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A. INTRODUCTION 
Pursuant to the requirements in 2008 Senate Bill (SB) 221, AEP Ohio developed an 
EE/PDR Action Plan for calendar years 2012 to 2014. This appendix describes the inputs 
and tasks involved in developing the potential estimates for the Plan. 
 
Study Goals and Approach  
 
The overall goals of the EE/PDR potential study are the following:  

• Assess the technical, economic, and achievable potential for the residential, 
commercial and industrial sectors. 

• Develop high-level EE/PDR program plans. 

AEP Ohio undertook the EE/PDR potential study in the following key tasks: 

• Conduct a customer market baseline study using telephone and on-site customer 
surveys to profile AEP Ohio’s residential and non-residential customers. 

• Develop baseline consumption profiles, and develop initial building simulation 
model specifications. 

• Characterize the EE/PDR measures. 

• Conduct an EE benchmarking analysis. 

• Conduct benefit-cost analysis. 

• Estimate EE/PDR potentials. 

This EE/PDR potential study and the supporting tasks are discussed in detail in this 
appendix. 
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Appendix A 2012 to 2031 EE/PDR Potential Study Report Organization 
 
The remainder of AEP Ohio’s Appendix A 2012 to 2031 EE/PDR Potential Study is 
divided into the following sections: 
 

• Section 2: Baseline Consumptions Profiles discusses baseline consumption 
profiles and initial building simulation model specifications for AEP Ohio. 

 
• Section 3: EE/PDR Measure Characterizations provides details on the 

EE/PDR measures and sources for measure statistics.  
 

• Section 4: EE Benchmarking Results presents the results of the EE 
benchmarking study of AEP Ohio’s EE programs and other utilities’ EE programs 
in Ohio and in neighboring states; benchmarking results are used to calibrate the 
potential model. 

 
• Section 5: EE/PDR Measure Cost-effectiveness Analysis presents the cost 

effectiveness analyses. 
 

• Section 6: EE/PDR Potential Methodology and Results presents the 
approach used to conduct the EE/PDR potential analysis and the results of 
different scenarios. 

 
• Section 7: Glossary defines key terms used in the report.     

 
• Appendices: other appendices are provided, including detailed Benchmarking 

results for 2009 and 2010 programs (Appendix B) and EE/PDR Measure 
Descriptions and Characterizations (Appendix C). 

A.1. EE/PDR Measure Characterizations 
After estimating baseline consumption, characterization of EE/PDR measures requires: 
1) determining the list of measures to evaluate, 2) estimating the incremental savings 
from each measure – improving from the baseline to the new technology, and 3) 
determining the incremental costs and lifetimes for each of the new technologies.  

A.1.1. EE/PDR Measure List 
The first step in the EE/PDR measure characterization process is to develop appropriate 
sets of measures for inclusion in this study. The measures selected for analysis are 
based on the experience of Navigant (consultant to AEP Ohio) professionals to balance 
the need for thoroughness in examining the “measure universe” and the need for timely 
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completion of the analysis. The analyzed measures frequently pass various benefit-cost 
(B/C) tests in other areas; are widespread in their potential application, and thus 
garnering a large portion of the EE/PDR potential. Most energy efficiency measures that 
were known not to be cost-effective were pre-screened and eliminated from all 
potential scenarios.   
 
Navigant then developed estimates of energy and demand savings, costs, and lifetimes 
in the residential and non-residential sectors.  
 
The measures and descriptions of the technologies are provided in Appendix C. Three 
different program design options are included.  
 

• Replace on Burnout (ROB) means that an EE/PDR measure is not 
implemented until the existing technology it is replacing fails. An example would 
be an energy efficient clothes washer being purchased after the failure of the 
existing clothes washer. 

• Retrofit means that the EE/PDR measure could be implemented immediately. 
For instance, installing a low flow showerhead is usually implemented before an 
existing showerhead fails. Replacing incandescent lamps may be replaced on 
burnout, but these can be treated as a retrofit because of the relatively short 
lifetime for incandescent bulbs. 

• New Construction means measures that are installed at the time of new 
construction. Baseline technologies may be different in the new construction 
market. 

 
These design options affect the savings estimates and measure costs.  
 
The energy savings of ROB measures is the incremental difference in energy use 
between the efficient measure and standard or code-compliant alternatives.1 The 
incremental measure cost is likewise the difference between a standard code-compliant 
unit and the efficient measure. However, ROB does not include incremental labor cost 
for the delivery and installation of the replace on burnout unit since the customer would 
have borne those costs, regardless, when replacing the failed unit. 
 
New construction measures share many of the same characteristics of ROB, since the 
baseline is code-compliant. If R-30 ceiling insulation is the current code, then the R-38 
measure savings is only the difference between insulating with R-30 versus insulating 
with R-38 insulation. The incremental cost is mostly material cost for thicker blankets 
                                         
1 For example, while an old refrigerator (1500 kWh/year) uses considerably more energy than current 
code-compliant refrigerators (500 kWh), a measure that replaces an old refrigerator on burn-out with an 
ENERGY STAR® refrigerator (425 kWh/year) will result in attributable energy savings of 75 kWh/year.  
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and the incremental labor cost can be as low as $0, since the labor to roll out two R-19 
blankets is roughly the same as rolling out R-11 on top of R-19. 
 
For retrofit measures, the characterization can claim full savings between the existing 
inefficient equipment and the measure, since the customer could have left the baseline 
equipment as-is indefinitely. A typical example of this is adding insulation to existing 
homes. Similarly, the incremental measure cost is the full measure material cost plus 
the full labor cost of installation. 

A.1.2. Energy Savings Estimates 
Navigant used measure-appropriate methods for estimating savings for climate-
dependent measures and for climate-independent measures, such as water heating, 
and appliances. Although lighting use is typically climate independent, Navigant used 
climate dependent methods (primarily hourly computer simulations) for lighting installed 
in conditioned areas because lighting use contributes to cooling loads and supplements 
heating equipment. 

A.1.2.1. Climate-Dependent Measures 
For climate-dependent measures, Navigant used a combination of building simulation 
modeling using the eQUEST model and engineering estimates to estimate EE/PDR 
measure per unit savings. Navigant first developed building prototypes based on the 
AEP Ohio customer information and baseline study results.  
 
For the residential sector, Navigant used two prototypes: existing single-family and new 
single-family residences. For these two prototypes, Navigant modeled measures with 
respect to three different heating and cooling configurations: electric resistance with 
central air conditioning (AC), air source heat pump heating and cooling, and gas 
furnace with central AC.  
 
Navigant chose to use four prototype buildings to represent the commercial sector: 
office, retail, schools, and “other commercial”. These four segments include a significant 
portion of the commercial floor area and consumption (see Market Profile) and diverse 
energy end-uses. The office and retail segments were further segmented to investigate 
impacts on small and large facilities.  
 
Navigant simulated measure savings for each market segment with up to four cooling 
and heating configurations: chilled water and boiler heat, direct expansion (DX) cooling 
with electric resistance heat, DX cooling with gas furnace and air-source heat pump. 
The chilled water and boiler configurations were applied only to the simulated large 
facilities. 
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Navigant did not model industrial measures with the eQUEST simulation tool since 
Navigant assume less climate dependence within this sector; thus, engineering 
calculations are sufficient. 
 
With all prototypes, Navigant calibrated the eQUEST simulation for electric use to the 
market profiles developed with AEP Ohio’s data, Ohio weather data; Navigant then 
estimated the EE/PDR measure savings impacts using the building simulation software. 

A.1.2.2. Climate-Independent Measures 
For the climate-independent EE/PDR measures, Navigant used many resources. 
Residential lighting, appliances, hot water, and other measures are evaluated using 
engineering calculations and secondary research. Lighting estimates are primarily based 
on differences in installed lamp wattage and residential usage patterns combined with 
HVAC interactive effects as determined with simulation models. Savings for appliances 
are based on secondary sources such as ENERGY STAR calculators and commercial 
product reports. Domestic hot water usage is estimated with Building American 
Benchmark (BABM) equations based on the number of bedrooms for a given home. 
Savings for each service territory vary based on water mains temperatures estimated 
from American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. 
(ASHRAE) climate data. 

A.1.2.3. Direct Load Control Measures 
The previous two sections describe methods used for conservation and efficiency 
measures. The study also looks at load control measures for demand response. AEP 
Ohio is a summer peaking utility. The summer peak is associated with air conditioning 
loads on hot summer days. Navigant characterized direct load control (DLC) measures 
for devices – primarily residential and small commercial air conditioning in the summer. 
Estimates for costs and savings are based on ex post results from other utilities using a 
50 percent cycling regimen. 

A.1.2.4. EE/PDR Measure Costs and Lifetimes 
For EE/PDR measure costs, Navigant used a variety of sources, primarily the DEER 
database, adjusted by geographic multiplier factors contained in industry sources, such 
as the RS Means Mechanical Cost Data. Measures can either be installed as retrofits or 
RO). In the former, the cost includes labor and material costs. In the latter, the 
measure costs generally exclude labor costs since those would still be incurred in the 
event of replacement with non-qualifying equipment. Some measures are strictly ROB 
applications. 
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For EE/PDR measure lifetimes, a combination of resources was used, including 
manufacturer data, typical economic depreciation assumptions, the DEER database, and 
various studies reviewed for this project. 
 
Results of the EE/PDR measure characterizations are presented in Appendix C with the 
measure descriptions. 

A.2. Baseline Consumption Profiles  
This section describes the development of baseline market profiles and baseline 
technology profiles.  

A.2.1. Baseline Market Profiles 
Navigant developed profiles for each sector — residential, commercial and industrial — 
for the AEP Ohio service territory. Key data sources included: 
 

• 2010 Baseline study survey data for residential, commercial, and industrial 
sectors. 

• 2009 Commercial and Industrial electricity sales data provided by AEP Ohio. 
• Utility-level electricity sales data by sector from Form EIA-861, 2009 Annual 

Electric Power Industry Report, file 2. 
http://www.eia.gov/cneaf/electricity/page/eia861.html.  

• 2007 Buildings Energy Data Book, U.S. Department of Energy’s Office of 
Energy Efficiency and Renewable Energy. 
http://buildingsdatabook.eere.energy.gov/. 

• 2005 Residential Energy Consumption Survey (RECS), Energy Information 
Administration. 
http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/detailed_tables2
005.html East North Central2 census division. 

• 2003 Commercial Buildings Energy Consumption Survey (CBECS), by census 
division produced by the Energy Information Agency (EIA), US Department of 
Energy (US-DoE), http://www.eia.doe.gov/emeu/cbecs/  East North Central1 
census division. 

• 2006 Manufacturing Energy Consumption Survey (MECS), by census region 
produced by the Energy Information Agency (EIA), US Department of Energy 
(US-DoE), http://www.eia.gov/emeu/mecs/mecs2006/2006tables.html 
Midwest Census Region.3 

                                         
2 Includes the states of WI, IL, IN, OH and MI. 
3 Includes the states of WI, IL, IN, OH, MI, ND, SD, NE, KS, MO, IA and MN. 
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• 2008 Building America Benchmark (BABM). 
http://apps1.eere.energy.gov/buildings/publications/pdfs/building_america/42
662.pdf.  

 
The methodology used started with sales and customer count data from AEP Ohio. The 
sales data were cross-verified and adjusted with 2009 EIA reported data. The following 
table and figures are based on AEP Ohio sales data for 2009.  

Table 1. AEP-Ohio Market Profile – Electricity (2009) 
Market Sector Sales MWh Customers kWh per Customer 
Residential 14,642 1,274,824 11,486 
Commercial  14,208 173,451 81,913 
Industrial 16,612 10,616 1,564,813 
Total Billed 45,462 1,458,891  

Source: 2009 Annual Electric Power Industry Report, US-DOE, EIA 

Figure 1. AEP-Ohio Market Profile – Electricity 

  
 

A.2.1.1. Residential Sector Market Profile 
The residential sector market profile is built up out of four major sources. AEP Ohio 
total consumption and customer number data for 2009 were used for baseline annual 
electricity consumption. Combined AEP Ohio monthly residential load data for 2007 and 
2008 was used to generate the monthly electricity consumption profile. The 2010 AEP 
Ohio residential baseline study survey data was used for technology saturation data. 
The 2008 Building America Benchmark (BABM) and a California lighting survey were 
used for generating annual end use estimates and seasonal electricity consumption 
profiles.  

Residential
32%

Commercial
31%

Industrial
37%

Exhibit B, (Volume 2) 
Page 14 of 218



  

 2012 to 2014 EE/PDR Plan-Appendices A-8 

 

 
Residential Electricity Market Profile 
The derivation of the residential electricity market profile relied on monthly consumption 
data and benchmark monthly profiles of end-uses to derive annual electricity 
consumption for seasonal and non-seasonal uses. The starting point in this exercise was 
the AEP Ohio system-level residential electricity consumption by month for 2007-2008. 
The household total electricity consumption by month was calculated from this data. 
There are four seasonal end uses that were tabulated (heating, cooling, hot water, and 
lighting) in addition to the non-seasonal end uses (includes appliances, plug loads, and 
other).  
 
Hot Water. Seasonal hot water end use was calculated using the hot water end use 
profiles from the 2008 Building America Benchmark (BABM) multiplied by the 
saturations of the various hot water end uses. Monthly electricity consumption for 
homes with electric domestic hot water was then calculated using seasonally-adjusted 
mains water temperatures. This monthly domestic hot water electricity profile was then 
multiplied by the electric domestic hot water saturation to derive the average household 
monthly domestic hot water electricity profile.  
 
Lighting. Annual lighting consumption per household was estimated using the BABM. 
Lighting use increases during the winter months when there is less daylight. The 
seasonal lighting variation profile was derived from a recent California CFL monitoring 
study, with an addition to December for holiday lighting. The average household 
monthly lighting electricity consumption was calculated by multiplying the profile by the 
annual lighting consumption estimate.  
 
Non-Seasonal End uses (Appliances, Plug Loads, Other). After subtracting the 
hot water and lighting end uses from the annual household electricity consumption 
profile, the remaining profile has two local minima, one in the spring and one in the fall. 
It was assumed that during the minimum consumption month (April), heating and 
cooling each make up 5 percent of the total electricity consumed for that month. The 
base, non-seasonal monthly electricity consumption was then calculated as the total 
consumption for April minus the seasonal end uses for April. This includes all 
appliances, plug loads, and other non-seasonal end uses.  
 
Heating and Cooling. Navigant’s experience has shown that heating and cooling 
energy make up 10 percent of total electricity consumption in typical homes in the 
minimum consumption month. After assuming that the minimum consumption month 
included 5 percent heating and 5 percent cooling, the monthly heating and cooling 
electricity was calculated by subtracting the hot water, lighting, and base end uses from 
the total for each month. For May to September, all of the heating and cooling 
electricity is assumed to be cooling. For November to March, all of the heating and 
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cooling electricity is assumed to be heating. For the last month, October, it is assumed 
that half the heating and cooling electricity is used for cooling and half is used for 
heating. The annual heating and cooling end uses were then calculated by summing the 
monthly heating and cooling end uses.  
 
The resulting annual end-use profiles are shown in the following figures and table. 

Figure 2. Residential Monthly Electricity End use Breakdown 

 
 

The saturation rates of electric end uses among electricity customers are indicated in 
the table below. These reflect the saturation rate of an end use among only AEP Ohio 
residential electricity customer households (HH below). The intensity of each electric 
end use was calculated by multiplying the Unit Energy Consumption (UEC) for each end 
use by the saturation rates among AEP Ohio residential electricity customers. 
Ultimately, this gives the amount of electricity sold by AEP Ohio that is used for a given 
end use.   
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Table 2. Residential Market Profile – Electricity 

End use 
Saturation  

(% of  electric 
customer HH) 

UECs  
(kWh/SQFT)

Intensity 
(kWh/SQFT) 

AEP Ohio 
Sales 

(MWh) 
Lighting 100% 1.25 1.25 2,862 

Appliances/Plug 
Loads 100% 2.36 2.36 5,409 

Hot Water 44% 2.12 0.93 2,138 

Heating 31% 3.53 1.09 2,511 

Cooling 93% 0.79 0.73 1,686 

Total  10.04 6.73 14,606 

 

Figure 3. Residential Market Profile – Electricity 

 
 

A.2.1.2. Commercial and Industrial Sector Market 
Profiles 

Commercial and Industrial sector profiles were built starting with segment-level sales 
data provided by AEP Ohio.  The data were generated by AEP Ohio to facilitate 
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sampling for the baseline study, and therefore do not present a census of the customer 
base. The data represent 37% of all commercial customers, but almost 79% of all 
commercial sales when compared to 2009 EIA data. Likewise, the data represent 54% 
of industrial customers and 59% of industrial sales. Navigant assumed the rest of the 
commercial and industrial sectors are represented proportionally to the data provided.  
 
For the commercial sector, the AEP Ohio and EIA sales data were used with the 2007 
Buildings Energy Data Book (BEDB). This resource is national in scope and does not 
differentiate for climate and facility size data that are specific to the AEP Ohio service 
territory. The BEDB is very useful for parsing out climate independent electricity loads 
at the segment level. The Energy Consumption Surveys (ECSs) for each sector are more 
specific to the AEP Ohio region. Differences between BEDB and ECSs were attributed to 
climate with a greater emphasis on heating for the AEP Ohio service territory. These 
two resources effectively generate the Unit Energy Consumption (UEC) for each end 
use. Commercial “sales by end use” are directly derived from the energy intensity 
estimates from BEDB and CBECS and sales data from AEP Ohio. 
 
Secondary resources for manufacturing market shares are much less regionally specific. 
The 2006 Manufacturing Energy Consumption Survey (MECS) publishes census region 
data at a highly aggregated level and manufacturing segment data on a national level. 
However, the consumption data are broken out into useful end-use bins. By combining 
the MECS breakouts with the industrial segment sales data for AEP Ohio, we were able 
to produce good resolution of consumption by end-use for the entire AEP Ohio 
industrial sector.   
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The table below shows the share of electricity consumed by the commercial sector 
broken out by nine segments. Offices, Educational facilities, Retail and Health facilities 
together comprise 75% of commercial sales. 

Table 3. Commercial Sector Breakout – Electricity 

End use AEP Ohio Sales Share AEP Ohio Sales 
(MWh) 

Offices 33% 4,636,097 
Education 17% 2,461,545 
Retail Trade 15% 2,192,597 
Health 11% 1,564,090 
Restaurants 8% 1,095,003 
Grocery Stores 6% 864,759 
Other 6% 897,238 
Hotels/Motels 3% 392,314 
Entertainment 1% 104,357 

Total 100% 14,207,800 

 

Figure 4. Commercial Sector Breakout - Electricity 
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Table 4. Commercial Market Profile – Electricity 

End use Share  
(% of sq.ft.)

UECs  
(kWh/sq.ft.)

Intensity 
(kWh/sq.ft.) 

AEP Ohio 
Sales 

(GWh) 
Space Heating 13% 8.9 1.1 824.4 

Space Cooling 57% 3.6 2.1 1,493.4 

Ventilation 100% 1.2 1.2 860.3 

Water Heat 35% 4.1 1.5 1,041.9 

Lighting 100% 8.0 8.0 5,733.8 

Cooking 25% 1.9 0.5 352.8 

Refrigeration 33% 2.9 0.9 681.4 

Office/Plug 
Equipment 84% 2.4 2.0 1,424.0 

Other Uses 100% 2.5 2.5 1,795.8 

Total   19.8 14,208 
 

Figure 5. Commercial Market Profile - Electricity 
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AEP Ohio provided customer consumption data for over 54% of industrial customers. 
Navigant aggregated the usage by industry type based on 2-digit SIC codes into 17 
market segments shown below. The sector is dominated by Primary Metals with more 
than 28% followed by Refining and Rubber (15%) and Chemicals (13%). These three 
segments account for providing over one-half of industrial sales. 

Table 5. Industrial Sector Breakout – Electricity 
End use AEP Ohio Sales Share AEP Ohio Sales (MWh)

Primary Metals & Hvy Mfg 28.3% 4,702,898 

Refining & Rubber 14.9% 2,480,554 

Chemical & Allied Prod 12.6% 2,094,975 

Light Mfg 12.5% 2,076,558 

Food and Kindred Products 8.4% 1,393,153 

Heavy Const 8.3% 1,386,279 

Transport Mfg 4.7% 785,937 

Paper Mills & Products 3.5% 588,845 

Electronic Mfg 2.7% 452,802 

Wood Products 2.5% 421,811 

Fine Instrumentation 0.9% 148,765 

Mfg Clothing Apparel 0.5% 79,423 

Total 100.0% 16,612,000 
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Figure 6. Industrial Sector Breakout – Electricity 

 
 
On an end-use basis, machine drives dominate the profile with substantial contributions 
from process heating and electrochemical processes. 

Table 6. Industrial Market Profile – Electricity  

End use Midwest Electricity 
Shares 

AEP Ohio Sales 
(GWh) 

Indirect Uses-Boiler Fuel 1.2% 204 

Process Heating 16.5% 2,750 

Process Cooling and 
Refrigeration 6.5% 1,091 

Machine Drive 43.6% 7,278 

Electro-Chemical Processes 10.3% 1,724 

Other Process Use 1.1% 187 

Facility HVAC (g) 9.7% 1,616 

Facility Lighting 7.4% 1,229 

Other Facility Support 2.3% 384 

Onsite Transportation 0.2% 36 

Other Nonprocess Use 0.2% 27 

End Use Not Reported 0.5% 87 

Total 100.0% 16,612 
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Figure 7. Industrial Market Profile – Electricity 

 

A.2.2. Baseline Technology Profiles 
To estimate the potential for energy savings, it is desirable to have a snapshot of the 
appliance and equipment inventory in the area of study, including type of equipment 
and efficiency level. For the residential sector, Navigant conducted and used the results 
of a baseline survey study of AEP Ohio in 2010 for equipment age, saturation data, and 
building characteristics. Other sources, including publicly-available utility studies, 
statewide studies, and research papers, also have some limited information about 
efficiency levels where data were not available by inspection. Navigant used a variety of 
sources, together with our experience and judgment, to develop technology profiles for 
the key end uses presented below.  
 
These sources include: 

• 2010 Baseline study survey data for residential, commercial, and industrial sectors. 

• 2005 Residential Energy Consumption Survey (RECS), Energy Information 
Administration. 
http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/detailed_tables2005.ht
ml. East North Central census division. 

• 2003 Commercial Buildings Energy Consumption Survey (CBECS), by census division 
produced by the Energy Information Agency (EIA), US Department of Energy (US-
DoE), http://www.eia.doe.gov/emeu/cbecs/. East North Central census division. 

Indirect Uses-Boiler Fuel
1%

Process Heating
17%

Process Cooling and 
Refrigeration

7%

Machine Drive
44%

Electro-Chemical 
Processes

10%

Other Process Use
1%

Facility HVAC (g)
10%

Facility Lighting
7%

Other Facility Support
2%

Onsite Transportation
0%

Other Nonprocess Use
0% End Use Not Reported

1%

Exhibit B, (Volume 2) 
Page 23 of 218



  

 2012 to 2014 EE/PDR Plan-Appendices A-17 

 

• 2007 Buildings Energy Data Book, Department of Energy, Energy Efficiency and 
Renewable Energy, September 2007. http://buildingsdatabook.eere.energy.gov/. 

• 2006 Characteristics of New Housing, U.S. Census Bureau. 
http://www.census.gov/const/www/charindex.html. 

 
The estimate of the fraction of inefficient equipment for the residential and non-
residential sectors is based on Navigant’s baseline study for AEP Ohio. These fractions 
are consistent with Navigant observations of commercial equipment in operation 
coupled with average equipment age data detailed in the Buildings Energy Data Book.  

Table 7. Residential Technology Shares 

End use Technology Electric Customer 
Technology Share 

Fraction Not 
Efficient 

Cooling Heat pump 18% 78% 

 Central AC 60% 86% 

 Room AC 15% 64% 

 None 7% 0% 

    

Space heat Heat Pump 18% 97% 

 Electric Furnace 13% 0% 

 Natural Gas 
furnace/Boiler 61% 73% 

 Other Fuel 7% NA 

    

Lighting* Incandescent 56% 100% 

 Compact Fluorescent 
Light (CFL) 26% 0% 

 Halogen 3% 100% 

 Fluorescent 14% 90% 

    

Water Heater Electric 44% 95% 

 Gas/Propane/LPG 55% 90% 

    

Appliances Dishwasher 51% 79% 

 Clothes Washer 87% 77% 

 Electric Clothes Dryer 87% NA 

 Primary Freezer 66% 89% 

 Second Freezer 11% 89% 

 1st Refrigerator 100% 93% 

 2nd Refrigerator 28% 100% 
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Data for saturation of non-residential technology, fuel share, and fraction of inefficient 
equipment were based on Navigant’s baseline study for AEP Ohio.  

Table 8. Non-Residential Technology Shares 

End use Technology 
Electric Customer 
Technology Share Fraction Not Efficient 

Commercial Industrial Commercial Industrial
Space 
heat Heat Pump 37% 0% 36% -- 

 Other Electric 28% 22% 0% 0% 
 Gas Furnace 26% 52% 54% 54% 
 Gas Boiler 4% 5% 97% 96% 
 Other 5% 21%   
      
Cooling Heat Pump 28% <1% 52% 80% 

 

Packaged 
Direct 
Expansion 
(DX) 

69% 88% 52% 80% 

 Chiller 2% 8% 52% 80% 
 Other 1% 4%   
      
Lighting Incandescent 15% 3% 100%  
 Fluorescent 55% 72% 27% 58% 

 
Compact 
Fluorescent 
Light (CFL) 

15% 2% 0% 0% 

 
High Intensity 
Discharge 
(HID) 

7% 23% 29% 43% 

 Halogen 4% <1%   
 LED 3% 1% 0% 0% 

 
The technology share applies only to those customers who have a particular end use. 
Thus, of the portion of commercial floor space that has cooling, 69% employ packaged 
direct expansion (DX) equipment. Inefficient HID lighting only includes mercury vapor 
systems.  
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A.3. EE/PDR Benchmarking Results 
To ensure that the EE/PDR potential estimates that Navigant develop are reasonable 
and appropriate, and to identify the best practices of EE/PDR programs, Navigant 
conducted a benchmarking assessment on other utilities’ EE/PDPR programs, in Ohio 
and in neighboring states, that have relatively new EE/PDR requirements and portfolios 
and available data. To identify common best practices and costs of top performers, the 
analysis compares detailed program results by customer sector of those utilities 
identified as achieving high levels of EE/PDR savings for below-median costs. This 
section presents a high-level summary of the benchmarking. Complete benchmarking 
results are included in Appendix B. 
 
The next section discusses the organizations included in the analysis. 

A.3.1. Organizations Reviewed  
Navigant collected data and information for EE/PDR program results for ten investor-
owned utilities (IOUs) in Ohio and neighboring states (Table 9). The utilities were 
selected as having relatively new EE/PDR requirements, portfolios, and available data. 
Navigant benchmarked EE/PDR programs in 2009 and 2010, as data were available. 

Table 9. Benchmarked Utilities and Agencies 

State Organization 2009 2010 

OH 

AEP X X 
Dayton P&L X X 
First Energy X X 

IL 
Ameren X X 
ComEd X X 

MI 
Consumers Energy X X 
Detroit Edison X X 

PA4 

Allegheny X   
First Energy X   
PECO X   

 

                                         
4 2010 EE/PDR Reports were not available for the PA utilities. They are scheduled to be published in 
November 2011.  
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A.3.2. Benchmarking Methodology 
This section describes the methodology used to collect data and information, analyze 
and compare impacts and costs overall and by customer sector and by program. 
 
The benchmarking data for each organization were prepared as follows: 
Collected reported incremental EE/PDR program results for 2009 and 2010 where 
available: 

• Expenditures  

• Energy savings  

• Peak demand savings 

• Program descriptions  
 
The sources for almost all of the EE/PDR program data were the utilities’ and agencies’ 
annual reports on their 2009 and 2010 EE/PDR programs. 
  
Collected baseline data for 2009 and 2010: 

• Revenues 

• Energy sales 

• Peak demand  
 
The main source for the baseline data was FERC Form 861 and Form 826 from the 
Energy Information Administration’s web site (www.eia.doe.gov).  
 
Categorized reported EE/PDR program results and baseline data by major customer 
sector: 

• Residential  

• Commercial and industrial (C&I)  
 

Normalized incremental results and expenditures overall and for the two major 
customer sectors: 

• Expenditures as a percentage of revenue 

• Energy savings as a percentage of energy sales  

• Peak demand savings as a percentage of peak demand 
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Calculated costs of savings on a first year basis: 

• Divided EE/PDR expenditures by EE/PDR program energy savings, $/kWh, first 
year. 

• Divided EE/PDR expenditures by EE/PDR peak demand savings, $/kW. 

• Identified median of normalized spending, savings, and costs of saving. 

• Identified organizations with above-median savings at median or below-median 
costs of savings. 

• Analyzed EE/PDR portfolios of those organizations at the program level. 
 
The cost of energy savings is calculated on a first year basis. It is not levelized cost of 
lifetime savings, thus not comparable to supply side $/kWh. The cost of first year 
energy savings is used in this benchmarking analysis simply to identify 1) typical costs 
on a first year basis and 2) organizations that achieved high energy savings at first year 
costs below the typical. 
 
Although every effort is made to collect comparable data, given the inherent variation in 
organizations’ evaluation and reporting practices and in their program offerings, the 
results cannot be considered a strictly “apples-to-apples” comparison. For example, not 
every utility offers low income programs. Also, utilities may report estimated savings at 
meter, busbar, or generator; some utilities’ methods for estimating savings may be 
more accurate than other utilities’; only some annual EE/PDR reports included savings 
that were verified; and few distinguish net savings from gross savings. However, 
despite these variations in programming, reporting, and evaluation, the results provide 
calibration targets for EE/PDR potential estimates and identify key programs and results 
for top-performing portfolios.  
 
To mitigate these reporting variations, whenever possible, Navigant collected savings 
that were verified, gross, and at the meter. Table 10 shows these attributes for the 
IOUs’ reported savings data.  
 
Due to wide variation in reporting load management programs among this group (some 
utilities reported cumulative savings rather than annual incremental and some utilities 
included rate discounts in program costs), this benchmarking does not include load 
management programs. 
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Table 10. Savings Attributes5 

 State Organization Savings 
Verified 

EE/PDR GWh  
At Meter or 
Generator 

Net or Gross 

OH 
AEP Yes Meter Gross 

Dayton P&L Yes Meter Gross 
First Energy No Meter Gross 

IL 

Ameren 09 Yes NS6 NS 
Ameren 10 Yes Meter Gross 
ComEd 09 Yes Meter kWh Gross, kW Net 
ComEd 10 Yes Meter Gross 

MI 
Consumers Energy Yes Generator Gross 

Detroit Edison Yes Generator NS 

PA7 
Allegheny 2 of 78 NS Gross 

First Energy NS NS Gross 
PECO Yes Meter Gross 

 
Note that several programs launched after January 2009, thus data for those programs 
represent ramp-up costs and less than 12 months’ effort for 2009. Table 11 shows 
program launch dates.  

Table 11. Utilities’ EE/PDR Program Launch Dates 

State Organization C&I Launch 
Date 

Residential 
Launch Date 

Program 
Calendar 

OH 
 

AEP OH Jun-09  Apr-09  Jan - Dec 
Dayton P&L Apr-09  Feb-09  Jan - Dec 

First Energy OH Partial Year 09  Partial Year 09  Jan - Dec 
IL 
 

Ameren IL Jun-08  Aug-08  June - May 
ComEd IL Jun-08 Jun-08 June - May 

MI 
 

Consumers Energy MI Jul-09 Jul-09 Jan - Dec 
Detroit Edison Jul-09 Aug-09 Jan - Dec 

PA 
 

Allegheny PA Apr-10  Jan-10  June - May 
First Energy PA Jun-10  March-May 2010  June - May 

PECO Mar-10  Oct-09 June – May 

                                         
5 Where possible, Navigant collected savings data that were verified, gross, and at the meter. 
6 NS = not specified 
7 Savings attributes for the PA utilities are only for the 2009 program year as EE/PDR data for the 2010 
program year were not available. 
8 Savings for two of Allegheny’s seven programs were verified. 
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A.3.3. Benchmarking Summary 
Table 12 shows the 2009 and 2010 median results for EE/PDR for all the reviewed 
utilities, as well as AEP Ohio’s 2009 and 2010’s results for EE/PDR spending, savings, 
costs, and energy costs over all customer sectors. 

Table 12. 2009 and 2010 Electricity EE/PDR Results 

  
Spending 
as % of 
Revenue

Energy 
Savings 
as % of 

Sales 

Peak 
Demand 

Savings as 
% of Peak 
Demand 

Retail 
Cost of 
Energy 
$/kWh 

Cost of First 
Year Savings 

$/kWh $/kW

All Region Median 2009 0.4% 0.4% 0.1% $0.09 $0.11 $1,081
AEP Ohio 2009 0.4% 0.6% 0.4% $0.07 $0.05 $412 

 
All Region Median 2010 0.8% 0.7% 0.5% $0.09 $0.11 $478 

AEP Ohio 2010 0.8% 0.7% 0.5% $0.08 $0.09 $709 
(1) Note: Cost of First Year Savings is not comparable to a supply-side investment and is only used to compare 

programs and portfolios at a high level for reasonableness of cost. 

A.3.3.1. All Region Results 
For 2009, the utilities with the largest relative energy savings and below-median costs 
achieved energy savings at about 0.6 percent of annual sales. The utilities with the 
largest relative peak demand savings and below-median costs saved about 0.4 percent 
of peak demand. AEP Ohio saved more than the median amount of savings from the 
utilities’ benchmarked in 2009, and AEP Ohio’s program costs were lower than the 
median program costs. 
 
For 2010, the utilities with the largest relative energy savings and below-median costs 
achieved energy savings at about 0.9 percent of annual sales. The utilities with the 
largest peak demand savings and below-median costs saved about 0.9 percent of peak 
demand, over twice that for 2009. AEP Ohio saved about the median amount of savings 
of the utilities benchmarked in 2010.  
 
The two scatter plots in Figure 8 below illustrate where each utility falls relative to 
median energy savings and median cost of savings for 2009 (on the left) and 2010 (on 
the right). Energy savings as a percentage of sales is on the horizontal axis; first year 
cost of energy savings is on the vertical axis; and the axes are set at the median values. 
Thus, the utilities in the bottom right quadrant of a scatter plot are the ones that 
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In the residential sector, several utilities achieved above median energy savings as a 
percentage of sales at low costs in 2009: AEP Ohio, ComEd IL, Detroit Edison Co, PECO, 
and Dayton P&L. These utilities achieved most of their energy savings with prescriptive 
incentives, especially lighting, and appliance recycling programs. In 2010, AEP Ohio, 
ComEd IL, Dayton P&L, and Detroit Edison Co also achieved median or above median 
energy savings as a percentage of sales at low costs. Figure 10 below shows where 
each utility falls relative to median energy savings and median cost of savings for 2009 
and 2010. 

Figure 10. 2009 and 2010 Residential Energy Savings as a Percentage 
 of Sales and First Year Costs $/kWh9. 

               
 

A.3.3.2. AEP Ohio 2009 and 2010 EE/PDR Results 
AEP Ohio’s results over all customer sectors put them in the high savings – low cost 
quadrant for 2009 and 2010. AEP Ohio achieved above median energy savings as a 
percentage of sales in 2009 and median energy savings as a percentage of sales in 
2010. AEP Ohio achieved these savings at first year costs below the median (about 
$0.10/kWh) in 2009 and 2010: $0.05/kWh and $0.09/kWh, respectively.  
 
Peak demand savings and costs of savings for AEP Ohio in 2009 are better than typical 
results for the utilities reviewed. AEP Ohio saved 0.4 percent of peak demand, well 
above the median (0.1%) at $412/kW, costs well below the median ($1,081/kW). In 
2010, AEP Ohio’s achieved median peak demand savings (0.5% of peak demand) at 
$709/kW, costs above the median ($478/kW). 
 
AEP Ohio’s sector-level results reflect a similar pattern over 2009 and 2010. 
                                         
9 First Energy (OH) is not included in the 2009 scatter plot as to not skew the scale (0.01%, $2.69/kWh) 
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In the C&I sector, AEP Ohio achieved the highest energy savings as a percentage of 
sales (about 0.7%) of all the utilities in 2009 and 2010, at below median costs. The 
median cost of first year energy savings in 2009 and 2010 is about $0.10/kWh while 
AEP Ohio’s cost of first year energy savings is $0.04/kWh for 2009 and $0.09/kWh for 
2010.  
 
In the residential sector, AEP Ohio’s energy savings as a percentage of sales in 2009 
and 2010 are about 0.7 percent, which is above the median (0.4%) in 2009 and is the 
median (0.7%) in 2010. AEP Ohio achieved costs of first year residential energy savings 
in 2009 and 2010 (about $0.08/kWh) that are below the median in 2009 and 2010 
median (about $0.11/kWh).  
 
AEP Ohio’s C&I peak demand savings in 2009 and 2010 (about 0.6% of C&I peak 
demand) are above the median (0.1% and 0.5%, respectively). AEP Ohio costs for 
conserved peak demand in 2009 ($298/kW) are below the median ($678/kW) while its 
costs in 2010 ($601/kW) are above the median of the group ($414/kW). 
 
In the residential sector, the AEP Ohio’s 2009 peak demand savings (0.2% of residential 
peak demand) is the median, and its costs for conserved peak demand ($962/kW) are 
below the median ($1,466/kW).  
 
In 2010, AEP Ohio’s residential peak demand savings as a percentage of peak demand 
for 2010 (0.3%) is below the median (0.7%) while its 2010 costs of conserved peak 
demand ($1,160/kW) are practically the median ($1,151). 
 
Appendix B includes detailed results of the benchmarking. 

A.4. EE/PDR MEASURE Cost-Effectiveness 
Analysis 

The cost-effectiveness analysis of the energy conservation and demand response 
measures involved developing a list of possible measures, quantifying the necessary 
data inputs, and applying tests to determine the cost-effectiveness of each measure 
given the input parameters. This section of the report summarizes this procedure and 
presents the results of the cost-effectiveness analysis. 
 
The discussion begins with a brief overview of the inputs into the model. 
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A.4.1. Model Inputs 
Model inputs include general inputs, measure inputs, and program inputs. 

A.4.1.1. General Inputs 
Key general inputs are as follows:  
 

• Avoided energy costs. These reflect costs for new energy avoided or deferred 
by EE/PDR measures.  

• Avoided capacity cost. These reflect the capital costs of new capacity avoided 
or deferred by EE/PDR measures and were provided by AEP Ohio.  

• Electricity prices. These reflect the average retail price paid by AEP Ohio 
customers. Navigant used a value of $0.1073/kWh for residential, and 
$0.0443/kWh and $10.87/kW for non-residential, escalated at 3.0 percent and 
5.0 percent, respectively, per AEP Ohio’s projections.  

  
In line with standard industry practice, Navigant used the Total resource cost (TRC) test 
to determine which EE/PDR programs to include in AEP Ohio’s portfolio of EE/PDR 
programs. The ratepayer impact measure (RIM) test is a more restrictive test that is 
used as the main EE/PDR benefit-cost test in very few states.10 As shown in Table 13 
the proposed AEP Ohio EE/PDR 2012 to 2014 portfolio of programs passes the total 
resource cost test with a ratio of 2.1.  
  

                                         
10 Florida and Georgia, for example, require EE/PDR programs to pass the RIM test. 
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Table 13. Summary of Program Benefit-Cost Test Results – 2012 to 2014 

Consumer Sector 

Total 
Resource 
Cost Test 

(TRC) 

Utility 
Cost Test 

(UCT) 

Participant 
Cost Test 

(PCT) 

Rate Impact 
Measure Test 

(RIM) 
Efficient Products 2.3 4.0 8.4 0.3 

Home Retrofit 1.4 0.9 21.2 0.2 

Appliance Recycling 3.7 1.7 NA 0.3 

Behavior Change 1.2 1.2 NA 0.3 

New Home 1.0 1.1 5.0 0.2 

e3smartSM 1.9 2.6 NA 0.4 

Community Assistance 0.5 0.5 NA 0.2 

Consumer Sector Total 1.7 2.0 9.7 0.3 

Business Sector 

Total 
Resource 
Cost Test 

(TRC) 

Utility 
Cost Test 

(UCT) 

Participant 
Cost Test 

(PCT) 

Rate Impact 
Measure Test 

(RIM) 

Prescriptive 2.0 5.2 2.9 0.7 

Custom 1.4 4.5 2.1 0.7 

New Construction 12.8 31.6 7.0 2.8 

Express 1.2 1.3 4.3 0.5 

Self Direct 2.1 4.1 4.6 0.7 

Demand Response 23.8 6.0 NA 6.0 

Retro-commissioning 1.5 2.1 7.2 0.6 

Continuous Improvement 2.3 4.0 5.6 0.8 

Energy Efficiency Auction 2.3 3.9 5.6 0.8 

Data Center 1.4 2.0 5.3 0.6 

Business Sector Total 1.9 4.6 3.6 0.8 

 
Total 

Resource 
Cost Test 

(TRC) 

Utility 
Cost 
Test 

(UCT) 

Participant 
Cost Test 

(PCT) 

Rate 
Impact 

Measure 
Test  

(RIM) 
PLAN TOTAL 1.7 2.9 4.2 0.5 
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A.4.1.2. Measure-Specific Inputs 
The key inputs into the cost-effectiveness analysis that are measure-specific are the 
measure’s energy and demand savings, incremental cost, and lifetime. These inputs are 
described in the EE/PDR measure characterization appendix. 

A.4.1.3. Program Cost Inputs 
The final input into the cost-effectiveness analysis is the program cost. For incentive 
costs, Navigant assumes an incentive cost per unit of 50 percent of the per unit 
technology cost for all residential measures, 33 percent for all C&I lighting measures, 
and 25 percent for all other C&I measures. Program-specific administrative costs are 
based on costs from AEP Ohio’s 2010 programs and the program benchmarking results. 
 
For each program, the administrative cost changes as market potential approaches 
economic potential.  
 
The technology costs per unit are based on data from ongoing AEP Ohio programs, the 
draft Ohio Statewide TRM for climate dependent data, and values from the California 
DEER database, adjusted by geographic multiplier factors contained in industry sources, 
such as the RS Means Mechanical Cost Data. Using all of the above information, 
Navigant generated the cost-effectiveness numbers for each measure. 

A.4.2. Cost-Effectiveness Results 
This section summarizes the results of the cost-effectiveness analysis at the measure 
level. AEP Ohio evaluated cost-effectiveness of the measures on the following standard 
test:11  
 

1. Participant test: a measure is cost-effective from this perspective if the 
resulting reduction in electric costs to the participating customer exceeds the 
participant’s after-rebate cost of the measure. 

2. Utility (or Program administrator) cost (UCT) test: a measure is cost-effective 
from this perspective if the costs avoided by the resulting energy and demand 
savings are greater than the utility EE/PDR program costs to promote the 
measure, including customer rebates. 

                                         
11 California Public Utilities Commission. California Standard Practice Manual Economic Analysis of 
Demand-Side Programs and Projects, October 2001. 
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3. RIM test: a measure is cost effective from this perspective if the avoided 
costs are greater than the sum of the measure’s EE/PDR program costs and 
the measure’s resulting “lost revenues.” 

4. TRC test: a measure is cost effective from this perspective if the avoided 
costs are greater than the sum of the measure costs and the EE/PDR 
program administrative costs. 

 
In line with standard industry practice, Navigant primarily uses the TRC test to 
determine which EE/PDR programs to include in a portfolio of EE/PDR programs. Table 
14 shows benefit-cost tests commonly utilized in the energy efficiency industry, each of 
which addresses different perspectives. The PUCO established that the TRC test be 
used as the key perspective for judging the cost-effectiveness of the EE/PDR programs. 
Regardless of which perspective is used, benefit- cost ratios greater than or equal to 1.0 
are considered beneficial. While various perspectives are often referred to as tests, the 
following list of criteria demonstrates that decisions on program development go 
beyond a simple pass/fail test. 
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Table 14. Cost-Effectiveness Tests 

 

A.4.2.1. Residential Measures 
The cost-effectiveness for each of the measures was analyzed for each residential 
segment. For incentive costs, Navigant assumes an incentive cost per unit of 50 percent 
of the per unit technology cost for all residential measures, 33 percent for all C&I 
lighting measures, and 25 percent for all other C&I measures. Exceptions were the 
Appliance Recycling Program, Consumer Behavior Program, and the Community 
Assistance Program.  
 
Program-specific administrative costs are based on costs from AEP Ohio’s 2010 
programs and the program benchmarking results. 
 

  PARTICIPANT 
TEST  
(PCT) 

RATE 
IMPACT 

MEASURE 
TEST  
(RIM) 

TOTAL 
RESOURCE 
COST TEST 

(TRC) 

UTILITY  
COST  
TEST  
(UCT) 

 

Reduction in Customer's 
Utility Bill X    

Incentive Paid by 
Utility/Program 

Administrator 
X    

Any Tax Credit Received X  X  

Avoided Supply Costs 
 X X X 

Avoided Participant Costs   X  

Participant Payment to 
Utility (if any)  X  X 

 

Utility Admin Costs  X X X 

Participant Costs X  X  

Incentive Costs  X  X 

Lost Revenues  X   
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Navigant applied an initial screening to all residential measures, requiring a TRC greater 
than or equal to 0.70; about 60 percent of measures passed the initial screening and 
were included in the potential analysis. In some instances a measure with a TRC less 
than 0.70 was included where deemed appropriate to do so, particularly where a 
measure might be bundled with other measures. Table 15 and Table 16 show the 
residential measures that passed this initial TRC screen and those that did not, 
respectively. In these two tables, a TRC value of “1,000” indicates that the measure has 
theoretical TRC value of infinity because the retail cost of the efficient technology is less 
than that of the standard one (e.g., CFLs being cheaper than incandescents). 
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Table 15. Residential Measures that Passed Initial TRC Screening – 2012 to 2014 
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Table 16. Residential Measures that Did Not Pass Initial TRC Screening 
 – 2012 to 2014 

 
 
Some measures that failed the initial TRC screen are included in the analysis because of 
their value when bundled with other measures into a program. Table 17 to Table 20 
show results for the four main cost-effectiveness tests for those residential measures 
determined to be included in the portfolio, organized by end-use type. In these four 
tables, measures with a theoretical TRC value of infinity are indicated by “0.0”; these 
values are not used to calculate the program-level or portfolio-level TRC. 
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Table 17. Residential Cost-Effectiveness Ratios – 2012 to 2014, Lighting  
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Table 18. Residential Cost-Effectiveness Ratios – 2012 to 2014, Appliances and Pool 
Pumps   

 
 
 

Table 19. Residential Cost-Effectiveness Ratios – 2012 to 2014, Hot Water 
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Table 20. Residential Cost-Effectiveness Ratios – 2012 to 2014, HVAC & Shell 

 
 
The results for all residential segments combined show that the majority of the 
measures are cost-effective from the perspective of the PCT and UCT tests. About half 
of the measures passed the TRC test while very few passed the RIM test12.  
 
Most measures for water heating failed the TRC test in the initial screening or in the 
analysis across all segments, mostly due to high incremental costs and/or low energy 
and peak demand savings. Almost two-thirds of the HVAC and shell measures failed the 
TRC test due mostly to the high cost, labor-intensive retrofitting of cooling and heating 
measures in existing construction. 
 
AEP Ohio’s relatively low estimated avoided costs also play a significant role in the 
benefit-cost test results. The low avoided costs tend to lower the portion of measures 
passing. 
 
 
 

  

                                         
12 Results ratios less than one for the RIM test are typical for energy efficiency measures. 
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A.4.2.2. Non-Residential Measures 
The cost-effectiveness for each measure was analyzed for each of the five C&I 
segments/building types:   

• Industrial 

• Office 

• Retail 

• Schools 

• Other Commercial 
 
Over 800 measures were initially screened, and about 540 passed with a TRC greater 
than or equal to 0.62. Some measures that failed the initial TRC screen are included in 
the analysis because of their value when bundled with other measures into a program. 
For those measures determined to be included in the portfolio, Navigant performed four 
cost-effectiveness tests for each of the five building types.  
 
As a sample, Table 16 to Table 27 show for these measures by end-use type and by 
program for offices. Similar data were developed for four additional building types: 
retail non-food, schools, commercial other, and industrial.  
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Table 21. Commercial Cost-Effectiveness Ratios – 2012 to 2031, Lighting 
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Table 22. Commercial Cost-Effectiveness Results – 2012 to 2014, Cooking & Other 

 
 

Table 23. Commercial Cost-Effectiveness Results – 2012 to 2014, HVAC & Shell 
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Table 24. Commercial Cost-Effectiveness Results – 2012 to 2014, Refrigeration 

 

Table 25. Commercial Cost-Effectiveness Results – 2012 to 2014, Plug Load 

 

Table 26. Commercial Cost-Effectiveness Results – 2012 to 2014, Hot Water 

 
 

Of the C&I measures screened, a majority passed the TRC test. These results indicate 
that most common commercial EE/PDR measures are cost effective in AEP Ohio’s 
service area. 
 
Table 27 to Table 29 show, by program, the measures that were not included in the 
potential analysis because these failed the initial screen. 
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Table 27. Non-Residential Prescriptive Measures Not Included in Analysis 
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Table 28. Non-Residential Express Program Measures Not Included in Analysis 
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Table 29. Non-Residential Custom Program Measures Not Included in Analysis 

 

Program End Use Building Type Measure 
TRC

Cool Roof Custom Industrial 0.2
Improved Ceiling Insulation   R24ci or R44 batt Custom Industrial 0.2

Daylighting Controls Custom Industrial 0.1
Induction Lighting Custom Industrial 0.6

<150 tons Centrifugal Water Cooled Chiller COP = 6.0 - Direct Exp / Elec Resist Custom Office 0.0
<150 tons Centrifugal Water Cooled Chiller COP = 6.0 - Direct Exp / Gas Heat Custom Office 0.0

<150 tons Centrifugal Water Cooled Chiller COP = 6.0 - Heat Pump Custom Office 0.0
Air Cooled Chiller   COP = 3.2 - Direct Exp / Elec Resist Custom Office 0.0
Air Cooled Chiller   COP = 3.2 - Direct Exp / Gas Heat Custom Office 0.0

Air Cooled Chiller   COP = 3.2 - Heat Pump Custom Office 0.0
Code minimum R-20ci or R-38 batt - Chiller / Gas Heat Custom Office 0.0

Code minimum R-20ci or R-38 batt - Direct Exp / Gas Heat Custom Office 0.2
Code minimum R-20ci or R-38 batt - Heat Pump Custom Office 0.4

Cool Roof - Chiller / Elec Resist Custom Office 0.0
Cool Roof - Chiller / Gas Heat Custom Office 0.2

Cool Roof - Direct Exp / Elec Resist Custom Office 0.2
Cool Roof - Direct Exp / Gas Heat Custom Office 0.3

Cool Roof - Heat Pump Custom Office 0.2
EMS System Custom Office 0.0

Improved Ceiling Insulation   R24ci or R44 batt - Chiller / Elec Resist Custom Office 0.2
Improved Ceiling Insulation   R24ci or R44 batt - Chiller / Gas Heat Custom Office 0.0

Improved Ceiling Insulation   R24ci or R44 batt - Direct Exp / Elec Resist Custom Office 0.1
Improved Ceiling Insulation   R24ci or R44 batt - Direct Exp / Gas Heat Custom Office 0.0

Improved Ceiling Insulation   R24ci or R44 batt - Heat Pump Custom Office 0.0
Screw Chillers, Water-Cooled  COP = 5.7 - Direct Exp / Elec Resist Custom Office 0.0
Screw Chillers, Water-Cooled  COP = 5.7 - Direct Exp / Gas Heat Custom Office 0.0

Screw Chillers, Water-Cooled  COP = 5.7 - Heat Pump Custom Office 0.0
Induction Lighting Custom Office 0.5

Multiplex Compressor Custom Office 0.1
Multiplex system with oversized condenser Custom Office 0.1

<150 tons Centrifugal Water Cooled Chiller COP = 6.0 - Direct Exp / Elec Resist Custom Other Commercial 0.0
<150 tons Centrifugal Water Cooled Chiller COP = 6.0 - Direct Exp / Gas Heat Custom Other Commercial 0.0

<150 tons Centrifugal Water Cooled Chiller COP = 6.0 - Heat Pump Custom Other Commercial 0.0
Air Cooled Chiller   COP = 3.2 - Direct Exp / Elec Resist Custom Other Commercial 0.0
Air Cooled Chiller   COP = 3.2 - Direct Exp / Gas Heat Custom Other Commercial 0.0

Air Cooled Chiller   COP = 3.2 - Heat Pump Custom Other Commercial 0.0
Code minimum R-20ci or R-38 batt - Direct Exp / Elec Resist Custom Other Commercial 0.0
Code minimum R-20ci or R-38 batt - Direct Exp / Gas Heat Custom Other Commercial 0.0

Code minimum R-20ci or R-38 batt - Heat Pump Custom Other Commercial 0.3
Cool Roof - Direct Exp / Elec Resist Custom Other Commercial 0.2
Cool Roof - Direct Exp / Gas Heat Custom Other Commercial 0.4

Cool Roof - Heat Pump Custom Other Commercial 0.2
EMS System Custom Other Commercial 0.0

Improved Ceiling Insulation   R24ci or R44 batt - Direct Exp / Gas Heat Custom Other Commercial 0.0
Improved Ceiling Insulation   R24ci or R44 batt - Heat Pump Custom Other Commercial 0.0

Screw Chillers, Water-Cooled  COP = 5.7 - Direct Exp / Elec Resist Custom Other Commercial 0.0
Screw Chillers, Water-Cooled  COP = 5.7 - Direct Exp / Gas Heat Custom Other Commercial 0.0

Screw Chillers, Water-Cooled  COP = 5.7 - Heat Pump Custom Other Commercial 0.0
Induction Lighting Custom Other Commercial 0.5

Multiplex Compressor Custom Other Commercial 0.1
Multiplex system with oversized condenser Custom Other Commercial 0.1
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<150 tons Centrifugal Water Cooled Chiller COP = 6.0 - Direct Exp / Elec Resist Custom Retail Non-Food 0.0
<150 tons Centrifugal Water Cooled Chiller COP = 6.0 - Direct Exp / Gas Heat Custom Retail Non-Food 0.0

<150 tons Centrifugal Water Cooled Chiller COP = 6.0 - Heat Pump Custom Retail Non-Food 0.0
Air Cooled Chiller   COP = 3.2 - Direct Exp / Elec Resist Custom Retail Non-Food 0.0
Air Cooled Chiller   COP = 3.2 - Direct Exp / Gas Heat Custom Retail Non-Food 0.0

Air Cooled Chiller   COP = 3.2 - Heat Pump Custom Retail Non-Food 0.0
Code minimum R-20ci or R-38 batt - Chiller / Gas Heat Custom Retail Non-Food 0.5

Code minimum R-20ci or R-38 batt - Direct Exp / Gas Heat Custom Retail Non-Food 0.1
Code minimum R-20ci or R-38 batt - Heat Pump Custom Retail Non-Food 0.6

Cool Roof - Chiller / Elec Resist Custom Retail Non-Food 0.0
Cool Roof - Chiller / Gas Heat Custom Retail Non-Food 0.3

Cool Roof - Direct Exp / Elec Resist Custom Retail Non-Food 0.0
Cool Roof - Direct Exp / Gas Heat Custom Retail Non-Food 0.3

Cool Roof - Heat Pump Custom Retail Non-Food 0.1
EMS System Custom Retail Non-Food 0.0

Improved Ceiling Insulation   R24ci or R44 batt - Chiller / Elec Resist Custom Retail Non-Food 0.2
Improved Ceiling Insulation   R24ci or R44 batt - Chiller / Gas Heat Custom Retail Non-Food 0.0

Improved Ceiling Insulation   R24ci or R44 batt - Direct Exp / Elec Resist Custom Retail Non-Food 0.1
Improved Ceiling Insulation   R24ci or R44 batt - Direct Exp / Gas Heat Custom Retail Non-Food 0.0

Improved Ceiling Insulation   R24ci or R44 batt - Heat Pump Custom Retail Non-Food 0.0
Screw Chillers, Water-Cooled  COP = 5.7 - Direct Exp / Elec Resist Custom Retail Non-Food 0.0
Screw Chillers, Water-Cooled  COP = 5.7 - Direct Exp / Gas Heat Custom Retail Non-Food 0.0

Screw Chillers, Water-Cooled  COP = 5.7 - Heat Pump Custom Retail Non-Food 0.0
Window Films on Double Pane - Chiller / Elec Resist Custom Retail Non-Food 0.0
Window Films on Single Pane - Chiller / Elec Resist Custom Retail Non-Food 0.0
Window Films on Single Pane - Chiller / Gas Heat Custom Retail Non-Food 0.0

Induction Lighting Custom Retail Non-Food 0.5
Multiplex Compressor Custom Retail Non-Food 0.1

Multiplex system with oversized condenser Custom Retail Non-Food 0.1
<150 tons Centrifugal Water Cooled Chiller COP = 6.0 - Direct Exp / Gas Boiler Custom Schools 0.0

<150 tons Centrifugal Water Cooled Chiller COP = 6.0 - WLHP Custom Schools 0.0
Air Cooled Chiller   COP = 3.2 - Direct Exp / Gas Boiler Custom Schools 0.0

Air Cooled Chiller   COP = 3.2 - WLHP Custom Schools 0.0
Code minimum R-20ci or R-38 batt - Direct Exp / Gas Boiler Custom Schools 0.2

Code minimum R-20ci or R-38 batt - WLHP Custom Schools 0.1
Cool Roof - Direct Exp / Gas Boiler Custom Schools 0.1

Cool Roof - WLHP Custom Schools 0.6
EMS System Custom Schools 0.0

Improved Ceiling Insulation   R24ci or R44 batt - Direct Exp / Gas Boiler Custom Schools 0.0
Improved Ceiling Insulation   R24ci or R44 batt - WLHP Custom Schools 0.0

Screw Chillers, Water-Cooled  COP = 5.7 - Direct Exp / Gas Boiler Custom Schools 0.0
Screw Chillers, Water-Cooled  COP = 5.7 - WLHP Custom Schools 0.0

Daylighting Controls Custom Schools 0.6
Induction Lighting Custom Schools 0.5

Multiplex Compressor Custom Schools 0.1
Multiplex system with oversized condenser Custom Schools 0.1
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A.5. EE/PDR Potential Methodology and Results 
This section presents a summary of the methodology and results for the EE/PDR 
potential aspect of the project. All results reported in this chapter are based on a 
summer peak analysis. 

A.5.1. Methodology – EERAM 
The Energy Efficiency Resource Assessment Model (EERAM) is an energy efficiency 
potential model designed to estimate technical, economic, and market energy efficiency 
potential for a utility’s service area. Developed by Navigant, the model forecasts energy 
savings and demand reduction potential within the residential, commercial, and 
industrial sectors over a forecast period of typically 20 years.  
 
EERAM is an Excel spreadsheet model based on the integration of energy efficiency and 
demand response measure impacts and costs, utility customer characteristics, utility 
load forecasts, and utility avoided costs and rate schedules. Excel is used as the 
modeling platform to provide transparency to the estimation process. Using Excel also 
allows the model to be customized to each client’s unique characteristics and can 
accommodate their ability to provide either detailed or more general model input data. 
The model utilizes a “bottoms-up” approach in that the starting points are the study 
area building stocks and equipment saturation estimates, forecasts of building stock 
decay and new construction, energy efficiency technology data, past energy efficiency 
program accomplishments, and decision maker variables that help drive the market 
scenarios.  
 
For energy efficiency measures, EERAM does not estimate annual market energy 
efficiency potential based on a diffusion curve, instead the model calculates market 
potential based on a decision maker adoption rate algorithm. This algorithm is primarily 
a measure by measure elasticity response to measure payback. However, a diffusion 
curve methodology is used for measures identified as emerging technologies and for 
Demand Response (DR) programs. DR participation is considered more responsive to 
utility marketing efforts than to consumer payback. Emerging technologies are 
considered to follow a Bass diffusion curve methodology rather than a measure payback 
methodology. The Bass diffusion model was developed by Frank Bass and describes the 
process of how new products are adopted as an interaction between users and 
potential users. 
 
EERAM estimates energy efficiency resource potential for three perspectives. Each 
perspective provides “net” estimates of resource potential: 
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• Technical energy efficiency potential represents the amount of energy efficiency 
savings that could be achieved when not considering economic and market 
barriers to customers’ installing energy efficiency measures. Technical potential is 
calculated as the product of the energy efficiency measures’ savings per unit, the 
quantity of applicable equipment in each facility, and the number of facilities in a 
utility’s service area. Technical potential estimates include energy efficiency 
measures that may not be cost effective, and technical potential does not 
consider market barriers such as customers’ lack of awareness of or willingness 
to implement energy efficiency measures. Therefore, technical energy efficiency 
potential represents the upper bound of efficiency potential but not necessarily a 
realistic basis for setting energy efficiency program goals. A feature of the 
EERAM calculation of technical potential is its treatment of mutually exclusive 
measures. Mutually exclusive measures are a set of available technologies (such 
as several residential hot water measures including energy efficient tanks, heat 
pump water heaters, tankless water heaters, and solar water heat) that serve 
the same function. Only one of them can be installed. EERAM identifies which of 
these competing, mutually exclusive technologies offers the most energy savings 
and uses these saving to estimate technical potential for all potential 
applications. 

• Economic energy efficiency potential represents the amount of technical energy 
efficiency potential that is “cost-effective,” as defined by the results of the Total 
Resource Cost (TRC) test. The program benefits for the TRC test include the 
avoided costs of generation, transmission and distribution investments and 
avoided fuel costs due to the energy conserved by the energy efficiency 
programs. The costs for the TRC test are the energy efficiency measure costs 
plus the energy efficiency program administration costs. The TRC test does not 
consider market barriers to customers’ installing energy efficiency measures. 
Mutually exclusive measures are treated uniquely when estimating economic 
potential. Unlike technical potential, economic potential recognizes that not all 
potential comes from the most efficient option. For mutually exclusive measures 
that pass the TRC screen, measure applicability represents each measure’s share 
of the available application. The measure applicability share by mutually 
exclusive measure represents a weighted share based on each measure’s TRC 
value. Equal TRC values would mean equal applicability shares among the 
measures. The greater the delta in TRC between measures, the greater the 
applicability for the measure with the larger TRC value. 

• Achievable energy efficiency market potential is an estimate of the amount of 
economic energy efficiency potential that could be captured by utility energy 
efficiency programs over the forecast period. Achievable energy efficiency 
potential varies with energy efficiency program parameters, such as the 
magnitude of rebates or incentives offered to customers for installing energy 

Exhibit B, (Volume 2) 
Page 56 of 218



  

 2012 to 2014 EE/PDR Plan-Appendices A-50 

 

efficiency measures, and, thus, many different scenarios for achievable market 
potential can be modeled. 

 
Within the achievable energy efficiency potential assessment, the individual measures 
are modeled by expected type of energy efficiency program design. Five program 
design options are included in EERAM:   

 
• ROB means that an energy efficiency measure is implemented after the existing 

equipment fails. An example would be purchasing an energy efficient clothes 
washer after the existing clothes washer fails. Measure life is used to identify the 
available share of stock each year. Generally, the baseline energy use is current 
code or standard and the equipment cost is incremental cost. Incremental cost is 
the delta between the equipment cost of the energy efficiency measure and the 
baseline measure. Labor costs are not included. 

 
• Early Retirement (Early) means that an energy efficiency measure normally 

regarded as replace on burnout are retired early before their effective measure 
lives are reached. For these measures, the baseline is the average efficiency of 
the existing technology being replaced. Equipment cost is generally full cost of 
the energy efficiency measure, including labor. Measure life is shorter to account 
for the remaining life of the equipment being replaced. The default measure life 
is two-thirds of the measure life if the design option were replace on burnout. 

 
• Retrofit (RET) means that an energy efficiency measure could be implemented 

immediately. For instance, installing a low flow showerhead is usually 
implemented before the existing showerhead fails. Replacing incandescent lamps 
may be an RET but can be treated as a ROB because of the relatively short 
lifetime for incandescent bulbs. Generally RET measures do not replace existing 
technology but rather improve the efficiency of existing technology and the 
energy impact is the amount of that improvement. Equipment cost is generally 
full cost of the energy efficiency measure, including labor.  

 
• Emerging Technology (Emerge) means that an energy efficiency measure is 

just entering or about to enter the market place. Energy savings can be 
calculated considering the measure to be any of the three types described 
above. However, market potential is calculated differently than for any of these 
three. The Bass diffusion model, developed by Frank Bass, is used rather than 
measure payback. The model describes the process of how new products are 
adopted as an interaction between users and potential users. 

 
• New Construction (New) means that a measure is installed at the time of 

new construction. The baseline technology for new construction measures is 
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generally current code or standard and the equipment cost is the incremental 
cost between the baseline technology and the energy efficient technology. 

 
For the program design options using codes and standards as the baseline, EERAM 
accommodates changes to those codes and standards. These changes can occur in any 
year of the forecast period and can be specified by each individual measure. Changes 
can also occur multiple times within the forecast period. 
 
Within EERAM, several financial tests are calculated.  

 
• TRC Test. The primary test is the TRC test. The TRC is the most commonly used 

measure of cost effectiveness for assessing energy efficiency resources by state 
public utility commissions and electric utilities. The TRC includes all quantifiable 
costs and benefits regardless of who accrues them. The present value of avoided 
costs (the benefits) is divided by the technology cost and the program 
administrative costs. A TRC value greater than or equal to 1.0 indicates that the 
resource is cost effective.  
 
EERAM utilizes the TRC test to identify those measures included in the Technical 
Potential that are economically achievable. Measures with a TRC of 1.0 or higher 
are included in Economic Potential. The same TRC screen is used to determine 
the measures to include in a utility’s program offerings. However, if a utility 
decides to include in its programs a measure with a TRC less than 1.0, then that 
measure is added to both the Economic Potential and the Market Potential. 
Conversely, if a utility decides not to include a measure in its programs, even if 
the measure has a TRC of 1.0 or greater, then that measure is removed from 
both Economic Potential and Market Potential. Other tests that are calculated are 
listed below. The financial test values are available by measure for the forecast 
period. By building sector, the test values are available for each forecast year. 

• UCT - The UCT measures the net costs of an energy efficiency program as a 
resource option based on the costs incurred by the program administrator 
(including incentive costs) and excluding any net costs incurred by the 
participant. The benefits are similar to the TRC benefits. However, the costs are 
defined more narrowly. In the TRC, the full incremental measure cost is included, 
along with program administrative costs. In the UCT, the program administrative 
costs are included but only the incentive paid by the utility is included as the 
measure cost. 

• RIM - The RIM is the measure of what happens to customer bills or rates due to 
changes in utility revenue and operating cost caused by the program. The 
present value of avoided costs are divided by the sum of the present values of 
the utility bill reduction over the life of the energy efficiency measure plus the 
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value of the incentive received and the administrative cost associated with the 
measure. Rates will go down if the changes in revenues from the program are 
greater than the change in utility costs. 

• PCT - The PCT is the measure of the quantifiable benefits and costs to the 
customer due to participation in a program. The present value of the utility bill 
reduction over the life of the energy efficiency measure plus the value of the 
incentive received is divided by the incremental cost of the energy efficiency 
measure. However, since many customers do not base their decision to 
participate in a program entirely on quantifiable variables, this test cannot be a 
complete measure of the benefits and costs of a program to a customer. 

• Simple Customer Payback – Because many customers consider payback in 
their decision to participate, EERAM incorporates payback in its decision maker 
adoption rate algorithm. The payback calculation takes measure cost less the 
incentive received and divides it by first year energy bill savings. 

• Levelized Measure Cost/kWh – Is calculated by multiplying energy efficiency 
measure costs by the Capital Recovery Factor (CRF) then dividing by the first 
year kWh savings. 

 
Included in the financial test formulas is the ability to account for the benefits of any 
water conservation that is also achieved. For example, with efficient clothes washers, 
there are both energy savings and water savings. If water rates are input as well as 
avoided water costs, the associated benefits will be included in the appropriate tests. 
This feature is especially attractive to municipal utilities that include both energy and 
water and may make the difference for a measure passing or not passing a particular 
financial test.  
 
Figure 11 illustrates the flow of information in and out of EERAM. The model can be 
segregated into three sections. 
 
Utility Service Area Inputs  

• Utility specific information on rates, avoided costs, load and building stock 
forecasts, and historical levels of EE/PDR achievement. 

• Customer data including building/equipment characteristics, decision maker 
awareness of conservation measures and if aware, willingness to install. 

• Technology data including measure level impacts and costs, measure life, 
incentive levels, administrative costs, and net-to-gross estimates. 

 
Model Calculations 
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• Develop Technical Potential based on the inputs above. 

• Develop Economic Potential by screening Technical Potential with the TRC test. 

• Develop Market Potential based on available economic potential, calibration 
targets, and the decision adoption methodology, detailed in the sections below. 

 
Model Outputs 

• Tables and graphs on Technical, Economic, and Market Potentials. 

• Both cumulative and incremental market potential estimates by planning year. 
The incremental values are used to define annual goals. 

• Both cumulative and incremental administrative and incentive cost estimates by 
measure and planning year 

 
Figure 12 illustrates the seven sections of the model and a short description of each 
section. The model consists of 39 worksheets. 
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Figure 11. EERAM Input Information, Model Calculation, and Model Output Flow 
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Figure 12. EERAM Model Sections 

 

Energy Efficiency Resource Assessment Model - Electricity

(EERAM)
EERAM is an Excel spreadsheet model based on the integration of DSM measure impacts and costs, utility customer characteristics, utility load forecasts, utility avoided 

costs, and rate schedules.  

The model is arranged into eight sections, each of which are multiple sheets and color coded by section.  There are 39 total worksheets.

SECTION 1 "Introduction and Reporting "(blue tabs)
Section 1 includes two worksheets:

worksheet "Introduction": Is this Introductory worksheet

worksheet "Summary Report": Is a compilation of summary tables and charts for quick review

SECTION 2 "Model Inputs" (yellow tabs)
Section 2 includes five worksheets:

The two worksheets "Res Decision Inputs" and "Non-Res Decision Inputs" include sector specific input variables.
* Consumer payback methodology variables

* Calibration variables
* Historical achievement inputs

* Scenario modifiers
* Net-to-gross inputs by measure

* "Yes" or "No" measure inclusion decision variables

The two worksheets "Res-Summary Parameters" and "Non-Res Summary Parameters" include utility input variables.
* Time parameters

* Financial & rate inputs
* Avoided costs

* Forecast data - energy & demand
* Building stock forecast
* Line loss assumptions
* End-Use Saturations
* Administrative costs

The worksheet "Diffusion"
* For Emerging Technologies, a Bass Diffusion Curve can be utilized

* Diffusion curve variables are explained and values set

SECTION 3 "Summary Output" (light red tabs)
Section 3 includes two worksheets:

worksheet "Tech&Econ Potential": Provides tables identifying the technical and economic potential results by sector, building type, and end-use

worksheet "Market Potential": Provides tables identifying the technical and economic potential results by sector, building type, and end-use

SECTION 4 "Supply Curves" (light purple tabs)
Section 4 includes four worksheets:

worksheet "Res-Sup Curve": Provides tables identifying  residential supply curve information and the top 15 measures for the sector

worksheet "Non-Res-Sup Curve": Provides tables identifying  non-residential supply curve information and the top 15 measures for the sector

worksheet "All-Sup Curve": Provides combined residential and non-residential tables identifying  supply curve information and the top 15 measures for the utility

worksheet "Sup-Curve Graphs": Provides combined residential and non-residential supply curve graphs.  

SECTION 5 "Costs and Cost Tests" (brown tabs)
Section 5 includes two worksheets:

worksheet "Market Potential Costs": Provides tables identifying the administrative and incentive costs for the market potential run

worksheet "Financial Costs and Tests": Provides tables for the forecast period at the measure level for the following financial tests:  UCT, PCT, RIM, and TRC.  

At the sector level, values are provided for each forecast year for the UCT and the TRC tests along with levelized cost.

SECTION 6 "Model Calculation Sheets" (Residential red tabs and Non-Residential green tabs)
Section 6 includes twenty two worksheets; Eleven each for the Residential and Non-Residential Sectors

Each sector's set of eleven worksheets are formatted in the same fashion and each represent steps in the modeling process

* The first worksheet by sector is for measure inputs
* The second worksheet by sector provides Technical Potential resulkts by measure

* The third worksheet by sector provides Economic Potential results by measure
* The fourth worksheet by sector is where base year calibration parameters are set for estimating Market Potential

* The fifth worksheet by sector is where the number of units participating by year and measures is calculated for Market Potential
* The sixth worksheet by sector provides Cumulative Market Potential results by measure

* The seventh worksheet by sector provides Incremental New Participant Market Potential results by measure
* The eigth worksheet by sector provides Incremental Re-Participant Market Potential results by measure. 

* The nineth worksheet by sector identifies the number of units implemented each year under the Market Potential Scenario
* The tenth worksheet by sector identifies the amount of water savings (if provided in the measure input page) each year under the Market Potential Scenario

* The eleventh worksheet by sector provides summary results by building type, sector, and program for Technical, Economic, and Market Potential

SECTION 7 "Demand Response Program Calculation Sheets" (purple tabs)
Section 7 includes two worksheets:

Each worksheet calculates market potential for demand response programs.  The first, "DR-Res" is for residential sector demand response programs.  The second, "DR-
Com", is for non-residential demand response programs.

Unlike the DSM measures, DR market potential by year is estimated using a diffusion curve.

For both the residential and non-residential sectors, there are separate calculations for both summer and winter DR programs
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A.5.1.1. Model Methodology 
EERAM’s “bottom’s up” approach uses the input data identified in Figure 5 to calculate 
Technical, Economic, and Market Potentials. Calculating the estimates of Technical and 
Economic Potential is relatively straightforward: the estimates are the product of 
available building stocks, technology densities, and measure impacts. For Technical 
Potential, it is assumed that all measures can be implemented in all available 
applications at the same time. Technical potential changes by small amounts over time 
to reflect changes in the amount of building stocks over time caused by new 
construction. Economic Potential is the subset of Technical Potential that includes only 
the efficient technologies that pass the TRC screen. However, the measures included in 
Economic Potential can be modified by the user to include some measures that do not 
pass TRC but are included within a utility’s portfolio or measures that do pass the TRC 
test, but the utility does not want to offer or consider the measures. An example of a 
measure some utilities decide to include, though it may not pass the TRC are efficient 
clothes washers. Here, other fuel and water savings may drive the decision to include 
the measure. An example of a measure some utilities may decide not to offer is CFLs. 
Here, free ridership is becoming a significant issue as well as upcoming federal lighting 
standards. 

A.5.1.2. Mutual Exclusivity 
The treatment of mutually exclusive measures differs when calculating Technical vs. 
Economic/Market Potentials. Mutually exclusive measures are a set of available 
technologies (such as several residential hot water measures including energy efficient 
tanks, heat pump water heaters, tankless water heaters, and solar water heat) that 
serve the same function. However, only one of them can be installed and care must be 
taken to not only not double count potential but also to identify which measures or 
what share of each measure should be part of the calculations. EERAM identifies which 
of these competing, mutually exclusive technologies offers the most energy savings and 
uses only the savings from this specific measure to estimate technical potential.  
 
Unlike Technical Potential, Economic Potential recognizes that not all potential comes 
from the most efficient option. For mutually exclusive measures that pass the TRC 
screen, measure applicability represents each measure’s share of the available 
application. The measure applicability share by mutually exclusive measure represents a 
weighted share based on each measure’s TRC value. Equal TRC values would mean 
equal applicability shares among the measures. The greater the delta in TRC between 
measures, the greater the applicability for the measure with the larger TRC value. 
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A.5.1.3. Interactive Affects 
The treatment of interactive affects within an end-use also differs between Technical 
vs. Economic/Market Potentials. Energy savings that derive from interactive measures, 
on a single measure basis, differ if one vs. multiple interactive measures are installed in 
the same home/building. As an example, if wall insulation, ceiling insulation, windows, 
and infiltration control measures were installed individually, they would have a certain 
savings estimate. Combining these four individual savings estimates would give a total 
savings estimate that is higher than what would be actually achieved by installing all 
four as a package. Some models use a loading order that has each successive measure 
installed have a reduced savings level. The first measure in the loading order approach 
always has full savings and each successive measure lower savings with the last having 
small savings relative to its original individual measure savings. EERAM does not use a 
loading order system. Rather, each measure within a package receives a proportional 
share of savings based on their share of the summed individual measure total. 
Technical Potential includes all of the identified interactive affect measures. Economic 
and Market Potential only include those measures that pass the TRC test. 
 
Table 30 illustrates treatment of interactive affects among four measures for the 
purposes of Technical Potential and for Economic and Market Potential. The 
“Unadjusted Savings” column identifies the measure savings if they were stand alone 
measures with the package measure total representing the total impact if all four 
measures are implemented. The measure savings identified in the “Adjusted Savings for 
Tech Potential” column identify the measure savings used when Technical Potential is 
calculated. If during the economic screening, should a measure fail to pass the TRC 
test, then the savings are adjusted again, but only for the measures that pass the TRC 
test. To do this, the “Adjusted Savings for Tech Potential” need to be adjusted up to a 
higher value. This is done using the values in columns “New Unadjusted Savings” 
(which are the Tech Potential savings for the measures that pass TRC) and “Percentage 
of Individual Measure TRC Total”. The Package Measure Total” for the measures 
passing TRC are the sum of the Tech Potential measure savings for the measures that 
pass TRC plus for the measures that do not pass TRC and the delta between the 
“Unadjusted savings” and the “Adjusted Savings for Tech Potential”.  
 
In the example provided in Table 30, the “Package Measure Total” of 208.4 is 
calculated as: 
 
� 35.4 + 57.5 + 106.2 + (80.0 – 70.8) = 208.4 
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Table 30. Interactive Effects Treatment 

  Unadjusted 
Savings 

% of 
Individual 
Measure 

Total 

Adjusted 
Savings for 

Tech 
Potential 

Pass 
TRC? 

New 
Unadjusted 

Savings 

% of 
Individual 
Measure 

TRC Total 

Adjusted 
Savings for 

Econ & Market 
Potential 

Measure 1 40.0 13.1% 35.4 Yes 35.4 17.8% 37.0 

Measure 2 65.0 21.3% 57.5 Yes 57.5 28.9% 60.2 

Measure 3 120.0 39.3% 106.2 Yes 106.2 53.3% 111.1 

Measure 4 80.0 26.2% 70.8 No   0.0% 0.0 

Individual 
Measure Total 305.0 100.0% 270.0   199.2 100.0% 208.4 

Package 
Measure Total 270.0 88.5%     208.4     

  

A.5.2. Market Potential 
Calculating Market Potential is unlike calculating Technical and Economic Potential. For 
energy efficiency measures, it relies on a calibrated decision adoption methodology (for 
currently existing measures) or a Bass diffusion curve (for emerging technologies) and 
an accounting system that adjusts for potential double counting and for recurring 
participation of efficient technologies once measure life is passed. For demand response 
programs, it relies on a calibrated starting program participation level, an expected end 
year participation level, and a diffusion curve. 
 
Decision Adoption Methodology for Existing Measures 
One of the key features of EERAM is use of a decision maker based energy efficiency 
measure adoption rate algorithm. The algorithm simulates consumer choice based on 
simple measure payback and other decision components. For each measure, by building 
type and by year, the algorithm estimates the number of measures implemented. The 
algorithm has two parts with the overall formula having the following form: 
 
(1) Number of measures implemented =  

total available measure units * binary logit function * market factor *  
decision-maker measure awareness and willingness to install the measure 

 
The “total available measure units” is a variable that changes with each forecast year 
and is different depending if the measure is considered a replace on burnout, early 
retirement, new construction, or a retrofit. For early retirement, new construction, and 
retrofit measures, the calculation has the following form: 
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(2) Total available measure units =  
Available building stock *  
(maximum density for the competing technologies – base year efficient 

technology density) –  
running sum of previous years of efficient technology units installed 

 
For replace on burnout measures, the calculation has the following form: 
 
(3) Total available measure units =  

Available building stock / measure life *  
(maximum density for the competing technologies – base year efficient 

technology density) –  
running sum of previous years of efficient technology units installed 

 
The “binary logit function” identifies the share of the efficiency measures implemented 
each year. It helps determine implementation elasticity for each measure. The logit 
function has the following form: 
 
(4) Share of Efficiency Measures Implemented =  

Exp (0.0 – Beta Constant * Measure Payback) 
 
Where: 

• The Beta constant represents the average influence of all excluded (non-
payback) factors. 

• The Beta constant is allowed to be modified at the end use level (within bounds):  

- Larger number representing influences that speed up adoption. 

- Lower number representing influences slowing down adoption (such as a 
recession). 

- Measure payback is simple measure payback and is calculated for each 
measure, each forecast year. 

 
The “market factor” is a calibration constant that is computed in the first simulation 
year to adjust computed participation shares to equal the calibration targets. The 
calibration target needs to be a value that can be reasonably expected to occur given 
incentive levels, the cost effectiveness of the measure, and the available resource. 
Navigant estimates calibration targets at the measure level based on a combination of 
the estimates of economic potential by measure, past program accomplishments by the 
utility in providing this or a similar measure, and a review of other similar type utilities 
to see what level of accomplishments they are achieving.  
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In the base year, the market factor is calculated using the following form:  
 

(5) Market factor =  
total available measure units * binary logit function *  
market factor *  
decision maker measure awareness and willingness to install the measure /  
number of measures implemented 

 
In each forecast year, this market factor is constant and the number of measures 
implemented uses formula (1). 
 
The “decision maker measure awareness and willingness to install the measure” 
function is an exponential curve function based on the forecast year and the two input 
variables of decision maker awareness of a measure and corresponding willingness to 
purchase.  
 

• Awareness is the percentage of decision makers who are aware that a specific 
energy efficient technology exists. 

 
• Willingness is the subset of the aware group who are willing to install the energy 

efficient measure. 
 
The values for decision maker awareness and willingness by measure come either from 
utility specific decision maker surveys or from a combination of decision maker survey 
results gathered by Navigant from other utility customer survey efforts. EERAM 
assumes that the initial estimates of awareness and willingness are not static, but 
improve over time as consumers become both more aware of energy efficiency and 
more willing to purchase as technology improves. The speed by which these variables 
approach 100 percent is determined by the starting values for Awareness and 
Willingness and a decision maker curve function. The decision maker curve function 
takes the form: 
 
(6) The Decision Maker Curve =  

Min(1, Awareness * Willingness +  
(1+EXP(curve midpoint in years-years into the forecast))^-1)  

 
Where: 

• Decision Maker Awareness =  The baseline percent of the population of 
eligible consumers who are aware of the technology  

• Decision Maker Willingness =  The baseline percent of the population of 
eligible consumers who are both aware of the technology and willing to 
purchase it 
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• Program year = The number of years after the start of the forecast 
• Adoption curve tipping point year = Within a measure’s lifetime, the point of 

time on an “S” curve where the curve is at its midpoint. These values are an 
input in the Decision-Input worksheets. 

 
The “S” curve diffusion portion of the willingness and awareness algorithm is based on 
changing consumer awareness and willingness over time. Where a measure is along the 
curve depends on its baseline estimates of consumer awareness and willingness. If a 
measure is well known and with a high level of willingness to install, then the starting 
point is very high on the curve with little change over time expected from this portion of 
the decision maker algorithm. However, if both awareness and willingness are low, then 
this portion of the decision maker algorithm will experience change over time. The 
current assumption is that over time, every measure will reach 100 percent consumer 
awareness and willingness. It is possible to modify at the measure level the maximum 
value for consumer awareness and willingness. 
 
The change over time and the speed of that change depend on the initial baseline 
estimates and the curve midpoint year. For new technologies, both awareness and 
willingness are typically low, simply because the technology is new. A program can be 
designed not only to provide incentives but also to increase awareness and promote the 
technology’s reliability and superiority. Such a program typically has low initial 
participation that ramps up over time before leveling out. In contrast, a mature 
technology typically has high initial willingness and awareness, and, thus, participation 
that follow a flatter trend over time. 
 
Figure 13 illustrates the shape of the “S” curve over the ten-year forecast period using 
different curve midpoint years. The Figure 13 illustration shows the curves for midpoint 
years of 2, 5, and 8 years. Note in this example that the curve with the earliest 
midpoint year achieves saturation near year 8 where the curves with later midpoint 
years do not achieve saturation by year 10. 
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Figure 13. Decision Maker “S” Curve for Midpoint Years 2, 5, and 8 

 
 

The following example illustrates the year-to-year impacts of the decision maker 
measure awareness and willingness algorithm: 

• Baseline awareness = 50% 

• Baseline willingness = 80% 
• Base year adjustment due to awareness and willingness = 50% * 80% = 40% 

• The five year midpoint “S” curve has the following values in its first four years: 

- Year 1 = 0.7% 

- Year 2 = 1.8% 

- Year 3 = 4.7% 

- Year 4 = 11.9% 

• Each forecast year adjustment due to awareness and willingness is the previous 
year’s awareness and willingness value plus the “S” curve value:  

- Base Year = 40% 

- Year 1 = 40% + 0.7% = 40.7% 

- Year 2 = 40.7% + 1.8% = 42.5% 

- Year 3 = 42.5% + 4.7% = 47.2% 
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- Year 4 = 47.2% + 11.9% = 59.1% 

• The function has a maximum value of 100%, when the measure achieves total 
saturation. 

 
Bass Diffusion Curve for Emerging Technologies 
The Bass diffusion model was developed by Frank Bass and describes the process of 
how new products get adopted as an interaction between users and potential users. It 
has been described as one of the most famous empirical generalizations in marketing. 
The model is widely used in forecasting, especially product forecasting and technology 
forecasting. Mathematically, the basic Bass diffusion is a Riccati equation with constant 
coefficients. Frank Bass published his paper "A new product growth model for consumer 
durables" in 196913. Figure 14 illustrates the Bass Diffusion Model, differentiating 
between the early “Innovators” and the later “Imitators”. 

Figure 14. Bass Diffusion Model 

 
 

Within EERAM, the Bass Diffusion Model takes the form:  
 
(7) Measure Adoptions (t) = ( p + q * ( X(t-1) / m )) * ( m - X(t-1)) 
 
Where: 

• t = time 

• p = The coefficient p is called the coefficient of innovation, external influence 
or advertising effect. 

• q = The coefficient q is called the coefficient of imitation, internal influence or 
word-of-mouth effect. 

                                         
13 Bass, Frank (1969). "A new product growth model for consumer durables". Management Science 15 
(5): p215–227 
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• X(t-1) = Cumulative adoptions up to time "t"' 

• m = the number of potential adopters 
 
Typical values14  for “p” have been found to be 0.03, and often less than 0.01 and for 
“q” to be 0.38, with a typical range between 0.3 and 0.5. Within EERAM, the values for 
both “p” and “q” are user input values. Figure 15 illustrates two curves using common 
input values for “p” and “q”. 

Figure 15. Bass Diffusion Model Examples 

  
 

Using the average default values along with population assumptions provides the blue 
default line: 

• p = 0.03 

• q = 0.38 

• X(t-1) = 10 

• m = 1000 
  

                                         
14 Mahajan, Vijay; Muller, Eitan and Bass, Frank (1995). "Diffusion of new products: Empirical 
generalizations and managerial uses". Marketing Science 14 (3): G79–G88 
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The user defined curve uses the following values:  

• p = 0.01 

• q = 0.3 

• X(t-1) = 10 

• m = 1000 
 
Recurring Participation 
Each measure included in the analysis has an expected measure life. Some of these 
measure life estimates extend beyond the planning horizon while others end within the 
planning horizon. The model assumes that each measure implemented will be replaced 
at the end of its measure life by another technology at least as efficient as the originally 
installed efficiency measure. Given that the replacement technologies are not known 
now, it is assumed that the replacement technology is the same as the current efficient 
technology. 
 
These assumptions result in accounting for the continuation of the originally installed 
energy efficient impacts throughout the ten-year planning horizon. This is unlike other 
models that assume that, at the end of measure life, all or a portion of all installations 
return to the original baseline technology. 
 
The impact of this assumption affects Market Potential results in two ways. First, the 
cumulative Market Potential may fall at the end of measure life. The impacts would fall 
if the baseline technology were assumed to have changed, such as for early retirement 
and appliance recycling measures as well as to changes to codes and standards. 
Second, future year incentive and administrative costs are affected. At the end of 
measure life, the model assumes that original participants re-participate. Thus cumulate 
energy and demand impacts are sustained (or partially reduced) with no increase in 
first year participant incremental impacts. Re-participation, however, incurs incentive 
and administrative costs. Therefore, for measures with measure life less than the 
planning horizon, such as CFLs, the total incentive and administrative costs will rise 
more quickly than the incremental energy impacts. 
 
Early Retirement Measures 
Early retirement measures often utilize a different base technology than do ROB 
measures. ROB measures generally use as the base technology those that meet 
minimum current codes and standards. Early retirement measures generally utilize the 
average efficiency of the currently in-place technologies as their base technology. 
Often, early retirement based programs have substantially higher per unit energy 
savings as compared to ROB based programs for the same efficient technology. 
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However, effective measure life is shorter for early retirement measures compared to 
ROB measures. 
 
Recurring participation is treated differently for early retirement measures as compared 
to ROB, RET, new construction, or emerging technology measures. At the end of early 
retirement measure life, it is assumed that the baseline changes to being the same as it 
would be for the equivalent ROB measure. Thus, cumulative Market Potential is reduced 
by the delta between using the ROB baseline and the early retirement baseline. 
 
Appliance Recycling Measures 
Appliance re-cycling measures are handled as early retirement measures. At the end of 
an appliance recycling measure life, the energy savings does disappear from cumulative 
potential and there are no re-curing incentive and administrative costs, since the 
appliance cannot be re-cycled more than once. 
 
Baseline Changes Resulting From Codes and Standards 
Replace on burnout and new construction measures use current codes and standards 
efficiency levels as the baseline. For several measures, it is known that the codes and 
standards become more stringent in future years. To accommodate these future codes 
and standards changes, EERAM allows for changes to the baseline by measure and by 
forecast year. EERAM can accommodate these code and standard changes multiple 
times at any year within the forecast period. The effect is to change the impacts from 
energy efficiency technologies for both new implementations and for any recurring 
participation.
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A.5.3. Overall EE/PDR Potential Results 
Based on AEP Ohio’s summer peak, the cumulative annual EE/PDR potential savings at 
meter (Base Case Scenario Market Potential) in 2031 is estimated to be 9,062 GWh, 
about 18 percent of forecast sales, and 1,703 MW, about 18 percent of peak demand, 
as shown in Table 31. In 2031, the cumulative annual energy and demand savings, as a 
percentage of sector forecast sales and peak demand, are greater for the non-
residential sector than for the residential sector. These results assume a net-to-gross 
impact ratio of 1.0, whereby free ridership is assumed for this analysis to be offset by 
spillover impacts. 

Table 31. Projected Cumulative Annual Savings at Meter and Costs – 2031 

Potential  
Scenario 

Cumulative Annual 
Gross Energy Savings 

(1) 
at Meter (2031) 

Cumulative Annual 
Gross 

Summer Peak  
Demand Savings 

(1) 
at Meter (2031) 

Total Cost  
(Energy 

Efficiency 
Only) (2)  

Sector GWh 

Percent of 
2031 Forecast 

Sales MW 

Percent of 
2031 

Forecast 
Sales 

20 Year Cost 
(2012 to 

2031) million 
2012$ 

Residential 
Technical 6,484 42% 1,307 33% - 
Economic 4,301 28% 835 21% - 
High Case 2,325 15% 446 11% $5,288 
Base Case 1,946 13% 407 10% $1,272 
Commercial & Industrial 
Technical 12,131 37% 2,078 38% - 
Economic 9,740 30% 1,737 31% - 
High Case 8,454 26% 1,517 27% $2,364 
Base Case 7,116 22% 1,296 23% $1,229 
Total 
Technical 18,615 38% 3,385 33% - 
Economic 14,041 29% 2,571 28% - 
High Case 10,779 22% 1,963 21% $7,652 
Base Case 9,062 19% 1,703 18% $2,501 
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(1) Savings are not projected for Research and Development, Business Behavior Change, Codes and 
Standards Support, Transmission and Distribution (T&D) System Efficiency Improvements, 
gridSMARTSM Demonstration Project EE/PDR Savings, or Customer Power System Efficiency. AEP Ohio 
also will conduct program evaluation and other essential program support functions, such as 
compliance and reporting, database management, contracting and payables, and portfolio cost-
benefit analysis.  
(2) Other Costs include support and other services, including Research and Development, General 
Education and Training, Targeted Advertising, Business Behavior Change, Codes and Standards, T&D 
System Efficiency Improvements, gridSMARTSM Demonstration Project EE/PDR Savings, or Customer 
Power System Efficiency. 

 
Figure 16 and Figure 17 show the cumulative annual energy and summer peak demand 
savings in 2031 for each of the four potential analysis scenarios. These results assume 
a net-to-gross impact ratio of 1.0 in most instances whereby free ridership is assumed 
for this analysis to be offset by spillover impacts. The Base Case market potential meets 
the SB 221 savings targets in the short term, from 2012 to 2014. The high case market 
potential meets the SB 221 cumulative savings targets over the long term, through 
2031. The Base Case market potential includes incentives at 50 percent of incremental 
measure costs in most instances for residential measures, and mostly 25 percent for 
nonresidential measures. The High Case market potential includes incentives at 75 
percent of incremental measure costs in most instances for residential measures, and 
50 percent for nonresidential measures. 

Figure 16. Cumulative Annual GWh Energy Savings in 2031 

 
(1) Savings are not projected for Research and Development, Business Behavior Change, Codes and 
Standards Support, Transmission and Distribution (T&D) System Efficiency Improvements, gridSMARTSM 
Demonstration Project EE/PDR Savings, or Customer Power System Efficiency. AEP Ohio also will conduct 
program evaluation and other essential program support functions, such as compliance and reporting, 
database management, contracting and payables, and portfolio cost-benefit analysis.  
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Figure 17. Cumulative Annual Summer Peak MW Demand Savings in 2031 

 
(1) Savings are not projected for Research and Development, Business Behavior Change, Codes and 
Standards Support, Transmission and Distribution (T&D) System Efficiency Improvements, gridSMARTSM 
Demonstration Project EE/PDR Savings, or Customer Power System Efficiency. AEP Ohio also will conduct 
program evaluation and other essential program support functions, such as compliance and reporting, 
database management, contracting and payables, and portfolio cost-benefit analysis.  
 
Figure 18 and Figure 19 show the cumulative Market Potential as a percent of the 
Economic Potential for energy efficiency. 

Figure 18. Market Potential Annual Energy Savings at Meter as Percent of Economic 
Potential in 2031  

 
(1) Savings are not projected for Research and Development, Business Behavior Change, Codes and 
Standards Support, Transmission and Distribution (T&D) System Efficiency Improvements, gridSMARTSM 
Demonstration Project EE/PDR Savings, or Customer Power System Efficiency. AEP Ohio also will conduct 
program evaluation and other essential program support functions, such as compliance and reporting, 
database management, contracting and payables, and portfolio cost-benefit analysis.  
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Figure 19. Market Potential Annual Peak Demand Savings at Meter as Percent of 
Economic Potential in 2031 

 
(1) Savings are not projected for Research and Development, Business Behavior Change, Codes and 
Standards Support, Transmission and Distribution (T&D) System Efficiency Improvements, gridSMARTSM 
Demonstration Project EE/PDR Savings, or Customer Power System Efficiency. AEP Ohio also will conduct 
program evaluation and other essential program support functions, such as compliance and reporting, 
database management, contracting and payables, and portfolio cost-benefit analysis.   

A.5.3.1. Residential EE/PDR Potential Results 
This section provides the EE/PDR potential results for the residential sector. The total 
and annual incremental residential achievable EE/PDR potential results for twenty years 
(2012-2031) are shown in Table 32 to Table 39. The energy values shown below are for 
the measures’ first-year savings at meter, the incremental demand savings are the 
summer peak coincident demand savings, and the program costs are the total 
estimated EE/PDR program budgets for a given year, including rebate or other 
customer incentive costs as well as administrative and implementation costs. 
 
The total twenty-year estimated residential base case market potential in 2031 is about 
1,946 GWh in cumulative annual savings at meter and about 407 MW of cumulative 
annual summer peak demand. The annual incremental energy savings at meter starts 
at 1.4 percent, and peaks out in 2016 at about 1.6 percent of AEP Ohio’s forecast 
annual residential energy sales; annual impacts begin to decline slowly thereafter as 
markets become saturated. Savings are predominantly from lighting and appliances, 
followed by hot water, HVAC, and new construction, and house measures. These results 
assume a net-to-gross impact ratio of 1.0, whereby free ridership is assumed for this 
analysis to be offset by spillover impacts. 
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The base case market potential projects savings for 2012 to 2014 are consistent with 
meeting the requirements of SB 221. However, to meet the full SB 221 requirements 
through 2025 of 22.2 percent cumulative energy savings, AEP Ohio would need to meet 
the projected savings in the high case market potential scenario.  
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Table 32. Base Case Scenario: 2012 – 2031 Residential Cumulative Annual Savings at Meter  

 

Table 33. Base Case Scenario: 2012 – 2031 Residential Incremental Annual Savings at Meter 
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Table 34. Base Case Scenario: 2012 – 2031 Residential Incremental Market Potential Costs  

 
 

Table 35. Residential Technical Potential Scenario: 2012 – 2031 Savings at Meter  
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Table 36. Residential Economic Potential Scenario: 2012 – 2031 Savings at Meter 
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Table 37. High Case Scenario: 2012 – 2031 Residential Cumulative Annual Savings at Meter  

 
 

Table 38. High Case Scenario: 2012 – 2031 Residential Incremental Annual Savings at Meter  
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Table 39. High Case Scenario: 2012 – 2031 Residential Incremental Market Potential Costs 
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Residential Energy Efficiency Results by End Use 
Figure 20 to Figure 23 show residential sector Base Case Market Potential energy and 
peak demand savings for the first year (2012) and in year twenty (2031). Residential 
lighting measures, primarily CFLs in high-use and medium-use fixtures, account for 
most of the total estimated residential energy efficiency potential initially, shifting over 
time to new construction and appliance measures. Residential lighting and appliance 
measures account for most of the total estimated residential peak demand potential 
initially, shifting over time to a mix of new construction, appliance, and HVAC and shell 
measures. 

Figure 20. Residential Base Case Market Potential Incremental Annual Energy 
Savings at Meter – 2012 by End Use 
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Figure 21. Residential Base Case Market Potential Incremental Annual Summer Peak 
Demand Savings at Meter – 2012 by End Use 

 
 

Figure 22. Residential Base Case Market Potential Incremental Annual Energy 
Savings at Meter – 2031 by End Use 
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Figure 23. Residential Base Case Market Potential Incremental Annual Summer Peak 
Demand Savings at Meter – 2031 by End Use  

 
 

 
Figure 24 to Figure 29 present residential sector results for the Base Case Market , 
Economic, and Technical Potentials for the twenty year period (2012 to 2031) and in 
year twenty (2031). In 2031, lighting and appliance energy savings account for most of 
the economic and market potential. Appliance and HVAC/Shell measures account for 
most of the projected demand savings for economic and market potential. Lighting 
measures also account for a substantial amount of projected demand savings for 
market potential in 2031.  
 
Total residential technical and economic potential energy savings through 2031 are 
projected primarily from appliance, lighting, and hot water measures with the other end 
uses providing less savings. Total residential technical and economic potential demand 
savings through 2031 are projected primarily from appliance and HVAC and shell 
measures with the other end uses providing less savings. 
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Figure 24. Residential Base Case Market and Economic Potential Energy Savings at 
Meter – 2031 by End Use 

 
 

Figure 25. Residential Base Case Market and Economic Potential Summer Peak 
Demand Savings at Meter – 2031 by End Use  
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Figure 26. Residential Technical and Economic Potential Energy Savings at Meter – 
2031 by End Use 

 

Figure 27. Residential Technical and Economic Potential Summer Peak Demand 
Savings at Meter – 2031 by End Use 
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Figure 28. Residential Economic Potential Energy Savings at Meter – 2031 by End 
Use 

 
 

 

Figure 29. Residential Economic Potential Summer Peak Demand Savings at Meter – 
2031 by End Use 
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A.5.4. Commercial and Industrial EE/PDR Potential 
Results 

This section provides the EE/PDR potential results for the non-residential sector. The 
total and annual incremental non-residential achievable EE/PDR potential results for the 
twenty years (2012 to 2031) are shown in Table 40 through Table 47. The energy 
values shown are for the EE/PDR measures’ first-year at meter energy savings, the 
incremental demand savings are the summer peak demand savings, and the program 
costs are the total estimated EE/PDR program budgets for a given year, including 
rebate or other customer incentive costs, as well as administrative and implementation 
costs. 
 
The total twenty-year estimated non-residential base case market potential in 2031 is 
about 7,116 GWh in cumulative annual savings at meter and about 1,296 MW of 
cumulative annual summer peak demand. The annual incremental energy savings at 
meter starts at 0.9 percent, and peaks out in 2020 at about 1.5 percent of AEP Ohio’s 
forecast annual non-residential energy sales (annual impacts begin to decline slowly 
thereafter as markets are saturated). Savings are predominantly from lighting, and 
HVAC and shell, followed by refrigeration, plug load, motors, cooking, and hot water 
measures. These results assume a net-to-gross impact ratio of 1.0, whereby free 
ridership is assumed for this analysis to be offset by spillover impacts. 
 
The base case market potential projects savings for 2012 to 2014 are consistent with 
meeting the requirements of SB 221. However, to meet the full SB 221 requirements 
through 2025 of 22.2 percent cumulative energy savings, AEP Ohio would need to meet 
the projected savings in the high case market potential scenario. 
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Table 40. Base Case Scenario: 2012 – 2031 Commercial and Industrial Cumulative Annual Savings at Meter 

 
 

Table 41. Base Case Scenario: 2012 – 2031 Commercial and Industrial Incremental Annual Savings at Meter 
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Table 42. Base Case Scenario: 2012 – 2031 Commercial and Industrial Incremental Market Potential Costs 
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Table 43. Commercial & Industrial Technical Potential Scenario: 2012 – 2031 Savings at Meter 

 

 Table 44. Commercial & Industrial Economic Potential Scenario: 2021 – 2031 Savings at Meter  
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Table 45. High Case Scenario: 2012 – 2031 Commercial & Industrial Cumulative Annual Savings at Meter 

 
 

Table 46. High Case Scenario: 2012 – 2031 Commercial & Industrial Incremental Annual Savings at Meter 
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Table 47. High Case Scenario: 2012 – 2031 Commercial & Industrial Incremental Market Potential Costs  
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A.5.5. Commercial and Industrial Energy Efficiency 
Results by End Use 

Figure 30 through Figure 33 show energy and peak demand savings for the first year 
(2012) and in year twenty (2031) for different potential scenarios. Non-residential 
lighting measures, primarily high performance fluorescent fixtures, account for most of 
the total estimated non-residential energy and demand conservation potential 
throughout the twenty year (2012 to 2031) forecast period.  

Figure 30. Commercial and Industrial Market Potential Incremental Annual Energy 
Savings by End Use 2012 

 
 

Figure 31. Commercial and Industrial Market Potential Incremental Annual Summer 
Peak Demand Savings by End Use 2012 
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Figure 32. Commercial and Industrial Market Potential Incremental Annual Energy 
Savings at Meter by End Use 2031 

 
 

 

Figure 33. Commercial and Industrial Market Potential Incremental Annual Summer 
Peak Demand Savings at Meter by End Use 2031 

 
 

Figure 34 through Figure 39 present commercial and industrial sector results for the 
Base Case Market, Economic and Technical Potentials for the twenty-year period (2012 
to 2031) and in year twenty (2031). In 2031, lighting measures account for most of the 
economic and market potential energy and demand savings. 
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Total technical and economic potential energy and demand savings through 2031 are 
projected primarily from lighting measures with the other end uses providing less 
savings. The end use contribution to economic potential energy savings in 2031 is 
projected to be mostly from lighting measures, followed by refrigeration and HVAC and 
shell measures. The end use contribution to economic potential peak demand savings in 
2031 is projected to be predominantly from lighting measures, followed by HVAC and 
shell and motors measures. 

Figure 34. Commercial and Industrial Cumulative Base Case Market and Economic 
Potential Energy Savings at Meter – 2031 by End Use 

 

Figure 35. Commercial and Industrial Base Case Market and Economic Potential 
Summer Peak Demand Savings at Meter – 2031 by End Use 
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Figure 36. Commercial and Industrial Technical and Economic Potential Energy 
Savings at Meter – 2031 by End Use 

 
 

 

Figure 37. Commercial and Industrial Technical and Economic Potential Summer 
Peak Demand Savings at Meter – 2031 by End Use 
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Figure 38. Commercial and Industrial Economic Potential Annual Energy Savings at 
Meter by End Use 2031 

 
 

 

Figure 39. Commercial and Industrial Economic Potential Annual Summer Peak 
Demand Savings at Meter by End Use 2031 
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B. BENCHMARKING EE/PDR PROGRAMS 
PRESENTATION 
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Section 1.  Methodology and Scope

EE/PDR Benchmarking

» To ensure that the EE/PDR potential estimates that we develop are 
reasonable and appropriate, and to identify the best practices 
regarding EE/PDR programs, we conducted a benchmarking 
assessment on other utilities’ EE/PDR programs, including those in 
neighboring Ohio states that have relatively new EE/PDR 
requirements and portfolios and available data.

» To identify common best practices of top performers, the analysis 
compares detailed program results by customer sector of those 
utilities identified as achieving high levels of EE/PDR savings for 
below-median costs. 

» Navigant benchmarked EE/PDR programs from 2009 and 2010, as 
available.
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Navigant benchmarked ten IOUs in the Midwest or neighboring Ohio 
states that have relatively new EE/PDR requirements and portfolios 
and available data.

State Organization 2009 2010

OH
AEP X X

Dayton P&L X X
First Energy X X

IL
Ameren X X
ComEd X X

MI

Consumers 
Energy X X

Detroit 
Edison X X

PA
Allegheny X **

First Energy X **
PECO X **

Section 1.  Methodology and Scope

** PA EE data will not be made public until 11/11.
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2009 and 2010 EE/PDR Benchmarking Data Collection

» EE/PDR program spending and savings results were collected 
from ten utilities’ annual report to regulatory agency.

» Baseline sales and revenue were collected from FERC Form 
861 from www.eia.doe.gov.

» EE/PDR savings and spending were normalized of the same 
program year baseline sales and revenue.

» Due to wide reporting variances for PDR programs, they are not 
included in the benchmarking.  All peak demand savings shown 
here are from EE programs only.

Section 1.  Methodology and Scope
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EE/PDR reporting practices vary, for example, by savings attributes. 
Wherever possible we collected savings that are verified, at meter, 
and gross.

NS = not specified

**   = savings for 2 of Allegheny's 7 programs were verified.

State Organization Savings 
Verified

EE GWh At meter 
or generator Net or Gross

OH
AEP Yes Meter Gross

Dayton P&L Yes Meter Gross
First Energy No Meter Gross

IL

Ameren 09 Yes NS NS
Ameren 10 Yes Meter Gross

ComEd 09 Yes Meter kWh Gross, kW 
Net

ComEd 10 Yes Meter Gross

MI
Consumers 

Energy Yes Generator Gross

Detroit Edison Yes Generator NS

PA*
Allegheny 2 of 7** NS Gross

First Energy NS NS Gross
PECO Yes Meter Gross

Section 1.  Methodology and Scope

*  = Savings attributes for PA utilities are only for the 2009 program year as EE data for 2010 program year were not 
available. 
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Section 1.  Methodology and Scope

Many utilities launched programs mid-year 2009.

State Organization C&I Launch 
Date

Residential 
Launch 

Date

Program 
Calendar

OH
AEP OH Jun-09 Apr-09 Jan - Dec 

Dayton P&L Apr-09 Feb-09 Jan - Dec 

First Energy OH Partial Year 09 Partial Year 09 Jan - Dec 

IL Ameren IL Jun-08 Aug-08 June - May

ComEd IL Jun-08 Jun-08 June - May

MI Consumers Energy MI Jul-09 Jul-09 Jan - Dec 

Detroit Edison Jul-09 Aug-09 Jan - Dec 

PA

Allegheny PA Apr-10 Jan-10 June - May

First Energy PA Jun-10 March-May 2010 June - May

PECO Mar-10 Oct-09 June - May
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Benchmarking is not a horse race.

» Given variation in program offerings and reporting practices 
across EE/PDR portfolios, no benchmarking can achieve strict 
apples-to-apples comparison.

» Benchmarking is, however, useful to identify which organizations 
and programs to analyze more closely.

» This close analysis affords better understanding to inform cost-
effective program design.

» Most importantly, the analysis identifies performance 
benchmarks, based on actual program results, to calibrate 
the potential model.

Section 1.  Methodology and Scope
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2 Residential EE Measure 
Characterization

References4

3 2010 Benchmarking

Section 2.  2009 Benchmarking

Table of Contents

1 Methodology and Scope

2 2009 Benchmarking
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Section 2.  2009 Benchmarking

2009 Overall Results

Spending 
as

% of 
Revenue

Energy 
Savings as
% of Sales

Peak Demand 
Savings as % of 
Peak Demand

Retail 
Cost of 
Energy
$/kWh

Cost of First Year 
Savings 

$/kWh $/kW

All Region Median 0.4% 0.4% 0.1% $0.09 $0.11 $1,081

AEP OH 09 0.4% 0.6% 0.4% $0.07 $0.05 $412
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Section 2.  2009 Benchmarking

Retail costs of energy vary widely, from $0.06/kWh to $0.14/kWh.
AEP Ohio’s retail cost of energy is low in 2009.

The median is between light blue bars and dark blue bars.
The red bar indicates AEP Ohio’s 2009 results.
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Section 2.  2009 Benchmarking

AEP Ohio’s EE spending over all sectors (as a percentage of revenue) 
is just above the median.
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Section 2.  2009 Benchmarking

AEP Ohio’s energy savings over all sectors (as a percentage of sales) 
is the second highest.
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Section 2.  2009 Benchmarking

AEP Ohio has the lowest cost of energy savings per first year kWh.
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Section 2.  2009 Benchmarking

AEP Ohio achieved very high energy savings (as a percentage of sales) 
at the lowest costs.

Overall Energy Savings % 
of Sales 

Cost of Energy 
Savings ($/kWh) First 

Year 

Median of All Utilities 0.4% $0.11/kWh 

AEP OH 09 0.6% $0.05/kWh 
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Section 2.  2009 Benchmarking

AEP Ohio achieved above median peak demand savings (as a 
percentage of peak demand) at below median costs.

Overall
Peak Demand 

Savings as % of 
Peak Demand

Cost of Peak 
Demand Savings 

($/kW) 

Median of All Utilities 0.2% $806/kW 

AEP OH 09 0.4% $412/kW 

Dayton P&L achieved high peak demand savings at low costs with its residential lighting  and 
C&I prescriptive  programs. 
AEP Ohio achieved high peak demand savings at low costs with its self direct program.
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Section 2.  2009 Benchmarking

2009 C&I Results

Spending 
as

% of 
Revenue

Energy 
Savings as
% of Sales

Peak Demand 
Savings as % of 
Peak Demand

Retail 
Cost of 
Energy
$/kWh

Cost of First Year 
Savings 

$/kWh $/kW

All Region Median 0.3% 0.3% 0.1% $0.08 $0.11 $755

AEP OH 09 0.5% 0.7% 0.5% $0.06 $0.04 $298
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AEP Ohio’s C&I simple retail cost of energy is low for 2009.

Section 2.  2009 Benchmarking
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AEP Ohio spent a higher percentage of C&I revenue on EE programs 
than median.

Section 2.  2009 Benchmarking
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AEP Ohio achieved the highest C&I energy savings (as a percentage of 
sales).

Section 2.  2009 Benchmarking
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AEP Ohio achieved the second lowest cost of C&I energy savings per 
first year kWh.

Section 2.  2009 Benchmarking
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AEP Ohio achieved the highest C&I energy savings (as a percentage of 
sales) at the low costs of C&I energy savings.

C&I Energy Savings 
% of Sales 

Cost of Energy 
Savings ($/kWh) 

First Year 

Median of All Utilities 0.3% $0.11/kWh 

AEP OH 09 0.7% $0.04/kWh 

Section 2.  2009 Benchmarking
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Section 2.  2009 Benchmarking

2009 C&I EE Spending and Energy Savings
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These utilities achieved high C&I energy savings at low costs in 2009.  
We examined this groups’ performance closely.

Section 2.  2009 Benchmarking
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For this group with high C&I savings and low costs, savings are achieved 
principally by prescriptive, custom, and self-direct programs.

2009 Distribution of C&I EE/PDR Energy Savings by Program

Section 2.  2009 Benchmarking
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This group’s prescriptive and self direct programs first year kWh costs are 
below the median cost, $0.11/kWh. Custom program first year kWh costs for 
this group are generally close to the median.

2009 C&I EE/PDR Cost of Energy Savings by Program

“*” Expenditure data for Consumers Energy (MI)’s prescriptive and custom programs were 
available only combined.

Section 2.  2009 Benchmarking
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Cost Detail for Key C&I Programs for This Group in 2009

Section 2.  2009 Benchmarking

The following slides review this groups’ custom and prescriptive 
programs in detail:

» Incentive of Cost Detail

» Non-Incentive Cost Detail

» Percentage Sector Sales
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For this group, custom programs achieved at least 9% of total C&I sector savings, 
except AEP Ohio which achieved most of its C&I sector savings through its Self Direct 
program. Incentives comprised at least 32% the custom programs’ cost.

Section 2.  2009 Benchmarking

Consumers Energy (MI) is not shown in the bar chart as to not skew the scale. It’s custom 
program achieved 9 percent of its total C&I sector savings at $0.93/kWh. 

Cost detail (for incentive and non-incentive costs) was not available for the Michigan utilities.
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This groups’ prescriptive programs achieved at least 30 percent of total C&I sector savings; 
except AEP Ohio which achieved most of its C&I sector savings through its Self Direct 
program. Incentives comprised at least 69 percent of the prescriptive programs’ cost.

Section 2.  2009 Benchmarking

Cost detail (for incentive and non-incentive costs) was not available for the Michigan utilities.
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AEP Ohio achieved the highest C&I peak demand savings (as 
percentage of peak demand) at below median costs.

C&I
Peak Demand 

Savings as % of 
Peak Demand

Cost of Peak 
Demand Savings 

($/kW) 

Median of All Utilities 0.1% $755/kW 

AEP OH 09 0.5% $298/kW 

Consumers Energy MI is not included as no demand savings were reported. 
AEP Ohio achieved high C&I peak demand savings at low costs with its self direct programs.

Section 2.  2009 Benchmarking
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Summary of High Savings and Low Costs Results for C&I EE/PDR
Portfolios in 2009

Summary of High Savings and Low Costs Utilities' C&I EE Portfolios 2009

EE Spending AEP Ohio and the other utilities achieved C&I EE spending of 0.5  percent (as a 
percentage of C&I revenue) in 2009.

EE Savings
AEP Ohio achieved C&I energy savings of about 0.7 percent (as a percentage of 
C&I sales) in 2009 while the other utilities in this group achieved energy 
savings of about 0.35 percent.

EE Costs Energy savings generally cost about 9 ¢/kWh (first year costs), except AEP 
Ohio with 4 ¢/kWh. 

Top Programs Prescriptive Incentives, Custom Incentives, and Self Direct programs.

Section 2.  2009 Benchmarking
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Section 2.  2009 Benchmarking

2009 Residential Results

Spending 
as

% of 
Revenue

Energy 
Savings as
% of Sales

Peak Demand 
Savings as % of 
Peak Demand

Retail 
Cost of 
Energy
$/kWh

Cost of First Year 
Savings 

$/kWh $/kW

All Region Median 0.4% 0.4% 0.2% $0.11 $0.12 $1,466

AEP OH 09 0.4% 0.6% 0.2% $0.09 $0.07 $962
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AEP Ohio’s residential retail cost of energy is low for 2009.

Section 2.  2009 Benchmarking
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AEP Ohio’s residential spending (as a percentage of revenue) is above 
the median.

Section 2.  2009 Benchmarking
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AEP Ohio’s residential energy savings (as a percentage of sales) is 
above the median.

Section 2.  2009 Benchmarking
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AEP Ohio’s cost of residential energy savings per first year kWh is 
below the median.

Section 2.  2009 Benchmarking
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AEP Ohio achieved above median energy savings (as a percentage of 
sales) at below median costs in the residential sector.

Residential Energy Savings 
% of Sales 

Cost of Energy 
Savings ($/kWh) 

First Year 

Median of All Utilities 0.4% $0.12/kWh 

AEP OH 09 0.6% $0.07/kWh 

Section 2.  2009 Benchmarking

B-38
First Energy (OH) is not included so as not to skew the scale (0.01%, $2.69/kWh).
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Section 2.  2009 Benchmarking

2009 Residential EE/PDR Spending and Energy Savings
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Section 2.  2009 Benchmarking

These utilities achieved high residential energy savings at low costs 
in 2009. We examined this groups’ performance closely.
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Among this groups’ residential portfolios, savings are achieved principally by 
prescriptive (especially lighting) and appliance recycling programs.

2009 Distribution of Residential EE/PDR Energy Savings by Program

Section 2.  2009 Benchmarking
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All the lighting programs’ first year kWh costs for this group are about half 
the median while most of the prescriptive and appliance recycling programs 
first year kWh costs are below or close to the median.

2009 Residential EE/PDR Cost of Energy Savings by Program

Section 2.  2009 Benchmarking
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Cost Detail for Key Residential Programs for This Group in 2009

Section 2.  2009 Benchmarking

The following slides review this groups’ prescriptive and appliance 
recycling programs in detail:

» Incentive Cost Detail

» Non-Incentive Cost Detail

» Percentage of Sector Sales
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Section 2.  2009 Benchmarking

This groups’ prescriptive programs achieved at least 76 percent of total 
residential sector savings. Incentives comprised at least 47 percent of the 
prescriptive programs’ cost.

Cost detail (for incentive and non-incentive costs) was not available for Detroit Edison Co. B-44
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Section 2.  2009 Benchmarking
Two of the utilities’ appliance recycling programs achieved between 11 percent and 
14 percent of total residential sector savings while the other three achieved between 
3 percent and 6 percent. Incentives comprised at least 13 percent of the appliance 
recycling programs’ cost. 

Cost detail (for incentive and non-incentive costs) was not available for Detroit Edison Co.
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AEP Ohio achieved above median residential peak demand savings (as 
a percentage of peak demand) at below median costs.

Residential 
Peak Demand 

Savings as % of 
Peak Demand

Cost of Peak 
Demand Savings 

($/kW) 

Median of All Utilities 0.2% $1,466/kW 

AEP OH 09 0.2% $962/kW 

Section 2.  2009 Benchmarking

High peak demand savings at low costs were achieved by DP&L with their lighting program and 
by DE with their prescriptive program.
Allegheny (PA) is not included so as not to skew the scale (0.01%, $10,639/kW).
Consumers Energy reported no demand savings. 
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Summary of High Savings and Low Costs Results for Residential 
EE/PDR Portfolios in 2009

Summary of High Savings and Low Costs Results for Residential EE Portfolios

EE Spending
AEP Ohio achieved residential EE spending of about 0.4% (as a % of 
revenue) in 2009 while other utilities  achieved between 0.4-1.0% of 
revenues.

EE Savings
AEP Ohio achieved residential energy savings of 0.6% (as a % of 
residential sales) while the other utilities in this group achieved between
0.4-1.3% of residential sales

EE Costs Energy savings generally cost about 9 ¢/kWh (first year costs)

Top Programs

Prescriptive Incentives, especially Lighting

Appliance Recycling 

Section 2.  2009 Benchmarking
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2009 EE/PDR Results by State

Section 2.  2009 Benchmarking

B-48
ComEd and Ameren IL’s C&I retail revenue data include both energy and delivery statistics from EIA’s 861 report. Because not all delivery revenue was 
reported, we applied the ratio of energy’s $/kWh (revenue ÷ retail kWh sales) to delivery’s retail kWh sales to estimate the C&I revenue.
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2 Residential EE Measure 
Characterization

References4

3 2010 Benchmarking

Section 3.  2010 Benchmarking

Table of Contents

1 Methodology and Scope

2 2009 Benchmarking
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2010 Overall Results

Spending 
as

% of 
Revenue

Energy 
Savings as
% of Sales

Peak Demand 
Savings as % of 
Peak Demand

Retail 
Cost of 
Energy
$/kWh

Cost of First Year 
Savings 

$/kWh $/kW

All Region Median 0.8% 0.7% 0.5% $0.09 $0.11 $478

AEP OH 10 0.8% 0.7% 0.5% $0.08 $0.09 $709

The PA utilities are not included in the 2010 analysis as their 2010 annual reports will not 
be available until November 2011.

Section 3.  2010 Benchmarking
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AEP Ohio’s retail cost of energy is low in 2010.
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Section 3.  2010 Benchmarking

51The green bar indicates AEP Ohio’s 2010 results. B-51
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AEP Ohio’s EE/PDR spending over all sectors (as a percentage of 
revenue) is the median.
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Section 3.  2010 Benchmarking
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AEP Ohio’s energy savings over all sectors (as a percentage of sales) 
is the median.
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Section 3.  2010 Benchmarking
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AEP Ohio’s cost of energy savings per first year kWh is below the 
median.
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Section 3.  2010 Benchmarking
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First Energy (OH) 10

AEP OH 10

Dayton P&L 10

ComEd (IL) 10

Ameren (IL) 10 Consumers Energy (MI) 10

Detroit Edison Co 10
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Intersection at Medians

High Savings, 
Low Costs

AEP Ohio achieved median energy savings (as a percentage of sales) 
at below median costs.

Overall Energy Savings 
% of Sales 

Cost of Energy 
Savings ($/kWh) 

First Year 

Median of All Utilities 0.7% $0.11/kWh 

AEP OH 10 0.7% $0.09/kWh

Section 3.  2010 Benchmarking
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AEP Ohio achieved below median peak demand savings (as a 
percentage of peak demand).

Consumers Energy and Detroit Edison are not included in any peak demand graphic as they did 
not reported kW savings in their 2010 annual reports.
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Section 3.  2010 Benchmarking

Ameren IL achieved high peak demand savings with its Custom Incentives  program.
Dayton P&L achieved high peak demand savings with its residential Lighting and C&I 
prescriptive programs.
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AEP Ohio’s cost of peak demand savings is above the median.
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Section 3.  2010 Benchmarking

Ameren IL achieved  low cost peak demand savings with its Custom Incentives program.
57

ComEd IL achieved  low cost peak demand savings with its residential Lighting and Business 
Prescriptive programs.
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2010 C&I Results

Spending 
as

% of 
Revenue

Energy 
Savings as
% of Sales

Peak Demand 
Savings as % of 
Peak Demand

Retail 
Cost of 
Energy
$/kWh

Cost of First Year 
Savings 

$/kWh $/kW

All Region Median 0.8% 0.6% 0.5% $0.07 $0.09 $414

AEP OH 10 1.0% 0.7% 0.6% $0.07 $0.09 $601

Section 3.  2010 Benchmarking
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AEP Ohio’s C&I retail cost of energy is below the median.
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Section 3.  2010 Benchmarking
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AEP Ohio spent a higher percentage of C&I revenue on EE/PDR
programs than the median.
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Section 3.  2010 Benchmarking
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AEP Ohio achieved the highest C&I energy savings (as a percentage of 
sales).

Section 3.  2010 Benchmarking
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AEP Ohio’s cost of C&I energy savings per first year kWh is the 
median.
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Section 3.  2010 Benchmarking
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First Energy (OH) 10

AEP OH 10

Dayton P&L 10

ComEd (IL) 10

Ameren (IL) 10

Consumers Energy (MI) 10

Detroit Edison Co 10
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Intersection at Medians

High Savings, 
Low Costs

AEP Ohio achieved the highest C&I energy savings (as a percentage of 
sales) at median costs.

C&I Energy Savings 
% of Sales 

Cost of Energy 
Savings ($/kWh) 

First Year 

Median of All Utilities 0.6% $0.09/kWh 

AEP OH 10 0.7% $0.09/kWh

Section 3.  2010 Benchmarking
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AEP Ohio’s peak demand savings (as a percentage of peak demand) is 
above the median.
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Section 3.  2010 Benchmarking

Ameren IL achieved  high peak demand savings with its Custom Incentives program.

AEP Ohio achieved  high peak demand savings with its Prescriptive program.
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Cost of C&I peak demand savings ranges from $200-600/kW.

Section 3.  2010 Benchmarking

First Energy OH achieved  low cost peak demand savings with its self direct program.
Ameren IL achieved  low cost peak demand savings with its Custom Incentives program.
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2010 Residential Results

Spending 
as

% of 
Revenue

Energy 
Savings as
% of Sales

Peak Demand 
Savings as % of 
Peak Demand

Retail 
Cost of 
Energy
$/kWh

Cost of First Year 
Savings 

$/kWh $/kW

All Region Median 0.8% 0.7% 0.7% $0.12 $0.10 $1,151

AEP OH 10 0.6% 0.7% 0.3% $0.11 $0.09 $1,160

Section 3.  2010 Benchmarking
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AEP Ohio’s residential retail cost of energy savings is below the 
median.
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Section 3.  2010 Benchmarking
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AEP Ohio’s residential spending (as a percentage of revenue) is below 
the median.
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Section 3.  2010 Benchmarking
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AEP Ohio’s residential energy savings (as a percentage of sales) is the 
median.
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Section 3.  2010 Benchmarking
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AEP Ohio’s cost of residential energy savings per first year kWh is 
below the median.
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Section 3.  2010 Benchmarking
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First Energy (OH) 10
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Ameren (IL) 10
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High Savings, 
Low Costs

AEP Ohio achieved median residential energy savings (as a 
percentage of sales) at below median costs.

Residential Energy Savings 
% of Sales 

Cost of Energy 
Savings ($/kWh) 

First Year 

Median of All Utilities 0.7% $0.10/kWh 

AEP OH 10 0.7% $0.09/kWh

Section 3.  2010 Benchmarking
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AEP Ohio’s residential peak demand savings (as a percentage of peak 
demand) is below the median.

Section 3.  2010 Benchmarking

Dayton P&L  and ComEd IL achieved  high peak demand savings with their lighting 
programs.
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AEP Ohio’s cost of peak demand savings $/kW is close to the median.
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Section 3.  2010 Benchmarking

Dayton P&L and ComEd achieved  low cost peak demand savings with their lighting programs.
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2010 EE/PDR Results by State

Section 3.  2010 Benchmarking

ComEd and Ameren IL’s C&I retail revenue data include both energy and delivery statistics from EIA’s 861 report. Because not all delivery revenue was 
reported, we applied the ratio of energy’s $/kWh (revenue ÷ retail kWh sales) to delivery’s retail kWh sales to estimate the C&I revenue. B-74
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C. EE/PDR MEASURE DESCRIPTIONS AND 
CHARACTERIZATIONS 

C.1. Overview  
This Appendix describes the DSM measures analyzed for this study and the methods 
used to estimate savings. For EE/PDR measures having impacts that do not vary with 
climate, data was used from several different sources, including: ongoing AEP Ohio 
programs, the 2011 residential and nonresidential baseline studies, the draft Ohio 
Statewide TRM for climate-dependent measures, and engineering estimates, as well as 
publicly available and well-respected sources, such as the California Database on 
Energy-Efficiency Resources (DEER) database. The approach adjusted the DEER energy 
and demand impacts for AEP Ohio’s customer operating parameters as necessary based 
on the local weather. In addition to using data from ongoing AEP Ohio programs, or the 
draft Ohio Statewide TRM for climate-dependent measures, the analysis used a 
combination of building simulation modeling and engineering estimates specifically 
developed for AEP Ohio to estimate EE/PDR measure per unit savings. 
 
These sources were supplemented by emerging technologies and regionally relevant 
measures. Each measure record includes energy savings, gross demand savings, cost, 
and measure life. Residential and Non-Residential measures were analyzed with similar 
methods.  
 
This section reports common elements of the analysis. Subsequent sections discuss the 
residential and non-residential measures and analysis methods in more detail. 
 
Measure characterizations for all sectors include the following parameters: 
 

• Measure Description – A unique and brief description of the efficient 
technology  

 
• Baseline Description – A brief description of the assumed baseline technology  

 
• Normalization Unit – Unit by which savings and costs are reported  

 
• Measure Life – Expected number of years of normal use before failure. Values 

primarily sourced from DEER 2008  
 

• Energy Impact (kWh/Unit) – Energy savings for one unit of the measure in 
kilowatt-hours per year. For the residential sector, there are separate values for 
building type (existing single-family and new single-family). For the commercial 
and industrial sectors, there are values for office buildings, retail businesses, 
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schools, other commercial and the industrial segments. All savings estimates are 
“at meter”. 

 
• Coincident Summer Peak Impact (W/Unit) – Coincident peak demand 

savings for one unit of the measure in Watts per year. For the residential sector, 
there are separate values for building type (existing single-family and new single-
family). For the commercial and industrial sectors, there are values for office 
buildings, retail businesses, schools, other commercial and the industrial 
segments. All savings estimates are “at meter”. It is assumed that system peak 
for AEP Ohio is 4:00 p.m. during a weekday in July.   

 
• Base Incentive ($/Unit) – Incentive, in dollars, for one unit of the measure 

 
• Technology Cost ($/Unit) – Per-unit cost of the technology. For Replace-on-

Burnout scenarios, this is the incremental difference between the retail cost of 
the baseline technology and the retail cost of the efficient option. For all other 
cases (Low Income, early replacement, and retrofit), this is the full retail cost of 
the efficient option plus any labor costs for installation. AEP Ohio researched 
material and labor costs for each measure and calculated incremental costs.  
Incremental costs are mostly based on the DEER database adjusted with 
‘location factors’ from RS Means Mechanical Data to reflect AEP Ohio service area 
labor and/or equipment costs.15 Where measures can be purchased from 
national retailers, such as room air conditioners, the retailer prices are the basis 
of incremental costs. 

 
• Administrative Cost ($/Unit) – Per-unit cost to administer the primary 

program of this measure. 
 
The measures in this analysis are selected based on the experience of AEP Ohio and its 
consultant, Navigant. The measures typically pass various benefit-cost tests in other 
jurisdictions and are widespread in their potential application, thus these typically 
contribute a large portion of the EE/PDR potential. 

C.2. Residential Measure Characterizations 
Residential measure analysis is reported for new single-family homes and existing 
single-family homes. Savings for each housing type was evaluated for three heating, 
ventilation and air-conditioning (HVAC) systems: gas furnace/air conditioning (AC), 
electric resistance/AC, and air source heat pump. A combination of DOE2 simulations, 
engineering calculations, and secondary resources was used to estimate measure 
savings.  
  
                                         
15 RS Means Mechanical Cost Databook, 2006. 
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Weather Dependent Measures 
To calculate savings for weather-dependent measures, (grouped as “HVAC and Shell” 
and “New Construction” in the reporting document) building energy simulation models 
were created using eQUEST16. Navigant created four aggregate calibrated buildings, 
each with three heating types. These homes were created based on the Building 
America Benchmark (BABM), Buildings Energy Databook (2007) plus Navigant 
engineering judgment. The homes then were calibrated to annual end use consumption 
data for each building type generated using the same methodology as the Market 
Profiles, which combines monthly consumption data, and BABM assumptions to 
estimate annual end uses. 
 
Non-Weather Dependent Measures 
Lighting, appliances, hot water, and other measures are evaluated using engineering 
calculations and secondary research. Lighting estimates are primarily based on 
differences in installed lamp wattage and residential usage patterns combined with 
HVAC interactive effects as determined with simulation models. Savings for appliances 
are based on secondary sources such as ENERGY STAR® calculators and commercial 
product reports. Domestic hot water usage is estimated with BABM equations based on 
the number of bedrooms for a given home. Savings for each service territory vary 
based on water mains temperatures estimated from American Society of Heating, 
Refrigerating and Air-conditioning Engineers, Inc. (ASHRAE) climate data. 

C.2.1. Lighting Measures – Residential 
The following lighting measures often are part of utilities’ prescriptive residential lighting 
energy efficiency programs. Measure costs and measure lives are based on the 
California Database of Energy Efficiency Resources (DEER) database. Costs are adjusted 
to the AEP Ohio service territory by regional cost factors from RS Means Cost Data. 
 
Compact Fluorescent Lamp – Screw-in and Hard-wired Fixtures 
Compact fluorescent lamps (CFLs) are the most common alternatives to standard 
incandescent lamps. CFLs generally are about four times as efficient as incandescent 
lamps, and last about ten times as long. CFLs can either be screw-in replacements for 
incandescent lamps or plug-in lamps in fixtures specifically designed around CFL 
technology. Savings is determined by subtracting the input CFL Wattage from the lamp 
or fixture Wattage of the incandescent lamps being replaced. The measure life for an 
indoor and outdoor CFLs is based on standard residential usage and estimated at nine 
years. 
 
  

                                         
16 eQUEST simulation software is a graphical user interface for the DOE2.2 simulation engine.  
Simulation inputs include hourly weather data and usage profiles, and results are reported hourly to 
facilitate peak demand and annual energy use. 
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LED Lights 
New generation light emitting diode (LED) general purpose lights are entering the 
market in the same applications as some CFLs, though mostly as replacements for 
directional incandescent lights, such as flood lights and parabolic aluminized reflector 
(PAR) lamps. Screw in versions of LED lights have the “throw” of incandescent lights, 
but have a measure life of 10-15 times incandescent equivalents. LED lamps are good 
in hard-to-reach applications such as high-ceiling recessed downlights.  
 
LED Night Lights 
LED night lights are highly efficient, often consuming less than  1 Watt of power. The 
analysis retrofits a 7W incandescent bulb with a 1W LED night light, and assumes 8 
hours of operation per day. 
 
LED Holiday Lights 
LED holiday lights have a number of advantages over standard incandescent lights. An 
LED C7 bulb consumes 0.08W compared to 0.48W for a comparable incandescent. In 
addition, the lifetime of an LED bulb is rated at 100,000 hours for indoor use, and 
50,000 hours for outdoor use. The analysis assumes a string of 300 lights, operated for 
5 hours per day for 30 days annually. 

C.2.2. Residential Water Heating Measures 
Hot water savings can occur through reducing the amount of hot water consumed or by 
improving the efficiency of the water heating/storage/distribution process. Total hot 
water energy use is based on Baseline Market Profiles described in Appendix A. 
 
Efficient Water Heaters 
Traditional electric water heaters have an overall efficiency of about 90% including 
standby and distribution losses. High efficiency units achieve 95% efficiency with 
improved insulation and heat traps that minimize convection into under-insulated 
distribution pipes. The savings estimate for the high-efficiency unit is calculated from 
the total hot water energy use and the unit efficiencies. Base case electric energy 
factors/efficiencies are assumed to be 0.904 respectively, with efficient cases of 0.95. 
 
Low-Flow Shower Heads 
Low flow shower heads use an orifice plate inside the fixture to restrict the water flow 
to a maximum 2.5 gallons per minute versus a 3.5 gallon per minute permitted with 
standard new shower heads. Water flow from older showerheads typically exceeds 5.0 
gallons per minute. Engineering methods were used to estimate savings between the 
2.5 and 3.5 gpm (gallons per minute) showerheads assuming baseline consumption 
sourced from BABM. 
 

Exhibit B, (Volume 2) 
Page 183 of 218



  

 2012 to 2014 EE/PDR Plan-Appendices C-5 

Faucet Aerators 
Faucet aerators introduce air into the water as it leaves the faucet. The result is 
perceived full flow at a much reduced actual flow rate. The analysis estimated that a 
faucet aerator reduces flow from 4 gallons per minute to 1.5 gallons  per minute using 
baseline consumption sourced from BABM. 
 
Hot Water Pipe Insulation 
Pre-formed segments of foam insulation are placed around hot water distribution pipes 
to minimize heat loss. While useful for the entire length of hot water piping, it is most 
cost-effective in the first 5-10 feet of pipe extending from the hot water heater. 
Engineering estimates of steady state heat loss from the pipes to conditioned indoor air 
were used to estimate savings. 
 
Drain Water Heat Recovery 
These systems recover some of the heat from drain pipe hot water. Savings were based 
on US Department of Energy information and manufacturer case studies. Engineering 
calculations based on the effectiveness of an average of six commercially-available 
drain water heat recovery systems were used to estimate savings. Water consumptions 
is based on residential usage for showers and sinks sourced from the BABM.  
 
ENERGY STAR Clothes Washers 
ENERGY STAR clothes washers must exceed the minimum energy efficiency standards 
by at least 37 percent and, since January 1, 2007, meet water efficiency criteria. The 
federal standard sets the minimum Modified Energy Factor (MEF) at 1.26, ENERGY 
STAR sets the minimum MEF at 2.0 with a maximum water factor of 6.0. Savings is not 
climate dependent and is based on DEER estimates. Estimates were calculated for Tier 
3 clothes washers with MEF ratings of 2.2. Baseline consumption is based on BABM. 
 
ENERGY STAR Dishwashers 
Since August 11, 2009, federal standard requires a minimum Energy Factor (EF) of 0.46 
for standard models and 0.62 for compact models, and since then ENERGY STAR 
qualifies dishwashers according to new criteria: annual water and energy consumption. 
Standard-size models must consume ≤324 kWh/year and compact models must 
consume ≤260 kWh/year. Savings is not climate dependent and is based on ENERGY 
STAR estimates.  

C.2.3. Residential HVAC & Shell Measures 
HVAC savings can be achieved by improving the building shell, optimizing thermostat 
settings, and/or improving the efficiency of the equipment and distribution process.  
 
Since HVAC savings are climate dependent, most of the savings for the following 
measures were determined by modifying the baseline simulation model first to reflect 
the less efficient option then to reflect the improved efficiency measure. Savings are 
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calculated as the difference between the two. Incremental costs are mostly based on 
the DEER database adjusted with ‘location factors’ to reflect AEP Ohio service area labor 
and/or equipment costs. Where measures can be purchased from national retailers, 
such as window air conditioners, the retailer prices are the basis of incremental costs. 
 
ENERGY STAR Residential Window Air Conditioners 
ENERGY STAR room air conditioners must be at least 10 percent more efficient than 
standard U.S. models, which are defined as units with a minimum Energy Efficiency 
Ratio (EER) rating of 8.0-9.8 depending upon the size and type of the unit. Minimum 
efficiency standards for room air conditioners range from 9.4 EER to 10.8 EER 
depending on the unit size and type. Savings is determined by simulation models 
improving equipment from 9.8 to 10.7 EER. 
 
ENERGY STAR Residential Air Source Heat Pumps 
ENERGY STAR air source heat pumps are units with minimum ratings of 14 Seasonal 
Energy Efficient Rating (SEER), EER ratings of 11-12, and heating system performance 
factors of 8.0-8.2 or higher. Since 2006, minimum efficiency standards for heat pumps 
are 13 SEER and 7.7 HSPF. Savings is determined by modeling. 
 
High Efficiency Central Air Conditioning 
Since 2006, the minimum efficiency standard for central air conditioners is 13 SEER. 
More efficient models are available in the market. Savings is determined by modeling 
SEER 14 equipment versus the minimum efficiency. 
 
HVAC Diagnostic Repair, Testing, and Maintenance 
Many residential and commercial HVAC systems are not operating as efficiently as 
possible due to inadequate maintenance. The package of services includes ensuring 
proper refrigerant charge, lubrication, cleanliness and fan operation. The savings 
estimate assumes that the tune-up improves efficiency by 10 percent, which is 
consistent with refrigerant over-charge and undercharge savings. 
 
HVAC Duct Sealing, Operations and Maintenance 
Many HVAC ducts are not sealed well and leak conditioned air into conditioned and 
unconditioned spaces such as basements and attics failing to properly deliver heating 
and cooling to the occupied areas of the home. Duct sealing reduces such heat loss and 
reduces required fan power. Savings estimates are determined by modeling well sealed 
ductwork vs. systems with typical leakage, about five percent. 
 
Ceiling Insulation 
Ceiling insulation includes both insulating uninsulated and under-insulated roof areas. 
Savings are calculated from simulations replacing R-19 with R-38. 
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Wall Insulation 
Wall insulation is most cost-effective when insulating un-insulated wall areas. Savings 
are determined from simulations replacing R-4 insulation with R-11. 
 
Efficient Windows 
Efficient windows are generally considered to be either triple paned windows, windows 
with a radiant barrier to reflect heat back into the conditioned space, or double-pane 
windows with low “shading coefficients”. Reducing the shading coefficients of glass will 
reduce the amount of solar heat gain into the building. The reduced solar gain will 
decrease the cooling load for the building, but may increase the heating load. These 
windows usually have a higher R-value than the windows they replace, thus heating 
energy can decrease. Savings are determined from modeling the replacement of 
baseline windows with a U-Value of 0.65 and Solar Heat Gain Coefficient (SHGC) of 
0.62 with windows with a U-Value of 0.35 and a SHGC of 0.55. 
 
Comprehensive Shell Air Sealing 
The measure includes caulking, weather stripping, and sealing other visible cracks and 
penetrations in the building shell. A house should be able to breathe to purge 
contaminants so a lower limit of 0.35 air-changes per hour (ACH) is advised without the 
addition of mechanical ventilation. Savings is determined for two levels of sealing by 
modeling a base case of 0.6 ACH and efficient cases of 0.5 ACH versus 0.35 ACH. 
 
Ground Source Heat Pumps  
Ground source heat pumps use the ground instead of the air as their thermal source 
and sink. Ground temperatures are much more even over the course of the year, so 
ground source heat pumps can operate much more efficiently than air source heat 
pumps during the hottest and coldest parts of the year. Savings are determined by 
simulating a 4.6 Coefficient of Performance (COP) ground source heat pump against a 
standard SEER 13 air source heat pump.   

C.2.4. Residential Appliance and Additional 
Measures 

Minimum refrigerator and freezer efficiency has progressed substantially in the past 
20 years, with older units consuming at least twice as much energy as a comparable 
new machine. Other home appliances have also become more efficient and the federal 
ENERGY STAR rating program indentifies equipment that significantly improve on 
minimum standards 
 
ENERGY STAR Refrigerators and Freezers 
ENERGY STAR refrigerators must exceed current federal energy efficiency standards by 
at least 20 percent (for full- and compact-sized refrigerators). ENERGY STAR freezers 
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must exceed minimum energy efficiency standards by at least 10 percent for full-sized 
units and 20 percent for compact units. 
 
Remove Secondary Refrigerators and Freezers 
Second refrigerators and freezers that customers own are often older and less efficient 
appliances. For example, the most common refrigerator sold in 1990 used between 60-
70 kWh per cubic foot, compared to typical current models that use less than 26 kWh 
per cubic foot.   
 
Smart Power Strips 
Smart power strips automatically shuts down devices that are not in use. A smart power 
strip typically has a control outlet, several slave outlets, and a few that are always on. A 
primary appliance is plugged in to the control outlet and its peripherals are plugged into 
the slave outlets so that when the primary appliance is shut down, the smart power 
strip automatically shuts down the power to the peripherals. In an office environment, a 
computer could be plugged into the control outlet, and a monitor, printer, speakers, 
and task lamp could be plugged into the slave outlets. 
 
Variable Speed Drive Pool Pumps 
This measure replaces a standard efficiency (84.7 percent) single speed pool pump and 
motor with a new high efficiency (90 percent) variable speed pump and motor. Savings 
are sourced using the Pentair Pool Pump Energy Savings Calculator. The analysis 
assumes operation for 3.6 hours and 10 hours, with load factors of 1.0 and 0.36 for the 
base and efficient cases respectively.  
 
Convection Oven 
Convection ovens replace traditional ovens in the home. Convection ovens have a small 
fan within the oven that circulates hot oven air, thus enhancing heat transfer to food 
and reducing cook times and permitting use of slightly lower cooking temperatures. 
 
ENERGY STAR Home Electronics: Cable Boxes, Computer Monitors & TVs 
Home electronics represent an increasing proportion of home electricity use. These 
devices can consume significant power while in use and continue to use significant 
power while “shut-down” or in “stand-by.” ENERGY STAR equipment must have lower 
operating power use and must reduce power use substantially when “off” and not in 
use. Different ENERGY STAR standards apply by size and component type. 

C.2.5.  New Construction/ENERGY STAR Homes 
As part of the analysis, eQUEST simulations were used to determine energy and 
demand savings for ENERGY STAR homes. Baseline models constructed for weather-
dependent measures were modified to estimate savings on two tiers. The first tier 
consists of 40 percent reduction of lighting power density, infiltration reduction to 0.35 
ACH, R38 roof insulation, window upgrades, and R19 wall insulation. Tier 2 homes 
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employ the previous measures as well as a higher efficiency HVAC system. Costs were 
sourced from DEER 2008 data. 
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C.3. Residential Measure Characteristics by Program 
Table 48. Residential Measure Characteristics (at meter savings) 
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Table 49. Residential Measure Characteristics (at meter savings) 
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C.4. Non-Residential DSM Measure 
Characterizations 

C.4.1. Sources Used for the Analysis 
• ASHRAE standard 90.1 – 200717 Energy Standard for Buildings Except Low-

Rise Residential Buildings 
• Draft Ohio Technical Resource Manual 
• eQUEST (DOE-2.2 engine) simulations based on the market profiles.  

http://www.doe2.com/equest/ 
• Advance Transformer 1 catalog: 

http://www.advancetransformer.com/resources/literature.jsp, 2008 
• California Database for Energy Efficient Resources (DEER), 2004-2005 version 

2.01: http://www.energy.ca.gov/deer/cost and savings estimates 
• California Database for Energy Efficient Resources (DEER), 2008 update,  cost 

and savings estimates. 
• Efficiency Nova Scotia 2012 DSM Plan 
• Arizona Public Service - Measure Analysis Spreadsheets 
• Michigan Deemed Savings Database 
• RS Means Mechanical Cost Data, 2009  
• 2007 ASHRAE Fundamentals Handbook, HVAC applications 

 
This section describes the non-residential energy efficiency measures analyzed for this 
study and the methods used to estimate savings. The section is organized by major 
end-uses such as lighting, heating, ventilation and air-conditioning (HVAC), and 
refrigeration. This section focuses on prescriptive measures, which are generally 
straight-forward measures that have largely uniform energy and peak demand savings 
on a per unit basis from application to application. However, even prescriptive 
measures’ savings will have some variability, depending on the specific application and 
baseline equipment replaced.  
 
Navigant chose to represent the commercial sector with four segments: office buildings, 
retail, schools and “other commercial” which included some commercial refrigeration. 
These four segments include a significant portion of the commercial floor area and 
consumption (see Market Profile in Appendix A) and diverse energy end-uses. The office 
and retail segments were further segmented to investigate impacts on small and large 
facilities.  
 

                                         
17 At the time of this study, the 2004 version of the study is the basis of the Ohio Energy Code.  Using 
the 2007 version anticipates updates to the Energy Code during the time period considered in this 
study. 
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Navigant simulated measure savings for each market segment with up to four 
cooling/heating configurations: chilled water and boiler heat, direct expansion (DX) 
cooling with electric resistance heat, DX cooling with gas furnace and air-source heat-
pump.  The chilled water and boiler configurations were only applied to the simulated 
large facilities. 
 
Savings estimates are based on secondary resources such as evaluations and deemed 
savings estimates from several jurisdictions (OH, CA, Nova Scotia, AZ, and MI), and 
engineering calculations for climate independent measures. For measures that are 
climate dependent, Navigant used hourly simulations executed with eQUEST simulation 
software. For indoor lighting measures a combination of the techniques is used. 
Engineering calculations estimate direct energy savings from lighting measures and 
simulations are used to estimate the indirect savings from interaction with HVAC 
equipment. Measures were modeled with appropriate weather sites and the baseline 
models were calibrated against the Market Profiles developed earlier in the project. 
 
In the industrial sector the measure focus is on lighting, compressed air, drivepower 
and HVAC for process measures. Other measures are aggregated into the custom line 
item. Custom Measures have more variable energy and peak demand savings on a per 
unit basis from application to application and might involve any qualifying technology. 
Ex post results from a large Midwestern utility company’s market-mature Custom 
Program were used to calibrate the custom measure savings estimates. Custom 
measures might include, process or control improvements and holistic renovations of 
systems. There are no HVAC interactive effects assumed for industrial indoor lighting. 
 
Cost estimates are largely based on the CA-Database of Energy Efficient Resources 
(DEER) with costs adjusted with RS Means Mechanical Cost Data factors for Ohio. 
Measures can either be installed as retrofits or replace on burn-out (ROB). In the 
former the cost includes labor and material costs. In the latter, the measure costs 
generally exclude labor costs since those would still be incurred in the event of 
replacement with non-qualifying equipment. Some measures are strictly ROB 
applications. 

C.4.2. Lighting Measures – Non-Residential 
The following lighting measures are often part of utilities’ prescriptive non-residential 
lighting energy efficiency programs. The major inputs for the impact estimates are the 
same for both baseline and efficient technologies: equipment connected Watts, hours of 
operation and interaction with HVAC equipment for commercial applications. 
 
Measure costs and measure lives are based on the California DEER database. Costs are 
adjusted to the AEP Ohio area by regional cost factors from RS Means Cost Data. 
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Compact Fluorescent Lamp – Screw-in and Hard-wired Fixtures 
CFLs are the most common alternatives to standard incandescent lamps. CFLs are 
generally about four times as efficient as incandescent lamps, and last about ten times 
as long. CFLs can either be screw-in replacements for incandescent lamps or plug-in 
lamps in fixtures specifically designed around CFL technology. The measure life for a 
screw-in CFL is the life of the bulb or two to three years depending on the application. 
Plug-in lamps in CFL fixtures are assumed to last the life of the fixture, because failed 
lamps must be replaced with comparable CFLs. 
 
T8 Lamps and Electronic Ballasts – High-Performance (HPT8) 
HPT8 lamps and electronic ballasts have the same market as regular T8 systems. HPT8 
systems gain efficiency over regular T8 systems by the co-development of lamps and 
ballasts that optimize the efficiency of the system when used together. HPT8 
technology is compared versus both a T12 and standard T8 baseline. This measure 
qualifies under the general lighting category, and indirect heating and cooling impacts 
are included and are estimated by eQUEST simulations. 
 
T5 Lamps and Electronic Ballasts 
T5 lamps and electronic ballasts are a newer linear fluorescent lighting system. T5 
fluorescent lamps are 5/8 of an inch in diameter, thinner than both T8 lamps and T12 
lamps. T5 lighting systems are primarily used in new construction, and are not 
appropriate for most retrofit situations, as the lamps are generally available only in 
metric lengths. This measure qualifies under the general lighting category, and indirect 
heating and cooling impacts for the Commercial sector are included and are estimated 
by eQUEST simulations. 
 
Daylight Sensors 
Lighting systems are designed assuming no contribution from ambient daylight. In 
areas where daylight is available, artificial light may be unnecessary and possibly 
detrimental to occupant comfort. Daylight sensors measure the contribution of ambient 
daylight and either turn-off or dim the lamps of the artificial lighting system. Savings 
were determined by eQUEST simulations, assuming that perimeter zone (less than 12 
feet from an exterior fenestrated wall) lighting is controlled by daylight sensors to 
maintain required lighting levels with continuous lighting level control. eQUEST input 
data include location specification for the solar incidence angles and hourly cloud cover 
to describe available sunlight. Commercial HVAC interactions are included in the 
estimates. 
 
Occupancy Sensors 
Occupancy sensors automatically turn off the lights in a room or an area when the area 
is unoccupied. Occupancy sensors are an alternative to standard wall mounted on/off 
lighting switches. Savings estimates are based on assumptions that 10 percent of lights 
are controlled by occupancy sensors with an average reduction of four hours of use per 
day. Interaction factors from eQUEST simulations are included with direct savings.  
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Time Clocks and Photocells 
Time clocks and photocells are controls generally used for exterior lighting. These 
controls turn off lights based on daily or weekly schedules and/or ambient lighting 
levels. Savings estimates are based on a per fixture basis.  
 
Delamping  
The definition of delamping used for this project is replacing a removing one lamp in a 
three-lamp, four-foot fluorescent lighting fixture, and re-aligning the lamps in the 
fixture. This measure is intended for areas that are currently over-lit. Lighting reflectors 
are often used as part of delamping projects. The measure life for this measure is 
shorter because the fixture is assumed to have been in place for a period of time 
already. Savings from Commercial HVAC interactions were determined by eQUEST 
simulation.  
 
LED Exit Signs 
LED exit signs are among the most efficient types of exit signs on the market. They 
generally only draw about two to three watts of power, compared to 15 Watts or more 
for CFLs, or 25 Watts or more for incandescent exit signs. Weighting of the baseline 
technologies was based on primary data collected for this project. Savings from 
Commercial HVAC interactions were determined by eQUEST simulation. 
 
High-Bay Fluorescent Lights 
High-bay lighting is used in industrial settings for general ambient light. T5 and T8 
fluorescent lamps can be used in place of more traditional high-intensity discharge 
(HID) lamps in specially designed fixtures. The advantages include higher efficacy 
(lumens/Watt), greater lumen maintenance over the lamp life and better controllability. 
Savings are determined with engineering calculations, no HVAC interactive effects and 
20 percent fewer operating hours due to control benefits.  
 
Pulse-Start HIDs 
Metal Halide pulse-start technology is a slightly more efficient type of HID lighting 
compared to traditional metal halide and high-pressure sodium HIDs. Special lamps and 
ballasts generate equivalent illumination in the same light fixture at lower power 
requirements. Savings are determined with engineering calculations and no HVAC 
interactive effects. 

C.4.3. Non-Residential Motors and Other 
The following measures are either common and cut across end-use categories or they 
are specialized but generally found to be cost effective. 
 
VFDs for HVAC Application 
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VFDs for HVAC applications take advantage of the fluid affinity laws that show a cube 
relationship between speed and power. These applications also have a more predictable 
use pattern than VFDs in industrial processes and conveyance applications. The latter 
examples would be included with custom measures. The baseline technologies for HVAC 
VFDs is flow bypass (constant flow) and throttling for liquid systems and vortex 
dampers for air applications. 
 
Compressed Air Controls  
Frequently called the fourth utility (after electricity, gas, and water), compressed air 
systems have many savings opportunities, including: leak repair, efficient motors and 
compressors and staging, pressure optimization and receiver installation. Navigant has 
estimated savings for compressed air with benchmarks from the Compressed Air 
Challenge program run by the U.S. Department of Energy, and on a Midwestern utility’s 
custom compressed air program results. Savings are listed per system horsepower. 
 
VFD on Air Compressors  
VFDs on air compressors are more efficient unloaders for the most common kinds of 
industrial air compressors – rotary screw and centrifugal. Since compressed air is used 
in so many diverse processes at a site, use of the machines is considered more 
predictable than stand-alone VFD applications. The baseline technologies for air 
compressor VFDs is flow modulation with slide or “pop-it” valves.  

C.4.4. Non-Residential Food Service Measures 
Energy use in restaurants is very high. In response to this the U.S. Department of 
Energy has developed guidelines for best practices to reduce equipment energy costs. 
The ENERGY STAR program now identifies equipment that uses significantly less energy 
than standard practice. 
 
Convection Ovens 
These ovens circulate air inside the oven to enhance heat transfer to the food. As a 
result cooking times are shorter and lower temperatures are needed to cook food. 
These ovens are frequently used in commercial kitchens and replace traditional ovens. 
 
ENERGY STAR Cooking Equipment 
Several kinds of equipment in commercial kitchens has been addressed by the ENERGY 
STAR program. In addition to convection ovens, noted above, griddles, steamers, 
holding cabinets and fryers have ENERGY STAR alternatives. 
 
Spray Nozzles 
Pre-wash nozzles remove excess food debris from plates and reduce the use of hot 
water inside the dish washer.  
 
Vending Machine Controls 
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Vending machine controls can be integrated with built-in and/or after-market occupancy 
sensors to reduce display lighting and optimize refrigeration cycles to reduce energy 
use during periods of low use. Beverage companies have contributed input to make 
these devices effective while maintaining product quality and market visibility. 
 
Hot Water Circulation Pump Control 
Small pumps will circulate domestic hot water throughout a facility continuously so that 
hot water is almost immediately available at the tap. Controls, which turn off the pump 
at night, save pumping energy and reduce stand by losses in the water distribution 
system. 

C.4.5. Non-Residential HVAC Measures 
In the AEP Ohio Commercial and Industrial sectors, space heating is split between 
natural gas and electric heat – primarily heat pumps with some electric resistance. 
Navigant analyzed savings for the market segments using each heating type. HVAC 
savings can occur by reducing the amount of heating/cooling required with insulation 
and setting back thermostats or by improving the efficiency of the equipment and/or 
distribution process.  
 
Since HVAC savings are climate dependent, all of the savings for the following measures 
were determined with eQUEST computer energy simulations. The measure baselines 
are derived from the calibrated models derived with the Market Profile. Savings are the 
difference between the simulation with the efficient technology and the simulation with 
the standard or code-compliant technology. Incremental costs are mostly based on the 
DEER database adjusted with RS Means Mechanical Cost Data ‘location factors’ to 
reflect Ohio labor and/or equipment costs. Measure life for these items are based on 
the American Society of Heating Refrigeration and Air-Conditioning Engineers, Inc. 
(ASHRAE) depreciation lives and the California DEER database. 
 
Efficient Packaged Commercial Air Conditioning and Heat Pump Systems 
Standard efficiency units are specified as units complying with ASHREA standard 90.1-
2007. Navigant specified efficient units as those with EER ratings of 0.8 – 1.6 EER 
higher depending on the equipment and market availability of efficient equipment. 
 
Energy Management Systems (EMS) 
EMSs can effectively reduce energy consumption by optimizing equipment operation 
and/or scheduling equipment use by the time of day and/or time of year. Savings vary 
based on controlled equipment and the comprehensiveness of the EMS hardware and 
programming. 
 
Economizers 
Economizers use outside air for cooling instead of operating the air conditioning 
compressors on mild days, particularly during the spring and early fall seasons. The 
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analysis assumed an integrated economizer where 100 percent outdoor air is used up to 
65°F ambient temperature. During peak summer conditions economizers produce no 
peak demand savings. 
 
Programmable Thermostats 
Programmable thermostats allow temperatures to be automatically set warmer or colder 
during unoccupied periods to reduce heating and cooling energy use when facilities are 
unoccupied. Navigant analyzed 5°F setbacks (set-ups in the summer). Since the impact 
of set-backs is typically off-peak, these thermostats have minimal peak benefits. 
 
Window Film 
Polymer films are applied to the interior of glazing to enhance the glazing attributes. 
Films will have any combination of the following effects: reduced visible and radiant 
energy from the sun (solar heat gain and shading), lower glazing U-factor and lower 
emissivity to keep heat in the building in the winter. 
 
High-Performance Glazing 
High-performance glazing is a category of glazing that includes combinations of 
attributes that reduce solar heat gain and thermal losses through windows through the 
use of tints, multiple glass panes, low-emissive films and other coatings and gases 
between panes. The baseline technology is tinted double-pane glass. 
 
Cool Roof 
Light-colored or white roofs have a lower solar absorptance, thereby reducing the 
energy gains through the roof in the summer. This attribute reduces summer cooling 
loads, but can increase winter heating requirements.  
 
Efficient Water Chillers 
Minimum efficiency standards for water chillers are established by state codes based on 
ASHRAE standard 90.1. Primarily through the use of variable speed drives and over-
sized heat exchangers, standard equipment can be made more efficient for energy 
savings. 

C.4.6. Refrigeration and Custom Non-Residential 
Measures 

Refrigeration Measures improve the efficiency of the cooling plant and/or reduce the 
cooling loads that the system must satisfy. Measures that do not fit in the categories 
listed above or that have savings that are highly project-specific are grouped in this 
category. Custom measures is a catch-all category that might include special lighting 
systems, building controls, exceptional HVAC equipment or process improvements at a 
factory, for a few examples. Experience of other utilities informs this measure category. 
 
ECM motors  
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Electronically commutated motors (ECM) are fractional horsepower DC motors that are 
more efficient than the permanent split capacitor motors they replace. Since these are 
used inside refrigeration cases they have the indirect effect of reducing refrigeration 
loads.  
 
Multi-Line Compressors 
Instead of one compressor per refrigeration unit, a multi-line system has several 
compressors that stage optimally to serve many pieces of equipment or display cases 
on the retail floor. 
 
Oversized Condensers 
Oversized condensers more efficiently reject heat from the refrigeration system and 
reduce the compressor loads. They increase the system efficiency or coefficient of 
performance versus standard equipment. 
 
High Efficiency Compressors 
HE compressors provide gains over standard machines, primarily through the use of 
VFDs to modulate compressors to match loads. They increase the system efficiency or 
coefficient of performance vs. standard equipment. 
 
Evaporator Fan Controllers  
Most walk-in cooler evaporator fan motors run continuously. Controllers allow the fans 
to cycle based on cooling demand. 
 
Strip Curtains, Night Covers and Glass Doors 
Strip curtains, night covers and glass doors are used to reduce losses from the 
refrigerated zones and products to the rest of the retail zones. They are particularly 
deployed at night when they do not inhibit access to refrigerated products.  
 
Anti-Sweat Heater Controls (ASHC) 
To keep glass clear of condensation so the merchandise is visible, anti-sweat heaters 
typically run continuously. Controls cycle heaters based on humidity sensors or on a 
timed basis, thus maintaining glass clarity with a reduced energy cost. A portion of the 
ASH energy becomes load on the refrigeration compressors. Use of ASHC reduces 
refrigeration loads.  
 
Floating Head and Suction Pressure Controls  
When outdoor temperatures are mild, condensed refrigerant can be cooled below 
default settings to reduce the loads on compressors.   
 
Cooler Economizers 
At low ambient temperatures outside air can be used directly for keeping walk-in 
coolers at setpoint, thus savings compressor power. The hours of opportunity are 
limited by the climate and the desired cooler temperature. 
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Zero Energy Doors 
Zero energy doors have a high insulation value, eliminating the need for door/frame 
heaters. They are typically installed during new construction or major renovations. 
 
LED Display Case Lighting 
Lighting equipment inside coolers adds heat. Where lighting operates for hours at a 
time, replacing fluorescent lighting with LED lighting will save energy directly and can 
reduce heat gain and refrigeration demands, thus saving additional electricity. 
 
Intelligent Defrost Controls 
Defrost controllers eliminate unnecessary defrost cycles by sensing the need for actual 
defrost rather than using scheduled timing for defrost cycles. 
 
Custom Efficiency  
“Custom” is a generic name for consumer-specific conservation projects. The magnitude 
of estimated potential savings is scaled to kW saved and is based on Midwestern utility 
custom program results and conservation plan. Costs and measure lives are based on 
the same source. 
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C.5. Commercial Measure Characteristics by Program  
Table 50. Commercial Measure Characteristics (at meter savings), Office 
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Table 50. Commercial Measure Characteristics (at meter savings), Office (Continued) 
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Table 50. Commercial Measure Characteristics (at meter savings), Office (Continued) 
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Table 51. Commercial Measure Characteristics (at meter savings), Office 
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Table 52. Commercial Measure Characteristics (at meter savings), Retail Non-Food 

 

Exhibit B, (Volume 2) 
Page 205 of 218



  

 2012 to 2014 EE/PDR Plan-Appendices C-27 

 

Table 52. Commercial Measure Characteristics (at meter savings), Retail Non-Food (Continued) 
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Table 52. Commercial Measure Characteristics (at meter savings), Retail Non-Food (Continued) 
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Table 52. Commercial Measure Characteristics (at meter savings), Retail Non-Food (Continued) 
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Table 52. Commercial Measure Characteristics (at meter savings), Retail Non-Food (Continued) 
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Table 53. Commercial Measure Characteristics (at meter savings), Schools 
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Table 53. Commercial Measure Characteristics (at meter savings), Schools (Continued) 
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Table 53. Commercial Measure Characteristics (at meter savings), Schools (Continued) 
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Table 54. Commercial Measure Characteristics (at meter savings), Other Commercial 
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Table 54. Commercial Measure Characteristics (at meter savings), Other Commercial (Continued) 
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Table 54. Commercial Measure Characteristics (at meter savings), Other Commercial (Continued) 
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Table 54. Commercial Measure Characteristics (at meter savings), Other Commercial (Continued) 
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C.6. Industrial Measure Characteristics by Program  
Table 55. Industrial Measure Characteristics (at meter savings) 
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Table 55. Industrial Measure Characteristics (at meter savings) (Continued) 
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