Rate Class – Walk-In 
Coolers/Freezers 

  
  

Industrial 
Total 

Less than 
100 kW 

100-400 
kW 

Greater 
than 400 

kW 
Number of Identifiable 
Customers 15,675 12,377 2,282 1,016 
Average Annual kWh 444,425 50,339 568,641 4,966,218 
Sample (n) 17 8 3 6 
Percentage That Have 
Equipment 5% 4% 4% 12% 
Usage & Waste Summary  

Avg Base Usage 
% Annual 
kWh 1% 1% 1%+ 0% 
kWh 3,018 692 3,861 19,085 

Avg Total Waste % Base Usage 9% 33% * * 
kWh 275 225 * * 

Avg Efficient 
Usage 

% Base Usage 91% 67% * * 
kWh 2,743 466 * * 

Address Technology First  
Avg Technological 
Waste 

% Base Usage 9% 31% * * 
kWh 266 218 * * 

Avg Behavioral 
Waste 

% Base Usage 0% 1% * * 
kWh 9 8 * * 

Address Behavior First  
Avg Behavioral 
Waste 

% Base Usage 1% 2% * * 
kWh 16 16 * * 

Avg 
Technological 
Waste 

% Base Usage 9% 30% * * 

kWh 259 210 * * 
Source: Usage and waste analysis 
* Denotes fewer than 10 observations 
+Defaults to sector average 
 

Other Refrigeration Equipment 

We also collected data on refrigerated vending machines and ice machines during the 
phone surveys and on-site visits, and estimated energy usage and waste for each type of 
equipment. Average energy usage and waste for both are included under the “All 
Refrigeration Equipment” usage and waste totals in Figure 9-4 and Figure 9-6. However, 
because each contributes a small proportion of total electricity use to ComEd commercial 
and industrial energy use, detailed statistics for this equipment are not provided in this 
report. The technical appendix describes our approach to estimating usage and waste for 
these types of refrigeration equipment. 
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10. MOTORS 

Summary 
Figure 10-1 shows the penetration and saturation of motors among ComEd’s customers in 
commercial segments. One-quarter (25%) of commercial customers have motors in their 
business, with an average of 3.1 motors per business. Motors in this analysis do not include 
those used in refrigeration, HVAC, air compressors, or light duty power tools (e.g. saws and 
small drills). The usage and waste of motors that power refrigeration, cooling, or ventilation 
equipment are captured within those end uses and are not included in the motors 
penetration, saturation, usage, and waste analyses.  

Commercial customers most commonly have AC induction motors in their business (20% of 
businesses) while DC brushed, DC brushless, and stepper motors are found in less than 1% 
of businesses. On average, ComEd customers in commercial segments have 2.9 AC 
induction motors, but negligible quantities of DC brushed motors, DC brushless, and stepper 
motors.  

Figure 10-1. Penetration and Saturation of Motors among Commercial Customers 

 
Source: Phone survey and site visits 
*Denotes fewer than 30 observations 

Figure 10-2 presents the penetration and saturation of motors among industrial customers 
in ComEd’s service territory. As shown, 78% of industrial customers have motors in their 
business. Similar to commercial customers, AC induction motors are most common among 
industrial customers, with 69% of businesses having this type of motor. Compared to 
commercial customers, businesses in the industrial sector have more motors on average 
(18.3 compared to 3.1).  
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Figure 10-2. Penetration and Saturation of Motors among Industrial Customers 

 
Source: Phone survey and site visits 
*Denotes fewer than 30 observations 

Table 10-1 summarizes the penetration and saturation of motors among commercial and 
industrial customers in ComEd’s territory. As expected, businesses in the industrial sector 
have the highest penetration of motors as well as the most motors per business. However, 
some commercial segments also have relatively high penetration rates due to the presence 
of motors in non-industrial applications, such as elevators and pool pumps in the 
lodging/hospitality segment.  

 

10%

0%

20%

69%

78%

0% 20% 40% 60% 80% 100%

Stepper Motors

DC Brushless Motors

DC Brushed Motors

AC Induction Motors

Any Motor

Mean #

18.3

14.4

2.3

*

*

ICC Case No. 13-0550 
Direct Testimony of Geoffrey Crandall 
ELPC Exhibit 1.3 
Page 233 of 263



Motors 

Page 106 opiniondynamics.com 

Table 10-1. Summary of Motor Penetration and Saturation by Commercial Segment and Industrial Rate Class 

Motors 

  
 Total  

Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

No. of Identifiable 
ComEd Customers  300,230 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 15,675 12,377 2,282 1,016 

Overall Motors 

Have Motors in Business 32% 25% 11% 27% 18% 37% 20% 18% 26% 56% 41% 78% 74% 90% 94% 

Mean Number of Motors 
per Business 4.3 3.1 - - - - - - - - - 18.3 - - - 

Mean Age of Motors 11.0 10.4 * * * * * * * * * 13.6 14.9 11.8 10.7 

Mean Number of Hours 
Run per Day 4.7 4.0 * * * * * * * * * 6.3 5.1 8.4 11.6 

AC Induction Motors 

Have AC Induction 
Motors in Business 26% 20% * * * * * * * * 32% 69% 64% 85% 91% 

Mean Number of AC 
Induction Motors 3.9 2.9 - - - - - - - - - 14.4 - - - 

Mean Horsepower of AC 
Induction Motors 6.4 6.2 - - - - - - - - - 7.0 - - - 

DC Brushed Motors 

Have DC Brushed Motors 
in Business 3% 1% * * * * * * * * * 20% 15% 30% 48% 

Mean Number of DC 
Brushed Motors 0.1 * - - - - - - - - - 0.8 - - - 

Mean Horsepower of DC 
Brushed Motors * * - - - - - - - - - * - - - 

DC Brushless Motors 

Have DC Brushless 
Motors in Business 0% 0% * * * * * * * * * 0% 0% 1% 2% 

Mean Number of DC 
Brushless Motors 0.0 * - - - - - - - - - 0.0 - - - 

Mean Horsepower of DC 
Brushless Motors * * - - - - - - - - - * - - - 

Stepper Motors 
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Motors 

  
 Total  

Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

Have Stepper Motors in 
Business 1% 0% * * * * * * * * * 11% 8% 23% 21% 

Mean Number of Stepper 
Motors 0.0 * - - - - - - - - - 0.2 - - - 

Mean Horsepower of 
Stepper Motors * * - - - - - - - - - * - - - 

* Denotes fewer than 30 observations.
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Usage and waste analysis 
Motor energy use depends on several technological and behavioral factors: 

 Quantity of motors of specific types (AC induction, DC brushed, DC brushless, or stepper 
motors), 

 Power rating of the motors in horsepower, 

 Load factor of the motors, 

 Efficiency of the motors,   

 Operating hours, and  

 Reduction in motor energy use from variable frequency drives 

We define technological waste for motors as the savings that could come from the 
application of variable speed drives (where such an application is feasible) or the purchase 
of a new, more efficient motor. It should be noted that we did not attempt to quantify waste 
associated with motors and equipment not being sized optimally for the application. While 
optimizing equipment size, as well as using high efficiency pumps, fans and other 
equipment that the motors drive can provide significant savings, quantifying such waste 
typically requires in-depth engineering analyses that were not within the scope of this study.  
Because there can be behavioral waste associated with choices on how to run a motor that 
are difficult to capture with any degree of certainty (such as the choice to change a bypass 
valve on a pump), we have defined behavioral waste for motors as two options that deal 
directly with motors: the maintenance of motors and the practice of rewinding a motor. 

Commercial Sector 
Figure 10-3 shows the contribution of motors to overall electricity usage in the commercial 
sector (illustrated in the pie chart on the left) and the breakout of motor usage into efficient 
usage, technological waste, behavioral waste, and “shared waste” (shown in the pie chart 
on the right). Shared waste refers to the portion of waste that can be addressed by either 
technology upgrades or behavior changes, depending on which is addressed first. The figure 
shows motors account for 7% of overall electricity use in the commercial sector. Efficient 
usage accounts for 94% of total base electricity use for motors, meaning that there is very 
little potential for savings through either technological or behavior improvements. If 
technologies are addressed first, 6% of usage can be saved by upgrading to newer, more 
efficient equipment or using VFDs. If behavior is addressed first, only 1% can be saved 
implementing energy-saving behaviors, such as regular maintenance of motors or rewinding 
motors. 
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Figure 10-3: Usage and Waste Analysis for the Commercial Sector – Motors 

 
Source: Usage and waste analysis 
Note: Chart does not sum to 100% due to rounding 

Figure 10-4 shows the average annual energy usage and savings potential associated with 
motors for the commercial sector. The figure shows estimated usage and technological and 
behavioral savings when addressing technological waste first or behavioral waste first. 

Lighting
31%

Cooling
15%

Ventilation
9%

Data Center & Office 
Equipment

10%

Refrigeration
6%

Non‐Process Water 
Heating
0.4%

All Other
22%

Technology Waste
6%

Behavioral Waste
1%

Efficient Usage
94%

Motors, Fans, Pumps
7%

ICC Case No. 13-0550 
Direct Testimony of Geoffrey Crandall 
ELPC Exhibit 1.3 
Page 237 of 263



Motors  

 
Page 110 

opiniondynamics.com 

Figure 10-4: Technological and Behavioral Potential for the Commercial Sector – Motors  

 

Note: may not sum to 100% due to rounding 
Source: Usage and waste analysis 

 

Table 10-2 shows the average annual energy usage and savings potential associated with 
motors for the commercial sector by segment. The table shows estimated usage and savings 
when addressing technological waste, behavioral waste, and both. Note that the data we 
provide in the figures and tables shows the percentage of equipment (or end use) usage and 
waste among all customers in the sector or sub-sector, including those who may not have 
the equipment. 
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Table 10-2. Technological and Behavioral Potential by Commercial Segment – Motors 

  
  

Comm. 
Total Office 

Hosp / 
Health 

Svc Retail Food Svc 
Ware-
house 

Groc / 
Conv Education Lodging 

Other 
Comm. 

Number of Identifiable 
Customers 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 

Average Annual kWh 140,949 112,914 127,846 118,829 134,946 228,249 378,347 459,606 974,624 105,648 
Sample (n) 92 6 13 10 9 20 4 1 2 27 
Percentage That Have 
Equipment 25% 11% 27% 18% 37% 20% 18% 26% 56% 41% 
Usage & Waste Summary  

Avg Base 
Usage 

% Annual 
kWh 7% 3% 4% 5% 5% 2% 7%+ 7%+ 7%+ 14% 
kWh 9,177  3,230  5,347  6,360  7,203  4,843  24,634  29,925  63,457  15,237  

Avg Total 
Waste 

% Base 
Usage 6% * 7% 7% * 5% * * * 7% 
kWh 581  *  348  451  * 235  * * * 1,034  

Avg Efficient 
Usage 

% Base 
Usage 94% * 93% 93% * 95% * * * 93% 
kWh 8,596  *  4,999  5,908  *  4,608  *  *  *  14,203  

Address Technology First  
Avg 
Technological 
Waste 

% Base 
Usage 6% * 6% 6% * 4% * * * 6% 
kWh 522  *  314  410  *  204  *  *  *  936  

Avg Behavioral 
Waste 

% Base 
Usage 1% * 1% 1% * 1% * * * 1% 
kWh 59  *  34  41  *  31  *  *  *  98  

Address Behavior First  

Avg Behavioral 
Waste 

% Base 
Usage 1% * 1% 1% * 1% * * * 1% 
kWh 63  *  37  44  *  32  *  *  *  106  

Avg 
Technological 
Waste 

% Base 
Usage 6% * 6% 6% * 4% * * * 6% 
kWh 518  *  312  407  *  203  *  *  *  929  

Source: Usage and waste analysis 
* Denotes fewer than 10 observations 
+Defaults to sector average 

Industrial Sector 
Figure 10-5 shows the average annual energy usage and savings potential associated with 
motors for ComEd customers in the industrial sector. Similar to the commercial sector, very 
few opportunities for energy savings exist, as efficient usage accounts for 94% of total base 
electricity use on motors. Addressing technology first results in savings of 6% of usage, while 
addressing behaviors first saves less than 1%.  
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Figure 10-5: Usage and Waste Analysis for the Industrial Sector – Motors 

 
Source: Usage and waste analysis 

Figure 10-6 shows the average annual energy usage and savings potential associated with 
motors for the industrial sector. The figure shows estimated usage and technological and 
behavioral savings when addressing technological waste first or behavioral waste first. 
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Figure 10-6: Technological and Behavioral Potential for the Industrial Sector– Motors 

 
Source: Usage and waste analysis 
 

Table 10-3 shows the average annual energy usage and savings potential associated with 
motors for the industrial sector by rate class. The table shows estimated usage and savings 
when addressing technological waste, behavioral waste, and both. 
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Table 10-3. Technological and Behavioral Potential by Industrial Rate Class – Motors 

  
  

Industrial 
Total 

Less than 
100 kW 

100-400 
kW 

Greater 
than 400 

kW 
Number of Identifiable 
Customers 15,675 12,377 2,282 1,016 
Average Annual kWh 444,425 50,339 568,641 4,966,218 
Sample (n) 350 175 111 64 
Percentage That Have 
Equipment 78% 74% 90% 94% 
Usage & Waste Summary  

Avg Base Usage 
% Annual 
kWh 38% 37% 42% 47% 
kWh 166,759  18,678  239,314  2,350,273 

Avg Total Waste % Base Usage 5.9% 6.1% 5.6% 6.2% 
kWh 9,785  1,148  13,355  146,261  

Avg Efficient 
Usage 

% Base Usage 94% 94% 94% 94% 
kWh 156,974  17,530  225,959  2,204,012 

Address Technology First  
Avg Technological 
Waste 

% Base Usage 6% 6% 5% 6% 
kWh 9,387  1,111  12,810  140,202  

Avg Behavioral 
Waste 

% Base Usage 0% 0% 0% 0% 
kWh 398  37  545  6,121  

Address Behavior First  
Avg Behavioral 
Waste 

% Base Usage 0% 0% 0% 0% 
kWh 428  40  584  6,620  

Avg 
Technological 
Waste 

% Base Usage 6% 6% 5% 6% 

kWh 9,357  1,108  12,771  139,549  

Source: Usage and waste analysis 

Variable Frequency Drives 
As presented in Figure 10-7, one-third of both commercial and industrial customers’ motors 
are able to use VFDs. However, because industrial customers install VFDs on a greater share 
of eligible motors (10% compared to 4%) a greater share of overall motors in the industrial 
sector has VFDs. Because of the design and applications of DC brushless and stepper 
motors, installation of VFDs in these motors provides no energy savings.   
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Figure 10-7. Penetration and Use of Variable Frequency Drives  

 
Source: Phone survey and site visits 

 

Behavior Changes 
Eighty-one percent of customers in the commercial sector and 69% of customers in the 
industrial sector perform regular tune-ups on their motors. Customers typically perform this 
maintenance at least annually. 

Nearly all customers (94% of commercial customers and 91% of industrial customers) do 
not have a policy to maintain or improve efficiency standards for motors through purchasing 
or rewinding.  
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11. OFFICE EQUIPMENT 

Summary 
Figure 11-1 presents the penetration and saturation of office equipment among commercial 
customers in ComEd’s service territory. Computers and imaging equipment (i.e., printers, 
scanners, copy machines, and multi-function devices) are the most commonly found types of 
energy using office equipment, with 92% of commercial customers using these types of 
equipment. Similar level of penetration for computers and for imaging equipment are to be 
expected, as these equipment types are complementary. 

Nearly all customers with computers have at least some desktop computers and a lesser 
share of these customers have laptop computers. On average, ComEd customers in the 
commercial sector have 7.9 desktops and 2.4 laptops. While this may seem low, it reflects 
an average of about one computer per employee. Roughly half of commercial businesses 
have servers (53%), 32% have televisions, and 12% have retail registers. 

Figure 11-1. Penetration and Saturation of Office Equipment among Commercial Customers 

 

 
Source: Phone survey and site visits 
*Imaging equipment includes printers, scanners, copy machines, and multi-function devices 

Figure 11-2 presents the penetration and saturation of office equipment among industrial 
customers in ComEd’s service territory. As shown, 95% of industrial customers have 
computers in their business. Similar to commercial customers, nearly all businesses with 
computers have at least some desktop computers (92% of all industrial customers), but less 
than half (43% of all industrial customers) have laptop computers. Compared to commercial 
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customers, businesses in the industrial sector have fewer computers on average, but the 
ratio of desktops to laptops is higher (6.2 desktops and 0.9 laptops).  

Almost all (94%) businesses in the industrial sector have imaging equipment and with an 
average of 6.2 of this type of equipment. Less than half of commercial businesses have 
servers, televisions, and retail registers. 

Figure 11-2. Penetration and Saturation of Office Equipment among Industrial Customers 

 
Source: Phone survey and site visits 
*Imaging equipment includes printers, scanners, copy machines, and multi-function devices 

 

Table 11-1 presents a summary of the penetration of saturation of computers among 
commercial and industrial customers in ComEd’s service territory. Table 11-2 summarizes 
this information for other office equipment, including imaging equipment (printers, scanners, 
copy machines, and multi-function devices), televisions, and retail registers. 
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Table 11-1. Summary of Computer Penetration and Saturation by Commercial Segment and Industrial Rate Class 

Computers 
   Total 

Total 
Comm-
ercial 

Commercial Segment 
Total 

Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

No. of Identifiable 
ComEd Customers  300,230 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 15,675 12,377 2,282 1,016 

Overall Computers 

Have Computers in 
Business 92% 92% 98% 95% 92% * 95% * 98% 96% 84% 95% 95% 98% * 

Mean Number of 
Computers per Business 10.1 10.2 13.9 8.6 4.6 * 9.4 * 86.3 8.5 5.0 7.1 5.0 16.1 * 

Mean Number of 
Computers per Employee 0.9 0.9 1.2 0.9 0.7 * 0.8 * 1.6 * 0.6 0.6 0.7 0.3 * 

Percentage of 
Computers 
 that are ENERGY STAR 

76% 77% - - - - - * - - - 58% - - - 

Mean Age of Computers 
is 0-5 Years  76% 76% 79% 83% 67% * 84% * 72% 76% 68% 78% 77% 80% * 

Percentage of 
Computers 
 with Additional Monitor 

22% 23% 34% 13% 9% * 18% * 4% * 22% 9% 7% 16% * 

Desktops 

Have Desktops in 
Business 89% 89% 96% 94% 87% * 93% * 94% 96% 82% 92% 91% 96% 99% 

Mean Number of 
Desktops 7.8 7.9 10.3 7.1 3.8 * 7.9 * 52.9 * 4.1 6.2 4.2 14.4 21.8 

Percentage of Desktops  
that are ENERGY STAR 76% 77% - - - - - - - - - 57% - - - 

Laptops 

Have Laptops in 
Business 54% 55% 68% 56% 41% * 54% * 73% 52% 47% 43% 40% 54% 82% 

Mean Number of 
Laptops 2.3 2.4 3.6 1.4 0.7 * 1.5 * 33.4 * 0.9 0.9 0.6 1.7 3.4 

Percentage of Laptops  
that are ENERGY STAR 84% 85% - - - - - - - - - 72% - - - 

* Denotes fewer than 30 observations.
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Table 11-2. Summary of Other Office Equipment Penetration and Saturation by Commercial Segment and Industrial Rate Class 

Other Office Equipment  Total 
 Total 
Comm-
ercial 

Commercial Segment 
  
Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other  <100 

kW 
100-
400 kW 

>400 
kW 

No. of Identifiable 
ComEd Customers  300,230 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 15,675 12,377 2,282 1,016 

Imaging Equipmenta 

Have Imaging Equipment 
in Business 92% 92% 98% 97% 88% * 95% * 96% 88% 86% 94% 93% 100% * 

Mean No. of Imaging 
Equipment per Business 4.2 4.1 4.8 4.3 2.6 * 4.3 * 22.0 * 2.8 4.8 3.9 9.3 * 

Percentage of Imaging 
Equipment that is 
ENERGY STAR 

61% 63% - - - - - - - - - 42% - - - 

Mean Age of Imaging 
Equipment is 0-5 Years 69% 69% 70% 75% 71% * 73% * 66% * 64% 66% 66% 70% * 

Televisions 

Have Televisions in 
Business 31% 32% 29% 37% 30% * 22% * 36% 65% 38% 21% 18% 29% * 

Mean Number of 
Televisions per Business 3.3 3.4 2.2 4.1 1.6 * 1.5 * 20.3 * 2.1 1.2 1.1 1.6 * 

Percentage of 
Televisions that are 
ENERGY STAR 

57% 58% - - - - - - - - - * - - - 

Retail Registers 

Have Retail Registers in 
Business 11% 12% 2% 1% 45% * 3% * 9% 16% 11% 4% 5% 2% * 

Mean Number of 
Registers per Business 0.7 0.7 - - - - - - - - - 0.0 - - - 

Mean Number of 
Registers per Employee 0.1 0.1 - - - - - - - - - 0.0 - - - 

Servers 

Have Servers in 
Business  29% 30% 39% 31% 28% * 31% * 35% * 21% 21% 16% 61% * 

Percentage of Servers 
with Their Own Cooling 29% 29% 34% 13% 20% * 23% * 47% * 33% - - - - 

a Imaging Equipment includes stand-alone printers, stand-alone copy machines, stand-alone scanners, and multi-function devices. 
* Denotes fewer than 30 observations.
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Usage and waste analysis 

Commercial Sector 
Figure 11-3 shows the contribution of office equipment to overall commercial electricity 
usage (illustrated in the pie chart on the left) and the breakout of office equipment usage 
into efficient usage, technological waste, behavioral waste, and “shared waste” (shown in 
the pie chart on the right). Shared waste refers to the portion of waste that can be 
addressed by either technology upgrades or behavior changes, depending on which is 
addressed first. The figure shows office equipment accounts for 10% of overall electricity 
use in the commercial sector. Efficient usage of office equipment accounts for 42% of total 
base electricity use for office equipment. If technologies are addressed first, 42% of usage 
can be saved by upgrading to newer, more efficient equipment. If behavior is addressed 
first, 24% can be saved implementing energy-saving behaviors, such as turning off 
equipment outside of business hours or setting monitors to power saving mode when idle 
instead of leaving them on or using screensavers. 

Figure 11-3: Usage and Waste Analysis for the Commercial Sector – All Office Equipment 

 
Source: Usage and waste analysis 

Figure 11-4 shows the average annual energy usage and savings potential associated with 
office equipment for the commercial sector. The figure shows estimated usage and 
technological and behavioral savings when addressing technological waste first or 
behavioral waste first. 

Lighting
31%

Cooling
15%

Ventilation
9%

Motors, Fans, Pumps
7%

Refrigeration
6%

Non-Process Water Heating
0.4%

All Other
22%

Shared Waste
7%

Technology Waste
35%

Behavioral 
Waste
16%

Efficient Usage
42%

Data Center &  
Office Equipment

10%

ICC Case No. 13-0550 
Direct Testimony of Geoffrey Crandall 
ELPC Exhibit 1.3 
Page 248 of 263



Office Equipment  

Page 121 
opiniondynamics.com 

Figure 11-4: Technological and Behavioral Potential for the Commercial Sector – All Office 
Equipment  

 
Source: Usage and waste analysis 
 

Table 11-3 shows the average annual energy usage and savings potential associated with 
office equipment for the commercial sector by segment. The table shows estimated usage 
and savings when addressing technological waste, behavioral waste, and both. Note that the 
data we provide in the figures and tables shows the percentage of equipment (or end use) 
usage and waste among all customers in the sector or sub-sector, including those who may 
not have the equipment. 
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Table 11-3. Technological and Behavioral Potential by Commercial Segment – All Office 
Equipment 

  
  

Comm. 
Total Office 

Hosp / 
Health 

Svc Retail Food Svc 
Ware-
house 

Groc / 
Conv Education Lodging 

Other 
Comm. 

Number of Identifiable 
Customers 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 

Average Annual kWh 140,949 112,914 127,846 118,829 134,946 228,249 378,347 459,606 974,624 105,648 
Sample (n) 608 153 81 75 24 116 24 48 30 57 
Percentage That Have 
Equipment 92% 98% 97% 88% 88% 95% 86% 96% 88% 86% 

Usage & Waste Summary  

Avg Base 
Usage 

% Annual 
kWh 10% 21% 12%+ 4% 2% 5% 1%+ 6% 5% 5% 
kWh 13,778 23,410 15,101 4,882 2,917 11,316 4,522 28,565 49,261 4,855 

Avg Total 
Waste 

% Base 
Usage 58% 56% 63% 63% 57% 65% 64% 58% 73% 63% 
kWh 8,041 13,165 9,456 3,069 1,660 7,405 2,914 16,607 35,846 3,045 

Avg Efficient 
Usage 

% Base 
Usage 42% 44% 37% 37% 43% 35% 36% 42% 27% 37% 
kWh 5,736 10,244 5,644 1,813 1,256 3,910 1,608 11,957 13,415 1,810 

Address Technology First  
Avg 
Technological 
Waste 

% Base 
Usage 42% 40% 46% 48% 44% 45% 54% 43% 61% 50% 
kWh 5,768 9,264 6,899 2,344 1,279 5,072 2,424 12,298 30,037 2,446 

Avg Behavioral 
Waste 

% Base 
Usage 16% 17% 17% 15% 13% 21% 11% 15% 12% 12% 
kWh 2,273 3,902 2,557 725 381 2,333 491 4,309 5,810 599 

Address Behavior First  

Avg Behavioral 
Waste 

% Base 
Usage 24% 24% 23% 24% 17% 27% 22% 18% 23% 17% 
kWh 3,239 5,657 3,509 1,158 500 3,065 974 5,259 11,406 806 

Avg 
Technological 
Waste 

% Base 
Usage 35% 32% 39% 39% 40% 38% 43% 40% 50% 46% 
kWh 4,803 7,508 5,948 1,911 1,160 4,340 1,940 11,348 24,440 2,239 

Source: Usage and waste analysis 
+ At least 1 type of equipment within end use defaults to sector average due to low sample size 

Industrial Sector 
Figure 11-5 shows the average annual energy usage and savings potential associated with 
office equipment for ComEd customers in the industrial sector. For this sector, efficient 
usage accounts for 42% of total base electricity use on office equipment. Addressing 
technology first results in savings of 39% of usage, while addressing behaviors first saves 
23%.  
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Figure 11-5: Usage and Waste Analysis for the Industrial Sector – All Office Equipment 

 
Source: Usage and waste analysis 

Figure 11-6 shows the average annual energy usage and savings potential associated with 
all office equipment for the industrial sector. The figure shows estimated usage and 
technological and behavioral savings when addressing technological waste first or 
behavioral waste first. 
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Figure 11-6: Technological and Behavioral Potential for the Industrial Sector– All Office 
Equipment 

 
Source: Usage and waste analysis 

Table 11-4 shows the average annual energy usage and savings potential associated with 
office equipment for the industrial sector by rate class. The table shows estimated usage 
and savings when addressing technological waste, behavioral waste, and both.  
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Table 11-4. Technological and Behavioral Potential by Industrial Rate Class – Overall Office 
Equipment 

  
  

Industrial 
Total 

Less than 
100 kW 

100-400 
kW 

Greater 
than 400 

kW 
Number of Identifiable 
Customers 15,675 12,377 2,282 1,016 
Average Annual kWh 444,425 50,339 568,641 4,966,218 
Sample (n) 233 156 56 21 
Percentage That Have 
Equipment 95% 95% 98% 99% 

Usage & Waste Summary  

Avg Base Usage 
% Annual 
kWh 3% 9% 3%+ 2%+ 
kWh 12,028 4,714 19,611 87,889 

Avg Total Waste % Base Usage 58% 53% 62% 58% 
kWh 7,017 2,506 12,071 50,859 

Avg Efficient 
Usage 

% Base Usage 42% 47% 38% 42% 
kWh 5,011 2,208 7,540 37,030 

Address Technology First  
Avg Technological 
Waste 

% Base Usage 39% 36% 43% 45% 
kWh 4,750 1,721 8,413 39,741 

Avg Behavioral 
Waste 

% Base Usage 19% 17% 19% 13% 
kWh 2,267 785 3,658 11,118 

Address Behavior First  
Avg Behavioral 
Waste 

% Base Usage 23% 20% 26% 12% 
kWh 2,820 919 5,154 10,396 

Avg 
Technological 
Waste 

% Base Usage 35% 34% 35% 46% 

kWh 4,197 1,587 6,917 40,464 
Source: Usage and waste analysis 
+ At least 1 type of equipment within end use defaults to sector average  
due to low sample size 
* Denotes fewer than 10 observations 

Computers 
As shown in Table 11-1, penetration of computers is 90% or higher among several 
commercial customers segments, including office buildings, hospitals/health services, retail, 
warehouse, education, and lodging/hospitality. Penetration among industrial customers is 
above 90% for all rate classes.  

Figure 11-7 shows that companies in commercial segments turn off a greater share of 
computers outside of business hours than those in industrial segments (60% and 44%, 
respectively). Conversely, companies in industrial facilities leave a larger share of their 
computers in standby/idle mode.  

ICC Case No. 13-0550 
Direct Testimony of Geoffrey Crandall 
ELPC Exhibit 1.3 
Page 253 of 263



Office Equipment  

Page 126 
opiniondynamics.com 

Figure 11-7. Mode of Computers Outside Business Hours  

 
  Source: Phone survey and site visits 

 

When not in use, slightly more than half (52%) of computer monitors used in commercial 
segments stay on or use a screensaver. The remaining 48% of go into power saving mode 
(“go black”) when idle. ComEd customers in industrial segments use  similar settings: 58% 
of computers go into power saving mode when idle and 42% remain on or use a 
screensaver. 

Figure 11-8. Mode of Computer Monitor When Not in Use 

 
Source: Phone survey and site visits  

Nearly all monitors (including both primary and secondary monitors) used by ComEd 
customers in the commercial and industrial sectors are flat screen or laptop monitors, with 
CRT monitors accounting for only a small share. However, as shown in Figure 11-9, CRT 
monitors are more common in industrial segments than in commercial segments. 
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Figure 11-9. Type of Monitor (Including Secondary Monitors) 

 
Source: Phone survey and waste  

Usage and waste analysis 

Computer power consumption depends on several technological and behavioral factors. For 
computers, the energy use depends upon: 

 Number of monitors used, 

 Active power consumption of the primary and secondary monitors (determined by ENERGY 
STAR rating, if the monitor is CRT or flat screen, and the monitor size),  

 Inactive power consumption of monitors (i.e., whether monitors switch to power saver mode, 
remain on, or uses a screensaver when idle),  

 Number of hours of use and number of hours in inactive mode,  

 Active/idle power consumption of the computer (a function of age and ENERGY STAR rating), 
and 

 Inactive power consumption of the computer (whether turned off, left on, or left on 
standby/idle mode outside of business hours).  

We define technological waste for both desktop computers and laptops as the difference 
between the usage of the current unit and the usage of a new ENERGY STAR laptop. 
Technologically efficient power consumption also assumes that inefficient monitors are 
replaced with new ENERGY STAR flat screen monitors of unknown size. 

Behavioral waste for desktop and laptop computers is based on: 

 Monitors and laptops that are left on or use a screensaver when idle instead of being turned 
off or switching to a power saver mode, 

 Computers left on or on standby/idle outside of business hours instead of being powered 
down.  
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Imaging Equipment 
Imaging equipment includes stand-alone printers, stand-alone scanners, stand-alone copy 
machines, and multi-function devices. Not surprisingly, the penetration of these devices 
mirrors that of computers, with 92% of commercial customers and 94% of industrial 
customers having imaging equipment. 

Figure 11-10 shows that more than half of the imaging equipment units are left in 
standby/idle mode outside business hours in both commercial and industrial businesses. 
Forty percent of industrial units are shut off outside of business hours, compared to only 
29% of those in commercial businesses.  A greater share of imaging equipment units are left 
on outside of business hours in businesses in the industrial sector than in commercial 
businesses (8% vs. 4%). 

Figure 11-10. Mode of Imaging Equipment Outside Business Hours 

 
Source: Telephone survey and site visits 

 

Usage and waste analysis 

The amount of electricity used by imaging equipment is determined by the power draw (a 
function of its ENERGY STAR rating and time in on and off states and in standby/sleep 
mode).  

Technological waste for imaging equipment is defined as the difference between the usage 
of a baseline unit and the usage of an ENERGY STAR equivalent. Because imaging devices 
are typically used infrequently, but still draw power, behavioral waste is associated with the 
amount of time that units are turned on and not off or in standby mode. The large majority of 
units have a standby mode that will automatically put the equipment on standby after a set 
period of time even if the equipment is left on. Behavior-related savings can be realized by 
adjusting the power management settings and programming optimal sleep modes. 
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Servers 
Thirty percent of commercial customers and 21% of industrial customers have servers in 
their businesses. Twenty nine percent of servers in both the commercial and industrial 
sectors have their own cooling.  

Many factors influence how much energy a server consumes, including server hardware, 
server software, percentage of CPU utilization, input/output virtualization20, the amount of 
storage access a given workload requires, and the cooling needs of the equipment. The 
technical appendix describes our approach to estimating server capacity, power 
consumption, and server-related cooling consumption for each facility. Please note that the 
server kWh values reported in this section include the incremental cooling requirements 
they impose. 

Technological improvements such as the installation of more efficient servers and computer 
room air conditioning (CRAC) cooling equipment upgrades can achieve energy savings. 
Behavioral efficiency, such as virtualization (i.e., consolidation) and power management 
improvements, can also reduce energy consumption. The technical appendix describes how 
energy savings accruing from each technological or behavioral savings approach were 
calculated. 

Other Office Equipment 

We collected data on televisions (TVs) and point-of-sale equipment (retail registers) during 
phone surveys and on-site visits, and estimated energy usage and waste for each type of 
equipment. Average energy usage and waste for both TVs and retail registers are included 
under the “All Office Equipment” usage and waste totals in Figure 11-4 and Figure 11-6. 
However, because these equipment types contribute a very small proportion of total 
electricity use to ComEd commercial and industrial energy use, detailed statistics for this 
equipment are not provided in this summary report. The technical appendix describes our 
approach to estimating power draw when on and off, hours in active versus inactive states, 
technological and behavioral savings potential for TVs and retail registers. 

                                                 
20 Input/output (I/O) virtualization is a methodology to simplify management, lower costs and improve 
performance of servers in an enterprise environment. 
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12. OTHER ELECTRIC EQUIPMENT 

Summary 
We recorded the presence of other electric equipment not included in the major end uses 
covered earlier. Figure 12-1 presents the penetration of these types of electric equipment 
among commercial customers in ComEd’s service territory. Non-process electric water 
heating, compressed air systems, and electric cooking and food service equipment were the 
most common equipment, found in 30%, 24%, and 18% of businesses, respectively. 

Figure 12-1. Penetration and Saturation of Other Electric Equipment among Commercial 
Customers 

 
Source: Phone survey and site visits 

Figure 12-2 presents the penetration and saturation of other electric equipment among 
industrial customers in ComEd’s service territory. Seventy-nine percent of businesses in the 
industrial sector have compressed air systems. The next two most common types of other 
electric equipment are electric water heaters and electric space heaters (both used in non-
industrial applications). 
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Figure 12-2. Penetration of Other Electric Equipment among Industrial Customers 

 
Source: Phone survey and site visits 

 

Table 12-1 shows the penetration of other electric equipment for commercial and industrial 
sectors by segment and rate class, respectively. 
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Table 12-1. Summary of Other Electric Equipment Penetration by Commercial Segment and Industrial Rate Class Group 

Other Electric Equipment 

  
 Total 

Total 
Comm-
ercial 

Commercial Segment 

Total 
Industrial 

Industrial Rate Class 

Office 
Hosp/ 
Health 
Svc 

Retail Food 
Svc 

Ware-
house 

Groc/ 
Conv Education Lodging  Other <100 

kW 
100-
400 kW 

>400 
kW 

No. of ComEd 
Identifiable Customers   300,230 168,012 49,531 17,344 21,968 15,184 8,817 4,664 3,136 1,138 46,230 15,675 12,377 2,282 1,016 

Have Electric Water 
Heating in Business 30% 30% 27% 17% 32% 30% 39% 28% 30% 17% 34% 33% 32% 34% 42% 

Have Compressed Air in 
Business 28% 24% 6% 19% 19% 14% 28% 12% 19% 20% 58% 79% 75% 99% 96% 

Have Electric Cooking 
and Food Service 
Equipment in Business 

17% 18% 20% 21% 6% 50% 14% 26% 26% 33% 11% 13% 12% 18% 13% 

Have Electric Heat for 
Industrial Processes in 
Business 

8% 6% 5% 10% 7% 14% 3% 6% 10% * 4% 19% 14% 34% 48% 

Have Electric Space 
Heating in Business  6% 6% 5% 5% 5% 5% 5% 8% 7% 13% 7% 6% 6% 8% 8% 

Have Electric Water 
Heating for Industrial 
Processes in Business 

2% 0% * * * * * * * * * 7% 5% 11% 16% 

Have Fork Lifts in 
Business 1% 1% 0% 0% 2% 0% 6% 0% 0% 0% 1% 2% 2% 4% 0% 

Have Printing Presses in 
Business 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 6% 6% 5% 3% 

* Denotes fewer than 30 observations. 
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APPENDIX 1: USAGE AND WASTE ALGORITHMS 

BY END USE 

Appendices are provided in a separate volume. 
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APPENDIX 2: DETAILED PENETRATION AND 

SATURATION DATA 

Appendices are provided in a separate volume. 
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APPENDIX 3: DATA COLLECTION INSTRUMENTS 

Appendices are provided in a separate volume. 
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