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A.I. Cost-Effectiveness Defined 
Section 12-103(f) required that each utility - 

“Demonstrate that its overall portfolio of energy efficiency and demand-response 
measures, not including programs covered by item (4) of this subsection (0, are cost- 
effective using the total resource cost test and represent a diverse cross-section of 
opportunities for customers of all rate classes to participate in the programs. ” 

The statute defines the total resource cost test as follows: 

“Total resource cost test” or “TRC test” means a standard that is met if, for an 
investment in energy efficiency or demand-response measures, the benefit-cost ratio is 
greater than one. The benefit-cost ratio is the ratio of the net present value of the total 
benefits of the program to the net present value of the total costs as calculated over the 
lifetime of the measures. A total resource cost test compares the sum of avoided electric 
utility costs, representing the benefits that accrue to the system and the participant in the 
delivery of those efficiency measures, to the sum of all incremental costs of end-use 
measures that are implemented due to the program (including both utility and participant 
contributions), plus costs to administer, deliver, and evaluate each demand-side 
program, to quantify the net savings obtained by substituting the demand-side program 
for supply resources. In calculating avoided costs of power and energy that an electric 
utility would otherwise have had to acquire, reasonable estimates shall be included of 
financial costs likely to be imposed by future regulations and legislation on emissions of 
greenhouse gases. ” 

The total resource cost (“TRC) test as it is commonly understood is defined by the California 
Standard Practice Manual, developed by the California Public Utilities Commission (CPUC). The 
test was designed by the CPUC to account for all costs and benefits reasonably expected to 
accrue as the result of the implementation of a demand-side program. The general form of the 
TRC test as defined by the CPUC is as follows: 

TRC = BenefitsKosts 

UAC, + TC, UAC, t PAC,  ‘5 (1td)I-l ,=I (1 +d)‘-’ 
BTRC = 

PRC, t PCN, + UIC( CTRC = 
I=I (1 + 4 1 - 1  

Where: 

BTRC=Benefits of the program 
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CTRC=Costs of the program 

UACt=Utility avoided supply costs in year t 

UICt=Utility increased supply costs in year t 

- PRS,=Program Administrator (Utility) program costs in year t 

PAC,,=Participant avoided costs in year t for alternate fuel devices (costs of 
devices not chosen) 

UAC,,=Utility avoided supply costs for the alternate fuel in year t 

TC=Tax Credits 

PCN=Net Participant Costs 

The second term in the benefits equation represents the non-electric savings that might result 
from the implementation of a program designed primarily to save electricity. For example, UAC,, 
could represent the natural gas savings that would be realized in a home as the result of 
implementing energy efficiency measures intended to reduce the home's cooling load. A 
common and potent energy efficiency measures is the sealing of a home's heating and cooling 
ducts to reduce losses. While an electric utility would be interested in this measure as a way to 
reduce air conditioning consumption (fewer losses mean a central air conditioner needs to run 
less, thereby using less electricity), the measure also would reduce heating losses during the 
winter, thus saving gas as well. 

When these other fuel saving are included in the TRC test, the net result typically is that energy 
efficiency measures that affect a building's heatinglcooling load are more cost-effective. In some 
cases, measures that would not be cost-effective when considering only electric or only gas 
savings, become cost-effective when both sets of savings are considered. 

The Illinois version of the TRC test, by explicitly stating that benefits are determined by avoided 
electric utility costs implies that any other fuel savings cannot be considered. The equation for 
the Illinois test, therefore, is: 

UAC, BTRC = 
I = ]  (1 + d)'+l 

PRC, + PCN, + UIC, 
CTRC = 

,=I (1 + d)'-' 

The effect of excluding other fuel savings is that fewer measures and programs will be cost- 
effective. 

A.2. Measures and Measure Data 
The first step in the analysis of measures is to collect the set of energy efficiency measures that 
will be analyzed as the building blocks for demand-side programs. A measure is a specific 
technology or practice that results in a decrease in the amount of electricity used per unit of 
useful service. A common measure is a compact fluorescent light bulb (CFL) when it is used to 
replace a typical incandescent light bulb. The same level of lighting output is provided using a 
technology that requires much less electricity. Other measures might include installation of more 
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efficient commercial l igh t ing  technologies, optimizing the refrigerant charge in a central air 
cond i t ioner ,  and installing premium efficiency motors. 

~ ~~ 

Replaceon-Fail versus Retrofit How Savings and Costs are Counted 

As described above, an energy efficient measure is a technology or practice which, when implemented, results 
in less electricity being used to deliver the same sewice. How much electricity is actually saved depends on how 
we define the baseline against which savings are measured. Two types of baselines are oflen considered. 

Replace-on-fail baseline: Most pieces of energy-using equipment have finite operating lives, and most 
consumers do not replace operating equipment before either that equipment fails or, in the consumer's mind, it 
has reached the end of its useful life. At that point, the consumer must make a decision about what new 
equipment to purchase. In most cases. there are several options to choose from, each with a different level of 
energy consumption. When we calculate the energy savings resulting from adoption of a more efficient piece of 
equipment, we calculate the difference between the energy used by the efficient equipment choice and the 
energy used by the standard efficiency piece of equipment. Similarly, the costs we count are only the 
incremental costs of the more efficient alternative over the standard technology. For example, if a homeowner 
needs to replace her refrigerator, she has a choice between a new refrigerator that meets the basic federal 
energy efficiency standard or one that meets the higher ENERGY STAR standard. The level of energy savings 
she would realize by purchasing the ENERGY STAR model is the difference between that model and the 
standard efficiency new refrigerator. This difference is much lower than the difference between what her old 
refrigerator used and what the new unit will wnsume. Similarly, for purposes of the cost-effectiveness analysis 
we only wunt the difference in cost between the ENERGY STAR refrigerator and the standard new refrigerator. 

Retrofit Baseline: There are some situations in which a working piece of equipment is assumed to be replaced 
before the end of its useful life or for which there is not an existing baseline. For example, adding insulation to a 
home is a retrofit measure - the decision is to add or not add insulation and the costs and savings are measured 
relative to the level of insulation that is already in the home. Similarly, a measure that involves propetly charging 
the refrigerant in an existing central air conditioner is considered a retrofit measure, and savings are measured 
relative to an existing under- or over-charged unit. The cost of the measure is the full cost to send a technician 
to test and properly charge the system. 

The objective of this step is to develop a comprehensive l ist of energy efficiency measures that 
will be screened as part of the planning process. The l is t  of measures to be characterized 
should cover a l l  major end uses within major market segments and customer classes. 

There are several sources of measures and associated measure data. The source often used 
for most standard measures is the California Database for Energy Efficiency Resources (DEER) 
httD://www.enerqv.ca.qov/deer/. The CPUC and the California Energy Commission, for 
purposes of utility energy efficiency planning and program design, maintain this database. The 
database is r e g u l a r l y  updated using the results of recent program impact evaluations, market 
studies and direct surveys of equipment suppliers. In addition to using the DEER database, 
additional measures were added to the database developed for this analysis based on work that 
ICF International had performed for other utilities, other studies of energy efficiency potential 
that included measure data, and recommendations from CornEd, the Ameren Illinois Utilities 
and DCEO. 

The initial set of measures covered the following end uses: 

Residential 
o Lighting 
o Space Heating ( inc lud ing  thermal integrity measures) 
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o Space Cooling (including thermal integrity measures) 
o Refrigeration 
o Water Heating 
o Dishwashing 
o Clothes Washing 
o Clothes Drying 

These end uses were disaggregated by three housing types: 

o Single family 

. 
o Multifamily . 

Detached home with gas space heating with central air conditioning 
Attached home with gas space heating with central air conditioning 

Gas space heating with central air conditioning 

Finally, these end uses were represented as being installed in an existing home and 
a new home built to ENERGY STAR levels. 

Commercial 
o HVAC (Heating, Ventilation and Air Conditioning) 
o Lighting -interior and exterior 
o Motors 
o Cooking 
o Refrigeration 
o Domestic Hot Water 

Industrial 
o HVAC (Heating, Ventilation and Air Conditioning) 
o Lighting - interior and exterior 
o Motors 
o Process (multiple SIC codes). Process measures break down into two groups. 

The first group represents crosscutting process measures that are likely to be 
used across industry types such as compressed air systems, pumping systems, 
efficient drive systems and so forth. The second group represents processes that 
are specific to each industry type, such as efficient injection molding technologies 
in SIC 30, infrared drying in SIC 22/23 and efficient electric melting in SIC 33. 

In addition to the end use categories above, measures were distinguished by the sensitivity of 
their impacts to weather. Non-weather-sensitive measures are those for which associated 
energy and demand reductions are not greatly influenced by local weather conditions (primarily 
temperature and humidity). Such measures include lighting technologies, motors, many 
appliances, food service equipment, and most industrial processes. Weather-sensitive 
measures are those for which energy and demand savings are directly tied to loca weather 
conditions. These measures include all building shell improvements such as insulation, new 
windows, and all HVAC equipment. This distinction is critical in determining the permissible 
sources of data for the measures described below. 
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A. 3. I Measure Characterization 
The analysis requires a variety of data for each measure, including the following: 

Base technology, energy use, peak demand and cost (equipment, installation and 
annual operating and maintenance). 

Efficient technology energy use, peak demand and cost (equipment, installation and 
annual operating and maintenance). 

Coincidence factors for the base and efficient technologies that relate the maximum 
demand reductions for each measure to the system peak. For example, some measures 
produce their greatest demand reduction during system off-peak hours. The coincidence 
factor is used to estimate how much of an impact occurs at the time of system peak for 
purposes of estimating the value of the measure's demand reduction. 

Base and efficient technology useful lifetimes. 

For devices that emit heat as a by-product of operation, a measure of the interactive 
effects between the efficient technology and building heating load. 

The values for these variables are taken from a number of sources. Non-weather-sensitive 
measure data are taken for the most part from the DEER database 
(httD://www.enerav.ca,qov/deer/ ). This database is the most comprehensive, consistent, widely 
vetted and regularly updated of available sources. In some cases, however, measure cost data 
have been taken from other sources, such as on-line price quotes for appliances, the U.S. 
EPAs ENERGY STAR calculators available at www.enerqvstar.qov, or calls to retailers or 
installers. 

The energy and demand impacts of weather-sensitive measures were estimated using the 
DOE2 building energy simulation model.' The first step in the simulation Drocess was to 
develop a representative set of building prototypes. These were: 

Residential sector 
o Detached home with gas space heating with central air conditioning 
o Attached home with gas space heating with central air conditioning 
o Multi-Family gas space heating with central air conditioning 

Commercial sector 
o Education 
o Foodsales 
o FoodService 
o Health Care 

The DOE2 model was developed with funding from the U.S. Department of Energy (DOE) but now is available in the public 
domain. ICF International has developed a customized, proprietary version of the model that enables rapid simulation of 
multiple parametric analyses. The model simulates hourly building energy loads and the performance of building systems and 
building plant as a function of the average temperature and humidity in multiple locations and user-specified building 
characteristics for envelope, heatinglcooling equipment and lighting and plug loads. By comparing the hourly energy 
consumption of a baseline building with the same building modified by the addition of an energy efficiency measure, the model 
yields the incremental energy savings associated with the measure, including any interactive effects. 
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o Lodging - Hotel 
o Lodging - Motel 
o Office - Large 
o Office-Small 
o Retail - Large 
o Retail - Small 
o Warehouse 
o Assembly 

The industrial sector building type was defined as a warehouse and no separate building 
simulation was conducted. 

Each of these building types was characterized by a series of inputs pertaining to building shell 
(e.g., floor area, wall area, insulation levels, window and door area and type, construction, 
orientation) and system (e.g., HVAC type and efficiency, duct efficiency, control system). These 
characteristics were based on the construction of a typical existing building in the ComEd 
service territory. Each building prototype was then benchmarked in its baseline configuration 
against ComEd-specific or regional building type consumption data, where available. 

Once the prototypes were benchmarked, the impact of each of the weather-sensitive measures 
was simulated using normal weather data for the ComEd territory based on 30-year weather 
data from the Chicago, Moline and Rockford weather stations. The results of the parametric 
measure simulations were then subtracted from the baseline buildings’ performance to yield the 
hourly energy savings and coincident peak hour reduction per measure. The hourly energy 
savings were aggregated to match the costing periods described above, 

Appendix B contains the detailed measure characterization, including the savings values and 
costs used for the measure screening. 

A.3. Measure Screening 
Once all required data were compiled, measures were passed through a cost-effectiveness 
screen. The general form of the Illinois TRC test was described above. In the case of measure 
screening, program administrator costs -variable PRC in the equations above - are set to zero, 
because by definition there are no program costs incurred at this stage. 

The method used to calculate the TRC on a measure-by-measure basis was as follows: 

We obtained avoided energy and capacity costs for relevant costing periods. CornEd 
uses forecasts of market prices to represent avoided energy costs. These costs were 
provided as 36 values per year corresponding to peak, off-peak and weekend periods for 
each month. These market prices also included an estimate of an annual avoided 
demand cost for twenty future years. The forecasts include an assumed cost of carbon 
of $12 per ton beginning in 2012 and escalating thereafter at 7 percent per year. 

The hourly savings were aggregated into these same 36 costing periods. Energy 
savings associated with weather-sensitive measures already were expressed in hourly 
terms. The hourly values for non-weather-sensitive measures were estimated using load 
shapes that ICF had obtained from the ltron e-Shapes database. These load shapes 
show electric consumption by end use and sector. We normalized these values and then 
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multiplied the hourly fraction of annual use by the annual measure energy savings to 
yield estimates of hourly use by measure within end uses. These hourly values were 
then aggregated into the 36 costing periods by matching hours. The 36 values for 
avoided energy costs are then multiplied by the 36 costing period percentages to obtain 
a single annual value for avoided energy costs. The incorporation of time differentiation, 
where savings that occur in higher avoided cost periods are given greater weight, adds 
greater richness to the avoided cost calculation than simply using an annual avoided 
cost. 

The present value of a stream of avoided costs, expressed as both a $/kWh cost for 
energy and a $/kW cost for capacity, was calculated. The discount rate used for the 
analysis was 8.01%, ComEd’s weighted average cost of capital (WACC). 

Annual measure energy and demand savings were multiplied by the present value 
avoided energy and capacity costs to estimate the value of the saved energy over the 
life of the measure. 

The sum of the value of saved energy and saved demand was divided by the measure 
incremental cost to yield the Total Resource Cost test benefit-cost ratio. 

Residential 
Commercial 
Industrial 
Totals 

# Measures 
Total #o f  passing TRC > 
Measures 1 .o 

257 90 
942 692 
728 527 

1927 1309 

A.4. Program Bundling 

A.4. I Measure Bundling 
The objective of measure bundling is to group measures into logical bundles representing 
“program types”. A program type is a general classification that references the types of 
measures that might be offered within a program targeted at a specific market. For example, all 
residential lighting measures passing the TRC Test might be bundled into a Residential Lighting 
program. The bundling process is used because, in reality, very few if any programs are 
designed and implemented that include only a single measure. Program designers attempt to 
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build programs around combinations of measures that might appeal to a given market and that 
can be delivered using similar channels. The program types that are used for this process are 
based on an ongoing review of energy efficiency program design and implementation 
experience. 

The bundling reflects best practice as applied to ComEd’s current level of experience. What is 
best practice for a utility that has been designing and managing programs for two decades will 
be different in some cases from what should be viewed as best for ComEd. The program types 
reviewed by ComEd are drawn from a review of a number of well-respected assessments of 
program best practices such as ACEEEs “America’s Best: Profiles of America’s Leading Energy 
Efficiency Programs” report, and reviews of program best practice sponsored by the California 
Public Utilities Commission and the Energy Trust of Oregon. It also is based on a review of the 
types of programs implemented by utilities often considered to be leaders in the field such as 
Xcel Energy, Northeast Utilities, Pacific Gas 8 Electric, and the Wisconsin Focus on Energy 
program, recognizing that those utilities have had much more experience and therefore may be 
pursuing more complex programs than would be prudent for ComEd at this time. Based on 
ComEd’s review of these sources, the elements of best practice design include: 

Programs should focus on technologiedmarket segments with relatively large untapped 
potential. Program designs that offer prescriptive rebates for common technologies 
across the entire C&l market are relatively simple to design and administer, and are very 
effective in tapping into large veins of efficiency potential in lighting, motors and HVAC 
systems. 

Programs should leverage existing branding and delivery structures. For example, 
residential lighting, appliance, and new homes programs built around the ENERGY 
STAR brand can leverage the market awareness the brand enjoys. 

Programs should employ simple, straightfotward program design. 

Incentives should be targeted at the point in the product value chain that yields the 
greatest leverage. 

Large customers can be most effectively tapped with custom incentive programs. These 
programs provide rebates for groups of measures based on calculated savings and have 
proved to be very effective at generating low cost (to the utility) savings. 

Effective programs require close coordination of marketing, technical support and 
incentives. 

Effective portfolios represent a mix of education/consumer outreach, technical support 
and training, and incentive elements, each of which is structured to work with the others. 

When working with upstream market participants such as national retailers or 
manufacturers, programs will be more effective if they employ structures with which 
these market participants are familiar. 

While there are exceptions, the most important of which is noted below, most best 
practice programs have staying power. They become best practice because their 
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sponsors have time to refine both design and implementation. Participation rates climb 
as program availability becomes known through market networks, and all points in the 
market chain have time to align with the program. 

Finally, the point above notwithstanding, best practice, both in program design and in 
implementation looks forward. Even though the immediate focus of a portfolio might be 
on achieving certain near-term goals, success ultimately is in transforming the market 
such that consumers make efficient decisions without direct financial incentives. 
Therefore, best practice requires ComEd to look ahead to identify opportunities to move 
out of some program markets and into others to ensure program resources are efficiently 
allocated. 

Appendix C includes tables that illustrate how the measures that passed the screening process 
were bundled into program types. 

In addition to designing program bundles that represented what we consider to be best practice, 
we also sought a balance of programs for the portfolio between those programs that could be 
ramped up quickly, deliver immediate savings, and were relatively inexpensive (Quick-Start / 
High Yield) and those that required more development time and were more expensive per unit 
of energy saved but ultimately would deliver a significant portion of the portfolio's savings 
(Medium Yield I Market Building). The mix also includes Market Transformation programs and 
Emerging Technology programs, which give the overall portfolio perspective that we wish to 
achieve. 

A.4.2 Develop Program Templates 
The second step in the process of program bundling was to develop basic program descriptions 
for each type that outlined key elements of design or implementation that would influence 
program costs and likely participation. For example, residential CFL programs can be designed 
and implemented in a variety of ways, each with very different costs and implications for 
participation. Direct installation of CFLs in a home by program implementers would create much 
more certainty regarding installation, but would cost substantially more than an upstream 
program that bought down the cost of the lamps at the manufacturer or retailer level. However, 
the latter approach would inevitably have lower net impacts, as some fraction of the bulbs 
purchased using program incentives would not be installed. 

The templates included design and implementation assumptions related to: 

Target market 

Market strategy 

Incentive strategy 

Recruiting strategy 

Point of intervention in the product or service chain 

Implementation approach (in-house or contracted) 

Administrative support (level of internal resources required to manage a program) 
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A.4.3 Assemble program data 
Once the templates had been completed, yielding a general picture of the level of program 
intervention, a variety of program-related data were compiled for purposes of program cost- 
effectiveness screening. These data were compiled based on a review of other utilities' planning 
assumptions and program experience as reported by those utilities or others (e.g., ACEEE's 
compilation of exemplary programs). For purposes of cost-effectiveness screening at the 
program level, we need only to make an assumption regarding total non-incentive, non- 
measure-related program costs. Although we attempted to break these costs down into several 
more discrete categories for purposes of program design, that disaggregation is not needed for 
analysis purposes. Where we were not able to find estimates of these discrete costs, we used 
estimates of total non-incentive, non-measure costs and normalized these costs relative to 
incentive costs. In other words, the level of program costs was tied to the level of incentive 
costs. We prepared a brief summary of program data for a number of utilities to inform our 
assumptions regarding program costs and participation. The utilities included PG&E, Southern 
California Edison, Northeast Utilities (Connecticut Light and Power and United Illuminating). 
NSTAR, Efficiency Vermont, We Energies, Xcel Energy, Arizona Public Service, Nevada Power, 
NYSERDA, PacifiCorp and the New Jersey Utilities. 

Program-level data included: 

Program administrative costs - these are the utility's internal costs (mostly labor and 
overhead) to administer the program. Absent specific examples from comparable utility 
programs, an initial assumption was made that program administrative costs 
represented approximately 30% of incentive costs. This assumption was based on a 
comparison of the relative share of incentive costs represented by administrative costs 
for a number of utilities including PG&E, We Energies and Xcel Energy. We tied the cost 
to the incentive level as a way to simplify data input and calculation. 

Program implementation costs -these are the costs (mostly labor) associated directly 
with implementation of a program. Again, these costs were based, where possible, on 
the costs incurred or assumed by other utilities implementing similar programs. Our 
initial assumption was that these costs were 30% of incentive costs. For programs 
requiring more extensive interaction with customers, or which entailed more complex 
program services or incentive calculations, these costs were increased. For programs 
with simple implementation structures, the cost was lowered. 

Program marketing costs -these are costs associated with production of program 
marketing collateral and the execution of marketing campaigns. Again, the initial 
assumption was that these costs represented 30% of incentive costs. These costs were 
increased for programs requiring more mass market outreach, and lowered for those 
requiring little marketing (such as programs that would be marketed primarily by trade 
allies). 

Participation rates -This is the number of incremental and total participants per year. 
ComEd participation estimates used for each program are Company assumptions. The 
assumptions were based first on judgments regarding the relative difficulty associated 
with recruiting customers for specific program elements, the levels of savings expected 
from the program elements given assumed baseline market conditions, and the 
complexity of the program elements. ComEd focused initially on participation rates for 
program elements expected to yield the largest shares of program savings given the 

Docket No. 07-0540 A-I 1 CornEd Ex. 1.0 
Appendix A 



nature of the measures, participant cost-effectiveness, and the experience of other 
utilities. In ComEds case, the four key program elements are Residential Lighting, 
Prescriptive Incentives (and within that element, standard lighting measures), Custom 
Incentives and Appliance Recycling. Participation rates for the first two programs were 
adjusted up to a level that yielded numbers of installations that are consistent with what 
at least several other utilities have achieved based on available evaluation reports. 
Participation rates for other programs were then adjusted to fill in any shortfall in MWh, 
taking into account the relative complexity of the program and its expected program 
costs. 

These participation rates are applied across all measures within a program element. The 
participation rate is applied to the estimated number of eligible measures per year. This 
number of eligible measures is, in turn, estimated using the following equation: 

Total eligible measures per year = Total Sector Units * Number of Technology Units 
per Sector Unit * Relevance (%) 'Technical Applicability (%) * Not Yet Adopted (%) * 
Annual Replacement Eligibility (%), where: 

Total Sector Units -The number of units to which a measure pertains. For example, in 
the case of CFLs, Total Sector Units would be the number of homes. 

Number of Technology Units per Sector Unit - The number of measures that can be 
associated with the basic unit; for example, the number of CFLs per home. 

Relevance ( O h )  - A  broad measure of measure applicability based on saturation. For 
example, in the case of residential central air conditioning measures, the relevance would 
be the percentage of homes with central air conditioning. 

Technical Applicability (%) -An adjustment factor that accounts for the fact that the 
number of measures that could be applied to a basic unit is constrained by a technical 
limitation. For example, even though there might be 30 CFL-compatible light sockets in a 
house, perhaps only 10 are located in areas that would be lit on a regular basis for more 
than a few minutes per day. 

Not Yet Adopted (%) - The percentage of the total number of measures that would be 
technically applicable that have not yet been converted to the efficient alternative. This 
parameter is equal to 1 .O minus measure saturation. 

Annual Replacement Eligibility ( O h )  - The number of eligible measures that can be 
installed each year. For replace-on-fail measures this annual replacement percentage is 
equal to one divided by base measure lifetime. For retrofit measures, this percentage 
essentially is 100%. 

The resulting number is multiplied by the annual program participation rate to yield 
the number of measures installed per year. Very little data for the ComEd service 
territory were available to support this calculation. For the residential sector, the 
MEEA 2003 Illinois Residential Market Assessment was used to provide data on 
relevance, technology units per sector and the not-yet-adopted fractions. Total sector 
units were based on ComEd customer and sales data. Commercial and industrial 
sector data were largely unavailable for the ComEd territory. Total sector units were 
derived from very basic sector sales data for ComEd, U.S. Energy Information 
Administration data on the regional breakdown of C&l sales by building type, SIC 
code, and end use. A recent KEMA analysis of energy efficiency potential provided 
for Xcel's Colorado territory was used to develop estimates of technology units per 
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sector, technical applicability and the not-yet-adopted fraction. The values for these 
variables are included with the measure descriptions in Appendix B. 

Incentive costs - including the financial incentive costs as well as the value of any 
equipment and labor associated with direct installation of measures. Incentives were set 
in one of two ways. Incentives were directly set as a dollar amount per measure for a 
relatively small set of the most common measures expected to be implemented, such as 
CFLs and T8ISuper T8 commercial lighting. These levels were based generally on a 
review of the incentive levels offered by other utilities. For the rest of the measures, the 
incentive levels were calculated as the amount required to reduce customer payback 
levels to 2.0 years for commercial and industrial customers and 1 .O year for residential 
customers. The required payback level often is the subject of considerable debate. 
Generally, commercial and industrial customers are observed to require rates of return 
on such projects of 50% or higher. Residential customers often appear to require even 
higher rates of return - on the order of 100%. This calculation was performed on a 
measure-by-measure basis and, as such, yielded a range of incentive levels for similar 
measures to the extent that these measures are employed in different building types. We 
view these calculated levels as simply approximations to be used primarily for budgeting 
purposes. During process of final program design, the specific incentive levels will be 
revisited. 

Savings adjustment factors. The gross savings realized by a program are equal to the 
per unit measure savings multiplied by the number of measures installed. However, it is 
almost universally the case that not all measures incented through a program actually 
are installed and work properly. Therefore, they produce no savings. Program 
evaluations are used, in part, to verify installations, and typically will derive a “verified 
gross savings” estimate. The factor used to translate gross savings into verified gross 
savings is called the realization rate. Often this phenomenon is not addressed in 
program planning - one simply assumes that the estimated level of participation is 
realized. However, given that ComEd is held to strict annual savings goals, accounting 
for the uncertainty in forward-looking savings estimates is critical. Use of a realization 
rate in a planning process allows us to account for two factors: first, that actual 
participation in a program will turn out to be lower than we estimate, and second, that 
actual installations will be less than the number of participants. Most important, inclusion 
of this rate in the savings calculation enables us to use this variable in a more formal 
uncertainty analysis (described below). This rate was set to 0.95 for all program 
elements. With the exception of some jurisdictions, realization rate data are not widely 
reported and show a wide variance, even within program types. However, we believe 
this rate is realistic as many of the programs we reviewed showed a realization rate of 
greater than 1.0. 

Program cost effectiveness is based on program net savings -savings that are 
attributable directly to a program after netting out free riders. Net savings are accounted 
for in the calculation by multiplying verified gross program savings by the NTG ratio. The 
NTG ratio is the ratio of the verified net savings for a program to the verified gross 
savings. The difference between net and gross savings is represented by the savings 
realized by customers who (1) would have implemented an efficiency measure even in 
the absence of a program incenting it (free riders) and (2) did adopt a measure that is 
promoted by a program after having been influenced by the program, but without taking 
the program incentive (free drivers or spillover). Although both effects should be 
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accounted for in the calculation of a NTG ratio, frequently evaluations have only 
measured the free rider effect and thus data often are not available for the spillover 
effect. The effect of applying the NTG ratio, therefore, is to reduce program savings and 
cost-effectiveness (because program costs are not reduced by the NTG ratio). 

Appendix D provides a listing of the program cost and participation assumptions for each 
program element. 

AS. Program Screening 
Once program data were assembled, the program elements were screened for cost- 
effectiveness using the Total Resource Cost test. Conceptually, the process was the same as 
described above in relation to the measure screening. The key steps included: 

Calculating the value of measure benefits using the same approach as described earlier 
under measure screening. 

Summing these benefits over all measures included in a program. 

Reducing these gross benefits by the realization rate and NTG ratios 

Calculating the total incentive costs by summing over the number of measures 
projected. 

Summing the total measure incremental costs over all measures included in a program. 

Calculating the total program costs. These costs were either manually input into the 
cost-effectiveness model based on other utility program experience or were calculated 
as a fraction of total incentive costs as described above. 

Calculating the Total Resource Cost test benefit-cost ratio. 

The cost-effectiveness of ComEd’s proposed demand-response program element - an 
expansion of the Nature First program - was assessed outside of the ICF portfolio analysis 
model. This analysis utilized a similar measure screening framework as for the energy efficiency 
programs. The major difference was that the demand-response analysis incorporated ongoing 
incentives and operations and maintenance (O&M) costs that energy efficiency programs 
typically do not have. 

The benefits were calculated based on an annual coincident peak reduction of 1.34 kW 
multiplied by the Net Present Value (“NPV) of the avoided capacity cost over a fifteen (15) year 
measure life. The benefits also included energy savings based on program operations of 8 
hours per year. The energy savings were multiplied by the NPV of the avoided energy costs 
over a fifteen (15) year measure life. The demand and energy benefits were summed to 
calculate the total utility avoided costs. 

The measure incremental costs were calculated based on installing a direct load control switch. 
The one-time equipment and labor costs, as determined by CornEd, were $80 and $65, 
respectively. The incremental cost also included the present value of ongoing annual incentive 
costs of $31.82, and an average annual O&M cost of $12. The present value of these costs was 
added to the equipment and labor cost to calculate the total incremental cost. The program 
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costs were the sum of the incremental cost and an $80 one-time customer acquisition I 
marketing cost. 

Appendix D also shows the cost-effectiveness results for each program element. 

A.6. DCEO Integration 
DCEO provided a list of programs that it proposed to operate under the ComEd portfolio, as well 
as assumptions required to conduct the TRC test on the programs. 

The following table shows the programs proposed by DCEO and the TRC test results. By 
statute, these programs are not required to pass the TRC test to be eligible for inclusion in the 
portfolio. The assumptions used to develop the DCEO programs, with the exception of the 
custom and prescriptive measure level data, are provided by DCEO in a separate filing. 

Table A-2. TRC Results for DCEO Programs 

A.7. Portfolio Construction 
Once program elements were screened, those non-low-income programs passing the TRC test 
were passed to the portfolio construction and screening stage. This stage was designed to allow 
adjustment in the participation levels and program element budgets, including budgets for cross- 
cutting activities such as education, awareness building, training, evaluation and management, 
such that the total portfolio estimated savings goals would be met at or below the spending 
screens. In addition, this step was guided by objectives to establish a foundation for subsequent 
years, create consumer value, and ensure portfolio diversity across end uses and customer 
classes. The process of developing the final portfolio was necessarily iterative, as program 
element participation rates and costs were adjusted to yield a mix of program elements 
satisfying not only the statutory savings goals and spending screens, but ComEd’s overall 
portfolio design goals as well, including the management of various portfolio risks. Generally, 
the steps followed in designing the final portfolio included: 
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Setting general participation and budget levels for quick-stadhighyield program 
elements. These elements included Residential Lighting Incentives, Residential Appliance 
Recycling, C&l Prescriptive Incentives, C&l Custom Incentives and the Small Business CFL 
Introductory Kit. Based on our review of the programs implemented by other utilities, it was 
clear that the majority of early savings would come from these programs, and that these 
were the program elements that could be designed and brought on-line quickly. Initially, 
participation rates and program costs, including incentives, were set based on a review of 
similar programs managed by other utilities. With respect to lighting measures, which are 
expected to make up the majority of measures installed over the first three years, estimated 
measure counts based on participation levels were compared with actual measure counts 
for Pacific Gas and Electric and Southern California Edison -two comparably-sized utilities. 

Setting participation rates and budgets for medium yieldlmarket building programs 
elements. These elements included residential HVAC tune-ups, residential new HVAC, the 
residential advanced lighting package for new construction, commercial building 
retrocommissioning and commercial new construction. These program elements are key to 
ComEd’s overall residential and business solutions offerings, help capture lost opportunity 
savings, and provide portfolio diversity. At the same time, these elements are aimed at 
pockets of energy efficiency potential that are smaller and often somewhat more challenging 
to tap than those targeted by the quick-start elements, and the programs tend to be more 
expensive. Our approach to setting participation levels generally was based on judgment 
regarding the levels of participation that ComEd believed it could achieve and the 
associated program costs. Participation rates were boosted in years two and three with the 
statutory increases in the spending screens, with the intent of lowering the contribution of 
simple lighting technologies to the portfolio and the need to position these market building 
programs for more rapid growth in years four through six. 

Setting spending levels for crosscutting activities. The quick-start and market building 
program elements are essential to meeting the savings goals. However, if we are to position 
the portfolio to create sustained long-run value for customers and to enable customers to 
take increased responsibility for energy management, incentive-based programs must be 
coupled with solid educational, awareness-building, training and technology innovation 
investments. In addition, the portfolio budget must set aside 3% of total funds for evaluation 
activities. 

Final Portfolio Construction. Once initial assumptions were set, the DCEO portfolio was 
added, and ComEd savings and costs were backed down to ensure that the total savings 
goals were met within the spending screens. Program element costs were reviewed in more 
detail for certain program elements to ensure that sufficient incentives were being provided 
(primarily within the retrocommissioning and commercial new construction program 
elements where incentives are performance- rather than measure-based. Participation rates 
also were adjusted to reflect stakeholder concerns that insufficient savings were being 
projected for retrocommissioning and new construction program elements. 

A.8. Risk analysis 
Implementation of an energy efficiency portfolio is characterized by a variety of performance, 
technology, market and evaluation risks. Although the assumptions used to prepare the Plan 
are based on best available data and the experience of other program administrators, inevitably 
actual implementation experience will yield results that differ from planning assumptions. Given 
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that the portfolio must achieve specific savings goals, an analysis of these risks is crucial as part 
of the planning process to identify and then mitigate or manage away from risks where possible 
and cost-effective. 

ICF performed a risk analysis of ComEd’s energy efficiency and demand response portfolio, in 
conjunction with DCEO’s portfolio, as part of the overall analysis to identify risks to the 
portfolio’s ability to achieve the savings goals in Section 12-103(b) of the Public Utilities Act. The 
risk analysis was performed because there are many uncertainties that characterize the overall 
analysis. For example, if the values that we have used to represent energy efficiency measure 
savings are incorrect, if program participation is not what we estimate, or if the NTG ratios 
calculated by the independent evaluator are different than those that we have used in our 
analysis, the verified net savings estimated by the evaluator could be different than what we 
have estimated. Performing a risk analysis of the portfolio identifies uncertainties that contribute 
the most to portfolio risk. Using these data, ComEd can make informed decisions that balance 
risk with the need to meet hard savings goals. Data from portfolio risk analysis can also be used 
by ComEd and evaluators to target evaluation research on programs that present the greatest 
risk to CornEd. 

For this analysis, an uncertainty is defined as a measurement of the quality of information 
about an event or outcome. For example, although some future events are uncertain, there is a 
significant amount of information about their likelihood, such as for non-weather sensitive 
measure savings. Other future events are less certain, such as program participation. The 
higher the quality of information we have about a future event, the more precisely we can 
estimate its outcome. 

A U  is defined as a measure of bad outcomes associated with a given plan. 

A Monte Carlo simulation is defined as a technique used in computer simulations that samples 
from random number sequences to simulate outcomes with multiple possible values. 

In this section, “the aortfolio” refers to the combined ComEd and DCEO energy efficiency 
portfolios. 

The risk analysis was performed using the Excel-based ICF portfolio analysis model workbook 
as a platform and @RISK software, an Excel based product, to run Monte Carlo simulations. 

A.8. I Uncertainties and Risks 
ICF built on work by the California Public Utilities Commission (CPUC) and Pacific Gas and 
Electric (PG&E) on energy efficiency portfolio risk in its risk analysis of ComEd’s portfolio. The 
CPUC and PG&E identified three key uncertainties associated with energy efficiency measure 
savings claimed by programs: 

Measure-specific projections (Le., the annual energy savings resulting from 
implementing an energy efficient, instead of a baseline, technology); 

Projected installation counts; and 

NTG ratios. 

In addition to defining probability distributions around these key uncertainties, ICF added a 
fourth uncertainty to the analysis based on the way the ICF model calculates energy savings. 
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This fourth uncertainty is the engineering verification factor, which is defined as the estimated 
ratio of verified (evaluated) gross savings to program tracking gross savings corresponding to 
measures actually installed. Each measure's projected savings is the product of its per-unit 
savings value, projected installation count, NTG ratio and engineering verification factor. For the 
entire portfolio: 

Savings = 
j 
(UnitSavings * Unitlnstalls * NTGR * EngineevingVerificationFactor ) 

Where 

Savings = Portfolio energy savings; and 

j = Number of measures in the portfolio. 

There is uncertainty around the values for each of these variables for every measure in the 
portfolio. Since there is a distribution of probable values for each of these variables, there is also 
a distribution of probable portfolio savings. The risk analysis identifies the uncertainties that 
contribute most to variance in probable portfolio savings. 

The first step in estimating probability distributions around uncertainties in the portfolio was 
analyzing each uncertainty at the program or measure level, depending on the uncertainty. For 
every program or measure in the portfolio, ICF analyzed key factors contributing to the 
uncertainty of each variable. Based on that analysis, ICF set probability distributions around 
each uncertainty (unit savings, projected installations, NTG ratio and engineering verification 
factor) at the program or measure level. Ideally, these probability distributions would be based 
on observations of many actual values. Unfortunately, consistent data sets do not exist that 
would enable us to base the distributions on observed variation of values for identical programs. 
Therefore, the distributions were based on subjective evaluation of the relative uncertainty 
associated with the source of the initial values. 

Unit savings uncertainty was analyzed largely at the measure level. The key factors used in 
analyzing unit savings uncertainty were the source of the unit savings estimate and the 
measure's weather sensitivity. Generally, non-weather sensitive measure savings estimates 
where the savings source was DEER were assigned the lowest levels of unit savings 
uncertainty. 

Installation uncertainty was estimated largely at the program level. There were three key factors 
used in analyzing project installation uncertainty. The first and most important factor is 
uncertainty around each proposed program's ability to get measures directly installed. For 
example, the C&l New Construction program element was ascribed a low degree of uncertainty 
in its ability get measures directly installed because of the high degree of installation verification 
required for participants to receive rebates. Given that some program elements, such as 
Residential Lighting, are projected to contribute more to portfolio savings than other programs, 
and that more evaluation dollars will be spent researching the most important programs, ability- 
to-install uncertainty was weighted proportional to each program's projected contribution to total 
pottfolio savings. Other key factors considered in the analysis of installation uncertainty were 
the program participation rate, and the source of the baseline usage rate. The program 
participation rate and the baseline usage rate were hardwired into the ICF model. Finally, we 
considered the applicability of the baseline usage rate estimate, based on its source; for 
example, residential baseline usage rates applied in the ICF model were published in a study by 
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the Midwest Energy Efficiency Alliance (MEEA), so ICF ascribed a low level of uncertainty to the 
study's applicability to the Illinois market. 

NTG ratio uncertainty was estimated largely at the program level, and was based on ICF's 
confidence in the source of the NTG ratio estimate, the applicability of the NTG ratio to 
ComEd's program and the local market, and the uncertainty around an evaluator's ability to 
conduct robust impact studies on the program. Because ComEd's evaluation budget is small 
compared to budgets in other states, we generally ascribed modest levels of confidence in an 
independent evaluator's ability to conduct robust impact studies. However, because some 
program elements, such as Residential Lighting, are projected to contribute more to portfolio 
savings than other programs and since more evaluation dollars will be spent researching the 
most important programs, evaluation uncertainty was weighted proportional to each program's 
projected contribution to total portfolio savings. After the initial Monte Carlo runs, some CFL 
NTG ratio uncertainty bounds were set at the measure level, based on recent evaluation 
research on CFLs in California. 

In some impact evaluation studies, the engineering verification factor is applied to the NTG ratio, 
or attribution factor, to produce the program realization rate, which is the final net savings ratio 
the evaluator credits to the program. The engineering verification factor was not considered a 
key uncertainty in this risk analysis because most of the evaluation risk is captured in NTG ratio 
uncertainty. 

The ICF team reviewed their assumptions about these uncertainties and made adjustments to 
some distributions based on professional judgment. These adjustments typically reflected 
program evaluation research findings or the team's experience with the performance of 
particular measures or programs in other markets. Three rounds of such adjustments occurred 
during the course of the risk analysis. The first round of adjustments took place before the first 
Monte Carlo simulation was run. The second and third rounds took place afkr the first and 
second Monte Carlo runs, respectively. Appendix E documents the process of setting 
uncertainty distributions in detail. 

A.8.2 Monte Carlo Simulations 
Once the uncertainties were established in the risk model', ICF ran a Monte Carlo simulation 
using @RISK software. The simulation calculated 1,000 iterations of the portfolio to arrive at a 
distribution of probable energy savings over three years. Following the simulation, ICF used 
@RISKS sensitivity analysis function to analyze the data. The sensitivity analysis function 
regresses the input data (uncertainties) against the output data (energy savings). The 
regression coefficients reflect the sensitivity (responsiveness) of the output variable to each 
input variable. 

The first simulation showed portfolio savings highly sensitive to NTG ratio and installations of 
CFLs in the residential and commercial sectors. The projected number of recycled refrigerators 
was also a statistically significant uncertainty. Following the simulation, ICF conducted a round 
of adjustments to uncertainties, including adjustments to NTG ratio uncertainties for residential 
CFLs based on recent evaluation findings on lighting programs in California. 

2 The risk model uses a subset of worksheets from the ICF porlfolio planning mcdel to conduct the risk analysis 
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Results of the second simulation still showed that savings were most sensitive to residential and 
commercial lighting NTG ratio and installations, primarily low and medium wattage CFLs. The 
projected number of recycled refrigerators was also still an important uncertainty. Following the 
second simulation, ICF conducted a final round of adjustments to uncertainties. 

Results and Analysis 

Based on the output of the third Monte Carlo simulation, the critical uncertainties that remained 
included those associated with residential and commercial CFL NTG ratios and projected 
installation counts (participation). Other important uncertainties were the potential number of 
recycled refrigerators, and occupancy sensors rebated through DCEOs Public Sector 
Prescriptive program. 

Table 14 shows the results of the sensitivity analysis using data from the third Monte Carlo 
Simulation. @RISK uses multivariate stepwise regression in the sensitivity analysis to test the 
statistical significance of each input variable on the output variable. The uncertainties shown in 
the table are listed in descending order of statistical significance, and the R-squared value 
indicates the degree to which the, inputs (uncertainties) in the model explain the output variable 
(kWh savings). A regression coefficient of zero indicates that there is no significant relationship 
between the input and the output, while a coefficient of one or minus one indicates a one or 
minus one standard deviation change in the output for a one standard deviation change in the 
input. An R-squared of one would indicate that the inputs, fully explain the output variable. The 
R-squared value for this analysis, 0.86, indicates that inputs in the model explain a large 
majority of the variance in kWh savings. 
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Table A-3 Statistically Significant Uncertainties in the Portfolio 

The uncertainties contributing most to portfolio risk are not unexpected. CFLs constitute a 
significant portion of the portfolio, as they do portfolios in other states, because of their cost- 
effectiveness and market potential. Also, savings values for CFLs have been well established 
through independent research, which means that little risk lies in the performance of the actual 
technology and falls instead on program performance- NTG and participation. Relying on 
CFLs so heavily over the next three years is a risk ComEd must take because reducing their 
prevalence in the portfolio corresponds to a drop in savings that no other measure or 
combination of measures can cost-effectively make-up. Mitigating this risk through significant 
changes in the portfolio would impose significant costs on the portfolio, making it unlikely the 
portfolio could reach its goals. Nevertheless, based on the results of the uncertainty analysis, 
the portfolio was rebalanced with increased reliance on the business custom incentive program 
and retrocommissioning. 

The sensitivity around refrigerator recycling is driven by the fact that savings for the measure 
are relatively high and that there is a large market potential for this measure in ComEds 
territory. Special attention will need to be paid to the performance of the Residential Appliance 
Recycling program element by ComEd in order to ensure program managers are maximizing 
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participation. It will also be important to allocate adequate evaluation spending towards the 
program so the evaluator can develop robust impact estimates. 

Uncertainty around NTG ratios and installations in general is exacerbated by the knowledge that 
(i) the program evaluator, once chosen, will have a small budget to carry out the research, (ii) 
that NTG ratios studies are among the most expensive elements of impact evaluation, 
particularly when they properly address spillover, and (iii) that valid NTG ratio estimates depend 
on having a substantial sample size that can accommodate necessary stratification. 

In addition to verifying program savings through impact studies, evaluators help program 
managers run their programs more effectively by recommending changes to programs based on 
impact, process and market research findings. Effective programs filter out free-riders, and 
install more measures, maximizing the NTG ratio given program budget and market constraints. 
Evaluators can do a better job helping programs filter out free-riders if they have a sufficient 
budget to conduct robust impact, process and market studies. 

Measuring spillover in addition to free-ridership decreases uncertainty around NTG ratios. It is 
standard practice in most states, and reflects programs impacts on consumer choices, to 
purchase efficient products without incentives. 

In summary, despite the risk, relying heavily on CFLs in the CornEd poftfolio is necessary, as no 
other measure or set of measures can produce savings as quickly or cost-effectively. The 
uncertainty around CFL NTG ratios and installations would decrease if CornEd had a larger 
evaluation budget because evaluators would be able to conduct more robust evaluations and 
better help programs filter out free-riders and increase installations. Including spillover in NTG 
ratios will decrease uncertainty in general around evaluations by crediting programs with the 
influence they have on consumer behavior beyond rebates. Finally, appliance recycling is an 
important measure with considerable potential in ComEd's territory, and CornEd will need to 
focus adequate resources, in terms of management and evaluation, toward maximizing 
participation in Residential Appliance Recycling program element. 
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Appendix B: Measure Information 
Appendix B contains the measure-level information from the energy efficiency potential model developed 
by ICF International. It is divided into four groups of pages. 

Pages 8-2 - 5-21 contain the basic measure information describing the base and efficient technologies, 
whether the measure's savings are weather-sensitive, the end-use application (lighting, cooling, etc.) and 
the unit by which costs and savings are denominated. The next five columns contain the inputs to and 
final results of the measure level Total Resource Cost (TRC) test. These inputs include the measure's 
lifetimes, incremental costs, annual energy (kWh) savings, and annual coincident peak power (kW) 
savings. 

Pages B-22 - 8-41 shows the market baseline and appropriate factors to determine how many units of 
each measure could technically be applied. The market baseline determination begins by establishing the 
eligible population of measures that can be replaced by more efficient measures. This "gross" population 
is then reduced by a series of factors shown below to account for the relevance of the measure, technical 
feasibility of measure replacement, the fraction of the total number of eligible baseline measures that are 
not yet efficient (based on the definition of the efficient measure), and the annual replacement eligibility 
which represents the fraction of the baseline stock that is assumed to turn over each year. Note that, for 
most measures, ComEd-specific baseline information was very limited. Thus in many cases, ICF 
assumptions, or state, regional or national data were used to develop proxy values. 

Total 
Sector 
Units 

(eg, # of 
Homes) 

# 
Technology 

Units per Relevance Total 
Sector Unit (eg, % o f  Technical Not Yet Annual Applicable 
(eg, Bulbs Homes Applicability Adopted Replacement Technology 
per Home) with CAC) (%) (%) Eligibility (%) Units 

These variables work together according to the following equation: 

Total Sector Units * Technology Units per Sector Unit ' Relevance (%) * Technical Applicability (96) * Not Yet Adopted 
(%) * Annual Replacement Eligibility (%) = Total Applicable Technology Units 

The last two columns of this grouping show in which programs the measures are included, as well as 
whether the measures are classified as a "special measure." These special measures are used so that 
specific incentive levels can be set for those measures, separately from other measures in a certain 
program. Special measures include CFLs, linear fluorescent lamps (T-as), motors, appliance recycling, 
commercial building new construction, and Nature First demand response measures. 

Pages 8-42 - 6-61 show the incentive levels offered for the measures, the number of efficient technology 
installations, energy (kWh) savings, and coincident peak power (kW) savings for each year of the three 
year program period. 

Pages 8-62 - B-81 show the sources used for the measure names, costs, savings, lifetimes, and 
participation. In addition, the DEER Measure ID is shown for DEER measures; for the few measures 
taken from a report by RLW Analytics, the appropriate RLW Measure ID is included; and the industrial 
sector measures taken from a report by KEMA have the appropriate KEMA Measure ID. 

In pages 8-2 through B-81, a row that is shaded in gray indicates a measure that contained incomplete 
data, or was not used in the screening. 

Pages B-82 - 8-85 show the inputs used for Residential and Non-Residential building types in the DOE-2 
simulations. 
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