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Non-Energy Benefits of Weatherizatit

There are substantial non-energy benefits from DOE's Weatherizal
Assistance Program, according to a new study by Oak Ridge Natio
Laboratory (ORNL) . The study documents benefits to utility ratepa
the economy, and the environment that are in addition to the ene
benefits that reduce the energy bills of low-income families by ino
the energy efficiency of their homes .
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How to value non-energy benefits of weatherization?
•

	

Read this and other reports by Oak Ridge National Lat

How to value non-energy benefits of weatherization?
The U .S. Department of Energy (DOE) issued a press release on August 28, 2002 announcing a
documenting considerable non-energy benefits from low-income weatherization . The report sum
existing literature on how to value such benefits for participating households, utility ratepayers,
economy, and the environment . While there is a large range of potential monetary values for thi
benefits, there is no question they are important for the communities that receive weatherizatio
services .

Furthermore, ORNL's analyses are useful for developing overall cost-benefit ratios . Researchers
that for every dollar of DOE investment, there are non-energy benefits worth $1 .88 .

These benefits are in addition to energy savings, which reduce energy bills an average of $275 I
in more than 105,000 low-income homes in 2002 . The cost-benefit ratio of energy reduction is I
each dollar of DOE investment . When the energy- and non-energy-related benefits are added to
the DOE Weatherization Assistance Program returns $3 .71 for every dollar invested by DOE .

Among others, the non-energy benefits of weatherization include :

•

	

For participating households, there are reduced water consumption and accompanying
and sewer fees, and an increase in property values .

. . For utility ratepayers, there are reduced costs for bill collection and service shut-offs . Ai
because weatherization addresses the safety of major appliances, the utility has fewer em
calls .

• For the local economy, DOE's investment in energy efficiency generates a whole range t
local home services industries . Nationwide, the Weatherization Assistance Program genera
8,000 jobs, which increases the tax base in communities throughout the country and indir
supports other jobs . Furthermore, weatherization reduces the burden of unemployment pz
for taxpayers and local businesses .

•

	

For national security, weatherization decreases U .S . energy use the equivalent of 15 mi
barrels of oil every year .
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For the environment, the reduction in energy consumption by low-income clients reduce
need for combustion of fossil fuels and the resulting emissions into the atmosphere .

The report noted that there are additional benefits from weatherization that are not covered in t
because a monetary value cannot be assigned to them .

Read this and other reports by Oak Ridge National Laboratory
Non-Energy Benefits from the Weatherization Assistance Program-A Summary of Findings from
Literature (PDF 235 KB) Download Acrobat Reader .

Martin Schweizer and Bruce Tonn ; Oak Ridge National Laboratory report number ORNL/CON-48'
pp . ; April 2002.

Recent Studies and Publications
The Oak Ridge National Laboratory (ORNL) Weatherization and SEP Support Program have publi
dozens of reports over the past 17 years, many of which are available online . Some hard copies
reports are also available from ORNL .
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EXECUTIVE SUMMARY

The purpose of this project is to summarize findings reported in the recent literature on
nonenergy benefits attributable to the weatherizing of low income homes . This study is a
follow-up to the seminal research conducted on the nonenergy benefits attributable to the
Department of Energy's national Weatherization Assistance Program by Brown et al . (1993) .

For this review, nonenergy benefits were broken into three major categories : (1) ratepayer
benefits; (2) household benefits; and (3) societal benefits. The ratepayer benefits can be divided into
two main subcategories : payment-related benefits and service provision benefits . Similarly, there
are two key types of household benefits : those associated with affordable housing and those related
to safety, health, and comfort . Societal benefits can be classified as either environmental, social, or
economic .

Fig . E.S . I presents point estimates of the average lifetime monetary value per weatherized
home resulting from low income weatherization programs for the key benefit types listed above .
These benefits represent net present value estimates (i .e ., estimates of the current
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Fig. E.S.1 Summary of Nonenergy Benefits by Category and Subcategory
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worth of all benefits expected over the lifetime of the weatherization measures), assuming
a 20-year lifetime for installed energy efficiency measures and a 3 .2% discount rate . Overall,
societal benefits are estimated to be substantially larger than ratepayer and household benefits .
Ranges for the societal benefits are also much greater than for the other two categories of nonenergy
benefits. The total monetized value for all nonenergy benefit categories associated with
weatherizing a home is estimated to be $3346, in 2001 dollars . This represents a national average
which, like any point estimate, has considerable uncertainty associated with it . This figure is
substantially higher than the total value of nonenergy benefits presented a decade ago in the national
weatherization evaluation (Brown et al . 1993) because the current study quantified a much broader
array of benefits than did the earlier work .

The net present value of $3346 for all nonenergy benefits is slightly greater than the average
net present value of energy savings for houses heated by natural gas, which is $3174 in 2001 dollars .
In comparison, the average total cost per weatherization is $1779, also in 2001 dollars . The
"societal" benefit/cost ratio, which compares all benefits to all costs, is approximately 3 .7. Low and
high values for the societal benefit/cost ratio, using low and high nonenergy benefit estimates, are
2.0 and 52.5, respectively . It should be noted that the total monetized nonenergy benefit estimate
is lower than it could be because the estimate does not contain some benefits that have not been
expressed in monetary terms .
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1 .1 BACKGROUND

The national Weatherization Assistance Program provides energy efficiency improvements
for low-income residences throughout the country . The program is sponsored by the U.S .
Department of Energy and is implemented by state and local agencies in all 50 states and the District
of Columbia . Since its inception in 1976, the Weatherization Assistance Program has weatherized
approximately five million dwelling units fortheir low-income occupants. Common weatherization
measures include : caulking and weather stripping around doors and windows and sealing other
unnecessary openings to reduce air infiltration ; installing attic, wall, and floor insulation; and
wrapping water heaters and pipes with insulating material. A national evaluation of the program
conducted by Oak Ridge National Laboratory (ORNL) almost a decade ago (Brown et al . 1993)
focused on energy and cost savings, but it also contained a detailed discussion of the nonenergy
benefits associated with low-income weatherization activities . Since the time of the national
evaluation, a substantial amount of research has been conducted to examine the nature and
magnitude of the nonenergy benefits that result from weatherization programs . The purpose of this
report is to use the findings from the large body of post-1993 research to update ORNL's previous
estimates of the Weatherization Assistance Program's nonenergy benefits .

ORNL's national weatherization evaluation (Brown et al . 1993) identified an extensive range
of nonenergy benefits associated with the Weatherization Assistance Program . A total of fifteen
benefits were identified, but monetized values could be calculated for only about half of them . As
shown in Table 1, all the monetized values combined had a net present value, over the lifetime of
the weatherization measures installed, of $976 (in 1989 $) .

1 .2 METHODS

The primary research method used for this study was a comprehensive review of the
literature on nonenergy benefits written since the national weatherization evaluation was completed
in 1993 . Many different articles and reports have been written about the nonenergy benefits of low-
income weatherization activities since that time . Some present the findings from primary research
conducted on the subject, usually focusing on a weatherization program operated by a given state
or utility company (e .g ., Magouirk 1995 ; Blasnik 1997; Hill et al. 1998). Others take a meta-
analysis approach and report the findings from a number of studies conducted in different locations
(e.g., Riggert et al . 1999; Riggert et al. 2000 ; Howat and Oppenheim 1999). One set of articles that
was especially useful for this study (Skumatz and Dickerson 1997 ; Skumatz and Dickerson 1998;
Skumatz and Dickerson 1999) focused on two

1 . INTRODUCTION
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Table l . Nonenergy Benefits Monetized in National Weatherization Evaluation (1993)

low-income weatherization programs operated by Pacific Gas and Electric Company (PG&E), using
primary data pertaining to those programs and also making use of important findings from a
comprehensive review of studies performed by other researchers elsewhere in the country . Because
much of the information analyzed by Skumatz and Dickerson came from a variety of locations, and
because the PG&E programs they studied are very similar to other full-scale weatherization efforts
undertaken throughout the country, the findings from the Skumatz and Dickerson articles are
considered broadly applicable to DOE's Weatherization Assistance Program .

From a thorough review of the literature, we identified a complete set of nonenergy benefits
and organized them into major categories and subcategories . Our approach was informed by the
post-1993 articles and reports reviewed as well - as by the ideas presented in the national
weatherization evaluation (Brown et al . 1993). Then, a range of monetary values was identified for
each nonenergy benefit, drawing from all recent studies that provided dollar values for nonenergy
benefits and that employed methods that we considered reasonable and legitimate, even if the
numbers themselves appeared to be somewhat extreme . In fact, many of the value ranges presented
in this report are very broad .

After a range of monetized values was identified from the literature for all nonenergy
benefits, we used our professional judgment to select a reasonable point estimate for each one to
represent the average value of that benefit associated with weatherization efforts nationwide . Even
where the entire continuum, of possible values was very large, it was common for most of the
suggested values to cluster around a fairly narrow range. In such cases, we tended to select a
preferred point estimate that was close to the midpoint of the clustered values . Where one extremely
high value led to an extended range, it was often the case that the clustered values and our point
estimate fell toward the low end of that range . However, it is important to note the inherent
uncertainty associated with any point estimate that is made . Clearly, a single point estimate for any
given nonenergy benefit cannot represent the benefits associated with every weatherization effort
in each separate locale because ofthe substantial variation that occurs among different programs and
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Net Present Value of Benefit
per Dwelling

Nonenergy Benefit (1989S)
Enhanced property value and extended lifetime of dwelling
Reduced fires
Reduced arrearages
Federal taxes generated from direct employment
Income generated from indirect employment
Avoided costs of unemployment benefits
Environmental externalities

126
3
32
55
506

82
172

Total of all nonenergy benefits $976



geographic areas . Even where, as in this report, a point estimate is based on a number of different
studies and is intended to represent a national average, there is still good reason to be cautious . As
the name implies, a point estimate is only an estimate of a savings value and is based on various
assumptions about program operations and effectiveness rather than on systematic measurement,
and subsequent weighting and averaging, of program outcomes throughout the country .

Nearly all of the nonenergy bcaefits addressed in this report occur everywhere, but a couple
only apply to certain types of households (i.e ., those receiving low-income rate subsidies or those
using natural gas) . In such cases, the magnitude of the benefits reported in the literature is adjusted
downward to make it an average value for the entire nation . Of course, even where benefits do apply
universally, the actual magnitude will vary from place to place, as noted above . When point
estimates for all the benefits addressed in this report are aggregated, they represent the average
benefit for atypical low-income U .S. household . However, that point estimate will not necessarily
apply to each individual household . In cases where a particular benefit does not apply, the total
value of all nonenergy benefits would tend to be lower than indicated in this report, provided that
all other conditions affecting the magnitude of benefits are typical .

Monetary values for the various nonenergy benefits provided in the recent articles and
reports that we reviewed are generally treated as if they are in 2001 dollars . We consider this to be
a reasonable approach because (1) most of the works reviewed were written during the last two or
three years and inflation has been very modest during that period, and (2) the dollar values provided
in the literature tend to be estimates and approximations and are not precise enough to warrant
adjustment by a few percentage points . The principal exception to this is in the case of values that
are taken from the national weatherization evaluation (Brown et al . 1993). Because the data in that
study date from 1989, it was considered prudent to adjust the relevant numbers upward, using the
inflation factors contained in the Consumer Price Index (Bureau of Labor Statistics 2001) .

Many of the monetized values presented in the literature are listed in terms of dollars per
participating household per year . We converted those annual benefits into net present value (NPV)
per household, assuming that : (1) the useful life of the installed weatherization measures is 20 years
(which is consistent with past evaluations of the Weatherization Assistance Program) ; and (2) the
appropriate discount rate is 3 .2 % (the rate suggested by the Office of Management and Budget for
program evaluation) . Based on these assumptions, a benefit that has an annual value of$10 per year
would have a NPV of $146 . We are aware that different parties are likely to apply different discount
rates when calculating the value of a given investment . However, the 3 .2% discount rate is used in
this report for all categories of benefits to be consistent and to reflect the fact that this document is
written from the perspective of the federal agency that sponsors the Weatherization Assistance
Program .

1 .3 SCOPE OF REPORT

The subsequent chapters of this report present key findings from our study ofthe nonenergy
benefits associated with low-income weatherization efforts . In order to present a complete picture
ofthe nonenergy benefits associated with weatherization programs, these benefits are described from
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three distinct perspectives : that of utility ratepayers ; that of participating households; and that of
society as a whole . It should be noted that a couple of the nonenergy benefits addressed in this report
are discussed under more than one major category, to reflect the fact that there are different groups
of beneficiaries. For example, "avoided shut-offs and reconnections" are discussed both from the
ratepayer and the household perspective . The value of the benefit received by each set of actors in
different, and double-counting is avoided because ratepayers and participating households receive
different, and non-overlapping, values from the benefit in question .

Chapter 2 discusses the benefits received by utility companies and passed on to their
ratepayers. These fall under the broad headings of benefits related to the payments that utilities
receive from their customers and benefits related to the utilities' provision of services . In this
chapter, as in the following ones, each individual benefit is described, a range of possible monetized
values and a point estimate are given for each benefit, and a brief explanation is provided of the
methods used to calculate the values .

In Chapter 3, benefits experienced by the low-income households that receive weatherization
services are described . Such benefits can be grouped into two categories : affordable housing
benefits and benefits related to the occupants' safety, health, and comfort .

Chapter 4 addresses societal benefits, which can be subdivided into environmental benefits,
social benefits, and economic benefits .

Finally, Chapter 5 summarizes the full set of nonenergy benefits and their monetary values,
examines the relative magnitude of the different types of nonenergy benefits, and compares the size
of these benefits with the energy benefits generated by the Weatherization Assistance Program .
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2. RATEPAYER BENEFITS

Utility ratepayers receive two distinct types of nonenergy benefits as a result of
low-income weatherization efforts . Point estimates of the average lifetime monetary value
associated with each type of benefit are shown in Fig . I . The first type of benefit is related to the
payments that utilities receive (or do not receive) from their customers and includes six different
items: (1) avoided rate subsidies; (2) lower bad debt write-off; (3) reduced carrying cost on
arrearages ; (4) fewer notices and customer calls; (5) fewer shut-offs and reconnections for
delinquency ; and (6) reduced collection costs. The second type of benefit is related to the
provision of services and has three components : (1) fewer emergency gas service calls ; (2)
transmission and distribution (T&D) loss reduction ; and (3) insurance savings. While all of the
benefits listed above initially accrue to utility companies, they tend to be passed on to the
utilities' customers and are therefore classified in this report as ratepayer benefits . Each of these
benefits is discussed in more detail below .

200
181

150

00

Fig . 1 . Average Lifetime Monetary Value of Ratepayer Benefits, by Type



2.1 PAYMENT-RELATED BENEFITS

Rate Subsidies Avoided

Many utilities provide lower, subsidized rates for their low-income customers .
Accordingly, each unit of energy consumed by low-income customers represents an expense for
the utility and for its other customers, whose payments help subsidize the discount rate . When
the amount of energy used by low-income customers is reduced as a result of a weatherization
program, the number of subsidized units of energy sold decreases and the utility and its other
ratepayers save money .

The literature reviewed for this study presented a number of different estimates of the
dollar value of rate subsidies avoided as a result of low-income weatherization programs . Many
of these estimates were presented in terms of annual savings per household but, as explained in
Chapter 1, these were all converted to net present value over the lifetime of the measures
installed . The estimated lifetime savings range from a low of $38 to a high of $467 . However,
the estimates of benefits found in the literature typically describe only those instances in which
rate subsidies are available and used by low-income customers . In order to represent average
savings across the nation as a whole, those savings numbers should be adjusted downward to
reflect the proportion of low-income customers actually receiving such subsidies . Based on
information compiled by the National Center for Appropriate Technology (2001), we know that
only about 15% of low-income customers nationwide get rate subsidies. Accordingly, we
multiplied the range of benefits presented in the literature by 0 .15, resulting in an adjusted range
of $6 to $70 (Table 2) . Our preferred point estimate for this benefit is $21 but, as explained
previously, any single estimate made for the entire low-income Weatherization Assistance
Program is necessarily imprecise and the associated uncertainty must be recognized .

Table 2. Ratepayer Benefits : Payment-Related

6

Nonenergy Benefit

Range of Benefits
(in 2001 $ per participating

household : Net Present Value)

Point Estimate of Benefits
(in 2001 $ per participating

household : Net Present Value)
Rate subsidies avoided 6-70 21

Lower bad debt write-off 15-3462 89

Reduced carrying cost on 4-110 57
arrearages
Fewer notices and customer 0-23 6
calls
Fewer shut-offs and 2-15 8
reconnections for delinquency
Reduced collection costs Not Available Not Available



The point estimate of $21 suggested above is derived from the midpoint of the range of
possible dollar savings from avoided rate subsidies presented by Skumatz and Dickerson (1999)
for the Low-Income Weatherization Program operated by PG&E . The savings estimate was
calculated by taking the average rate subsidy received by participating households and
multiplying it by the amount (in percentage terms) by which participants' energy use is likely to
be reduced . We then adjusted this amount downward, as described above, to make it represent
the average savings distributed over all low-income customers and not just those receiving rate
discounts .

Lower Bad Debt Write-off

When customers cannot pay all or part of their bills for an extended period of time, the
utility might have to write off the unpaid portion as bad debt . Whenthe occupants of
weatherized units experience reductions in their utility bills, they are better able to make their
payments and the amount of bad debt written off is likely to decrease . Actually, there are two
parts to this reduction in bad debt : a decrease in the average size of bad debt written off and a
decline in the number of such accounts .

The range of possible dollar benefits presented in the literature for lower bad debt write-
off was extremely broad, with a minimum NPV of $15 and a maximum of $3462 (Table 2) .
Although one very high value was noted, all the other benefit levels described in the literature
clustered at the lower end of the range . We suggest a point estimate of $89, based on the
findings from a well-designed study of the nonenergy benefits resulting from Public Service
Company of Colorado's Energy $avings Partners Program (Magouirk 1995) . That study
measured the post-weatherization reduction in the amount of bad debt written off by
participating households . In addition, the decrease in the number of accounts that were written
off was measured . The two factors combined yielded the $89.NPV reported above . That number
is near the high end of the range suggested by Skumatz and Dickerson (1999) for two California
low-income programs but at the low end of the range suggested in an extensive study of the
values of nonenergy benefits conducted for the state of California (TecMRKT Works et al .
2001) .

Reduced Carrying Cost on Arrearages

Weatherization programs lower energy consumption for participating customers, thereby
reducing the size of their energy bills and making it possible for them to pay a larger portion of
those bills . This in turn reduces the amount of customers' bills that are in arrears . As these
arrearages decline, the carrying costs home by utilities (i .e ., the interest on the amount in
arrears) are also reduced .

According to the literature reviewed, the net present value of this benefit ranges from $4
to $110 (Table 2) . As a point estimate, we chose $57, which is the midpoint of the savings
calculated by Skumatz and Dickerson (1999) for two low-income programs in California .
(PG&E's Low-Income Weatherization Program and its Venture Partners Pilot Program) . The
Skumatz and Dickerson study calculated savings based on likely program-induced reductions in
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arrearage balances, the magnitude of pre-weatherization arrearages in eligible households, and
prevailing interest rates .

Fewer Notices and Customer Calls

As noted above, households that receive weatherization services tend to lower their
energy consumption as a result, leading to lower energy bills, which are easier for them to pay .
Consequently, utilities are required to send out fewer notices in response to late payments and
will receive fewer customer calls regarding these situations . All of this results in a savings to
utilities for staff time and materials .

As shown in Table 2, the NPV of this benefit reported in the literature ranges from $0 to
$23. Our suggested point estimate is $6, which is at the high end of the range suggested by
Skumatz and Dickerson (1999) but toward the lower end of the full range of benefits reported
when other studies are included . The monetized benefits reported here represent a combination
of the numbers calculated separately for late payment notices and for customer calls . An 18%
reduction in the number of notices and calls was assumed, based on previous empirical findings
on the incidence of reductions in the number of accounts written off for bad debt as a result of
weatherization efforts (Magouirk 1995) . This was multiplied by the annual cost per household
of notices and customer calls to produce an estimate of savings per participant .

Fewer Shut-offs and Reconnections for Delinquency

As explained above, weatherized households are less likely to fall behind on their bill
payments, meaning that they are less likely to have their utility service cut off for nonpayment .
Because utilities incur costs to disconnect customers and to reconnect those households in the
future, they experience a monetary savings as the result of customers being better able to pay
their bills and retain service .

The net present value of this benefit ranges from $2 to $15 (Table 2). As a point
estimate, we chose $8, which is the midpoint of the range of potential savings calculated by
Skumatz and Dickerson (1999) for two PG&E low-income programs . This value is also very
close to the benefits reported in several other studies of low-income weatherization efforts . The
savings reported here were estimated based on the weatherization-induced reduction in the
incidence of disconnections and the estimated costs of service shutoff and the portion of
reconnection costs not covered by the customer .

Reduced Collection Costs

If fewer customer payments are delinquent, utilities spend less time and resources trying
to collect what is owed them . However, it can be difficult to separate these reduced collection
costs from the benefit associated with fewer late notices and customer calls, discussed above . A
few of the reports reviewed for this study estimated collection costs per incident but did not put
this in terms of the dollar value per all weatherized households . Because of the current lack of
reliable estimates for this benefit . we will not attempt to assign it a monetary value .
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2.2 SERVICE PROVISION BENEFITS

Fewer Emergency Gas Service Calls

As part of the home weatherization process, deteriorating or malfunctioning gas
appliances can be serviced or replaced and new connectors can be installed . This proactive
service reduces the subsequent need for utilities to make emergency service calls when
appliances or connectors break or malfunction . By avoiding these emergency calls, utilities save
staff time and resources, which constitutes a monetary benefit .

The literature reports that the NPV of this benefit ranges from $77 to $394 . However,
because this benefit can only occur where houses are fueled by natural gas, the reported values
must be adjusted downward if they are to describe the nation as a whole . To reflect the fact that
50.9% of U.S . households are heated by natural gas (U.S . Energy Information Administration
2000), the numbers reported above were multiplied by 0 .509, yielding an adjusted range of $39
to $201 for this benefit, as shown in Table 3 . We suggest $101 as a reasonable point estimate .
This number is at the midpoint of the range of values reported by Skumatz and Dickerson (1999)
for two PG&E low-income programs and near the midpoint reported in the TecMRKT Works
(2001) study (after their adjustment to reflect natural gas usage) . The range of numbers reported
in the Skumatz and Dickerson paper were calculated based on plausible ranges of service call
costs and weatherization-induced reductions in the incidence of such calls (which dropped from
27% of households before weatherization to only 7% afterward, according to Magouirk, 1995) .

Table 3 . Ratepayer Benefits : Service Provision

Transmission and Distribution Loss Reduction

As a natural consequence of transporting electric power along transmission and
distribution lines, a certain amount of energy is lost . These T&D losses are borne by the
responsible utility and its customers . Because weatherization programs cause reductions in
household electricity use, they likewise reduce the amount of electricity that must be transported
and this results in a decrease in the T&D losses that occur. These savings often occur even in
dwellings that are not electrically heated, because electricity usage for a number of purposes
(e.g ., furnace fans and pumps, air conditioning, lighting) can be affected by home weatherization
measures .

9

Nonenergy Benefit

Range of Benefits
(in 2001 $ per participating

household : Net Present Value)

Point Estimate of Benefits
(in 2001 $ per participating

household : Net Present Value)

Fewer emergency gas 39 - 201 101
service calls
T&D loss reduction 33-80 48
Insurance savings 0-2 1



The net present value of T&D loss reductions reported in the literature range from $33 to
$88 (Table 3) . Our suggested point estimate is $48, the midpoint of the possible benefit values
reported by Skumatz and Dickerson (1999) for PG&E's Low Income Weatherization and
Venture Partners Pilot Programs . The monetized value of the T&D losses reported here were
calculated by multiplying the percentage of power that is typically lost through transmission and
distribution (approximately 10%) by the avoided cost of power .

Insurance Savings

To the extent that the services performed by weatherization programs include the fixing
of gas leaks and the repair or replacement of faulty appliances, the result is likely to be a
reduction in the risk of household explosions and fires . This, in turn, would tend to lower the
utility's insurance costs . Such cost savings are expected to occur whether the utility is self-
insuring or buys coverage from another company .

The net present value of this benefit ranges from $0 to $2 (Table 3) . As a point estimate,
we chose $1, which is the midpoint of this range of potential savings values . The savings in
insurance expenses reported here were estimated based on the magnitude of claims made in a
typical year and the risk reduction associated with weatherization efforts . Skumatz and
Dickerson (1999) assumed that the reduction in claims would fall by roughly the same factor that
gas emergency calls would be reduced, as reported by Magouirk (1995) .
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3. BENEFITS TO HOUSEHOLDS

Low-income households that participate in weatherization programs are the recipients of
two different types of nonenergy benefits . Point estimates of the average lifetime value of each
are provided in Fig. 2. First, there are benefits that relate in some way to the affordability of
low-income housing . These include : (1) water and sewer savings ; (2) property value benefits;
(3) avoided shut-offs and reconnections ; (4) reduced mobility; and (5) reduced transaction costs.
The other type of household benefit concerns the safety, health, and comfort of residents and has
three components: (1) fewer fires ; (2) fewer illnesses; and (3) improved comfort and related
factors. Each of these household benefits is discussed in its own section, below .
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Fig. 2 . Average Lifetime Monetary Value of Household Benefits, by Type
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3.1 AFFORDABLE HOUSING BENEFITS

Water and Sewer Savings

Many of the homes serviced by a weatherization program receive low-flow showerhead
and faucet aerator retrofits as part of the package of energy-efficiency measures installed . In
addition to saving energy, these measures result in reduced household water use . Accordingly,
households receiving these services save money on their water bills and, because sewer charges
are generally based on the amount of water consumption, on their sewer bills as well .

A number of different estimates of the magnitude of water and sewer savings was
presented in the literature reviewed for this study. Although most of those estimates were
presented in terms of annual savings per household, they are presented here in terms of their net
present value over the lifetime of the measures installed. The NPV of these savings ranges from
$62 to $1607 (Table 4) . Our best current estimate for this benefit is $271 but, as explained
previously, there is substantial uncertainty associated with any point estimate made for the entire
low-income Weatherization Assistance Program .

Table 4. Household Benefits : Affordable Housing

toccurs one time only in year weatherization is performed

The point estimate of $271 suggested above is based on information provided by
Skumatz (2001) on average annual water savings per participating household resulting from the
installation of faucet aerators and low-flow showerheads . This average household savings
number was multiplied by the mean cost per gallon of water nationwide (U .S . Environmental
Protection Agency 1997) . The resulting number was updated to 2001 dollars using the multiplier
suggested by the Consumer Price Index (Bureau of Labor Statistics 2001) .

Property Value Benefits

In many cases, weatherization programs make some structural repairs and improvements
to the houses they service in addition to installing energy efficiency measures . The structural
improvements that are provided typically increase the property value of the homes receiving
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Nonenergy Benefit

Range of Benefits
(in 2001 $ per participating

household : Net Present Value)

Point Estimate of Benefits
(in 2001 $ per participating

household: Net Present Value)
Water and sewer savings 62-1607 271
Property value beneftst 0-5413 180
Avoided shut-offs and 0-52 17
reconnections

Reduced mobility 0-1460 278

Reduced transaction costs 0-131 37



them . This represents a monetary benefit for the affected households that goes beyond the dollar
savings associated with the energy efficiency improvements that are made . In addition,
structural repairs can extend the useful lifetime of the affected dwellings and preserve the
existing stock of affordable low-income housing .

According to the literature reviewed, the property value increase associated with home
weatherization ranges from a minimum net present value of $0 to a maximum of $5413 (Table
4). Although one document (Riggert et al . 1999) suggests using the high value shown at the top
of the range, all the other articles and reports reviewed for this study present values that cluster
around the lower end of the scale . Those lower values are typically based on the assumption that
the property value increase is equal to the cost of structural repairs made to the home in question .
We suggest a point estimate of $180 for this benefit, based on the findings of the national
weatherization evaluation (Brown et al . 1993). That study found that, in 1989, the average
amount spent on materials for structural repairs nationally was $126 . By adjusting that figure to
2001 dollars using the multiplier of 1 .428 suggested by the Consumer Price Index (Bureau of
Labor Statistics 2001), we get the $180 noted above .

Avoided Shut-offs and Reconnections

As explained in Chapter 2, weatherization programs result in'decreased energy
consumption for the homes serviced and this, in turn, means lower energy bills . Accordingly,
weatherized households are less likely to fall behind on their bill payments and are less likely to
have their utility service shut off for nonpayment. By avoiding service terminations, low-income
customers experience a two-fold benefit . First, they get to retain the full use of their dwelling
unit, the value of which is equivalent to the rent that would be "lost" if it were paid for a house
(or portion of a house) that was unusable due to the lack of utility service . Also, the affected
customers avoid having to pay a subsequent restart fee . While some authors include the
perceived "value of service" experienced by the customer (i .e, how much it is worth to the
customer to avoid a service disruption) as an additional benefit, this measure is not included here
because of the difficulty of objectively assigning a dollar value to it .

The values for avoided shut-offs and reconnections presented in the literature range from
$0 to $52 (Table 4) . These numbers exclude the "value of service" benefit described in some
studies, as noted above . A reasonable point estimate for this benefit is $17, which represents the
upper end of the range given by Skumatz and Dickerson (1999) for lost rental value and cost to
restart in their study of PG&E's Venture Partners Pilot Program . This value is considered
reasonable to use here because a newer study (TecMRKT works et al . 2001) suggests a
somewhat higher value for this benefit, putting the $17 figure roughly in the middle of the full
range. Skumatz and Dickerson calculated lost rental value based on the likely reduction in
termination rates and the assumed rent for a housing unit over a limited shut-off period . The cost
to restart service was based on the projected reduction in termination rates and the restart costs
per household, which include a reconnection fee and the value of lost work time .
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Reduced Mobility

When household energy costs are high, less money is available for other purposes,
including paying rent or making mortgage payments . This can be especially difficult for
low-income households, where funds are very limited . In some cases, high energy costs can lead
occupants to voluntarily move out of their current dwelling in favor of one with lower energy
bills. In other instances, households with insufficient funds to cover all their expenses can be
evicted for a failure to make housing payments or can be forced to move after utility service is
discontinued. While the freedom to choose to be mobile is generally considered desirable, the
mobility discussed here is associated with economic hardship and a lack of options . This kind of
mobility, which is characterized by frequent and unwanted moves, can have the side effect of
increasing school drop-out rates in the affected households. In turn, this can lead to a lifetime of
lower earnings for those who prematurely terminate their education . By lowering household
energy bills, weatherization programs can reduce mobility, thereby preventing some youth from
dropping out of school and increasing their earning potential ; That increase in earnings is a
monetary benefit of weatherization that can be quantified.

The values for reduced mobility presented in the literature range from $0 to $1,460
(Table 4), Our suggested point estimate for this benefit is $278, which is the average of the
point estimates presented by Skumatz (2001) for two different low-income weatherization
programs. Skumatz calculated the value of reduced mobility based on : (1) the estimated effect
of weatherization efforts on reducing the school drop-out rate ; and (2) the estimated difference in
lifetime earnings between high school graduates and drop-outs .

Reduced Transaction Costs

If they were not served by a weatherization program, some low-income households might
choose to install certain energy-efficiency measures on their own . However, to do so, they
would first have to become familiar with the needed retrofit measures and locate the necessary
materials . The time and effort required for that represent a set of "transaction costs" for
low-income households, and avoiding those transaction costs amounts to a benefit for those
receiving weatherization services . By assigning a monetary value (approximating minimum
wage) to the time saved by participants, the magnitude of transaction costs can be identified .

As shown in Table 4, the net present value of reduced transaction costs reported in the
literature range from $0 to $131 . Our suggested point estimate is $37, the midpoint of the
possible benefit values reported by Skumatz and Dickerson (1999) for PG&E's Low Income
Weatherization and Venture Partners Pilot Programs. The reduced transaction costs reported
here were calculated based on the number of compact fluorescent lamps installed per household
under the programs studied and the estimated reduced transaction costs per bulb . That
monetized benefit was then doubled to reflect the fact that weatherization programs include
many more measures than compact fluorescent bulbs alone . The resulting value seems
conservative in light of the fact that home weatherization involves the installation of a number of
different products (e.g., insulation, sealants, low-flow showerheads, storm windows,

1 4



programmable thermostats) which consumers would have to locate and learn about if they were
to perform the work themselves .

3.2 SAFETY, HEALTH, AND COMFORT BENEFITS

Fewer Fires

Many low-income homes have old and poorly-maintained space and water heating
systems. These present a risk of fire resulting from gas leaks . Also, low-income households
sometimes use dangerous supplemental heat sources like gas grills or electric space heaters, and
this is especially problematic in those instances where the primary heating source is
disconnected due to nonpayment . Weatherization programs can improve the operation of space
and water heating systems and reduce the need for supplemental heating . As a result, fewer fires
occur in weatherized homes, and this represents a real benefit to the affected households .

The net present value of fewer fires reported in the literature ranges from $0 to $555
(Table 5). We suggest using $68 as a point estimate for this benefit . This value of fewer fires
over the lifetime of the weatherization measures installed is based on the annual per household
value for this benefit presented by Brown et al . (1993) in the national weatherization evaluation,
adjusted to 2001 dollars using the multiplier suggested by the Consumer Price Index (Bureau of
Labor Statistics 2001) . The study by Brown et al . estimated the number of fires prevented by
the national Weatherization Assistance Program, using national statistics on the occurrence of
fires and fire death rates, and attributed a value to the associated property damage and deaths
based on residential fire-loss statistics and the projected value of future lifetime earnings .

Table 5. Household Benefits : Safety, Health, and Comfort

Fewer Illnesses

Some authors have suggested that people living in houses with sufficient and continuous
heat during the colder months of the year •are likely to get fewer colds . When adults get fewer
colds, it means that they experience fewer lost days of work and the accompanying loss of
wages. In addition, when children are sick, a parent or guardian often has to miss work to care
for them, again at the cost of lost wages . Accordingly, weatherization improvements that result
in warmer and less drafty homes could lead to fewer illnesses and the monetary benefits that go
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Nonenergy Benefit

Range of Benefits
(in 2001 $ per participating

household : Net Present Value)

Point Estimate of Benefits
(in 2001 $ per participating

household : Net Present Value)
Fewer fires 0-555 68
Fewer illnesses 0-2191 55
Improved comfort and
related factors Not Available Not Available



along with that. It should be'noted that tightening up homes could lead to increases in indoor air
pollution and associated illnesses . However, properly conducted energy audits allow for
adequate air changes in the home to minimize this risk .

The net present values reported in the literature for fewer illnesses range from a low of $0
to a high of $2191 . We suggest a point estimate of $55 . This value was calculated using the
method described 1n Skumatz (2001) . Skumatz developed a point estimate for the benefit of
fewer illnesses associated with low-income weatherization efforts, based on survey findings
regarding the number of lost workdays avoided and an assumed average wage earned by the
affected workers .

Improved Comfort and Related Factors

Because houses tend to become warmer and less drafty after they are weatherized, their
occupants are likely to experience increased comfort levels . In addition, the improvements
made to homes during the weatherization process often make them less noisy and can improve
their appearance . All of these represent benefits that are real but are very difficult to measure
objectively . Some innovative work has been performed in this area, most notably in the form of
survey research that asks respondents to characterize the value of various nonenergy benefits
relative to the energy savings that they have received as a result of program participation
(Skumatz et al . 2000). However, it is not clear whether the values calculated by such
approaches, which assign a dollar value to a given benefit based on its perceived importance to
the recipient, are either valid or reliable given the very hypothetical nature of the task set to the
respondents . Accordingly, we will not attempt to assign a dollar value to comfort, noise, and
aesthetic benefits at this time .

Improved indoor air quality is another benefit associated with weatherization programs .
Faulty furnaces can release carbon monoxide into houses, with very negative health effects .
Improvements to heating equipment made during the weatherization process can prevent such
releases, and the installation of carbon monoxide monitors can alert household occupants to the
presence of this dangerous gas . Despite its importance, we will not attempt to assign a monetary
value to the benefit of improved indoor air quality because of the current lack of reliable
estimates .

Weatherization providers are required to give a booklet on the hazards of lead-based
paint (U.S . Environmental Protection Agency 2001) to households in which such paint could be
present. This booklet presents information on the dangers of lead poisoning and how they can be
reduced or eliminated . Because lead can have very adverse impacts on those exposed to
it-especially children-educational efforts like the one described above can have the positive
effect of protecting the health of household residents . Due to a lack of information on the
monetary value of this benefit, we do not attempt to quantify its worth .
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4.0 SOCIETAL BENEFITS

Following the literature, the societal nonenergy benefits attributable to weatherizing low
income homes are broken into three categories : environmental, social and economic . Fig. 3 gives
point estimates of the average lifetime monetary value associated with each of the three benefit
types. The findings distilled from the literature are reported in sub-sections 4 .1, 4.2, and 4 .3,
respectively .
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fusing natural gas estimates for air emissions

Fig . 3. Average Lifetime Monetary Value of Societal Benefits, by Type

4.1 ENVIRONMENTAL BENEFITS

Environmental benefits pertain to how the environment can be improved by weatherizing
low income homes. The most frequently studied environmental benefits arise from the reduction
of air pollutants due to the reduction in the burning of fossil fuels, either in the home (e .g .,
natural gas) or at central power stations to produce electricity . Other categories of environmental
benefits quantified in the literature include less impingements upon fish around power plant
water sources, and reduced water use and, subsequently, less sewage . Table 6 provides ranges
and point estimates for these environmental benefits .
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Table 6. Environmental Benefits

t uses natural gas estimates for air emissions
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Nonenergy Benefit

Range of Benefits (in 2001 $
per participating

household : Net Present
Value)

Point Estimate of Benefits
(in 2001 $ per participating

household : Net Present
Value)

Air Emissions - Natural Gas

Carbon (C02) 40-32,189 102

Sulfur Oxides (SO.) .02-6015 23

Nitrogen Oxides (NO,) .02-2254 48

Carbon Monoxide (CO) .21 -758 46

Methane (CH 4) .07 - 269 92

Particulate Matter (PM) .01 -6983 9

Subtotal 40-49,176 320

Air Emissions - Electricity

Carbon (C0 2) 167-97,857 305
Sulfur Oxides (SO„) 31 -40,872 92

Nitrogen Oxides (NO.) 11 - 17,290 523

Carbon Monoxide (CO) 36 - 81 39

Methane (CH O) .68- 1 .15 .91

Particulate Matter (PM) .27-704 14

Subtotal 246 - 156,805 974

Other Benefits

Heavy Metals (air emissions) 1 .39 - 17,205 380

Fish Impingement 23.44 - 23 .44 23 .44

Waste Water and Sewage 3.36-657 146

Subtotal 28- 17,885 549

Totals 68 - 67,061 869



With respect to air emissions, the literature contains a wide range of estimates for several
factors that are needed to estimate benefits . These factors include (1) the number of pounds of
pollutants emitted per unit of energy service delivered (e.g ., lbs/ mmbtu), (2) average energy
savings per weatherized home, (3) reductions in pounds of pollutants emitted per weatherization,
and (4) value in dollars associated with reducing units of air pollutants (e.g., $/ton of carbon
dioxide emissions reduced) . The approach followed to estimate the range of benefits was to take
the lowest (highest) value for each factor to calculate the lower (upper) bound . The approach
taken to develop a point estimate varied by each type of air emission. In general, mid-range and
frequently mentioned estimates were used . Sources used for the environmental benefit review
include : Brown et al . (1993), Berry (1997), Skumatz and Dickerson (1997, 1999), Skumatz
(2000), Riggert et al . (1999), Riggert et al . (2000), Hill et a) . (1999), Burtraw et al. (1997),
Burtraw and Toman (1997), TecMRKT Works et al . (2001), Biewald et al . (1995), and National
Research Council (2001) .

The ranges in benefits associated with reducing air emissions are large and arise due to a
host of methodological issues . Two key problems are related to choice of benefit estimation
method and where studies had been conducted . The former problem is particularly acute with
respect to valuing emission reductions . Generally, one of two methodological approaches is
taken. One approach is to value emission reductions equal to the value of emission permits that
are being traded in an emissions market (or the expected value for such permits if the market
does not yet exist) . This value approximates the cost faced by emitters for complying with
emission reduction regulations . These values are attractive for benefit estimation exercises
because they can be documented, if the market exists, or closely estimated, if the market does not
yet exist .

The market valuation method tends to yield lower values for emission reductions than the
second method, which calls for a comprehensive estimation of the benefits associated with
emission reductions . In other words, a drawback to using the market values of emissions permits
is that these values do not directly encompass important benefits accruable to society from the
emissions reductions. For example, the market values do not reflect improvements to human
health and ecosystems or decreasing rates of deterioration of the exterior of buildings and other
materials exposed to the pollutants . Estimating all these benefits can lead to dramatically higher
values for reducing harmful emissions to the air . The large ranges in benefits shown in Table 6
are mostly attributable to studies that adopted one or the other of the two methodologies . It must
be noted that adopting a comprehensive benefits estimation methodology also increases the
uncertainty in the valuation process because estimating health and ecosystem benefits is
extraordinarily difficult . Because each method has significant strengths and weakness, neither
has been universally accepted and wide ranges of benefits estimation can be expected to continue
into the foreseeable future . In this study, we tended to favor the market valuation approach when
generating point estimates of environmental benefits .

Where studies have been done is a second source of variation in the numbers presented in
Table 6. This is because spatial factors can greatly impact the reductions in emissions per
weatherized home . It is well known that the number of heating degree days, which vary across
the country, is tightly correlated with energy savings and, ultimately, with air emission
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reductions due to weatherization . Thus, findings by studies done in California will be different
from studies done in Vermont ; both may not be generalizable to the entire country but a value
somewhere in the range probably is . Cooling degree days also vary by climate zone but these
savings are usually not included in energy savings estimates, and, conversely, not in air emission
reduction estimates .

Fuel used for heating also varies across the country . Studies conducted in areas
dominated by natural gas are different than studies done in areas more reliant on electricity .
What types of fuels are used to generate electricity are also important, as coal types vary
considerably and coal is considerably different from natural gas, for example . Generally,
emission reduction estimates do not encompass homes that use multiple fuels for heating (e .g .,
electricity and wood are common in the Pacific Northwest) . Impacts upon other energy end uses,
such as air conditioning, are also not incorporated in these analyses . Studies done in limited
market areas with unique fuel mixes and climate yield large ranges in results and this is also
indicated in the ranges exhibited in Table 6 .

It should also be noted that the environmental benefits listed in Table 6 are not
comprehensive . Categories of environmental benefits not apparently quantified in the literature
include reductions in water pollution (e .g ., from run-offs from power plant sites, leaching of
toxics into the groundwater from mining operations), land use changes (e.g ., associated with
extraction of natural resources), and solid waste (e.g ., fly-ash from electric generation plants) .
The literature also does not include complete life cycle assessments that would encompass all
pollutants associated with each phase of a home heating fuel (i .e ., from extraction of raw
materials to materials processing to consumption of the fuel to waste disposal issues) to allow
comparison with the environmental implications associated with materials used to weatherize
homes (e.g ., assessing the life cycle emissions -- extraction, processing, manufacturing,
transportation, use, and end-of-life disposal of insulation) . For example, not included in this
analysis are environmental costs associated with the production of fiber glass insulation, epoxy-
based window caulking, double-pane windows, and other measures commonly installed in
weatherized homes .

4.2 SOCIAL BENEFITS

Social benefits represent a catch-all category of benefits attributable to weatherization
that are clearly not environmental or economic . In this sub-section we will focus on one such
benefit that is discussed in the literature and for which the effects have been monetized : avoided
unemployment benefits . This refers to the employment of people in the course of weatherizing
homes who would have been unemployed otherwise. Sources for these benefits include Brown et
al . (1993), Skumatz and Dickerson (1999), and Riggert et al . (1999). Other social benefits which
have not been monetized include : social equity (Berry et al . 1997, National Consumer Law
Center 1999), and improvement in community pride through improvement in the local housing
stock .
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The range for avoided unemployment benefits (Table 7) was developed by using the low
and high estimates found in the literature . To establish a point estimate, the value reported by
Brown et al. (1993) was adjusted to 2001 dollars based on the Consumer Price Index (Bureau of
Labor Statistics 2001) . Factors that impact the reliability of estimated benefits include the
availability of jobs in various areas of the country and over time . In areas having numerous job
opportunities, it is harder to argue that there are avoided unemployment benefits . However, since
low income weatherizations are often conducted in economically distressed communities that
typically do not benefit from national or even regional upturns in the economy, it can be more
strongly argued that avoided unemployment benefits are valid .

t occurs one time only in year weatherization is performed

4.3 ECONOMIC BENEFITS

Weatherizing low income homes can yield a variety of economic benefits. One group of
benefits is related to spending money on weatherization . These expenditures can directly result
in new jobs and increases in personal income which can translate into increases in federal
income tax collections . Additionally, weatherization expenditures can impact the local economy
as a portion of every dollar prevented from leaving the community to import energy is spent
within the community . This is known as the multiplier effect . Most studies only focus on the
impacts within economically distressed areas and do not address the broader economy, where
jobs and incomes may be lost, for example in energy production and distribution operations .
Given the scale and scope of the energy production and distribution industries and the fact that
energy consumption has continued to increase over time, it is highly unlikely that any job losses
in those industries can be attributed to weatherization activities .

Of course, saving energy has national security implications, too, by reducing the need for
energy imports . Lastly, it has been hypothesized that owners of rental units may benefit from the
weatherization of rental units if the low income households save enough money on energy bills
to better be able to pay their monthly rents .

Table 8 contains ranges and estimates for the economic-related factors listed above .
Sources for these estimates include the Weatherization Network (1999), Nevin et al . (1998),
Brown et al. (1993), TecMRKT Works et al . (2001), Riggert et al . (1999), Skumatz and
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Table 7. Social Benefits

Nonenergy Benefit

Range of Benefits (in 2001 $
per participating

household: Net Present
Value)

Point Estimate of Benefits
(in 2001 $ per participating

household : Net Present
Value)

Avoided
Unemployment
Benefitst

0-183 117



Dickerson (1997), Skumatz (2001 and 1998), Berry et al . (1997), Hill et al. (1998), RPM
Systems (1995), Galvin (1999), National Research Council (2001), and Office of Transportation
Technology (2001) . Table 8 indicates that the direct and indirect economic benefits of low
income weatherization programs can be quite significant.

Table 8 . Economic Benefits

toccurs one time only in year weatherization is performed

Numerous factors impact the validity of the estimates contained in Table 8 . As discussed
above, the availability of jobs in an area impacts the job creation and increased federal benefits .
The degree to which a local economy is sheltered from needing to import goods and services will
impact the local multiplier effect, and housing availability will impact the lost rental benefit .
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Nonenergy Benefit

Range of Benefits (in 2001 $
per participating

household : Net Present
Value)

Point Estimate of Benefits
(in 2001 $ per participating

household : Net Present
Value)

Direct and Indirect 1 15 - 4354 801
Employmentt

Lost Rental 0-2.19 1 .14

National Security 75 - 3286 321

Total 190 - 7642 1123



i

5. SUMMARY AND CONCLUSIONS

Table 9 summarizes the results of the literature review presented in the preceding three
chapters. Overall, societal benefits are estimated to be substantially larger than ratepayer and
household benefits . Ranges for the societal benefits are also much greater than for the other two
categories of nonenergy benefits . The total point estimate for nonenergy benefits in all categories
associated with weatherizing a home is $3346, in 2001 dollars . As explained in Chapter 1, this
represents a national average figure which, like any point estimate, has substantial uncertainty

Table 9 . Summary of Benefits for Each Major Category and Subcategory

associated with it . Actual benefits will be higher or lower in specific households and locales
based on what programs exist, what fuels are used, the magnitude of energy savings, and other
factors. More important than the precise dollar figures is the indisputable fact that nonenergy
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Nonenergy Benefit
Category/Subcategory

Range of Benefits (in
2001 $ per participating
household : Net Present

Value)

Point Estimate of
Benefits (in 2001 $ per
participating household :

Net Present Value)

Ratepayer Benefits
Payment-Related Benefits 27-3680 181

Service Provision Benefits 72-283 150

Total for this Category 99-3963 331

Household Benefits

Affordable Housing Benefits 62-8663 783

Safety, Health, and Comfort
Benefits 0-2746 123

Total for this Category 62-11,409 906

Societal Benefits

Environmental Benefits 68-67,061 869

Social Benefits 0-183 117

Economic Benefits 190-7642 1123

Total for this Category 258-74,886 2109

Total for All Benefit Categories 419-90,258 3346



benefits represent a significant addition to the energy savings benefit achieved by the
Weatherization Assistance Program .

The point estimate for total nonenergy benefits given above is substantially higher than
the total value presented a decade ago in ORNL's national weatherization evaluation (Brown et
at. 1993). The magnitude of all nonenergy benefits discussed in that study, when adjusted for
inflation, is $1394 in 2001 dollars . The difference between that figure and the $3346 reported in
this document is due almost entirely to the fact that our study quantified a much broader array of
nonenergy benefits than was addressed in the earlier work . For instance, the only ratepayer
benefit discussed in the national evaluation was the reduced carrying cost on arrearages . In
contrast, our treatment of this topic also included avoided rate subsidies, lower bad debt write-off,
fewer emergency gas service calls, transmission and distribution loss reduction, and several other
factors . Similarly, our examination of household benefits included a number of factors-such as
water and sewer savings, reduced mobility, and fewer illnesses-that were not considered in the
earlier work. in the realm of societal benefits, our values are very similar to those presented in
the earlier study for both social and economic factors. For environmental benefits, the values
reported in this document are substantially higher than those presented in the earlier report but,
once again, this is largely due to our treatment of additional factors. While Brown et al, only
assessed the benefits of reductions in two types of air emissions, sulfur dioxide (SO 2 ) and NOR,
our study looked at a variety of other air emissions (e .g., C02 , CO, CHQ) plus other environmental
factors such as heavy metals and fish impingement . An additional explanation for the difference
between the value of environmental benefits reported in the two documents is that our study was
based on an updated, and substantially higher, amount of average household energy savings,
which directly affects the magnitude of emissions reductions . In all nonenergy benefit categories,
where our report dealt with the same specific benefits addressed by Brown et al ., our values
tended to be very similar .

The combined net present value of $3346 for all nonenergy benefit categories compares to
an average net present value of energy savings of $3174 and an average total cost per
weatherization of $1779, once again in 2001 dollars . The energy savings figure is based on the
value of savings for houses heated by natural gas taken from a meta-evaluation of the
Weatherization Assistance Program performed by ORNL (Berry et al . 1997) to update findings
from the national evaluation . The value of annual energy savings reported in that study was
inflated to account for future energy prices using long-term projections developed by the U .S .
Energy Information Administration (2001) and discounted using the discount rate recommended
by the Office of Management and Budget . The figure used here for weatherization costs
represents total costs (including labor and materials as well as program overhead and
management) for the average weatherized dwelling and was generated by taking the most recent
available information from the Weatherization Assistance Program's grants management data
system and adjusting the average cost per weatherized unit to 2001 dollars using the Consumer
Price Index multiplier .

It is important to note that total estimated nonenergy benefits are slightly greater than the
value of energy savings over the lifetime of the weatherization measures installed . The
benefit/cost ratio for gas-heated houses, combining both energy and nonenergy benefits and
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comparing that figure to total costs (labor, materials, and overhead) for the average weatherized
home, is approximately 3.7, meaning that $3.70 in benefits are realized for every dollar spent .
This comparison of all benefits to all costs is referred to as the "societal perspective ." Low and
high values for the societal benefit/cost ratio, using low and high nonenergy benefit estimates, are
2 .0 and 52 .5, respectively .

Whatever assumptions are made, the total estimated value for all nonenergy benefit
categories combined is lower than it could, be, because the estimate does not contain some
benefits that have not been monetized . It must also be noted that there are numerous uncertainties
in the estimates reported above . The environmental benefit calculations in particular are subject to
wide ranges in assumptions about air emissions prevented per weatherized home and the dollar
values associated with reducing each air pollutant . In addition, nonenergy benefits in many
different categories are likely to vary widely by climate, fuel type, and local economic conditions .
In general, our point estimates are conservative and tend to be much closer to the lower than the
upper end of the full range of values presented in the literature .

Potentially important future research projects on the subject of nonenergy benefits include
the following: assessing subjective nonenergy benefits that participants receive from
weatherization (e .g., improved comfort) ; following a panel of weatherized homes over time to
assess the benefits of weatherization provided to successive occupants ; and conducting
comprehensive life cycle assessments to better understand all the environmental benefits and
costs associated with energy use reductions and installation of energy efficiency measures .
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Abstract

We calculate the total resource cost (TRC) of energy savings for 40 of the largest 1992
commercial sector DSM programs. The calculation includes the participating customer's cost
contribution to energy saving measures and all utility costs, including incentives received by
customers, program administrative and overhead costs, measurement and evaluation costs,
and shareholder incentives paid to the utility . All savings are based on postprogram savings
evaluations . We find that, on a savings-weighted basis, the programs have saved energy at
a cost of 3 .2 0/kWh. Taken as a whole, the programs have been highly cost effective when
compared to the avoided costs faced by the utilities when the programs were developed . We
investigate reasons for differences in program costs and examine uncertainties in current
utility practices for reporting costs and evaluating savings .
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Executive Summary

Utility demand-side management (DSM) activities are at a crossroads . After five years of
unprecedented growth, during which aggregate DSM spending increased nearly fourfold to
almost $3 billion in 1994, utilities and public utility commissions are reexamining their roles
and responsibilities in improving customer energy efficiency . Many issues need to be
considered, including the magnitude and value of uncaptured energy efficiency opportunities,
the extent of utilities' obligations to serve, and the maturity of the energy services
infrastructure. There are also concerns that historic utility investments in energy efficiency
have not been cost effective . They are based in part on the drop in avoided costs since the
early 1990s . They are also based on concerns that DSM programs have cost more than
originally anticipated.

This report presents findings from a major U .S. Department of Energy project to address
these latter concerns .' We examine three central questions regarding DSM program
performance : What have they cost? Have they been cost effective? What explains differences
in cost? This report answers these questions by looking closely at the performance of 40 of
the largest 1992, commercial sector, DSM programs . Taken together, utility spending on the
40 programs accounted for nearly one third of total industry spending on energy efficiency
in 1992. Despite rapid evolution in the designs of DSM program, we find many important
lessons with continuing relevance for today's DSM programs .

Our primary measure of DSM program performance is the total resource cost (TRC) of
energy savings . The TRC includes both utility and customer-paid contributions to the
acquisition of an energy efficiency resource . It also includes the cost incurred by utilities to
measure savings and any incentives received by the utility for the successful operation of its
programs. All savings are based on some form of postprogram savings evaluation. 2 We
express the TRC in units of 0/kWh so that it can be directly compared to a utility's avoided
cost to determine the cost effectiveness of a program .

We find that, on a savings-weighted basis, the TRC for the programs is 3 .2 0/kWh (see Figure
ES-1). Our results confirm the importance of including customer cost contributions in order
to determine the full cost of energy savings . Customer cost contributions account for 31%
of the TRC .

Other reports from the DEEP project include "Te Cost and Performance of Utility Commercial Lighting
Programs," Eto et al . (1994) and "Utility Residential New Construction Programs : Going Beyond the Code," Vine
(1995).

We selected 1992 because it was the most recent year for which post-program savings evaluation results were
consistently available for use in our study .
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EXECUTIVE SUMMARY

When compared to the direct costs avoided by the utilities (i .e ., not including environmental
externality adders), the savings-weighted TRC benefit-cost test ratio exceeds three (3.2),
indicating that, taken as a whole, the programs have been highly cost effective . Of course,
avoided costs have changed dramatically since the time when these programs were
implemented. Yet, even considering avoided costs 50% lower than those in place when the
programs were developed, we still find that the savings from the programs, taken as a whole,
have been cost effective (although a substantial number of individual programs would not be
considered cost effective). We conclude that, from an overall societal perspective, the
ratepayer and participant monies used to acquire energy savings through these programs have
been well spent .

Figure ES-1 . The Total Resource Cost of Commercial Lighting Programs

18

Cumulative Annual Savings (GWh)

We also looked closely at programs that might be representative of future DSM programs .
These programs offer lower financial incentives to DSM program participants in an effort to
reduce the rate impacts associated with the programs . We find that the decision to increase
required customer contributions to the cost of energy saving measures has had little or no
effect on the total cost of energy saved by the programs . We conclude that there is no reason
to expect that future DSM programs, which rely on increased customer cost contributions,
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will either cost more or be less cost effective than programs offering larger financial
incentives.

Nevertheless, we find wide variations in the cost of energy saved by individual programs ; in
particular, many smaller programs have not been cost effective in comparison to the
sponsoring utilities' avoided costs. However, total spending on these programs was only
12% of the total represented by our 40 programs .

We systematically examined program cost variations in two steps . First, we conducted
detailed reviews of each program cost element and of the various methods used to evaluate
savings for each program. Our goal was to determine to what extent our (or the utilities')
methods introduced bias in our findings . We found that our methods for treating reported
and imputing missing cost and savings information were conservative . We also examined the
use of standardized assumptions for several known-to-be-uncertain quantities reported by
utilities (the economic lifetime of savings and free riders), but found that they had little
discernable effect on our findings .

Second, we conducted exploratory statistical analyses to examine the correlation between
various program features and the TRC. Other things being equal, direct installation programs
are more expensive, while larger programs were less expensive . We also found that savings
evaluation method and program start date were not statistically significant factors in
explaining differences in the TRC .

No one knows the future of utility DSM programs. However, we feel strongly that
discussions about this future should be based on unbiased and critical assessments of the
performance of past programs . The goal of the DEEP project is to contribute information to
this end.

xv
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	 CHAPTER I

Introduction
Utility demand-side management (DSM) activities are at a crossroads. After five years of
unprecedented growth, during which aggregate DSM spending increased nearly fourfold to
almost $3 billion in 1994, utilities and public utility commissions are reexamining their roles
and responsibilities in improving customer energy efficiency . Many issues need to be
considered, including the magnitude and value of uncaptured energy efficiency opportunities,
the extent of utilities' obligations to serve, and the maturity of the energy services
infrastructure. It is our belief that evidence on the actual performance of utility DSM
programs should be an integral part of the discussion . Ideally, this evidence will help us
answer the questions: What have utility-sponsored energy efficiency DSM programs cost?
Have they been cost effective? What explains differences in program costs? This report
describes the results from a major research project to address these questions .

The goal of our project is to develop consistent and comprehensive information on the cost
of energy efficiency delivered through the nation's largest DSM programs. We have focused
on the commercial sector because the energy efficiency opportunities there are thought to be
large and highly cost effective . As a result, commercial sector programs often represent the
largest single element in a utility's portfolio of DSM programs . We focus on 1992 programs
because post-program evaluations for 1992 were the most recent ones consistently available
when we began our study .

Developing consistent and comprehensive information on the total cost and measured
performance of utility DSM programs is difficult. As Joskow and Marron (1992) document,
utilities' reporting and savings evaluation practices differ tremendously . Customer costs are
frequently omitted, utilities' overhead allocation practices vary, aMd measurement . and
evaluation costs are generally incurred in years subsequent to the program year being studied .
In addition, savings evaluation practices range from simple extraction from program tracking
databases (which may be augmented with substantial, site-specific information, such as
metered hours of operation) to sophisticated econometric analyses of billing information
(which may also include detailed, site-specific information) .

However, we do not agree with Joskow and Marron that variations in reporting and savings
practices alone create such large uncertainties regarding the total cost of energy efficiency
that reliance on DSM as an energy resource is unwarranted . We believe that systematic
treatment of differences in reporting and evaluation methods along with careful examination
of utility evaluations and annual filings corroborated by extensive discussions with utility staff
to verify interpretations can result in meaningful comparisons of DSM program performance .
The challenge is to represent differences precisely, document all data treatments clearly, and
assess critically the biases that the analysis may introduce .

This report builds upon previous work that analyzed 20 commercial sector lighting DSM
programs (Eto et al . 1994). This report differs in several ways. The earlier work was based
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CHAPTER I

on a convenience sample of programs for which information on the total cost of energy
savings was readily available. In the present work, we sought information on only the largest
commercial sector DSM programs so that our results would capture a substantial fraction of
utility DSM spending in 1992 . In some cases (14 of the original 40 programs), our selection
criterion (a budget of $1 million or more) meant only that we had to update information from
our previous report to include the nonlighting program elements or to replace older data with
information for the 1992 program year. However, we eliminated six programs that did not
meet our selection criterion and added 26 new programs not previously reported on .

This report consists of five chapters following the introduction. In Chapter 2, we provide an
overview of the 40 programs . We document the portion of total industry spending
represented by the programs and summarize general characteristics of the programs . In
Chapter 3, we define and present findings on the total cost of energy savings delivered by the
programs and assess the programs' cost effectiveness . We also attempt to explain differences
in program costs, by referring to features of both the sponsoring utilities (e.g ., avoided cost)
and the programs (e.g., program size, program type, etc .). In Chapter 4, we document
important data collection and data treatment issues that we addressed in developing consistent
information on the cost of the programs . In Chapter 5, we describe the evaluation methods
used to measure savings from the programs . In both Chapters 4 and 5, we quantify the effects
of key uncertainties on our estimates of the costs of energy savings. In Chapter 6, we
summarize our main findings. Three appendices follow the list of references . In Appendix
A, we describe the DSM program selection and data collection process. In Appendix B, we
propose a method for accounting for cost and savings consistently from programs that target
normal replacements rather than early replacements . In Appendix C, we describe technical
considerations affecting the transferability of program evaluation results .
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The Largest Commercial Sector DSM Programs

In this chapter, we provide an overview of the 23 utilities and 40 utility DSM programs
examined in this report . We document the large proportion of industry DSM spending
represented by the programs and compare the sponsoring utilities' overall DSM spending to
industry averages . We then describe distinguishing features of the programs ; Chapter 4 draws
on these features to help explain differences in program costs .

2.1 DSM Program Spending

Utilities spent about $380 million on the 40 programs in our sample, which represents nearly
a third of total 1992 industry spending on energy efficiency DSM programs ($1 .2 billion) ; see
Figure 2-1 . The programs account for more than half of their sponsoring utilities' energy
efficiency DSM program budgets ($720 million) .

Figure 2-1 . 1992 Utility Energy Efficiency DSM Spending
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4

5

Table 2-1 . 1992 UtilityDSM Budgets

By agreement with the utilities providing information for our report, we do not report information that would allow
identification of specific utilities or programs . A list of the utilities whose programs are included in the report can
be found in the Acknowledgments . See Appendix A for additional discussion of this decision.

In this case, the utility has not reported all of its spending on this program under the ErA category of energy
efficiency.

In this case, we are working with utility program spending spread over two years .

4

A 107%4 77% 2.3%

B 61% 82% 2.6%

C 36% 60% 1 .6%

D 33% 81% 1 .2%

E 41% 56% 4.6%

F 74% 46% 2.5%

G 15% 70% 3.9%

H 19% 90% 5.6%

1 40% 85% 1 .806

J 47% 59% 1.5%

K 71% 76% 4.1%

L 17% 86% 2.1%

M 49% 100% 3.2%

N 75% 64% 4.0%

0 75% 69% 2.9%

P 48% 54% 2.6%

Q 27% 80% 4.1%

R 2175/0 76% 1.8%

S 33% 55% 2.9%

T 32% 90% 6.1%

U 34% 65% 3.9%

V 22% 70% 1 .2%

W 38% 57% 0.5%

Spending-Weighted Mean 52% 67% 2.4%

Average 54% 72% 2.9%

Standard Deviation 43% 14% 1 .5%
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Overall, total spending on DSM energy efficiency programs represents about 70% of the
sponsoring utilities' total DSM program budgets 6 (see Table 2-1) . Thus, the programs we
are examining (about one-half of the energy efficiency spending by these utilities) account for
slightly more than one-third of the sponsoring utilities' total DSM budgets.

DSM spending by our 23 utilities ranges from less than 0 .5% of electric revenues to more
than 6%. Weighted by spending, total DSM spending by our utilities averages 2 .4% of
revenues, which is significantly higher than the industry average of 1 .4% .

The sponsoring utilities are the industry's leading DSM providers . Although they collectively
accounted for less than 30% of total electric industry revenues in 1992, their total DSM
spending (i.e., energy efficiency plus other DSM programs) represents nearly half of total
industry DSM spending in 1992 (see Table 2-2) .

Table 2-2. Summary of DSM Spendinq ($ millions)

CHAPTER 2

Tots 'Utility „ .
Utirdy l=icperidtures . _ >Epergy

	

TofaLUtiftty
dnPiograms" ; „ ; ,.Efficiency

	

DSM

	

UtifdyElectric
Evaluated;

	

Expenditures , Expenditures

	

Revenue
Utilities we are studying

	

377.1

All utilities reporting.to EIA

Utilities we are studying
as% of all utilities
reporting to EIA

720.0 1,081 .5 46,028 .1

1,204.7 2,243.3 158,753.6

60%

	

48%

	

29%

2.2 DSM Program Characteristics

The goal of our project is to examine the largest 1992, commercial sector, energy efficiency
DSM programs. Each program individually accounted for more than $1 million of utility
spending. Several were among the largest single DSM programs operating in that year .

We categorized the majority of programs as multimeasure programs ; the next largest number
are lighting only programs (see Figure 2-2) . All major commercial sector end uses were
targeted by some programs, including lighting, heating, ventilating and air conditioning

DSM refers to a variety of utility-sponsored programs designed to influence customers' use of energy. In addition
to energy efficiency, DSM also includes load management and load building programs.

We included one program that spent slightly less than $1 million

5
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(HVAC), motors, shelf, refrigeration, water beating, process, and other (see Table 2-3) .
Nevertheless, lighting measures account for the majority of the savings from the programs .

Figure 2-2. DSM Program Types vs. Savings by End Use

The lighting technologies promoted by the programs were quite similar. For 30 of the 35
lighting and multimeasure programs for which we had information, 26 promoted compact
fluorescents, electronic ballasts, and either T-8 or T-12 fluorescent lamps ; 24 promoted
reflector systems ; and 22 promoted lighting controls and high intensity discharge lamps .

The programs are all full-scale (as opposed to pilots) but vary in maturity . Five only began
full-scale operation in 1992 while three began full-scale operation prior to 1986 (see Table
2-3) .

The majority of programs (29) offered rebates, but there are also a number of direct
installation programs (11) . Many of the rebate programs were linked to utility-sponsored
audit activities .' Several rebate programs also featured loan or financing options although
rebates constituted the bulk of the programs' activities .

' However, we could not consistently identify whether audits were formally considered a part of or were separate
from rebate programs .

6



Table 2-3. DSM Program Characteristics
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Keyr lighting (L), HVAC (H), motors (N4, shell (8), refrig. (R), water heating (W), process (P), other (0)

7

Program ID

	

9 Start Date' .' „ 'In6iintrve Type Measures Offered

1 1990 Rebate L
2 1991 Rebate H
3 1990 Rebate L, H, M, 0
4 1991 Direct Installation L
5 1986 Rebate L, H, S, M, R, 0
6 1990 Rebate L, H, S, M, R, 0
7 1991 Rebate L
8 1990 Rebate H
9 1991 Direct Installation L,H,R,P
10 1990 Rebate L
11 1990. Rebate H, M
12 1989 Rebate L
13 1990 Rebate H
14 1987 Rebate L, H, S, M, R, W, P, O
15 pre-1986 Rebate L, H, S, R, P
16 1991 Rebate L
17 1989 Direct Installation L, H, S, M, W
18 1990 Direct Installation L, H, M, W
19 1988 Direct Installation L, H, S, M, R, W, P, O
20 1989 Rebate L
21 1989 Rebate H, S, R, P
22 1992 Direct Installation L,H,M,R,W,P,O
23 1991 Rebate L, H, S, M, R, W, P, O
24 1989 Rebate I, H, S, M, R, W, P, 0
25 1990 Direct Installation L, H, W
26 1989 Rebate L, H, S, M, R, W, P, O
27 1990 Direct Installation L,H,W
28 1991 Direct Installation L, H,S,W
29 1992 Rebate L, H, S, M, R, W
30 pre-1986 Direct installation L, H, S, R, W
31 1988 Rebate L, H, 0
32 pre-1986 Rebate L, H, S, M, R, W, P, 0
33 1990 Rebate L, H, S, M, R, W, P, O
34 1990 Rebate L
35 1989 Rebate L, H, M, R, W, P, 0
36 1991 Rebate I, H, S, M, R, W, 0
37 1990 Rebate L, H, M, R, P, 0
38 1992 Direct Installation L, H, W
39 1992 Rebate L, H, M, R,0
40 1992 Rebate L, H, S, M, R, W, P, O
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Most of the rebate programs required some form of customer cost contribution toward the
purchase and installation of energy saving measures . The percent of full measure costs
contributed by the customer ranged up to 80% (see Figure 2-3). Increasing customer cost
contribution is an important strategy for utilities seeking to reduce the rate impacts of their
DSM programs. For this reason, we pay special attention to the cost of energy savings from
programs with high customer cost contributions in the next chapter .

Figure 2-3. Utility and Participant Measure Costs Contributions

100%

U 80%-

0% I

111111111

‚ % Measure Cost Paid by Customer

U % Measure Cost Paid by Utility

Program
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CHAPTER 3

The Cost and Performance of Commercial Sector
DSM Programs

In this chapter, we present findings from our examination of 40 of the largest 1992
commercial sector DSM programs . We first define two measures of performance, the total
resource cost and the utility cost of energy savings, and briefly review the inputs to the
calculation." We then devote the bulk of the chapter to answering three questions : How
much have the programs cost? Have they been cost effective? What explains differences in
program cost?

3 .1 Measuring the Total Resource Cost and Utility Cost of Energy Savings

There are many ways to measure the performance of utility DSM programs ; each depends on
the objective of the program . Nadel (1991)' has written extensively on a variety of DSM
program performance indicators, such as the percent of revenue spent on DSM programs,
DSM program participation rates, and the cost of conserved energy . Wellinghoff and
Flanigan (1992) define 20 measures of program performance for commercial lighting DSM
programs. We focus on two particular measures of performance : the total resource cost of
energy savings or TRC, and the utility cost of energy savings or UC . 1D We believe that these
two measures capture the most important dimensions of the resource-acquisition objectives
that underlie DSM programs . The TRC is the more comprehensive in scope and measures
the total cost of energy savings from a societal perspective . The UC is more limited in scope
and measures the direct costs home by utility ratepayers . Recent interest in the UC has
increased as utilities have become more concerned about the rate impacts of their DSM
programs. Table 3-1 summarizes the cost and savings components for both the total resource
cost and utility cost of energy savings .

9

	

We reserve detailed discussion of these inputs for later chapters .

10 The reader is cautioned that our choice of terms, TRC and UC, refer to costs, as measured in OWL When we
use these terms in the context of DSM benefit cost tests (from which they were derived, but from which they differ
slightly as described in Table3-1), we will explicitly label them as TRC or UC benefit-cost test ratios, which are
dimensionless .

9
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Table 3-1 . Cost and Savings Components of the TRC and UCof Energy Savings
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Our treatment of free riders in the TRC differs from standard practice . See discussion in Section 3 .1 .1 .

Our inclusion ofshareholder incentives in the UC differs from standard practice, which does not include them . Our
definition is, thus, a more comprehensive measure of the direct ratepayer costs of energy savings.

As noted previously, our treatment of free riders in the TRC differs from standard practice, See discussion in
Section 3 .1 .1 .

Takeback refers to savings that are "recaptured" by program participants, typically through increased energy
services. A common example in the commercial sector is the installation of efficient security lighting in areas that
were formerly unlit See discussion of takeback in Chapter 5 .

Spillover refers to savings from measures installed as a result of the program, but not through the program . It can
include additional measures installed by program participants outside of the program or measures installed by
nonparticipants as a result of the program . See discussion of spillover in Chapter 5 .

10

Cost Elements

Participant-paid measure Yes No
costs

Utility-paid measure costs Yes Yes

Participant- or utility-paid Yes" Yes
measure costs associated
with free riders

Utility administrative costs Yes Yes
(including overhead and
measurement and evaluation)

Utility shareholder incentives Yes Yes12

Changes in customer No No
operating costs (+/-)

Savings Elements

Savings from free riders Yes" No

Savings from non-free riders Yes Yes

Savings recaptured through Sometimes" Sometimes
takeback

Savings due to participant and No No
nonparticipant spillover 7 s .



3.1.1 Total Resource Cost of Energy Savings
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In developing the TRC and UC for our 40 DSM programs, we have adopted two conventions
for expressing our results. First, both the TRC and UC are calculated by dividing the
levelized cost of a program by annual energy savings ." Second, all leveli-ntions are
performed using a common real (i.e ., net of inflation) discount rate of 5% . Thus, the units
of the TRC and UC are expressed as a cost per kilowatt-hour of savings (0/kWh).

The total resource cost of energy savings consists of two types of costs, measure and
nonrneasure costs . Measure costs may be borne by the participating customer, the utility, or,
more typically, by both . The measure costs borne by the customers participating in a DSM
program are a major cost element that is often missing from discussions of the cost of energy
savings. However, including these costs is essential for assessing the total cost of energy
savings to society.

Nonmeasure costs refer to all costs incurred by the utility in operating its DSM program
except for the utility's contribution to the cost of the measures delivered by the program .
Nonmeasure costs include direct costs in the form of program staff, advertising expenses, and
administrative support; and indirect costs in the form of departmental overhead and
measurement and evaluation expenses . DSM shareholder incentives paid to a utility for its
performance in implementing a DSM program are also included in our calculation of the TRC
and UC.

Chapter 4 describes the data underlying our calculation of program costs . In that chapter, we
focus on two classes of issues that could threaten the robustness of our findings : (1) the
possibility that measure costs may be overestimated because utilities sometimes report costs
as representing full measure costs when, in some cases, incremental measure costs may be
more appropriate; and (2) the importance of including overhead, measurement and evaluation,
and shareholder incentives in the cost of energy savings . With regard to shareholder
incentives, there are unresolved conceptual and measurement issues associated with
determining the extent to which these incentives are truly net societal costs or simply transfers
between ratepayers and shareholders . Our calculation of the TRC is conservative because we
include shareholder incentives .

All measurements rely on some form of post-program savings verification, ranging from on-
site inspections and customer surveys to sophisticated regression analyses with customer

Levelization is an engineering/economic technique that spreads costs in equal nominal amounts over the lifetime
of a program so that the present value of nominal amounts is left unchanged . See, for example, EPRI (1991).
Levelization is more appropriate than simply dividing total costs by lifetime savings because levelization accounts
for the time-value of money. The importance of accounting kr the time-value of money increases as savings extend
farther into the future or when discount rates are high .

1.1
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billing information and end-use metering . The evaluation methods used to verify energy
savings from the programs are discussed in Chapter 5 . Chapter 5 also examines the impact
of the following uncertainties on our findings : (1) differences in evaluation methods used to
estimate annual energy savings; (2) differences in the economic lifetime of savings; and (3)
differences in the effects of free-rider estimates on.the UC of energy savings.

Our treatment of the savings and costs associated with free riders differs from standard
practice. The standard definition of the total resource cost of energy savings does not include
the measure costs and savings from free riders . We include them. Our reason for including
them is based on our review of current practices in estimating free riders (see Chapter 5) .
While methods for estimating the savings fromfree riders are maturing, we are concerned that
they cannot be applied reliably to the measure costs associated with free riders . Yet current
practice appears to simply use the same adjustment factor for both . Rather than continue this
practice, we have chosen to address the issue of free ridership by minimizing the number of
adjustments to our data involving free riders . Thus, we do not reduce savings or costs to
remove the effect of free riders in the TRC, while we do remove the savings associated with
free riders for the.UC. Eto et al. (1994) show that the inclusion of free-rider savings has little
material effect on the TRC as long as the levels of free ridership and the size of nonmeasure
costs are low .

The TRC, in principle, also does not take credit for takeback and includes all savings resulting
from participant and nonparticipant program spillover. As described in Chapter 5, we found
that, in practice, takeback was generally minimal or assumed to be controlled for in billing
analyses. Also as described in Chapter 5, only two programs claimed explicit credit for
spillover. In view of the current controversy over the measurement of spillover, we have not
included these estimates in our calculations .

3.1.2 Utility Cost of Energy Savings

Our calculation of the .UC differs from the TRC in three ways . First, it does not include
measure costs borne by participating customers . Because these costs are not recovered by
the utility, they have no rate impact . Second, the UC includes all shareholder incentives paid
to the utility. Whether or not these costs are costs to society or just transfers, they are
recovered from ratepayers . Third, the savings attributable to the programs are decreased by
the utility's free-ridership estimates ." Some of the savings associated with a DSM program
would have occurred without the DSM program . These savings cannot be attributed to the
DSM program and therefore must be removed .

n
Chapter 5 describes the measurement of free ridership by the utilities and the sensitivity of our findings to these
measurement assumptions .

12



3.2 The Total Resource Cost and Utility Cost of Energy Savings

The savings-weighted mean TRC and UC for our 40 programs is 3 .2 •/kWh and 2 .7 •/kWh,
respectively (see Table 3-2). Utility nonmeasure costs, which include utility administration,
overhead, measurement and evaluation, and shareholder incentives) account for 0 .8 •/kWh
or 25% of the TRC. Measure costs, split between utility and participants, account for 44%
(1.4 0/kWh) and 31% (1 .0 0/kWh), respectively, of the remaining savings-weighted TRC of
energy savings.

The large fraction of the savings-weighted TRC accounted for by participant-borne measure
costs (31 %) highlights the importance of including these costs in a full accounting of the total
societal cost of energy savings. Ignoring these costs would make the apparent cost of energy
savings one third less expensive than they actually are .

Figure 3-1 arranges the DSM programs from the least expensive to the most expensive and
plots them sequentially against energy savings ; the "width" of each program along the x-axis
represents the savings accounted for by each program . This form of presentation shows that
the savings-weighted average is dominated by several very large and inexpensive programs,
and that the most expensive programs are comparatively small in size . For example, 28% of
the savings have cost less than 2 •/k% and 50% have cost less than 3 •/kWh. At the same
time, only 1% have cost more than 9 •/kWh .

The savings-weighted TRC of energy savings (3.2 0/kWh) is almost 20% lower than
previously reported DEEP project findings for 20 commercial lighting programs, which
presented a savings-weighted TRC of 3 .9 0/kWh (Eto et al: 1994). Moreover, the previous
findings did not include shareholder incentives . We believe the reason for the difference in
findings can be traced to two sources . First, as indicated in Figure 3-1, the results for our
sample are strongly affected by the presence of large, inexpensive programs . The inclusion
of large programs was a conscious element of the program selection criteria for the current
report, which was not pursued in the earlier report. Second, for the programs that were
included in both the earlier report and this report, we are generally relying on information
from a more recent program year (that is, 1992 program information versus 1991 or earlier
program information). Several of these programs have reduced the cost of acquiring energy
savings. In the final subsection of this chapter, we will attempt to use both factors (program
size and program maturity) to help explain differences in the costs of the programs .

13
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Table 3-2. The Total Resource Cost and Utility Cost of Energy Savings (0/kWh
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CHAPTER 3

Figure 3-1 . The Total Resource Cost of Commercial Lighting Programs
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Note: Does not include Program #9 .

The unweighted means for the 40 programs are 6 .0 0/kWh (standard deviation = 7.5 •/kWh)
and 5.4 •/kWh (standard deviation = 7.6 0/kWh) for the TRC and UC, respectively .
However, they are strongly affected by one very high-cost program, which has a TRC and UC
of 48.1 0/kWh and 45 .2 0/kWh, respectively. The cost of this program is more than four
standard deviations higher than either mean . Without this program, the unweighted means
drop 20% to 4 .9 0/kWh (standard deviation 3.1 0/kWh) and 4.4 0/kWh (standard deviation
4.0 0/kWh) for the TRC and UC, respectively ."

Figure 3-2 compares the TRC to the UC for each program. The figure indicates that several
programs minimized both the TRC and UC of energy savings . For example, ten programs
have TRCs of energy savings that are less than 3 0/kWh . Of these, seven programs also have
UCs of energy savings that are less than 3 0/kWh, and four programs have UCs of energy
savings that are less than 2 0/kWh .

's In view of this finding, we will selectively exclude this program from subsequent discussions in which its influence
dominates the comparisons being made .
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Figure 3-2. The TRC vs. UC of Energy Savings
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In thinking about current trends in DSM program design, concerns about DSM program rate
impacts are leading utilities to reduce the size of rebates offered to customers . The average
fraction of measure costs paid by the utility was 70% (see Figure 2-3) . However, five
programs offered rebates that paid about 25% or less of the cost of the measures . By
examining results for these programs, we can gain some insight into the effect of this program
design decision on the costs of energy savings .

Two of these five programs were among the least expensive with a TRC of less than 2 0/kWh ;
one program was one of the most expensive with a TRC of over 9 •/kWh . The unweighted
mean TRC for the five programs is 4 .8 0/kWh with a standard deviation of 3 .2 •/kWh. These
five programs cost less on average than the average for the entire group of programs
(nevertheless, the result is not statistically significant given the high standard deviations
associated with both means). Based on this limited sample, there appears to be no inherent
reason why DSM program designs with high customer cost contributions should cost any
more than DSM programs with lower customer cost contributions .
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3 .3 Program Cost Effectiveness
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In this section, we describe program cost-effectiveness using two standard DSM benefit-cost
tests, the TRC benefit-cost test ratio and the ratepayer impact measure (RIM) benefit-cost
test ratio.

3.3.1 The Total Resource Cost Benefit-Cost Test Ratio

The societal value, and hence cost effectiveness, of DSM programs is measured by the
resource costs they allow the utility to avoid. Avoided electric supply costs are the primary
measure of the resource value of. DSM programs offered by electric utilities . They depend
on the economic circumstances of a particular utility and on the load shape impacts and
economic lifetime of savings from a particular DSM program . Definitions of what cost
components are avoided and what methods are used to estimate them differ among utilities."

We worked from each utility's benefit-cost ratios for its DSM programs in order to develop
a "top-down" estimate of program-specific avoided costs 20 For example, from a TRC
benefit-cost test ratio of two and a levelized estimate of the denominator (i.e ., total utility and
incremental participant costs) of 4 •/kWb, we can conclude that the effective avoided cost
or numerator is 8 •/kWh (i.e., 2 x 4 0/kWh). By estimating avoided costs in this fashion, we
bypassed the need to know the specific avoided costs faced by a particular utility, as reported
in time-of-day-, seasonal-, and annual-differentiated avoided costs for energy and capacity .
As a consequence, the avoided costs we report (see, Table 3-2) differ from those that might
be published by the utility, for example, in a tariff sheet of payments to qualifying . facilities .
In addition, the avoided cost for two programs from the same utility may differ because the
assumed load shape impacts and lifetimes differ. Most important of all, even though we
present avoided costs in units of 0/kWh, they include avoided capacity costs implicitly.
Finally, without commenting on their appropriateness, we chose to eliminate environmental
externality adders in an effort to ensure greater comparability among utilities ."

Figure 3-3 presents, in descending order, the TRC benefit-cost ratio for each program . The
total resource cost associated with each program is plotted horizontally across the x-

SeeBusch and Eto (1995) for a summary of current practices in estimating avoided costs for use in measuring the
resource value of DSM programs .

In order to increase comparability among program-specific avoided costs, we also normalized them using both the
weighted average cost of capital reported by the utilities and the same real discount rate used to estimate the TRC
and UC: 5% .

21 We were also able to determine that a few utilities included estimates of avoided transmission and distribution costs
in their overall estimates of avoided costs .
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Figure 3-3. The Cost Effectiveness of 1992 Commercial Sector DSM Programs

axis.' The savings-weighted TRC benefit-cost test ratio of avoided costs to program costs
is 3.2, indicating that, taken as whole, the programs are highly cost effective .

The unweighted mean of the TRC benefit-cost test ratios is 1 .9 with a standard deviation of
1.9. Since the savings-weighted TRC benefit-cost test ratio is higher, we can conclude that
some of the largest programs are also the most cost effective . The high standard deviation
also indicates that some programs are not cost effective ; 1 l of the programs have TRC
benefit-cost test ratio of less than 1 .0. This should not be too surprising because there are
several extremely high-cost programs . As indicated on Figure 3-3, however, the 11 programs
that are not cost effective account for only 12% of the total resource costs of all of the
programs .

The most critical issue for our estimates of program-specific avoided costs is that they are
based on a forecast of the future and hence are inherently uncertain . For many utilities,
avoided costs have dropped significantly since the time when they were first developed . In

22
This form of presentation is similar to Figure 3-1 . In Figure 3-3, we use the total resource cost for the x-axis, rather
than annual energy savings .
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3.3.2 Ratepayer Impact Measure Benefit-Cost Test Ratio

CHAPTER 3

particular, the program planning estimates for our 1992 programs were for the most part
based on estimates of avoided cost developed in 1991 .

In view of this situation, it is useful to consider how lower avoided costs would affect our
Endings. If we assume that avoided costs are 50% lower than those originally reported, TRC
benefit-cost test ratios drop below unity for an additional 19 programs . However, the
savings-weighted TRC benefit-cost test ratio would be 1 .6. We conclude that dramatically
lower avoided costs can have a dramatic effect on the cost effectiveness of individual
programs. Nevertheless, taken as a whole, the majority of savings from the programs remain
cost effective .

The ratepayer impact measure (RIM) benefit-cost test ratio measures the relationship between
the supply costs avoided by a DSM program, and the DSM program costs and revenue losses
incurred by the utility (CPUCICEC 1987) . Assuming perfect ratemaking practices, a RIM
test ratio of less than one indicates that the program is likely to increase retail rates . However,
the RIM test is an imperfect measure of the actual rate impacts of DSM measures . Among
other things, the exact schedule of future avoided costs, the ratemaking treatment of DSM
program costs, on-going changes in the utility's cost structure, and, most important of all,
prevailing rate design practices, must be accounted for to determine the exact impact on retail
rates.

The savings-weighted mean RIM benefit-cost test ratio for our programs is 0 .5. The
unweighted mean is virtually identical (0.5 with a standard deviation of 0.3) . The simple
conclusion we draw is that avoided costs are lower than retail rates 24

Figure 3-4 presents the TRC and RIM benefit-cost test ratios for . each program. The figure
suggests that high TRC benefit-cost test ratio programs tend to have higher RIM benefit-cost
test ratios . We believe this relationship is driven primarily by the relationship between
avoided costs and retail rates . High avoided costs (leading to higher TRC benefit-cost test
ratios) eventually exceed retail rates and drive the RIM ratio upward.

23 See Hirst and Hadley (1994) for a discussion of the rate impacts of DSM program; see Pye and Nadel (1994) for
a summary of studies that have attempted to measure the actual rate impacts of DSM programs.

24 We estimated revenue losses using the average retail rate for the commercial class ofeach utility, as reported in
EIA (1993 and 1994a).
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Figure 3-4. TRC and RIM Benefit-Cost Test Ratios
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3.4 Explaining Differences in the TRC of Energy Savings

What makes some programs more costly than others? In addressing this question, it is useful
to begin by simply reviewing the differences between the best and the worst programs . Table
3-3 summarizes key features for the five least and five most expensive programs as well as
for the entire sample of programs.'

Starting with program costs and measure and nonmeasure costs, it is clear that the least
expensive programs were run with substantially lower administrative or nonmeasure costs .
These programs were either run more efficiently (even including, or perhaps because of,
shareholder incentives) or they were able to spread fated, nonmeasure costs over a larger base
of energy savings (see below) . 26 It is also clear that thigh measure costs account for most of
the costs of the more expensive programs . Either the measures installed were very costly or
the installations were such that comparatively less energy was saved per installation (e.g .,
facilities receiving the measures had few hours of operation) .

Program 49. the very expensive outlier described earlier, has not been included in this comparison .

The inclusion ofaudits in the administrative cost of a program would also tend to drive cost upward . Unfortunately,
we were not able to identify whether audit costs were included consistently for all programs .

20



Table 3-3. Comparison of the Most and Least Expensive Programs
Five Least
Expensive
Programs

Five Most
Expensive
Programs All Programs'

TRC (0/kWh)

Nonmeasure Cost (•/kWh)

Shareholders Incentives

Measure Cost (0/kWh)

Avoided Costs (•/kWh)

Measure Costs Paid by Utility
('/o)

Program Size (GWh/yr)

Participants (per year)

Savings/Participant (MWh)

Lighting Fraction of Total
Savings (%)

Program Type (Rebate = 0,
Direct-Install = 1)

Program Start Date

Economic Lifetime of
Savings (Years)

Measure Cost Reporting2s
(Full = 1, Incremental = 0)

Savings Evaluation Method"
(Billing-Metering =1,
Tracking = 0)

1 .6 (0.5)

0.5 (0.4)

4 of 5

1 .1 (0.3)

8.1 (5.6)

49(26)

215.3 (159.5)

4,721 (4,626)

106.3 (120 .1)

53(33)

0 of 5 Direct Install

1987(5)

14.4 (12)

1 of 5 Full

3 of 5 Bill-Meter

10.9 (3 .9)

1 .8 (1 .2)

5 of 5

9.1 (2.7)

8.4 (2.2)

78(34)

8.7 (5.0)

796 (1,095)

48.2 (80.9)

73(42)

3 of 5 Direct Install

1990(o)

11.3 (2.2)

4 of 5 Full

3 of 5 Bill-Meter

4.9 (3.1)

1 .1 (0.9)

28 of 39

3.8 (2.6)

6.9 (3.1)

69(28)

60.4 (104.8)

1,691 (2,563)

71 .8 (124.8)

64 (39)n

10 of 39 Direct Install

1989(3)

13.1 (3.1)

25 of 35 Full

24 of 39 Bill-Meter

27 Does not include program #9.

28 N = 37 for this explanatory variable.

29 See Chapter 4 for a discussion of measure cost reporting .

30 See Chapter 5 for a discussion of savings evaluation methods .
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31

32

For the least expensive programs, several features stand out . First, the programs were very
large, measured either by annual savings or by number of participants . Second, the programs
include some of the older, possibly more mature programs in the sample. Third, because the
programs tended to report incremental measure costs, they appear to have targeted normal
replacements rather than early replacements ."

The most expensive programs also have some common features . First, the programs are quite
small as measured by total savings . Second, they appear to be somewhat newer programs
compared to the entire sample. Both these factors suggest that these programs are not fully
mature, such that fixed administrative costs are being spread over a smaller base of savings .
Finally, they include more direct-install programs, for which full measure costs would be
reported.

Perhaps more interesting than the differences between the least and most expensive programs
are the similarities between them . Avoided costs, the percentage of measure costs paid by
the utility, lighting fraction of total savings, economic lifetime of savings, and savings
evaluation methods are all quite similar to one another . These similarities have important
implications for previous DEEP findings and for the potential impact of methodological
differences on current findings .

Eto et al. (1994) found evidence suggesting that avoided costs were positively correlated with
TRCs and concluded that avoided costs helped to explain the differences in program costs .
They speculated that avoided costs could be thought of as the value standard against which
utilities designed programs. In this situation, higher avoided costs led to higher cost
programs. In the current situation, the explanation appears more complicated, probably
because of confounding influences, such as program size, type, and maturity .

The similarity in the portion of savings attributable to lighting and the similarity in the lighting
measures promoted, suggests that differences in the portfolio of technologies installed may
have been less important than the savings that resulted from whatever technologies were
installed. Earlier we speculated that the more expensive programs may have ended up
targeting installations with lower savings (because, for example, of a small number of hours
of operation). This finding of similarity in lighting savings fractions lends some credence to
this hypothesis. A definitive conclusion can only be drawn by examining detailed demographic
information on actual installations .'

As described in Chapter 4, whether the higher cost utilities targeted early replacements (rather than normal
replacements) or simply reported full instead of incremental measure costs is more difficult to determine.

Unfortunately, as described in Appendix A, we were not able to obtain these data, except in a limited fashion for
a few programs.
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Similarity in the economic lifetime of savings and savings evaluation methods gives a preview
of the methodological findings presented later in Chapter 5 . In that chapter, we consider the
extent to which bias in assumed measure lifetimes or resulting from choice of savings
evaluation method influences our findings . For these programs, we find preliminary evidence
suggesting that these potential sources of bias do not appear to be a significant factor in
explaining the difference between high- and low-cost programs .

Although examining high- and low-cost programs can illustrate trends, an overview must
include information from the entire sample and must rigorously account for the relative
influences of various possible explanatory variables on the outcome . For a final look at the
data, we used multiple regression techniques to conduct a series of exploratory analyses on
the TRC .33

In Table 3-G, we present the results from two regressions of the various explanatory variables
(drawn from Table 3-3) on TRC?4 The first model, labeled "best fit," was selected by
including only those variables that had the greatest explanatory power 3 5 The second model,
labeled "all variables," was estimated using all available explanatory variables . Comparing
coefficients in the second model for variables included in the first model provides some
evidence for the stability of the correlations found in the `best fit" model .

While suggestive, our regression results are by no means definitive . Taken together, the three
explanatory variables account for slightly more than 30% of the observed variance in the
results . Nevertheless, two variables (program type and program size) appear to be
statistically significant (T-statistic greater than 2). Moreover, the coefficients appear stable
between the two regressions .

With respect to our earlier findings examining low and high TRC programs, we find strong
confirmation for the high cost associated with direct-installation programs and for the
comparatively lower cost associated with larger programs (as measured by annual savings) .
Specifically, we find that direct installation programs cost about 2 •/kWh more than rebate
programs and that programs costs go down about I 0/kWh for every 100 GWh in annual
energy savings .

We continue our earlier practice of eliminating the very high-cost program #9 from this analysis .

We excluded three types ofvariables from Table 3-3 in running these regressions . First, we excluded "number
ofparticipants" because it is a linear combination of"annual savings" and "savings per participant" Second, we
excluded "utility contribution to measure costs" because it is highly correlated with "program type (direct versus
rebate)." Third, we excluded "measure cost accounting method (full versus incremental)" and "fraction of savings
accounted for by lighting measures" because this information was not available for all 39 programs .

Specifically, we used the automatic variable selection procedure in SAS called Forward.
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Table 3-4 . Regression Equations for Total Resource Cost (0/kWh

~.: ."Alialanabtes

Intercept

Program Type
(Direct Installation =l versus Rebate = 0)

Program Size (Annual kWh Saved) -8.63 E-9 (-2.02)

Shareholder Incentive (Yes = 1 versus No = 0) 1 .64 (1 .67)

Economic Lifetime of Savings (Years) -2.58 E-1 (-1.85)

Savings/Participant (kWh/participant) -5.06 E-6 (-1 .50)

Avoided Cost (0/kWh) 1 .45 E-1 (1 .04)

Program Start Date

Savings Evaluation Method
(Billing-Metering = 1 versus Tracking = 0)

Adjusted R-square

	

0.312

6.35 (3.10)

2.34 (2.28)

38.2 (0 .12)

2.22 (2 .05)

-9.26E-9 (-1 .95)

1 .67(l .64)

-2.71E-1 (-1 .73)

-5.30.E-6 (-1 .48)

1 .45E-1 (0.99)

-1 .61E-2 (-0.10)

4.94E-1 (0.51)

0.273
Note: T-statistic in parentheses .

We find evidence ofa weak, but not statistically significant, relationship between the TRC and
the presence of shareholder incentives, the economic lifetime of savings, savings per
participant, and avoided costs. The presence of shareholder incentives and higher avoided
costs are correlated with higher program costs. Longer economic lifetimes and higher savings
per participant are correlated with lower program costs . We also find that there does not
appear to be a statistically significant correlation between the TRC and program start date or
program savings evaluation method ."

36 We will further explore the relationship between shareholder incentives, savings evaluation methods, and the
economic lifetime of savings in Chapters 4 and5 .
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4 .1 Measure Costs

4.1 .1 Utility-Paid Incremental Measure Costs

37

38

CHAPTER 4

Developing Consistent Program
Cost Information

In this chapter, we describe the development of information on the major cost components
of DSM programs . The components of cost include measure costs home by the utility and
participating customers and utility nonmeasure costs, such as program administration,
measurement and evaluation, and shareholder incentives . We describe our data sources,
discuss issues associated with interpreting them consistently, and document our procedures
for developing the final data set. The discussions focus on the key uncertainties associated
with each cost component and begin to assess the possible effect of these uncertainties on our
findings . 37 We also describe our concerns regarding the inclusion of shareholder incentives
in the calculation of the total resource cost of energy savings .

Measure costs are the costs associated with purchasing and installing an energy-saving
measure . Developing these costs for the UC is straightforward ; it simply requires
identification of rebates and incentives paid to customers in a utility's records . Developing
these costs for the TRC is complicated by two overlapping issues . First, measure costs may
be borne by the utility, the participating customer or, more typically, partially by both .
Second, depending upon the baseline situationlcondition assumed by the utility (e.g., normal
replacement versus early replacement), only a fraction of the total installed cost of a measure
may be assignable to the energy savings from a measure . For clarity, we will refer to these
assignable costs as incremental measure costs. 38

Utility-paid measure costs (rebates and direct installation costs) were generally well-
documented. However, two factors complicate the calculation of utility-paid incremental
measure costs for the TRC . The first is free riders-customers who would have acquired an
energy-saving measure even if the utility were not sponsoring a program promoting the

Many of these assessments are based on comparisons of the unweighted means of different subgroupings of
programs. For these comparisons, we do not include the cost of program #9 because of its extreme influence on
the unweighted mean (see Table 3-2).

As described in the text, the term incremental must be defined in comparison to a baseline ; in some cases, this
means that the incremental cost of a measure will be, in fact, the full cost of the measure .
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39 Chapter 3 describes how and why our treatment of free ridership for the TRC of energy savings differs from
conventional practice.

The concept of the economic lifetime of energy savings versus the physical lifetime of energy-saving measures is
discussed in Chapter 5 .

Our choice of this term acknowledges that, at some point, all equipment is likely to be replaced or retired at some
point in the future . Hence, participation in a utility's DSM program results in an acceleration ofthe normal
replacement or retirement date .

As discussed further in the context of the economic lifetime ofsavings (see Chapter 5), removing working lighting
equipment may still be classified as normal replacement, if replacement is conducted at the time of building
remodeling or renovation .
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measure. Conventionally, the costs and savings of free riders are eliminated from the TRC .i9
The second and more subtle factor depends on the definition of the baseline against which
measure costs are estimated . The baseline depends on the decision to participate in the
utility's DSM program with respect to the decision to replace the existing equipment targeted
by the program.

On the one hand, if equipment is at the end of its economic life,40 the decision to replace it is
assumed to be imminent. For energy-saving measures installed in these circumstances, the
incremental measure cost is the difference between the cost of the equipment that would
normally replace the equipment being retired and the actual cost of the equipment promoted
by the utility. Incremental measure costs may legitimately appear to be quite small ; for
example, there may be no additional installation costs, and additional equipment cost may be
only a fraction of the total equipment cost . We call adoption of energy-saving measures at
this point in the equipment lifecycle normal replacements (see Figure 4-1) . Normal
replacement is common for HVAC measures, in which equipment at the end of its useful life
is replaced by new, energy-efficient equipment .

On the other hand, for customers whose equipment is not at the end of its economic life, the
incremental measure cost of energy savings is the full cost of the measure, including full
equipment and total installation costs . If the customer had not decided to participate in the
utility program, no costs would have been incurred (as well as no savings). We call the
adoption of energy savings measures in these situations early replacements ."' Early
replacement is more common for lighting measures than for HVAC measures . In these
instances, working lighting equipment is removed and replaced with energy-efficient
equipment'

Although the distinction between normal replacement and early replacement is easy to make
in theory, it is often quite difficult to apply in practice ; nonetheless, the difference has great
implications for the TRC. For both normal replacements and early replacements, savings may



. Figure 4-1 . Measure Costs vs. Incremental Measure Costs
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or may not be affected a3 However, because the costs attributable to the savings differ, the
TRC will differ, even though there is no difference in the actual out-of-pocket cost of
measures installed .

For example, in examining the measure cost component of the TRC for programs of two
utilities with similar customer populations, we found that rebate levels offered by the
programs were nearly identical. However, one utility assumed that participants were
replacing existing equipment at the end of its economic life (normal replacement) and reported
that their rebates covered 100% of the incremental measure costs (including both installation
and equipment costs) . The other utility assumed that participants were replacing existing
equipment prior to the end of its economic life (early replacement) and estimated that their
rebates covered only 50% of the incremental (now defined as the full) cost of the measures .
Assuming identical savings, the first utility's estimate of the measure cost component of
energy savings will be half of the second's .

43 Savings are a function of the baseline. See Appendix B fora discussion of the treatment of savings from early
replacement and normal replacement retrofit programs .
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4.1 .2 Participant-Paid Incremental Measure Costs

Careful attention to this distinction can also lead to counterintuitive results . For example, a
direct-installation program by definition pays 100% of full measure costs. If the measure
installed is in fact a normal replacement (and the participant is not a free rider), then the utility
has paid more than the incremental measure cost . In this case, the UC could exceed the
TRC.44

Participant costs are not a standard element of a utility's internal accounting system . Utility
and regulatory priorities are understandably directed toward utility-paid and, hence,
ratepayer-paid DSM program costs . In the best situation, participant cost information is
based on customer invoices from completed installations .' However, information on
participant costs is not reported uniformly .

We did not obtain an estimate of participant costs for 10 programs . For these programs, we
worked from information on rebate design, program planning filings, and rebate levels to
develop an estimate of these costs . For one program, the rebate design indicated that the
rebates were intended to pay for an assumed fraction of usually full but sometimes
incremental measure costs. We used the reported fraction to impute participant-paid
incremental measure costs. To determine participant-paid incremental measure costs for five
programs, we relied on program planning documents describing the projected TRC ratios for
programs. To estimate participant costs for two programs, we used information on the
rebates paid per measure along with independent estimates of the full cost of measures
derived from documents provided by other utilities . This is a conservative estimate in that it
assumes all measures were early replacements. For two programs, we examined a sample of
rebate applications and customer invoices to determine the fraction of full measure costs paid
by the participant; this too is a conservative assumption."

For the remaining 30 programs, some estimate of participant cost was provided, but it was
often difficult to determine when the reported costs represented incremental measure costs,
as defined in Section 4.1.1. Costs were described in several different ways . Sometimes full
versus incremental costs were explicitly labeled . Within the categories of full rather than
incremental costs, equipment and installation or equipment but not installation costs were

44 This is an example of a more general phenomenon which occurs whenever the utility's rebate exceeds the
incremental cost of the measure. It can occur whenever rebate designs are based on full measure costs, when, in
fact, the program baseline is normal replacement (rather than early replacement) .

45

46

Customer invoices are the best in this instance because they represent a very tangible form of cost documentation.
However, theytypicallyrepresentfull equipment and total installation costs . Whether it is appropriate to consider
these to be incremental costs depends on the baseline condition/situation assumed .

We address the issue ofjust how conservative our assumptions are in Section 4 .13.
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sometimes reported. In most cases, we had to ask our utility contacts to clarify exactly what
their reported costs referred to .

In summary, when participant costs were explicitly described as representing incremental
measure costs (true for 6 of the 30 programs), we assumed that the utility had made some
accounting for the program baseline (i.e ., whether the measure was adopted as a normal
replacement or an early replacement) . When measure costs were termed "full measure cost"
(true for 19 of the 30 programs), we could not determine whether this meant that the utility
considered all measures early replacements or simply that the utility had not paid rigorous
attention to the difference between measure costs for normal replacements versus those for
early replacements . We made the conservative assumption that all measures were early
replacements for the purposes of estimating incremental participant costs . That is, we did not
adjust any reported measure costs. If this assumption is not correct, our estimate of the total
resource cost is biased upwards . Finally, for five programs, we could not determine whether
measure costs represented full or incremental measure costs .'

4.1.3 Assessing Uncertainty in Measure Costs

We have made conservative assumptions and interpretations in developing information on
measure costs. One way to assess the effect of this conservatism is to examine the difference
in the measure cost component of cost of energy savings between programs that report
incremental versus full costs. To control for differences in the' costs of different types of
measures (e.g., HVAC versus lighting), we considered only those programs in which lighting
accounted for more than 90% of savings . The results suggest that the differences between
the two reporting approaches can have a large effect on the measure cost component of the
cost of energy savings (see Table 4-1). Given the small number of programs (3) that reported
incremental measure costs, however, the statistical significance of this finding is at best only
suggestive .

Table 4-1 . Full vs. Incremental Measure Costs
Standard Deviation

Mean (•/kWh)

	

(0/kWh)

	

Number

Incremental Measure Costs

	

22

	

0.9

	

3

Full Measure Costs

	

4.9

	

1.9

	

12
Note: These costs do not include program #9 .

We can conclude, however, that our efforts to impute missing participant costs based on full
measure costs are likely to be conservative and thus overstate the TRC .

CHAPTER 4

47 Overall, we classified measure costs as "incremental" for 10 programs, as 'Yell" for 25 programs, and as
"unknown" for 5 programs .
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4.2 Utility Notuneasure Costs

Utility nonmeasure costs include both direct and indirect costs . Direct costs include the costs
associated with running a DSM program, such as advertising and marketing expenses ;
program recruitment ; and administering the payment of rebates (but not the rebates
themselves, which are considered to be part of measure costs) . Indirect costs include an
allocation of general administrative overhead; and measurement and evaluation costs .
Although less tangibly connected to the delivery of a program, indirect costs are legitimate
elements of the cost of acquiring energy savings . Shareholder incentives are also an indirect
cost. However, we discuss them separately in Section 4 .3 .

4.2 .1 Direct Nonmeasure Costs

Direct costs were readily available for all programs although the components of direct cost
were categorized in a variety of ways (see Table 4-2) . Although we observed some general
similarities among direct cost categories, we did not understand the accounting systems and
procedures of each utility sufficiently to assign costs consistently to a standard set of
categories.' Hence, we aggregated all categories of direct nonmeasure costs to a single total .

Table 4-2. Utility Administrative Cost Categories
Uultv41

o Implementation labor
o Administrative Labor
o Contract Employees
o Contract Services
o Transportation
e Materials
o TeleAnlo Services
o Graph. Arts/Postage
o Employee E enses
o Direct Charges
o Miscellaneous Direct
o Charges
o overhead

4.2.2 Indirect Nomneasure Costs

Indirect costs, consisting of program overhead and measurement and evaluation costs, were
also available for most programs. Concerns in analyzing these two types of costs differed .

Overhead was sometimes reported separately and sometimes included as part of direct costs .
As with the other direct cost categories, we wanted to assure ourselves that some allocation

49
See Berry (1989) for a comprehensive discussion of issues associated with utility reporting of administrative costs .
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4.2.3 Assessing Uncertainty in Indirect Nonmeasure Costs

CHAPTER 4

of overhead was included. Overhead costs were reported separately for nine programs . For
another 29 programs, program documentation or utility staff indicated that overhead was
already included in reported direct costs, For another two programs, we could not locate an
explicit overhead cost category or determine whether it was already included in the direct
costs reported.

Developing information on measurement and evaluation costs presented other challenges .
First, measurement and evaluation costs were sometimes not separately reported but were
included in other program cost categories . This was especially true for programs whose
primary source of estimated savings information was program tracking databases (see Chapter
5). Second, measurement and evaluation costs reported in program year 1992 generally
referred to measurement and evaluation activities conducted to estimate savings from a prior
program year. Third, when measurement and evaluation costs were separately reported, they
were commonly reported as an aggregate total for all measurement and evaluation activities
for a given program year.

Our approach.to measurement and evaluation costs was as follows. We generally attempted
to identify and report measurement and evaluation costs expended to evaluate savings for the
1992 program year by searching records to locate the future year in which they were incurred
(we found them for 14 programs). More commonly, we simply relied on 1992 expenditures
on measurement and evaluation as a reasonable proxy for the measurement and evaluation
costs associated with evaluating the load impacts of the 1992 program (we did this for 23
programs). For three programs, measurement and evaluation costs were not reported
separately, but were included in another cost category .

Some insight into the effect of including or excluding overhead, and measurement and
evaluation costs can be gained by examining the subset of programs for which these costs are
explicitly reported. For the nine programs that reported explicit overhead costs, overhead
costs averaged 4% (standard deviation 4%) of total utility costs (measure + nnmeasure
costs). For the 37 programs with identified measurement and evaluation costs, measurement
and evaluation averaged 3% (standard deviation 2%) of total utility costs . We conclude that,
while inclusion of these costs is important for completeness, neither represents a significant
fraction of the UC (and hence, TRC) .
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4.3 The Treatment of Shareholder Incentives

As described in Chapter 2, we include shareholder incentives in our estimates of both the TRC
and UC. After discussing our procedure for developing estimates of these costs, we discuss
our reasons for including them in the TRC .

For the utilities that receive DSM shareholder incentive payments, we were generally able to
locate these payments in regulatory filings . However, because of the design of the incentives,
the filings typically contained a single amount reflecting the utility's total reward for DSM
activities in a given program year. The designs of shareholder incentive mechanisms include
bonuses, rate-return adjustments, shared-savings, and hybrids combining two or more of these
individual incentive types .49 When program-specific incentives were not available, we chose
to allocate a portion of total incentive payments to our programs based on the energy saved
by each program as a fraction of the total energy saved by all of the utility's DSM programs .

Although there is no question that shareholder incentives are an element of the UC (because
they will be recovered from ratepayers), there are differences of opinion about whether they
should be included when estimating the TRC. Some argue that shareholder incentives are no
more than transfer payments from ratepayers to shareholders and, therefore, are not a cost
to society. However, others argue that shareholder incentives are a cost to society like
management fees and therefore should be included in the TRC . The difficulty in assessing
these positions is that there is no standard for an appropriate management fee for utility
delivery of energy savings . For example, Stoft et al . (1995) argue that one must posit the
existence of "hidden utility costs" in order to justify and establish the appropriate level for
DSM shareholder incentives . At the same time, they concede that there are substantial
practical difficulties in estimating hidden costs with precision . Moreover, they speculate that
the range in current shareholder incentive payments likely exceeds the range of hidden cost .
In economic terms, some of these payments are just transfers .

4.3.1 Assessing the Impact of Including Shareholder Incentives in the TRC

We have included shareholder incentives in our calculation of the TRC . Because some
fraction of these costs may be transfers, our decision to include them is a conservative one .
As with the other uncertainties we have considered, it is useful to consider the effect of
assuming instead that utilities do not bear any hidden costs and that all shareholder incentive
payments are simply transfers. If we exclude shareholder incentives for the 27 programs that
receive them, the mean TRC of programs falls by about 7% from 4.9 •/kWh (standard
deviation 3 .1 •/kWh) to 4.6 •/kWh (standard deviation 3 .1 0/kWh). From the standpoint of
cost effectiveness, only one program becomes non-cost effective when shareholder incentives
are included.

49 See, for example, Stoft et al. (1995) for a review of DSM shareholder incentive mechanisms.
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CHAPTER 5

Measuring the Energy Savings from DSM
Programs

In this chapter, we discuss three quantities underlying the measurement of energy savings
from DSM programs: annual energy savings, economic lifetime of energy savings, and free
riders. The first two directly affect the TRC; all three directly affect the UC. We rely on
utility reports and contacts as final and have not made adjustments to the savings information
we received. At the same time, we recognize that all three quantities are difficult to measure
with precision. In the following sections, we survey current practices and explore the effects
of key uncertainties on our findings .

5.1 Classifying Methods for Measuring Annual Energy Savings

We classify methods for measuring annual energy savings into three broad categories : (1)
tracking database methods, (2) billing analyses, and (3) end-use metering' Most programs
use more than one of these methods . For example, all utilities maintain a tracking database
of some sort to record information on program participants . Most utilities, however, augment
their tracking databases to increase the reliability of their savings estimates . For example, the
statistically-adjusted engineering or SAE method reconciles a preliminary estimate of savings
from a program's tracking database through a regression on customers' bills . Similarly, end-
use metering is often used to refine estimates of hours of operation and, in some cases,
changes in connected load. Thus, one can think of the various methods as part of a
continuum that starts from a tracking database. The object of our survey is to characterize
important differences among and within the three types of methods and to indicate which
method or combination of methods was used to develop the savings reported in Chapter 3 .
Table 5-1 summarizes the annual energy savings methods used by the 40 programs .

5,1 .1 Tracking Database Methods

Tracking database methods are often referred to as engineering estimates ; however, we feel
that this name is inaccurate because almost all evaluation methods involve some amount of
engineering, so the name should not be applied only to tracking database methods. In
addition, the word "engineering" obscures the fact that substantial post-program evaluation
information is often incorporated into the estimate . This information ranges from the simple
verification of program ins illations to detailed end-use metering of affected electrical circuits .

so See, for example, Sonnenblick and Etc (1995) for detailed discussion of the three approaches and of the
relationships among them .
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Table 5-1, Summary of Annual Energy Savings Methods"
Tracking Database Methods Number of Programs % of 40)

Verification of Measure Installation

On-Site -Sample 17(43%)

On-Site -All 18(45916)

Self-Report - Sample 4(10%)

Self-Report - All

	

2(5%)

Hours of Operation

On-Site - Sample 17(430/.)

On-Sfte -Ali 3(8-/.)

Self-Report - Sample 9(235/6)

Self-Report - All 9(23%)

Based on Previous Study

	

6(15-1.)

Billing Analyses

Bill Comparison 1(3-/.)

Bill Comparison w/Comparison Group 3(8-/.)

Bill Regression w/Comparison Group 3(80/.)

SAE Regression w/Comparison Group .

	

12(30%)

End-Use Metering

	

11(280/.)

In its simplest form, the basic tracking database equation for energy savings consists of three
terms :

Energy Savings = Number of measures installed * Changes in connected load * Hours of use

We distinguish among tracking database methods by the way in which information is
introduced into this equation . Starting with the first term, measure installations can be
verified by either on-site inspections (as in 35 of our programs) or customer self-reports (six
programs) . On-site inspections may be conducted by utility staff, contractors to the utility,
or both . Customer self-reports include information reported to the utility on a rebate

For 11 programs, some methods were applied to only a subset of the energy saved by a program . For five
programs, more than one method was used simultaneously to estimate savings for the program . The "number of
progarns" could add up to more than 40 because some programs used more than one method to verify installations
or assess hours of operation.
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application or through responses to telephone or mail surveys administered by the utility . The
methods are applied either to all participating customers (21 programs) or to a sample of them
(20 programs) .

Changes in connected load are typically read from engineering tables that compare the
connected load of the removed or replaced equipment to that of the more efficient
replacement equipment . End-use and short-term, spot metering, described below, are the
only alternatives for measuring this quantity directly .

Hours of operation can also be measured with end-use metering . More commonly, they are
estimated either through on-site inspections (20 programs) or customer self-reports (18
programs). In this case, on-site inspections are in fact no more than on-site interviews of
customers. They may, however, be augmented by inspections of the premises to collect
operating information for different zones within a premise . Again, either all (26 programs)
or only a sample (12 programs) of participating customers may be surveyed .

For six programs, hours of operation were determined through tables that list "standard"
hours of operation for specific end uses (such as lighting or chillers), usually with separate
entries for different commercial building types (such as offices or schools) . These tables,
though often based on previous metering studies, are often unreliable (Sonnenblick and Eto
1995). For five of our programs, these estimates were later either augmented by end-use
metering or superseded by an SAE billing analysis . Use of these methods decreases, but does
not eliminate concerns regarding the error that could be introduced by relying on look-up
tables.

5.1 .2 Billing Analyses

Billing analyses, in contrast to "bottom-up" tracking database methods, are a "top-down"
approach for estimating savings . They are based, at a minimum, on monthly or annual billing
information from participating customers, collected both prior to and after the installation of
DSM measures. Billing information can be analyzed using a simple differencing approach that
directly compares pre-program to post-program consumption, with the individual bills
sometimes first weather-normalized (as in 4 programs) ; they can also be analyzed using
multivariate regressions (15 programs). The accuracy and reliability of estimates of net
savings can be improved by including billing information from a comparison group of
nonparticipating customers (done in 19 programs) . A recent, very popular class of regression
methods, called the statistically adjusted engineering or SAE method, relies on a preliminary
estimate of savings (used by 12 programs). The. coefficient emerging from the SAE
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regression measures is interpreted as a measure of the percentage of previously estimated
savings that the regression model is able to confirm ."

5.1.3 End-Use Metering

52

53
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End-use metering is often regarded as the most accurate savings evaluation method because
it measures the quantities most directly related to energy savings .' It is also the most
expensive evaluation method to implement because the cost of data collection is high. As a
result, it is usually implemented for only a small sample of participating customers . For the
14 programs that relied on end-use metering, the fraction of the population of participating
customers metered ranged from less than 1 % to 12% . In absolute numbers, nine programs
metered fewer than 40 customers, and two metered more than 50 customers . All of the
metering studies are classified as short-duration studies, in which the metering periods
generally last from two to four weeks .

5.1 .4 Measuring Takeback

Takeback refers to increases in amenity or energy service resulting from adoption of a DSM
program. Its existence has been documented in residential settings, for example, when a
customer increases air-conditioning use following purchase of a more efficient air conditioner
(see Nadel 1993) .

Changes in energy service have not been studied systematically for the commercial sector. 54
Pre-/post-billing analyses can implicitly pick up the energy use impacts of amenity changes
resulting from program participation . However, the effect is usually impossible to isolate.
Ten programs attempted to identify changes in energy service levels through customer

Sonnenblick and Eto (1995) demonstrate that the realization rate coefficient estimated by these models is subject
to a well-understood but generally unacknowledged bias and imprecision resulting from errors in the preliminary
estimates of energy savings. These errors, which are pervasive in the tracking databases used by SAE models,
compromise the straightforward interpretation of the realization rate as representing the fraction of the preliminary
estimate of savings "confirmed" by the SAE model .

At thesame time, as Sonnenblick and Eto (1995) demonstrate, estimating energy savings from end-use metering
is subject to a number of uncertainties, _including omission of HVAC/lighting interactions, problems of short-
duration metering such as the ability to account for seasonal operating changes, and compromises to the
representativeness of the sample resulting from the selection of metered circuits within a premise .

From the standpoint of social welfare maximization, takeback can be socially desirable even though more energy
may be used. This can be seen intuitively when an industrial firm modernizes its equipment making it more
efficient, yet then uses more energy because it has increased productivity . The most generally recognized instance
of takeback in the commercial sector is the installation of energy-efficient outdoor security lighting where there was
previously no or only very poor lighting .
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5.1.5 Measuring Participant and Nonparticipant Spillover

55

56

surveys. Five concluded that there was no evidence of takeback. Two estimated small
amounts of takeback for specific end uses, usually less than 10% . Another five programs
made provisions in their savings equations for takeback, but then assumed it was negligible .
As noted, the utilities relying on billing analyses (19 programs) all assumed takeback was
accounted for implicitly.

Participant and nonparticipant spillover represent savings that are caused indirectly by the
actions of a utility's DSM program. Participant spillover refers to additional energy saving
actions taken by a participant outside of the utility's DSM programs (e.g ., installing the same
or different measures without a rebate) . Nonparticipant spillover refers to energy savings
actions taken by nonparticipants (i .e ., those receiving no rebate) as a result of the program .

Evaluation methods for measuring spillover are in their infancy? Only two utilities made an
explicit attempt to incorporate spillover in their estimates of program savings. The evaluations
for 14 programs included survey questions on the subject of spillover. In several of these, the
survey results were used to develop estimates or ranges of spillover savings . However, while
reported, they were not included in the savings reported by the utility . Thus, to the extent
that there are spillover effects from the programs, they are not accounted for in either the
TRC or UC .

5.1 .6 Assessing Uncertainties in the Measurement of Annual Energy Savings

There are no generally accepted methods for measuring annual energy savings. All methods
are subject to bias and imprecision. There is anecdotal evidence that the simplest forms of
tracking database estimates of savings are biased upwards 5s However, there is little
information to judge bias and brecision independently .

We conducted a preliminary examination of our programs to see whether the methods used
to estimate annual savings were systematically related to the resulting savings . Considering
the 24 programs in which lighting accounted for more than 60% of savings, we compared the
measure cost component of the TRC for the 15 programs that relied either on billing analyses
or end-use metering to estimate savings to the nine programs that relied on a tracking
database to estimate savings . As seen in Table 5-2, the mean measure cost of the programs
with savings based on tracking databases is slightly lower than the mean for programs with
savings based on either billing analyses or end-use metering . Nevertheless, the standard

CHAPTERS

See Violette and Rosenberg (1995) for a recent summary of proposals for measuring spillover .

See Nadel and Keatng (1991) for the first published discussion of this phenomena.

37



CHAPTERS

deviations of the two means overwhelm the modest differences in means . Our data, therefore,
do not support the existence of a statistically significant correlation between measurement
method and annual energy savings. This is consistent with the multiple regression results
presented earlier in Chapter 3 .

Table 5-2 DSM Program Measure Costs as a Function of Sevin S Evaluation Method

Although this simple examination is by no means definitive, it suggests that there may be more
important influences that affect savings other than evaluation methods . We have shown that
broad conclusions regarding the bias in various evaluation methods cannot be substantiated
by our sample . As indicated, tracking databases vary greatly in the degree and quality of
information they incorporate on actual installations . We conclude, in particular, that simple
adjustments, such as the application of realization rates developed for one program to adjust
the savings from another, cannot be justified without a more detailed understanding of the
evaluation methods involved and the populations to which they were applied . See Appendix
C for a detailed discussion of this issue .

5 .2 Estimating the Economic Lifetime of Savings

The economic lifetime of savings is required to establish cumulative energy savings .
However, because many DSM technologies are new to the market, studies of the full lifecycle
of savings from measures have only been completed for most short-lived measures (those
lasting less than five years) .

More commonly, utilities have conducted short-term persistence studies to determine measure
retention, removal, and failure for one to four years following installation (Wolfe et al . 1995) .
In our sample, eight programs had completed measure persistence studies that included the
1992 program year . (Typically, the studies include other program years as well .) The studies
generally found high rates of persistence for most measures. Notably, several of these studies
found low renovation rates in offices, restaurants, and retail premises in contrast to earlier,
well-reported findings of high (25% or more per year) renovation rates in these types of
premises .n

See, for example, Skumatz and Hickman (1992), which found comparatively higher rates of business turnover,
renovation, and remodeling.
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Billing Analysis or End-Use Metering 4.4 3.2 15
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Despite emerging information on the persistence of measures, we found no formal attempts
to incorporate this information into reported measure lifetimes . Instead, measure lifetimes
were based on a combination of manufacturer's specifications (i .e ., equipment lifetime, which
can differ from economic lifetime in both directions depending on installation-specific
conditions), expert judgment, and, for five programs, negotiated agreements between the
utility and the regulator. For several programs, both expert judgment and negotiated
agreements were described as taking into account factors such as persistence and pre-mature
equipment retirement through building renovation . Nevertheless, the manner in which these
factors were accounted for necessarily involves subjective judgments .

Information on the lifetime of savings was generally reported separately for each measure or
as a savings-weighted aggregate for all measures (33 programs) . We did not receive
information on measure or savings lifetimes for seven programs . We developed estimates for
three of these programs by constructing a weighted average based on the largest contributors
(weighted by either savings, measures, or participants) to savings . For two programs, in
which savings were not reported by measure or participant, we made an estimate based on
lifetimes reported for programs offering similar measures. For two programs, we used the
lifetimes for the popular measures installed .

Measure lifetimes are reported in Table 5-3 . They range from six to 18 years. The simple
average is 13 .0 years with a standard deviation of 3 .1 years.

5.2.1 Assessing Uncertainties in the Estimation of Economic Lifetimes of Savings

The estimation of the economic lifetime of savings remains a critical source of uncertainty in
the measurement of energy savings from utility DSM progtams .58 It will be several years
before it is possible to conduct definitive studies to determine the long-term persistence and
economic lifetime of savings from many of the most popular DSM measures .

It is straightforward to calculate the sensitivity of the TRC or UC of energy savings to
different savings lifetimes . For a program with a savings lifetime of 13 years and a TRC of
energy savings of 4 it/kWh, a decrease in savings lifetime to 10 years increases the TRC by
22%, and an increase in savings lifetime to 16 years decreases the TRC by 13% .

The economic lifetime of savings from a DSM program also depends on the mix of measures
installed. Generally, lighting efficiency measures are assumed to be shorter-lived than HVAC
and motor efficiency measures (see Figure 5-1 and Table 5-3).

58 Sonnenblick and Etc (1995) demonstrate that the imprecision in savings estimates is typically dominated by
imprecision in economic lifetimes rather than imprecision in annual energy savings .
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Table 5-3. Measure Lifetimes and Free„Ridership Rates
Program . . . Term (Years] FreeRidership 1%)

	

4ighting (%)

40

1 9.6 8% 100%

2 16.0 21% 0%

3 10.6 9% 87%

4 11 .6 2% 100%

5 11 .9 9% 66%

6 10.4 0% 91%

7 10.0 12% 100%

8 10.0 19% 0%

9 10.0 0% 100%

10 8.6 23% 100%

11 15.0 1% 0%

12 13.3 23% 100%
13 17.0 26% 0%
14 15.0 9% n/a

15 17.1 n/a 57%

16 12.0 4% ,100%

17 15.0 80/ 98%

18 8.8 31% 79%

19 10.0 13% 73%

20 6.8 38% 100%

21 12.5 n/a 0%

22 6.1 0%. 97%

23 14.7 13% 67%

24 15.7 7% 57%

25 13.8 2% 99%

26 17.5 5% 82%

27 13.6 2% 98%

28 10.0 8% n/a
29 10.0 6% n/a

30 17.1 17% 96%

31 17.3 n/a 46%
32 13.8 49% 31%
33 13.7 25% 55%
34 16.5 9% 100%
35 16.2 4% 16%

36 15.0 0% 65%

37 11.6 <21% 73%
38 18.0 8% _ 95%
39 12.9 17% 96%
40 . 15.0 12% 57%

Average 13.0 122% 69.8%
Standard Deviation 3.1 11 .4% 35.2%



Figure 5-1. Economic Lifetime of Savings as a Function of the Mix of End-Use
Savings
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We examined the sensitivity of our findings to the economic lifetime of savings by replacing
reported lifetimes with a standard set of assumptions . For programs in which lighting savings
accounted for more than 60% of savings, we assumed a lifetime of 10 years (24 programs) .
For the remaining programs (in which lighting accounted for less than 60% of savings), we
assumed a lifetime of 14 years (12 programs) ."

We find that the use of standard measure lifetimes increases mean TRCs by about 10%, but
that the increase is not statistically significant (see Table 5-4) . In particular, use of standard
lifetime estimates does not reduce variance in TRC results. We conclude that uncertainty in
TRCs due to reliance on necessarily estimated lifetimes is not materially reduced through the
use of standard assumptions .

59 We did not obtain information on the fraction of savings accounted for by lighting for three pro ggrams . We also
excluded program #9 from our comparison due to its extremely high TRC. See discussion in Chapter 3 .
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Table 5-4. The Effect of Assuming Standard Measure Lifetimes on the TRC of Energy Savings
Mean

	

Standard Deviation (h ='36) ,

TRC - Calculated using Reported

	

4.9

	

3.2
Measure Lifetimes

TRC - Calculated using Standard

	

5.5

	

3.3
Measure Lifetimes

5.3 Measuring Free Riders'

Free riders directly affect the UC because they reduce the savings attributable to the effects
ofa utility's DSM program' Because the utility cannot take credit for the savings from free
riders, it must spread the costs it incurs over a smaller base of savings . As documented in our
previous study (Eto et al, 1994), there are three general approaches for measuring free
ridership: surveys, survey-based models of customer choice, and billing analysis with a
comparison group. The first two approaches yield a direct estimate of free ridership. The
third, in principle, controls implicitly for free ridership .

More than three quarters of the programs (33) conducted surveys to develop an independent
estimate of free ridership. Two of these used the surveys to estimate models of consumer
choice. One program relied on a billing analysis to control for free riders." Five programs
reported fiee-ridership factors that were based on agreements reached between the regulator
and the utility. One program did not conduct a formal evaluation of free ridership and
assumed that there was no free ridership in its program . Among the survey-based
approaches, nine reported free ridership based solely on participation, and the remainder
reported free ridership weighted by program savings. The free-ridership estimates are also
reported in Table 5-3 . They range from 0% to nearly 50% . The simple average is 12.2%
with a standard deviation of 11 .4% .

5.3 .1 Assessing Uncertainties in the Measurement of Free Riders

Evaluation experts have raised a number of questions regarding the accuracy of free-ridership
estimates . These questions include the ability of survey methods to determine free ridership
based on potentially biased customer responses, the adequacy of billing analysis methods to
identify free ridership implicitly (Train 1994), and the ability of either method to capture what

60 As described in Chapter 3, they also affect the TRC, but to a lesser degree .

sr In point of fact, manyprograrrs indicated that they had controlled for free riders in their billing analyses. However,
all but one also developed an independent estimate of free ridership based on survey analysis .
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are known as deferred and "X" free riders (Nelson 1995) . The general conclusion drawn by
these commentators is that free ridership may be understated .

To see the potential effect of bias in free-ridership estimates, we recalculated the UC using
a common assumption of 209 free ridership . (The mean from our 40 programs is 12 .2%.)
With this assumption, the mean UC increases slightly from 4 .4 •/kWh to 4.7 0/kWh (standard
deviations go from 4.0 •/kWh to 3.8 •/kWh) .6 We conclude, as was found for lighting, that
the potential reduction in bias from the use of standardized assumptions for free ridership is
offset by the large variance inherent in the original free-ridership rates . Thus, standardized
assumptions have only a modest and not statistically significant impact on UCs .

62 Program #9 was not included in this calculation .
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CHAPTER 6

Summary

We have calculated the total resource cost and utility cost of energy savings for 40 of the
largest 1992 commercial sector DSM programs. The TRC includes the participating
customer's cost contribution to energy saving measures . The TRC and UC include program
overhead, and measurement and evaluation costs, as well as shareholder incentives . All
savings are based on post-program savings evaluations .

We find that, on a savings-weighted basis, the programs have saved energy at a cost of 3 .2
0/kWh. Several of the least expensive programs rely on significant customer cost
contributions. Thus, we find no reason to believe that future DSM programs, which rely on
these contributions to minimize rate impacts, will either be more costly or less cost effective .

Taken as a whole, the savings from the programs have been highly cost effective when
compared to the avoided costs used in first developing the programs . Moreover, the majority
of savings remain cost effective even when compared dramatically lower avoided costs, which
are more representative of the avoided costs currently faced by utilities . Nevertheless, a
substantial number of individual programs would not be considered cost effective under these
lower avoided costs .

The results are dominated by several large and inexpensive programs; some programs, albeit
small in absolute size, do not appear to be cost effective . We conducted exploratory analyses
to determine what factors help to explain variations in program cost . We found program type
and program size to be statistically significant factors ; our overall regression equations
explained about 30% of the variance in the TRC of energy savings .

Measuring the cost of energy savings delivered by utility DSM programs is difficult because
accounting practices and conventions differ among utilities . Information on participant costs,
which are of critical importance to the TRC, is especially difficult to collect, both because it
is not normally a part of a utility's accounting system and because it depends on the assumed
program baseline. We demonstrated that including these costs are important ; they account
for almost a third of the TRC of energy savings . Overhead and measurement and evaluation
costs (and hence concerns about their potential omission) are smaller in comparison to
participant costs.

We include shareholder incentives in the UC and the TRC . Including them meaningfully in
the TRC requires an assessment of so-called "hidden costs," which are difficult to measure .
Even a generous interpretation of the magnitude of these costs, however, does not pose a
threat to the cost effectiveness of the programs .
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The science of measuring annual energy savings has progressed to the point that the
differences among methods are less discernible than they used to be . In particular, savings
based on tracking databases now appear to incorporate substantial after-the-fact performance
information. At the same time, new questions have been raised challenging the reliability of
more sophisticated methods . Our decision not to adjust savings is based on this improved
understanding of the strengths and limitations of current approaches . This is not to say that
evaluations methods are free from bias and imprecision ; they most certainly are not.
However, categorical statements regarding bias and imprecision are not supportable without
detailed examination of assumptions, methods, and underlying data . Moreover, we
demonstrated that differences in savings evaluation methods were not statistically correlated
with changes in program costs .

We remain concerned about the accuracy of the estimated economic lifetime of measures
because it is still inherently a forecasted quantity . We found, however, that the effect of
standardizing measure lifetimes had little measurable effect on the TRC . The measurement
of free riders, too, is another area in which differences in estimates appear to reflect the choice
and application of evaluation method as well as differences in free ridership, Once again, we
found that standardized assumptions had little effect on our results .

No one knows the future of utility DSM programs . However, we feel strongly that
discussions about this future should be based on unbiased and critical assessments of the
performance of past programs . The goal of the DEEP project is to contribute information on
program costs and cost effectiveness, and on the measurement of program costs and savings,
to this end.
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APPENDIXA

Program Selection and Data Collection

To obtain information for the current project, we had to address an important new data
collection issue: the impact of the California Public Utilities Commission `Blue Book" order.
Utility concerns regarding a host of issues loosely labeled "competition" were addressed in
this order." The prospect that the monopoly franchise may disappear has led many utilities
to adopt a defensive position about sharing information on ratepayer-funded DSM programs .

We began our project by identifying the utilities with the 50 largest DSM program portfolios,
as measured by total 1992 DSM energy efficiency program spending reported to the Energy
Information Administration on Form EIA-861 T We then made preliminary phone calls to
verify that each utility had a commercial sector program that spent more than $1 million in
1992 . Forty had programs that appeared to meet this criterion (see Table A-1), the
Department of Energy and the Electric Power Research Institute sent a formal letter of
introduction describing the project to upper-level staff, generally vice presidents or
director/managers at these 40 utilities. The letter described our proposed treatment of data,
our two-stage verification and review process, and our guarantee not to present information
so that it could be attributed to an individual utility .

The letter was successful in enlisting initial participation from 31 utilities with a combined
total of 52 commercial sector, energy efficiency DSM programs .' We began working with
these utilities by requesting that they send us readily available information on their programs .
We received information in a variety of forms, including regulatory filings, annual DSM
program summaries, and impact and process evaluation reports . We used this information
to complete what we could on a detailed data collection form . Some utilities offered to
complete the form for us . In several cases, these offers were made because formal documents
that would have allowed us to complete the forms were not available . In one case, the offer
was because of a corporate policy of not releasing DSM program information .66

'The Blue Book order called for, among other things, providing customers with direct access to generation markets
(see Blumstein and Bushnell 1994) .

ErA collects information separately on energy efficiency, load management, and load building DSM programs (see
EIA 1994b).

Our discussions resulted in only four formal refusals from the original 40 utilities contacted . Five additional
utilities did not have programs that met our size criterion (spending of greater than $1 million in 1992) or had
programs that were targeted solely to new construction .

Ultimately, we were unable to include this utility in our analysis because the same corporate policy also precluded
the utility from providing cost or savings information on its program .
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Table A-1. Overview of DSM Proqram Selection Process
Utilities , Programs

Largest DSM utilities as measured by 1992 energy efficiency

	

50
program spending, as reported to EIA

Based on preliminary information, appeared to have a

	

40
commercial sector efficiency DSM program, excluding new
construction, larger than $1 million in 1992; sent letter soliciting
participation

Sent or agreed to provide program information

	

31

	

51

Final data set based on evaluation of completeness, ability to

	

23

	

40
obtain additional information, and/or availability of information
from other sources

At this point, we ran headfirst into a major stumbling block. We had planned on an extensive
review process with each utility in order to clarify our interpretations of the information
provided and to obtain important missing information . However, several utilities indicated
that they were not in a position to provide any further assistance to us in data collection,
either in verifying the interpretations of the material previously sent to us or in providing the
additional information needed to complete the data collection form . In some cases, relevant
staff had left the department or the utility ; in others, the information we sought was not
readily available or had never been collected . In several cases, utilities cited recent cutbacks
in staff or related staffing constraints .

We then closely examined the information provided by the utilities, assessed what information
we might still be able to obtain either from the utility or from other sources such as
commission staff, and made a final list of utilities and programs for inclusion in our report .
We revised our data needs and chose to proceed with only those programs for which we felt
confident that we could develop a meaningful estimate of the total resource cost of energy
savings. At a minimum, this meant that we needed to have or be able to obtain sufficient
information on both customer cost contributions and the methods used to estimate savings . 6'

Common features of the data analysis process include: (1) treatment of confidentiality ; (2)
treatment of data veracity ; and (3) treatment of missing data

In view of concerns about confidentiality that utilities expressed to us as we were developing
the project, we have opted not to mention utilities or programs by name . Information is either

67 Originally, we hoped to develop comprehensive information on : the number of measures installed by technology
type, the distribution of savings by end use and premise type, and demographic information on participating
customers . We learned that manyutilities either do not record these program data or do not record them in a form
from which this information can be readily provided.
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presented in aggregate or in a form that preclude identification of individual programs or
utilities .

'Utility reporting and savings evaluation practices differ markedly . For the purposes of our
analyses, we take the information provided by the utilities as final. We do not question their
veracity or introduce independent judgments to adjust them . However, we recognize that
opinions differ regarding the accuracy of the data . In some cases, the documents we reviewed
had been the subject of intense regulatory scrutiny, typically as part of a cost recovery or
DSM incentive proceeding. In general, we base our information on the most recent sources
available in order to reflect utilities' decisions to update previously reported costs and savings .

We have approached the subject of uncertainty in our data humbly . While it would have been
straightforward to make adjustments, we concluded that we could not make them confidently
without substantially more information on the assumptions underlying the data .,, Instead, we
have attempted to bound the effect of uncertainties by assessing their impacts separately for
important cost items or aspects of savings in Chapters 4 and 5 . In each case, the objective
of our assessments is to understand how potential biases might compromise our findings . In
other words, we attempt to confirm the extent to which our findings are driven by differences
among programs versus differences in the ways utilities report information on their programs .

For several categories of information, notably customer cost contributions, avoided costs, and
shareholder incentives, many utilities were either unable to provide information or unable to
provide it in the form required for our analyses. The procedures we developed to estimate
or impute these data are also described in Chapters 4 and 5 .

68 Appendix C provides an example of the strict conditions that must be satisfied in order make these adjustments
confidently.
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On Treating the Benefits and Costs from Early
Replacement and Normal Replacement Retrofit

Programs Consistently

In Chapter 4, we described how the definition of incremental measure cost depends on the
timing of the equipment retrofit decision . We identified two situations, normal replacement
and early replacement, which called for the use of different baselines in measuring incremental
measure costs. Although we did not discuss the issue in Chapter 5, the same general issue
regarding the definition of a program baseline also arises in measuring energy savings . In this
Appendix, we propose a unified framework for treating costs and savings consistently for
these two retrofit situations"

The gist of our approach is the recognition that early replacement represents an acceleration
of an equipment replacement decision that would have taken place at some point in the future .
Framed in this manner, the issue becomes one of characterizing how much the replacement
decision has been accelerated (in time) and how (if at all) the decision has been changed from
that which would have been made in the absence of the program. Thus, for early replacement
decisions, there are two periods of interest : period A - the current year through the (future)
year when the equipment would "normally" be replaced ; and period B - the period after the
(future) normal replacement year until the time of the next normal replacement (or
retirement).7' For normal replacement decision, only period B applies .

The treatment of costs and savings for the two replacement decisions is presented in Table
B-l. For early replacement, in period A, the baseline consists of the energy use and costs
associated with the former (now, replaced equipment) . That is, in the absence of the
program, this is the equipment that would be using energy . For both early replacement and
normal replacement, in period B, the baseline consists of current practice, which we define
as the equipment that would typically be installed if there were no DSM program promoting
a more efficient equipment option.

Depending on current practice, the program baseline in period B might be represented by the
minimum efficiencies called for in a state building code or state/federal product efficiency
standard. For normal replacement, the efficiencies called for in existing codes or standards

69 We are indebted to D. Schultz, California Public Utilities Commission, for pointing out the need for this
clarification and for his initial thinking in guiding the development ofthis approach .

7„ For simplicity, we will not discuss end-dr=ts beyond the initial replacement decision nor will we discuss treatment
of the salvage value of equipment whenever it is replaced. We will also not discuss the incorporation of net-to,
gross effects in the calculation .
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would be used . For early replacement, the efficiencies expected to be in place at the time of
the (future) normal replacement would be used.

Table B-1. Retrofit Program Evaluation:Normal vs. Early Replacement

Parameter Definition „ Normal-Replacement Early Replacement ;

Baseline Reference

	

Current practice, potentially
referencing applicable
minimum product efficiencies
or practices called for in
state/federal standards

Incremental Measure

	

Full cost of replacement
Cost

	

equipment minus current cost
of baseline replacement
equipment

Energy Savings

	

Post-consumption adjusted
for baseline (e.g ., minimum
product efficiencies or
practices called for in
state/federal standards)

Period A: Pre-existing operating
condition

Period b: Current practice at time of
(future) normal replacement,
potentially referencing a statelfederal
standard

Full cost of replacement equipment
minus present value of the future
cost of baseline replacement
equipment

Period A: Pre-consumption minus
post-consumption

Period B: Post-consumption
adjusted for future baseline (e.g .,
minimum product efficiencies or
practices called for in future
state/federal standards)

Period A : Current year through (future) year of normal replacement
Period B : Year of (future) normal replacement through time of next normal replacement .
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The Transferability of Realization Rates

Because of the cost and complexity of program evaluation, some of the programs in our
sample have used the results from one program evaluation to revise their tracking database
estimate from another program or from the same program but for another program year's
participants. In most cases, a ratio of the ex post evaluation savings estimate to the program
savings estimate in the tracking database is used to adjust the unevaluated program's tracking
database estimate of savings . Although we applaud the use of as much information as
possible in estimating savings and appreciate any attempts to reduce the costs of evaluation,
we see potential pitfalls in the indiscriminate use of this technique . In the following
paragraphs we explain the difficulties we see with the transferring of realization rates among
program participants or programs .

First, we note that all evaluation techniques are susceptible to error, and recommend that this
error should be reported with the evaluation result. Generally error is characterized as
imprecision around the evaluation result, and the imprecision is assumed to be normally
distributed (i.e ., with a bell-shaped curve) and reported as a symmetric confidence interval
around the point estimate ." Imprecision should describe the uncertainty of the result based
on the practical and theoretical limitations of the evaluation technique(s) used . For example,
techniques that sample only a segment of the participant population are subject to some
uncertainty based on the size and variability of the sample relative to the entire population .
('alrulation of imprecision can also involve subjective judgments, as in the case of persistence
of savings throughout a measure's assumed lifetime : A subjective estimate of imprecision,
based on expert judgment of a program's designer and evaluation regarding persistence of
savings over time could be used to bound the annual savings estimate . What is important is
that an effort be made to quantitatively estimate and communicate the limitations of the
evaluation methods used. Recognizing that an estimate is thought to be accurate to +l-5%
is different from accepting that the same estimate is accurate to +/-50% .

Second, we assert that transferring a realization rate from the population of participants for
which it was calculated to another population of participants must involve an increase in
error. This is because there are always some differences between the two programs' tracking
databases, participant populations, and program characteristics, and these differences may
alter the relationship between the tracking database estimate and the savings actually achieved

Evaluation methods are also susceptible to bias . Bias includes any systematic errors which may be present in the
evaluation methods used, resulting in a savings estimate that under- or overstates actual savings. Evaluation bias
is difficult to uncover and is often assumed to be insignificant . In fact, an underlying (yet, to our mind, unproven)
tenet of both end-use metering sampling and ordinary least-squares (OLS) regression in billing analyses is that the
intermediate calculations, and thus the results, are unbiased . See Sonnenblick and Eto-(1995) for further
development of this issue.
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by the participants. Minimally there is an increase in the imprecision of the resulting savings
estimate, representing the uncertainty about the homogeneity of all characteristics between
the two programs. The increase in imprecision may be compounded by significant bias if
there are systematic differences related to energy consumption patterns between the two
populations.

The following list describes the key areas that we believe introduce error when realization
rates are transferred :

Differences in the methods used to compile the tracking database information . Sonnenblick
and Eto (1995) find large variation in the accuracy of tracking database estimates of savings,
depending on the sources of the information input into a database and the sophistication and
flexibility of the database . For example, programs with tracking databases that incorporate
information from rebate applications will probably not provide estimates as accurate (i .e., as
unbiased and precise) as those from a tracking database incorporating information from site
inspections of each participant's facility. Because the rm ivation rate is based on the ratio of
the ex post evaluation savings estimate to the tracking database estimate, any differences in
tracking database organization and data collection between two programs could hinder one's
ability to transfer a realization rate from one program to the other .

Differences in participant characteristics that affect energy consumption and program
savings. A realization rate asserts that, on average, some percentage of the tracking database
estimate of savings is actually saved by program participants . The extent to which this ratio
is the same for another program is dependent on the homogeneity of the participants by rate
class, by geographical location, by climate, by financial circumstances, etc . If these
characteristics vary, the realization rate from one program may not accurately represent the
percentage of verified savings from another program's tracking database .

Differences in program measures, program delivery, and program rebates. Energy
conservation supply curves demonstrate that different energy efficiency measures possess
different costs and benefits . From this fact it is a small step to understand that different
energy efficiency measures may also save more or less energy than expected . A program's
marketing and delivery characteristics may also effect the percentage of tracking database
savings realized by customers .

How much imprecision does the transfer of a realization rate add to a savings estimate?
Answering this question requires information on the explicit differences between the two
programs and the extent to which these differences might affect the ratio of ex post evaluation
results to tracking database savings estimates . An upper-bound for the imprecision could be
estimated based on expert judgment and a basic understanding of the range of possible
realization rates . However, this upper bound could encompass such a wide range of values
that the results could be of negligible importance beyond the tracking database estimate itself .

56



APPENDIX C

In summary, we are skeptical of the propriety of transferring realization rates to other
populations unless the implications for estimate precision are considered . Even though
consideration of estimate precision may not be possible beyond the conceptual level (i.e., the
level of expert judgment) we believe such an exercise is essential to ensure the integrity of the
resulting information and its appropriate use in resource planning, program screening, and
cost-recoverylmcentive activities .
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