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We calcuiate the total resource o ; (TRC) of energy savmgs for 40 of 'the_l,argest 1992
commercial sector DSM programs. . The calculation mcludes thc parnmpatmg costomer’s cost
contribution to energy saving measures and all uuhty costs mcluchng mccntwes recewed by
customers, program administrative and overhead costs meastrement and evaluaﬂon costs,

 and shareholder incentives paid to the utility. 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 ¢/kWh. Taken as a whole, the programs have been hlghly 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 uncertamnes in current
utility pracnces for reporting costs and evaluating savmgs. . .
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_unprecedented growth, durmg which aggreg DSM speniimg mcreased nearly fourfold to

almost $3 billion in 1994, utilities and public ouhty commlsmons_are reexamining their roles

i

and responsibilities in 1mprovmg customer_ ene'rgx efﬁcrency “ Many issues peed to be

i

. copsidered, including the magnitude and valuie 0 uncaptured energy efﬁc:ency oppomnutxes

the extent of utilities’ obligations to serve,‘ and "the matunty of the energy services
infrastructure, There are al$o 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 aIso based on concerns that DSM programs have cost more than
ongmally anncrpated ;, ‘

Thls report presents ﬁndmgs from a major Us Department of Energy pro_;ect to address
these latter concerns.! We examine three en’r.ral questions regarding DSM program
performance. What have they cost? Have they boen cost effectlve? What explains differences

- in cost? This report answers these questtons by ok.mg cIosely 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 ;ndustry spending on energy efficiency
in 1992. Despite rapid evolution in the des1gns f DSM program, we find many important
lessons with contmmng relevance for today § DSM programs

Our primary measure of DSM program perform e is the total resource cost (TRC) of
energy savings. The TRC includes both utih'ty and customer-pard contributions to the
acquisition of an energy efﬁcxency resource. It also mcludes the cost incurred by utilities to
meastre savings and any incentives recewed by the ut:hty for the successful operation of its
programs. All savings are based on some form of post-program savings evaluation.? We
express the TRC in units of ¢/kWh so that i 1t can be d1rect1y compared toa unhty s avoided

e

cost to detenmne the cost effectrveness ofa program.

We find that ona savmgs~we1ghred basrs, the TRC for the programs is 3.2 ¢/kWh (see Figure

. ES-1). Ouvr results confirm the importance of mcludmg customier cost contributions in order

to determine the full cost of energy savings. Cu toni 'cost contributions account for 31%
of the TRC., - :

Other reports from the DEEP oro_:ect inclnde “The Cost and Performance of Utility Commercial Lighting
Programs,” Bto et al. (1994) and “Utility Residential New COnstcuon Programs: Going Beyond the Code,” Vine
(1993),

We selected 1992 because it was the most recent year for whmh post-program savmgs evaluanon results were
consistently available for use in our study.

xiii
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EXECUTIVE SUMM:LRY

programs were developed, we still find that the sawngs from the programs, taken as a whole,
have been cost effsctive (although a substantial number of individual programs would not be
. considered cost effective). We conclude that, from an overall societal perspective, the
ratepayer and. parucxpant monies used to acquire energy savings throu gh these programs have
_been well spent.

Figure ES-1. fhe Total Resource Cost of Commercial Lighting Programs
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i
We also looked clesely at programs that might be representative of future DSM programs.
These programs oﬁer lower financial incentives to DSM program participants in an effort to

_reduce the rate 1mpacts 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 custoner cost contributions,

xiv
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We systemancally examined program cost va.nauons in two steps. First, we conducted

detaled 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 thé 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—uncertmn quantities reported by
utilities (the economic lifetime of savings and free riders), but found that they had little
dxscernable effect on our fmdmgs.

: Second we conducted exploratory staUSncal a.nalyses to examme the correlation between

various program features nd the TRC. Other thmgs 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 statlst1cally significant factors in
explaining dlfferences mthe TRC. R = :

No one knows the future of utxhty DSM programs. However, we feel strongly that-
discussions about this future should be based on unbiased and critical ‘assessments of the
performance of past pmgrams The goal of the DEEP project is to contnbute information to
this end.
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CHAPTER 1

Introduction
Utility démand-side management (DSM) activities are at a crossroads. After five years of
unprecedented growth during which aggregate DSM spendmg increased nearly fourfold to
almost $3 billion in 1994, utilities and public utility commissions are reexamining their roles
and responmb:hnes 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 emergy 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 commercjal 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 2 utility’s portfolio of DSM programs. We focus on 1992 programs
because post-program evaluations for 1992 were the most recent ones consmtently available
when we began our study :

Developing consxstent and comprehensxve 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, and measurement and
evaluation costs are generally incuired in years subsequent to the program year being studied.
In addition, savings evaluation practices range from simple extractions 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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In thrs chapter, we provide an, overvrew “of the 23 jtilities and 40 utility
examined in this report.: ,We document the large proportron of industry: DS}
represented by the programs. and compare the sponsormg utrlmes ov‘efrall‘DSM spend.mg to

industry dverages. - We then describe dmﬂnguzshiﬁg features of the programs; Chapter 4 draws M
- on these features to help explam drfferences in program costs :

i

2.1 DSM f’rogréﬁn Sperldirrg

Utilities spent about $380 mﬂlton on the 40 programs in our sample, whrch represents nearly
a thn'd of total 1992 industry spendmg on energy efficiency DSM programs ($1 2 billion); see
-1. The programs ‘account for more than balf of then' sponsonn' utilitres energy

efﬁcrency DSM program budgets ($720 mﬂhon)‘

. Flgure 21, 1952 Utifity Energy Efﬂciénc‘y DSM Spending.

Programs and
_utilities we are

not studying
+. ~$485 million:

Programs we are studying
~$377 million

' hem ot - —_ ——— -
- T & o Y T T T T M " =




Table 2-1 1992 Utthty DSM Bu ﬁg_ets

ey

ng?amsEvaluafed[ - j\\ ¥ Tol
. T4 Energv“'

- - s
Ty EHiClenBy ", < 5
£ ~7 Expetidifres/ Total 2

S bt Ex‘p‘eﬁdm i £ DM Expnditiies 1L - Revenubs'
A 107%* 7% 2.3%
B 81% 82% 2.6%
c 36% ' 60%° 1.6%
D 33% 81% 1.2%
E 41% 56% 4,6%
F 4% 46% - 2.5%
G 15% 70% 3.9%
H 19% 90% 5.6%
1 40% 85% 1.8%
J 47% . 59% 1.5%
K 71% . 76% 4.1%
TR T 7% T eew T 2%
M 49% 100% 3.2%
Nl 75% 64% 4.0%
o 75% e 69% 2.9%
P 48% 54% ' 2.6%
Q 27% 80% 4.1%
N 217% 76% 1.8%
SE 33% 55% 2.9%
T 32% 90% 6.1%
v 34% 65% 3.9%
'v\ 22% 70% 1.2%
'w|,' 38% ‘ - 57% 0.5%
Spendmg-nghted Mean 2% 67% 2.4%
Average | 54% 2% 2.9%
Standard Dewat[on o 43%" 14% 1.5%

R
|
»

3 By agreement with the wilities providing information for our report, we do not report mfonnauon 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 Acknow}cd gments. See Appendix A for additional discussion of this decision.

*  In this cese, the uuhty has not reported all of its spending on this program under the EIA category of energy

efficiency.

3 Inthis case, we are Cyorking with utility program spending spread over two years.
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2.2

revenugs, \

The 8ponsormg utilities are thc industry’s leadmg 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

mdustry DSM spend.mg in 1992 (see Table 2-2).

) Table 2-2 Summary of DSM Spending {$ mzllions)

ich is sxgmficanﬂy hlgher than the industry average of 1.4%.

L o
i

DSM Pro gram Charactenstrcs

s

The goal of cmr prOJect is to examine the largest 1992 commercial sector, energy efficiency
DSM pro grams Each program mdmdually accounted for more than $1 million of utility
spendmg Sevcral were arnong thc largest sm‘,le DSM programs operatmg in that year.

We catcgonzcd the ma_]onty of programs as multimeasure programis; the next Iargest number
are lighting only programs (see Figure 2-2). All major commercial sector end uses were
targeted by some programs mcludmg hghtmg, heaung, venulamg and air conditioning

[

i

'
H

DSM refers to 2 variety of unhty—sponsorcd programs designed to mﬂuence costomers' use of energy. In addidon

3] energy efficiency, DSM also includes !oad management and Ioad bu:ldmg programs.

We mcluded one program that spent slightly less than $1 million.

5

Total Uﬁhty N
Ui’ !ny Expenditures = Efergy .. To!a! Oty . - .
y L on.?mgrams ', Etficienicy DSM - Utifity Electric
‘ i Gl Evaluated Expendm:res Expend‘mrres - Reveriue -~
U!llﬁfes e are studylng 3771 720 : 1,081.5 46,028.1
Al utumes reportmg to EIA $1,2047  2,2433 158,753.6
Ut:[lﬂes we ‘are studying ’ 60% 48% 29%
as % of alf utiities h s,
reporting to EIA

., —



CHAPTER 2 -

F'gure 2.2, DSM Program Types vs. Sawngs by End Use
1

L
Prograrn Types

Shinga,

Savings by E Uée

| . Nonlighting
Lighting $11 Million
$135 Mitlion 5 Programs Other/
“Unclassifled

9 Programs

438 GWh -

Lighting
1,659 GWh

The hghtmg technologles promoted by the programs were qmte sunﬂar For 30, of thc 35
lighting and rmultimeasure programs for which we had information; 26" promoted compact
fluorescents, elecu'omc ballasts, and either T-8 or T-12 ﬂuorescent lamps; 24 promoted
reflector systems and 22 promoted llghtmg controls and high mtensxty dzscharge Iamps.

The programs are alI qu-scale (as opposed to pﬂot.s) but vary in matuuty vae only 'began
full-scale operauon in 1992 while three began full-scale operatmn pnor to 1986 (sce Table :
2-3). . T : - - "

‘ The majority of programs (29) offered rcbates, but there are a.Iso a number of duect i
installation programs (11). Many of the rebate programs were linked to utility-sponsored
audit activities.® Several rebate programs also featured loan or financing optlons although
rebates consututed the bulk of the programs activities.

e I
"

® * However, we cou!d not consistently identify whether audits were formally cons:dered a pa.rt of Or were separate
from rebate programs.

e; p
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~ CHAPTER2:
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 Table 2-3. DSM Program Characteristics

Key: lighting {L.), HVAC (H): motars {M), sheli (8), refrig. (R), water heating

Program 1D " Progfam StartDate . . Inentive Type . ~-. . '+ 't Medstrés Offered
1 1990 : Rebate iL
2 1991 Rebate H.o
3 1990 Rebate LH,MO
4 1991 , Direct Installation ‘b - 3
5 1886 Rebate LH,S,MA,0
6 1990 Rebate LLH,5,MRO0
7 1991 Rebate - L .
8 1990 Rebate “H
9 1991 Direct Installation LHRP
10 1990 Rebate L
11 - 1990 Rebate H M
12 1989 Rebate L
13 1980 Rebate H
14 1987 Rebate LH S MRBRW,PO
15 pre-1986 Rebate LHSRKP
16 1991 Rebate L
17 1989 Birect Installation LHS MW
18 1890 Direct Installation . LHMW ..
19 1988 Direct Instaflation L,HS5MRW,PO
20 1889 Rebate L
21 1989 Rebate H,8,R,P
22 1992 . Direct installation L, H,MRBWPO
23 ' 1891 Aebate LHSMRWPO
24 1989 Rebate . LHSMRWPO
25 19920 Diract Installation L,H W
26 1989 Bebate LLHSMRBRWPO
27 1880 Direct Installation LHW
28 1891 Direct Instaliation LHSW
29 1992 Rebate L H S8 MRW
30 pre-1986 Direct Installation LHSRKW
31 1988 Rebate LHO
32 pre-1986 Rebate LHSMRWPO
33 1980 Rebate LHSMRAWPRO
34 - 1990 Rekate L .
35 -, 1988 Rebate CLHMBW, PO
36 1991 Rebate LHSMRBWO
37 1990 Rebate LLHMRPO
38 1862 Direct Installation L, H W
39 1892 Rebate LLH,MRBO
40 1992 Rebate LHSMRWPRO
{W), process {P), other (O)

i




' Mos} of th rebat_e programs ‘equzred some form of customer cost contribution toward the
purchasc and mstaﬂauon‘of_,energy savmg measures "'The percent of full measure costs
conmbuted by the customer i'anged up to 80% (see Figure 2-3). Increasing customer cost
: contnbutwn is an 'nnportant strategy for utilities seeking to reduce the rate unpacts of their
- DSM programs. For thJs reason we pay specxal attention to the cost of energy savings from
- programs w:th high' customer cost contnbunons in the next chapter.

= Pigure 2-3. Uﬂllt; and Participant Iﬁea'su'r'é Costs cbnfributions
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U CHAPTER3

-‘The Cost and Performance of Cdﬁmeraal Sector

3.1

DSM Programs -

In this "'chaptcr, we prescﬂjtﬁndiﬂgsﬁfrém our examination of 40 of the largest 1992

_ commercial sector DSM pro‘gr'ams.: 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
calenlation.” We then devote the bulk of the chapter to answering three guestions: How
much have the programs cost? Have they been cost effective? What explams differences in
program cost? 4

L

Measi;ﬁn gt the Total Rf;esource Cost and Utility Cost of Energy Savings

There are many ways to mcasura the pérformance of utility DSM programs; ‘each depends on
the objective of the program. ' Nadel (1991) has written extensively on a variety of DSM
program performance mdlcators. ‘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 reasures of program performance for commercial lighting DSM
programs. We focus on two particuldr measures of performance: the total resource cost of
energy savings or TRC, and the utility cost of energy savings or UC.'? 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 savmgs from a societal petspective. The UC is more limited in scope
and measures the direct costs borne 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 surmnanzes the cost and savings components for both the total resource
cost and utility cost of energy sangs :

i

© We reserve detailed discussion of these inputs for later chapters.

" The reader is cautioned that our Ic_:hoice of terms, TRC and UC, refer to costs, as measured in ¢/kWh, When we

use these terms in the context of DSM benefit-cost tests (from which they were derived, but from which the:y differ
slightly as described in Table 3-1), we will explicitly label them as TRC or UC benefit-cost test ratios, which are
‘dimensianless.




CHAPTER 3 -

{ savings due to barticipant and

Tah!e 3 1 Cost and Savmgs Components of the TRC and uc of Energy_Sav:ngs

"included in TG Resourcé
.. Costot Engrdy-Savings &% 5 Ehez;gy Savings .+ .~

Cost Elements

Partici;ﬁant-péid meastre Yes No
costs L ‘
Utifity-paid measure costs - Yes S Yes
Participant- of utility-paid Yes" , ~ Yes

measure costs assoclated
with free riders

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

Utility sharehoider incentives Yes Yas™
Changes in customer ~ No No
operating costs {+-) : ) o o

k

Savings EIem?nts'

Savings from frtee riders : _Yes® . . - No

b ‘
Savings from non-free riders Yes Yes
Savings recap!ured through Sometimes* Sometimes
takeback E: C g '

No No .

nonparticipant spillover®®

}

11

“
Our weatment of frée riders in the TRC differs from standard practice, See discussion in Section 3.1.1.

|.
Our inclusion of sha.reholder incentives in the UC differs from standard practice, which does not include them. Qur

definition is, thus, a more comprehensive measure of the direct ratepayer costs of energy savings,
3
As noted prevmusI;, our treatment of free riders in the TRC differs from standard practice. See discussion in
Section 3.1.1. :
%
Takeback refers to éavxngs 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.

‘i
Spillover refers to savings ﬁom measures installed as a result of the program, but not through the program. Itcan
include additional measures installed by program participaats cutside of the program or measures instalied by
nonparticipants as a resu[t of the program. See discussion of spillover in Chapter 5.

10
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for expressuig our; sl TRC and. el
levelized cost’ of a pro'gram by annual energy saving%
perfoxmed using a common real (i.e., net of mﬂatmn) disco

oS B R AN L e

of the TRC and UC are cxprcssed as a cost per kilowatt

T

3.1.1 Total Résource Cost of Enei'gy Savings -

The total rcsource cost of energy savings consists of two types of costs, measure and
nonmeasure costs. Measure costs may be bome 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 qxscusszons of the cost of energy
savings. However, including these costs is essenual forl assessmg the total cost of energy
savings to soc1ety ST

L Nonmeasure costs refer to all costs mcun'ed by the utlhty_m operanng its DSM program
* © - except for the utility’s contribution to the cost o es delivered by the program.
Nonmeasure costs include direct costs in the form of pro staff, advertisidg expenses, and
administrative support; and indirect costs in ther form of departmental overhead and
measurement and evaluation expenses. DSM shéfehélder incentives paid to a utility for its
performance in nnplcms:nung aDSM program are also mcluded in our ca]culatmn of the TRC

and UC. -

Chapter 4 describes the data underlymg our calcuIat:on: i 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 overesﬁmated bccause utilities sometimes Teport costs
as representing full measure costs when, in some gase incremental measure costs may be
more appropriate; and (2) the importance of mc[udmg overhead, measurement and evaluation,
and shareholder incentives in the cost of energyd savings. With regard to shareholder
incentives, there' are unresolved conceptual an _ment issues associated with
determining the extent to which these incentives aré l:ruly net socmtal costs or simply transfers
- batween ratepayers and shareholders. Our calculanon of the TRC is conservauve because we

include shareholder mcenuves.

All measurements rely on some form of post—program savmgs venﬁcanon, ranging from on-
site inspections and customer surveys to sophzstzcated regression analyses with customer

Levelizationis an encrmeennglcconomtc technique that spreads costs in equal nominal amounts over the lifetime
of a program $o that the present value of nominal amounts is left unchanged. See, for example, EPRT (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 for the tune-value of money increases as savings extend
farther into the firture or when discount rates are high,

11
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CHAPTER 3 g

- spillover. In view of the current controversy over the measurement of spillover, we have not -

3.1.2

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- -

billing infortnation and ‘end-use meterin uation methods itsed to. verify energy
savings from the programs are discussed i Chapter 5.  Chiaptér 5 also examines the impac
of the following uncertainties on our findings: (1) differences in evaluation methods us
estimate anniial energy savings; (2) differences in the economic lifetime of savings; an
differences in the effects of free-rider estimates on.the UC of energy savings. .0

i

Our treatmeint of the savings and costs associated with free riders differs from standard

practice, The:fstandard definition of the total fesourde cost of energy savings does not include
the measure costs and savings from free riders. We include them, Our reason for including
them js based on our review of current practices in estimating free riders (see Chapter 5),
While methods for estimating the savings from free 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 h%ive chosen to address the issue of free ridership by minimizing the number of

.

costs are low.

. 3 . . e s .
The TRC, in pz'i:;lciple, also does not take credit for takeback and includes all savings resulting

from participant and fionparticipant 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

included these estimates in our calculations,
: ‘
!

Utility Cost of Energy Savings

Our éaié@iaﬁonié_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

recovered from ratepayers. Third, the savings attributable to the programs are decreased by
the utility’s ﬁee~n;dership 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.

Chapter_s describes t_he Mmeasurement of free ridership by the utilities and the sensitivity of our findings to these
measurement assumptions.

12
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Resource Cost and Uuhty Cost of Energy Savmgs

weighted meanTRC and UC for our 40 programs is 3.2 ¢!kWh and 2.7 ¢/kWh,

g respecnvely; (see Table 3-2). Utrlrty nonmeasure costs, which include utility administration,
_ overhead, measurement and evaluation, and shareholder incentives) account for 0.8 ¢/kWh-
" or25% of the TRC. Measure costs, split between utility and participants, account for 44%

(1.4 ¢/kWh) and 31% (1 0 ¢IkWh) respectrvely, of the rema.mmg savmgs—werghted TRC of

-, energy savings. ’

The large ﬁ'action of the savihgs-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 thu:d Iess expensrve thau they actually are. :

Fgure 3-1 atranges the DSM programs from the least expensive to the most expensive and
plots them sequentrally against energy savings; the “width™ of each program along the x-axis

x ‘represents the § savings accounted for by each program. Tlus form of presentation, shows that

the savmgs-we1ghted average is dommated by several very large and mexpenswe programs,
and that the most expensive prografiis are comparatively small in size. For example, 28% of
the savings have cost less than 2 ¢/KWh and 50% bave cost Iess than 3 ¢/kWh. At the same

__tune only 1% have cost more than 9 ¢IkWh

| The savmgs-werghted TRC of energy savmgs (3 2 ¢/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 ¢/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 mdrcated in Figure 3-1, the results for our

- sample are strongly affected by the presence of Iarge, mexpensrve programs. The inclusion

of large programs was a conscious element of the gram selection criteria for the current

""" report, which was not pursoed in the carlier report Second, for the programs that were

inclnded in both the earlier- report and this report we’are generally relymg on information
from a more recent program year (that is, 1992 program information versus 1991 or earlier

program information): Several of these programs haye reduced the cost of acquiring energy
_ savmgs In the final subsection of this chapter, we will attempt to use both factors (program

size and program maturity) to help explain dlf‘fereoces, in the costs of the programs.

CHAPTER3 "
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Note Dces not inc!ude Program #8.

The tnweighted méans for the 40 progratns are 6.0 ¢/kWh (standard deviation = 7.5 g/KWh)

and 5.4 ¢/KWh (standard deviation = 7.6 ¢/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 ¢/KWh and 45.2 ¢/KWh, respectively. The cost of this program is more than four
standard deviations higher than either mean. W'thout this program, the unweighted means
drop 20% to 4.9 ¢/kWh (standard deviation 3.1 ¢/kWh) and 44 ¢!kWh (standard deviation
4.0 ¢/kWh) for the TRC and UG, respccuvely 8

' Fxgure 32 compares the TRC to the UC for each program. The figure md;cates 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 ¢/kWh. Of these, seven programs also have
UCs of energy savings that are less than 3 ¢kah and four programs have UCs of energy
savmgs that are less than 2 ¢/kWh.

In view of this finding; we will selectvely exclude this program from subsequent d:scuss:ons in which 1ts influence

- dominates the comparisons being made.

15
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In thmkmg about current trends in DSM program design, concerns about DSM program rate
impacts are Ieadmg 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 offemd rebates that pa1d about 25% or less of the cost of the measures. By
examining results for these programs, we can gain some msight mto the effect of thxs program
des1gn deC1510l|l on the costs of energy savmgs. )

Two of these ﬁve programs were among the least expensive with a ’I'RC of less than 2 ¢/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 ¢/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 desigas with high customer cost contnbuhons should cost any
more than DSM programs with lower customer cost contributions. -

[
]
£
v.
“
I
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CHAPTER 3

1

- 33

3.1

- -)_-

Program Cost Effecuveness -

s T e o .__r"

In this secnon, weé describe program oost-effecnveness usmg two standard DSM benefit-cost
tests, the TRC bcneﬁt—cost test ratlo and the ratepayer impact measure (RIM) benefit-cost
test ratio; ' S

I
i
i

The Total Resotirce Cost Bepefit-Cost Test Ratio

The socictal 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 économic 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 aré avo;dcd and what methods are used to estimate them differ among utilities.”

We worked from each ut:hty ] beneﬁt-cost ratios for its DSM programs in order to develop
a “top-down” éstxmate ‘of program-specxﬁc avoided costs.*® For example, from a TRC
benefit-Cost test ratio of two and a levelized estimate of the denominator (i.e.; total utility and
incremental pa:tmpant costs) of 4 ¢/kWh, we can conclude that the eﬂ'ecuve avoided cost
or numerator is 8 ¢/kWh (ie., 2 x4 ¢/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 avo:ded 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 ¢/kWh, they include avoided capacity costs implicitly.
Finally, without commenting on their appropriateness, we chose to eliminate cnvuonmental
externality adders in an effort to ensure greater comparability among utilities

Figure 3-3 presents, in descendmg order, the TRC benefit-cost ratio for each programm. The
total resource cost assoc;_ated with each program is plotted horizontally across the x-

AU

t

See Busch and Etc ( 1995) fora sumary of current prar.:nces in estimating avoided costs for use in measuring the
resoume vaiue of DSM pro grams

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

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.

17
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332

_ ﬁndmgs If we assume that avo,
- benefit-cost test ratios drop below umty for an additional 19 programs. However, the
- savings-weighted TRC beneﬁt-cost fest ratio would he 1.6. We conclude that dramatically
"dra.manc effect on the cost effectiveness of individnal

In view of this sztuanon it is useful to consider how, lower avo1ded costs would affect our
osts are 50% Iower than those originally reported, TRC

lower avoided costs can have a d
programs, Nevertheless, taken as a whole, the ma_]onty of savings from the programs remain
cost effective.

Ratepayer Impact Measure Beneﬁt-Cost Test Ratio

The ratepaycr mpact measure (RlM) beneﬁt—cost test raua measures the relationship between
the supply costs avoided by a DSM program, and the DSM program costs and revenue losses
incurred by the utﬂxty (CPUC!CEC 1987).—Assummg perfect ratemaking practices, 2 RIM
test ratio of less than one mdmates that the program is likely to increase retail rates, However,
the RIM test is an unperfect mcasure of the actual rate 1mpacts of DSM measures. Among
other things, the exact schedulc 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 des1gn practxces, must be accounted for to determine the exact impact on retail
rates.” ' . : .

The savmgs—welghted mean R]M benefit-cost test ratio for our programs is 0 3. The
unweighted mean is virtually identical (0.5 with 2 standard devxanon of 0.3). The simple
conclusmn we, draw is that av01de.d costs are Iower than retaﬂ rates.?

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 relauonshlp is driven primarily by the relationship between
avoided costs and retail rates. I-ngh avoided costs (leading to higher TRC benefit-cost test
ratios) evcntually excced retail rates and drive the RIM ratio upward

b
P

24

See Hn'st and Hadley (1994} for a discussion of' the rate impacts of DSM programs; see Pye and Nadel (1994) for '
- asummary of studies that have attempted to measure the actual rate impacts of DM programs.

We estimated revenue [osses using the average retatl rate for the commercial class of each utility, as reported in
EIA( 1993 and 1994z). :

19
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Explalmng Drfferences in the TRC of Energy'Savmgs ;

What makes solme programs more costly than otbers" In addressmg this questmn, it is useful
to begin by srmply reviewing the differences between the best and the worst programs. Table
3-3 summanzes key featvres for the five ledst and five most expenswe programs as well as
for the ennre sample of programs.” E :

Startmg with program costs and measure and nonmeasure costs, it is clear that the least
expensive programs were rua with substantially Iower adrmmstranir Or ponmeasure Cosis.
These programs were either run more efficiently (even
shareholder mce;mves) or they were ablé to spread ﬁxed, I |
of energy savings (see below).?® It is also clear that high measure costs account for most of
the costs of the Ilnore expensive programs. Either the measures mstalled were very costly or
the installations were such that comparatively less energy was saved per installation (e.g.,

facilities recervrrlg the measures had few hours of operauon)

25

2%

Program #9, the very expensive outlier described earlier, has not been included in this comparison.
i

I

The inclusfon of audits in the adriinistrative cost ofa program would also tend to drive cost upward. Unfortunately,
we were not able to identify whether audit costs were included consistently for all programs.

i 20

or perhaps because of,
costs over a larger base
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CHAPTER3

Table 3-3 Comparison of the Most and Least Expansive Programs

Five Least Five Maost
R Expensive - Expensive '
. *  Programs ~ Programs All Programs?
TRC (¢/kWh) 1.6 (0.5) 10.9(3.8) . . 49(31)
Nonmeasure Gost (¢/kWh) 0.5 (0.4) 1.8{1.2) . 11(09)
Shareholders Incentives 40f5  Bof5 ‘ 28 .of 39
Measure Cost {#/kWh) 1.1 {0.3) g.1@7) - 3.8(28)
Avoided Costs {¢/kKWh) 8.1 (5.6) 84(2.2) - ) 6.9(3.1)
Measure Costs Paid by Utility 49 (26) 78 (34) 69 (28)
(%) |
Program Size (GWhiyr) . 215.3 (159.5) 8.7 (5.0 60.4 (104.8)
Particibants (per year) 4,721 (4,626) 796 (1,095) 1,691 (2,563)
Savings/Participant {MWh) 106.3 (120.1) . 48.2 (80.9) 718 (124.8)
Lighting Fraction of Total ~ 53(33) 73(42) . 64 (39)
Savings (%) S
Program Type (Rebate =0, 0of5 Direct install 3 of 5 Direct install 10 of 38 Direct Install
Direct-tnstalt = 1) ; o o
Program Start Date 1987 (5) 1990 (0} 1889 (3)
Economic Lifetine of ~ + 14.4 (1.2) 11.3 (2.2) 13.1 (3.1)
Savings (Years)- v :
Measure Cost Reporting® - 1 of 5 Full 4 of 5 Full 25 of 35 Full
(Full = 1, Incremental = 0} - o .
Savings Evaluation Method® 3 of 5 Bill-Meter 3 of 5 Bill-Meter 24 of 39 Bill-Meter
(Billing-Metering=1, .
Tracking = 0) i

2 Does notinclude program #9, '

2 N =37 for this explanatory variable,
»®  See Chapter 4 for a discussion of measure cost reporiing.

% See Chapter 5 for a discussion of savings evaluation methads. - -
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;_gudc SODE ¢ 6f the older, possibly more mature programs in the samplc Thu'd because the
'g'iamS tended to report incremental measure costs, they- appear to have targeted normal
Iacements rather than early replacements.”!

sma.ll 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

I!

Perhaps moxe mteresmg than the dxﬂ'erences between the least and most expensive programs

. are the smﬂannes between them. Avoided costs, the percentage of measure costs paad by

the _utility, hghtmg fraction of total savings, economic lifetime of savings, and savings
cvaluation methods are all quite similar to one another. These similarities have important

unphcatmns for previous DEEP findings and for the potential impact of methodologxcal

N defercnces onlcurrent findings.

..A»‘

* Etoetal (1994) found ewdence suggesting that avoided costs were posmvely 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 de31gned programs. In this situation, higher avoided costs led to higher cost

programs. In the current situation, the explanation appears more complicated, probably

- because of confoundmg influences, such as program size, type, and maumty

' The sumlanty m the portion of savings attributable to lighting and the s1m1lar1ty in the hghtlng

measures promoted, suggests that differences in the portfolio of technologies instalied may

; hgye been less important than the savings that resulted from whatever technologes were
i 'talled. Earher we sgeculalcd that the more expensive programs may have énded up

targetmg mstailaﬂons with lower savings (because, for example of a small number of hours

_of operation). Tlns finding of similarity in lighting savings fréctions lends some credence to

this hypothesis. A definitive conclusion can only be drawn by examining detailed demographlc
information on actual mstal]anons _

1,

[
3

3

3z

As described in Chﬁprzr 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 descnbed in Appendix A, we were not able to obtam these data., except in a limited fashten far

a few programs, ‘
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most expenswe programs also have some common features. First, the- programs are qlute _
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Although exauumng lugh- and low-cost programs can ﬂIE‘sNtmr}atq ge mdg
include information from the entire sample and mist ngo"rohsly accoun
influences of various poss;b}e explanatory variables on'the ¢ outcome. "For a final look at the
data, we used multiple rcgressmn techniques to conduct a serfes of expl

the TRC.»

L o : 3

PR

In Tab!e 3—4 we present the results from two regresmons_of the vanousrexplanatory vanabies

e IER ST 3,

. (drawn from Table 3-3) on TRC.>* The first mgdel; labeled <best

(R s

including only those variables that had the greatest explan 0

WS e R e LT

. labeled;“all variables,’ was estimatéd using ‘all avmlablg_g&plggﬁa*to
coefﬁcxcnts in tha second modcl for vanables mclu

" comparatively lower cost associated with larger pro grams (a;ﬁleasured by annual savings).

i T ST

energy savmgs.

# We continue our earlier practice of ehmmaung the very hlgh-cost program #9 from this analyms.

We excluded three types of variables from Table 3-3 in running these regresmons. First, we excludad *“number
of participants” 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 hghung measures” because t.hxs information was not avaable for all 39 programs

¥ g pecifically, we used the automatic variable selection procedurc in SAS callcd Farward

23

‘ovemew must -
t for the relative
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. CHAPTER 3

S g e
AP SNt
[

s
P

b oy

.';.., ey .-,’..
= 3;."3,99:1-‘":“: ';_.:54.1‘ -

.
Y

Intercept

" Program Type
(Direct Installatxon 1 versus Rebate = 0)

Program Size (Annual kWh Saved) _
Shareholder Incenﬁve (Yes 1 ve‘rsus ﬁo 0}
Economic Ln’enme of Savings (Years)
Savmgs/Parhmpant (xWh/participant)

Avoided Cost (¢!kWh)

Program Start Date

Savings Evaluaﬁnn Method .
(Bmmg-Metenng 1 versus Trackmg 0)

L
Adjusted R-square -

6.35 (3.10)
234(228)

863 E-9(-202) -

1.64 (1.67)

258 E-1 {-1.85)
-5.06 E-6 {-1.50)

1.45 E-1 (1.04)

. 0.312

. -9.26E-9 (-1.95)
1.67 (1.64)
27161 (-1.73)
-5.30E-6 (-1.46)
1.45E-1 (0.99)
' 161E2 (-0.10).
4.94E-1(0.51)

. 0.273

Note: T-statistic in parentheses.
;

. We find evxdencte of a weak, but not statistically significant, relatlonshlp between the TRC and
the presence of shareholder incentives, the economic lifetimé of savings, savings per
. participant, and avoided costs.. The presence of sharecholder incentives and higher avoided
.COSts are co:related 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 2 stat:stlcal[y significant correlation between the TRC and program start date or

‘program savmgs evaluauon method 3

3 We will further e-xplore the relationship between sharcholder incentives, savmgs eva]uauon methods. and the

economic lifetime of savings in Chapters 4 and 5.

+
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CHAPTER 4

4.1

Deve10p1ng Consistent Program
L Cost Information

In this chapter, we descnbc the development of mformanon on the ma_]or cost components
of DSM programs. The components of cost include measure costs bome 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.” ‘We also describe our concerns regarding the inclusion of shareholder incentives
in the calculation of the total resource cost of energy savings.

Measure Costs . —

Measure costs are the costs associated with purchasing and installing an energy-saving
measure. Developing these costs for the UC is straightforward it simaply requires
identification of rebates and incentives paid to customers in a utility's records. Developing
these costs for the TRC is comphcated 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 situation/condition 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

Utility-Paid Incremental Measure Costs

Utility-paid measure costs (rebates and direct installation costs) were generally well-
documented. However, two factors complicate the calculation of utility-paid incrernental
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

37

38

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 unwei ghted mean (see Table 3-2}.‘

As descnbed in the text, the term incremental must be defined in compaxison to 2 baseline; in some cases, this
means that the incremental cost of 2 measure will be, in fact, the fuull cost of the measure.

- 25




- mgasure. Conventtona}ly,'

Shpeminit,

The second and more s subtle factor depends on the d
measure costs are es '-

tion of'iﬁe baselme agamst wh1ch

SR AR L

utility’s DSM program w:th respect to the decxsxcn to replace the ex.xstmg eqmpment ta:geted

by the program

On the orie hand, 1f eqmpment is at the end of its econoxmc life," the decxsmn to replace itis

. assumed to be immirent. For energy-saving measures mstalled in these circamstances, the
incremental ) measure cost is the difference between the cost of the equipment that would
normally rep}aee the equipment being retived and the actual cost of the equipment promoted
by the utlhty Incremental measure costs may legitimately appear to be quite small; for
example, there may be no additional installation costs, and additional equlpment cost may be
only a frachotll 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 eqmpment at the end of its useful life
is replaced by new, energy-efficient eqmpment :

On the other hand, for customers whose eqmpment is not at the end of 1ts economic life, the
mcremental mieasure cost of energy savings is the full cost of the ‘measure, including full
equipment and total installation costs. If the customer had not decxded to partlclpate in the
utility prooram no costs would have been mcuxred (as. weIl as no savings). We call the
adoption of energy savings Ineasures in these sxtuatlens early replacements. Early
' replacement is more common for hghtmg measures than for HVAC measures. In these

instances, workmcr lighting equipment is removed and replaced with eneray-efﬁment .

_equipment. : : T
Althouah the dJstmctlon between normal replacement and eaﬂy 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 rcplacements and ea:ly replacements savmgs may

‘,

39
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42
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. Chapter 3 descnbes how and why our treatrent of free ridership for the TRC of energy savings d1ffers frcrn '

ccnvennenal pracuce
The cancept of the econormc. lifetirne of energy savings versus the physical ifetime of energy—savmg measures is
discussed in Chaptekr S.

! .

- Qur cholee of this tatrn acknowledges that, at some point, all equipment js likely to be replaced or retired at some
point in the future.| Hence, participation in a utility’s DSM program results ifi an acceleration of the normal
replacement or reurement date.

:
As discussed further in the context of the economic Ifetime of savings (see Chapter 5), removing working lighting
equipment may still be classified as normal replacement, if replacement is conducted at the timé of building
remadeling or rencvanon.

P : 26
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" or may not be affected.”” However, because the costs attributable to the savings differ, the

TRC will differ, even though there is no dlfference in the actual out—of-pocket cost of
measures mstalled

For example in exammmg the measure cost component of the TRC for programs of two

'utxhues with similar customer populatmns, we found that rebate levels offered by the

programs were nearly identical. Howchr one utility assumed that participants were
replacing existing equipment at the end of its econoraic life (normal replacement) and reported

that their Tebates 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 s savm ngs’ wﬂl be half of the second’s.

43

Savings are a function of the baseline. See Appeﬁdix B fora discussion of the treatment of savings frormn early
replacement and normal replacement retrofit programs.
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Participari;:EjeirI Incremental Measure Costs

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, partxmpant cost information is
based on. customer invoices from completed installations.** However, information on
partxc1pant costs is not reported umformly

We d1d not obtam an estlmate of part1c1pant costs for 10 programs For these programs we
worked ﬁ'om ;rlfonnanon on rebate design, program planning filings, and rebate levels to
. develop an hmate of these costs.. For one program, the rebate design indicated that the
' ,rebates ‘were mtended to pay for an assumed fraction of usually full but sometimes
mcremental measure ‘costs. We used the reported fraction to impute participant-paid
i mcremental measure costs. To determine participant-paid incremental measure costs for five
programs, we re].ted on program planning documents describing the projected TRC ratios for
programs. To estimate part:c:pant 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
assurpes all measures were early replacements For two programs, we examined a samp!le of
rebate appllcatlons and customer invoices to determine the fraction of full measure costs paid
by the paruclpant thxs too isa conservanve ::tssum}_)tmn.“6

For the remaini’ng 30 programs, some estimate of participant cost was prowded but it was.
_' oﬁen diﬁ’icult to determine when thé reported costs represented incremental measure costs,

28 deﬁned in Secuon 4.1.1. Costs were described in several different ways Sometimes full
A versus merernental costs were explicitly labeled. Within the categories of full rather than

. mcremental costs eqmpment and mstallanon or eqmpment but not msta.llauon costs were

B
'

.y — -

This'is an exarnple of a more oeneral phenomenon wh:ch occurs whenever the uul:ty s rebate exceeds the
incremental cost of the measure. It can occur whenever rebate designg are based on full measuore costs, when, in
fact, the program baselme is norma.l rep]acement (rather than early replacement) ‘
Customermvmcec are the best in this instance because they represent a very tangible form of cost documentation,
However, they typically represent full 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 of just how conservative our assumptions are in Section 4.1.3.

: | 28
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sometimes reported. In most cases, we had to ask our lltlllty contac
their rcported costs referred to. -

o clarify exactly Wﬁaf '

In summary when parucrpant costs were exphc1t1y described as representing mcremental kN
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 &n early replacement). When measure costs were termed “full measure cost™
(true for 19 of the 30 progmms), we could not determme Whether this meant that the unhty
-considéred 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 assumiption that all measures were early
replacemnents for the purposes of estimating incremental participant costs. That is, we did not
adjust any reported measure costs. If this agsumption is not correct, our estimate of the total
resource cost is biased upwards. Finally, for five prograrus, we could not determine whether
measure costs fepresented full or incremental measuré costs.” - : :

S ;5 =
4.1.3 Assessing Unoertainty in Measure_Costs o

; ‘
We have made conservatwe assumpuons and mterpretauons in developmg 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 versts 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 rursber of programs (3) that reported
incremental measure costs, however the statistical 51gn1ﬁcance of this finding is at best only

suggestwe i
Table 4-1. Fulivs. Incremental Measure Costs |
. o o ' Standard Deviation - '
. Mean (¢KWh) : (¢ka11) - Number
Increl{lenrel MeasureCosts B “ 2.2 o _ 09 o _- 3
Full Measure Costs . ' . 4'.9 S 19 L 12

Note: These costs do not include program #9.

We can conclude however, that our efforts to impute rmssmg pa.rhcxpant costs based on full
measuire costs are hke]y to be conservative and thus overstate the TRC,

T Overall, we classified measure costs as “incremental” for 10 programs, as “full” for 25 programs, and as

“unknown” for 3 programs. _ . .
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4.2.1

Ut111ty N onmeasure Costs

Utility nonméasure costs mclude both direct and indirect costs. Direct costs include the costs
associated vtuth running 2 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
aliocation of general administrative overhead, and measurement and, evaluation costs:
Altlloucrh less tangibly conpected to the dehvery of a program, indirect costs are legitimate
clemcnts of tl;e cost of acquiring energy savings. Shareholder incentives are also an indirect
cost. However, we discuss them separately in Section 4.3,

L ,

|5

i .
Direct Noanasure Costs

Direct costs were readily available for all programs although the components of direct cost

were categoﬁiid in a variety of ways (see Table 4-2). Althongh 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.*® Hencc we aggregated all categories of direct nonmeasure costs to a single total.
L .

| "
Table 4-2 Utlltty Admlmstraﬂve COSt Cateules .

Ottty 1 ‘u'msfa: Utility #3 Utility#4, Utility #5
= Implementation Labar o Promotion o Developrnent o Direct Administration = Adminisiration
o Adminisirativa Labor o Contracted Admimstraﬂon .

o Conlract Employees o Program Administration a [mplementation ¢ Overhaad
o Confract Services o [ntemal Administration :
o Transporation ! (for 3 programs o Marketing
o Materials : cambined) .
s Tele/info Services ’
= Graph, Arts/Postage
o Employes Expenses
o Diract Charges .
o Misceflaneous Diract
o Charges :
o Overhead

L

4.2.2 Indirect Nonmé:asure Costs

Indirect costs, r.ionsist.ing 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 cosis.

As with the other direct cost categories, we wanted to assure ourseives that some allocation

See Berry (1989) for a comprehensive discussion of issues associated with utility reporting of administrative costs.
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. costs reported

423

_ Developmg mformatron on measurement
 First, measurement and evaluatron c

nother. 2 29 programS. progrm:rl d°,°,“ nentat i

already mcluded in reported dlrect ¢osts’i For another fwo programs we could not 1ocate an

ind evaluation costs presented other challenges.
Were sometrmes not separately reported but were
included in other program cost categones. This was especra]ly true for programs whose
primary source of estimated savings Jnformanon was program tracking databases (see Chapter

. 5). Second, measirement and evalnation costs reported in program year 1992 generally

referred to measurement and evaluanon actrvmes conducted to estimate savings from a prior
program year. Third, when measurement and evaluatron costs were separately reported, they
were commonly reported as an aggregate total for all measurement and evaluation activities
fora grven program year. : :

Our approach to measurement and evalu was as follows We generally attempted
to rdentrfy and report measurement a_n pended to evaluate savings for the
1992 program year by searchmg records to Iocate the future year in Wthh they were incurred
(we found them for 14 programs). More commonly, we srrnply relied on 1992 expenditures
on measurement and evaluation as a reasonable p'roxy for the measurement and evaluation
costs associated with evaluatmg the Ioad 1mpacts of the’ 1992 program (we did this for 23
programs). For three programs measurement and evaluatron costs were not reported
separately, but were mcluded in another cost :

ER Ie.

Assessmg Uncertalnty in Indurect Nonmeasure Costs

Some insight mto the etfect of mcludmg or excludrng overhead and measurement and

evaluation costs can be garned by exam:mng the subset of | programs for which these costs are
explicitly reported, For the nine programs tha t 1epo! ed explicit overhead costs, overhead
costs averaged 4% (standard devrauon 4%) of total utihty costs (measure + nonmeasure
COSts). For the 37 programs wrth 1dent1ﬁed measurement and evaluatton costs, measurement

while inclusion of these costs is unportant for completeness, peither represents a signific ant
fraction of the UC (and hence, TRCJ

31
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CHAPTER4 - ! -
[

-4.3

The Treat_{ne'nt of Sharef;dléer Incentive

As descn'bed i Chapter 2 we mclude shareholder mcennves in onr estunates of‘
and UC. Aﬂer discussing our procedure for developmg estimates of these costs,

our reasons f‘or including them in the TRC
]

“For the utihtles that receive DSM shareho]der mcentxve payments, we were generally ab]e to. .
" locate these payments in regulaxory filings. However, hecanse of the design of the mcenuves,

the ﬁlmbs typxcaﬂy contained a single amount reflecting the utility’s total reward for DSM
activities in a ngen program year. The designs of shareholder incentive meehamsms include
bonnses, rate-retum adjustments, shared-savings, and hybrids combining two or more of these
individual incentive types.*” When program-specific incentives were not available, we chose
to allocate a portlon of total incentive payments to our programs based on the energy saved
by each progxam as a fraction of the total energy saved by all of the ut111ty s DSM programs
t
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 opmlon about whether they . .
should be mcluded when estimating the TRC. Some argue that shareholder mcenuves are no.

. more than transfer payments from ratepayers to shareholders and, therefore are not a cost

4.3.1

to society. I-Iowever, others argue that shareholder incentives are a cost to socxety like

_management | fees and therefore should be included in the TRC. The d:fﬁculty in assessing

these posmons 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 uuhty 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 thie range of Iudden cost.
n CCODO]IHC terms some of these payments are just transfers. :

\.
+ ) | .

'As5essmg the Illnpact of Includmg Shareholder Incentives in the TRC

Ls

: 'We have mcluded shareholder incentives m ‘our calculatmn of the TRC." Because some

fraction of these costs may be transfers, our decision to inciude them is a conservative one.
As with the other uncertainties we have considered, it is useful to consider the effect of

assuming mstead that utilities do not bear any hidden costs and that all shareholder incentive

payments are sunply 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 ¢/kWh). From the standpoint of
cost eﬁ'ecuveness only one program becomes non-cost effective when shareholder incentives
are included. ;

49

‘1 .
See, for example, Stoft et al. (1995) for a raview of DSM sharehaolder incentive mechanisms.
3
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CHAPTER S

5.1

.11

Measurmg the Energy Sawngs 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 guantities are difficult to measure
with precision. In the following sections, we survey current practices and explore the effects
of key uncertainties on our findings.

Class;ifying' Methods ;for Measuﬁng Annual Energy Savings

We classxfy methods for measuring annual energy savings mto threc broad categories: (1)
tracking database methods, (2) billing analyses, and (3) end-use metering.® Most programs
use miore 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 1pcrease the reliability of their savings estimates. For example, the
statxstxcally—ad_]usted 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,

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 installations to detailed end-use metering of affected electrical cirenits.

50

See, for cxample, Sonnenbl:ck and Eto (1995) for detalled dlscussmn of the three approaches and of the
relationships among them. :
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‘Ta es- Summary of Annua nergy Savmgs Methods

‘.Tracking Database Methods Numher of F'rograms (% of 20)
Venﬁcatlon of Measure lnstatfatl
" On-Site - Sample 17 (43%)
On-Slte AII " 18 (45%)°
- Self-Fteport-Sample , 4 (10%)
Self-Fleport A 2%
Hours of Operpat:on _
On-Site - Sample _ 17 (43%)
Onsne-ﬁin s o aEw)
Self-Report Sample ' | 9 (23%) °
Self-Report - All y 9 (23%)
- Based on Fl‘rekus Study . +] ﬁ B%).
B:!lmg Analyses -
Bill Companson o f L : 1 (3%)
_ Bill Companson w/Companson Group. S 3 fB%}-'
Bill Regress‘{ion w/Comparison Group ) - 3(8%)
SAE F!egre;sion w/Comparison Group. -~ - ' 12 (30%)
End-Use Metertng : D 11 (28%)

‘|
:
Inits sunplest form, the basxc trackmg database equation for energy savings consists of three
terms: , :
F : ,
~ Energy Savinﬁs = Number of measures insta]!ed * Changes in conncctcd load * Hours of use
" We dlstmcmsh among trackmg databasc methods by the wa.y in which information is
mtroduced into this equation. Starting with the first term, measure installations can be
verified by e1ther on-site inspections (as in 35 of our programs) or customer self-reports (six
programs). On—sﬁe inspections may be conducted by utility staff, contractors to the utility,
. or_both. Customcr self-reports include mformanon rcported to the utility on a rebate -

3 L . . . . .
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

. programs” 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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_ only alternatives for measunng this quannty directly. . .=

apphcation or through responses to, telephon_e or_maillsurveys admmstcred\l%;theh ity. : The

methods are apphed elther to ale 7
(20 programs) - 3

Changes in connected Ioad are typxcauy read from'engmeenng' tables' compare “the
connected load of the removed or repliced equipment’ to that of the more efficient
replacement equlpment. End-use and short-term, spot metenng, descnbed below are the

Hours of operanoncan also be measured with end-use’ metenng 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 mspectlons ‘of the prermses to collect
operating information for different zones within a premise. Agam, either all (26 programs)
or only a sample (12 programs) of participating customers may be surveyed &

For six programs hours of operation were detemnned throufrh tables thar hst “standard”
hours of operation for specific end uses (stich as hghtmg or, chﬂlcrs) usuaﬂy with separate
entries for different commercial building typés (such as oﬂi' or_ schools). These tables,
though often based on previous metering studies, are ‘often um'ehable (Sonnenbhck and Eto
1995). For five of our programs, these estimates were Iater exther 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 mtroduced by relymo on look-up

5.1.2

tables.

Billing Analyses

Bﬂhng analyses, in contrast to “bottom -up” trackmg 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 t a.rid after the installation of

B - DSM measures. Billing information can be analyzed using a sm1ple dxfferencm g approach that

directly compares pre-program to post-program consumptlon wrth the individual bills
sometimes first weather-normalized (as in 4 programs), they can also be’ analyzed using
multivariate regressions (15 programs). - The accuracy and rehablhty of estimates of net
savings can be improved by including billing information from a comparison group of
nonparticipating custorsers (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. coefﬁo1eat emerging from the SAE
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'End-Use Metermg

: End—use mctcnng is often regarded as the most accurate savings eva.luauon method because

it measures ‘the. quantities most directly related to energy savings.™- It is also the most -~

expenswe evaluatlon method to implement because the cost of data collection is high. Asa
result, it is usually implemented for only a sinall sample of participating customers, For the
14 programs that relied on end-use metering, the fraction of the population of partlc1patm°
customers mctered 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 stud.les are classified as short-duration studies, in wh1ch the metenng pcnods
generally Iast from two to four weeks. : :

i? .
-MeasunngTakeback B o

' .r

o . ,
Takeback refers to increases in amenity or energy service resultmcr from adoptzon of a DSM
program. Its existence has been documented in residential settings, for example, when a’
customer mcreases air-conditioning use following purchase of a more efﬁcwnt air cond1 tioner

(see Nadel 1993) ‘ .

. Changes in energy semce have not been studied systemauCally for the commcrczal sector.®
"Pre-/post-billing analyses can jmplicitly pick up the energy use impacts of amenity changes
resulting from program participation. However, the effect is usually impossible to isolate.
Ten proorams atternpted to 1denufy chauges in energy service IeveIs through customer

Sonnenbhck and Eto (1995) demonstrate that the reahzahon rate coeff‘ cient esnmated by thesc mcdels IS subJ ect.

t0a well-undcxstood but ve.nerally unacknowledged bias and j :mprecxs:on resulting from errors in the prehmmary

estimates of energy savings. These errors, whtch are pervasive in the tracking databases used by SAE models,
- compromise the straightforward i mterpretamn of the reahzauon rate s reprcsenung the ﬁ'actlon of the prehrnmary
_ estimate of savmas “confirmed” by the SAE model. . L : : .

3 Atthe same ume, as Sonnenbhck and Fto (1995) dcmonstratc, estimating energy savings from end-use metering

is subject to.a number of uncertmnnes, including omission of HVACHighting 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.
I

_ % Fromthe standpoint of social welfare maximization, takeback can be socially desirable even though maore 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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CHAPTER 5

5.1.6

% R e

tres' rely mg on bﬂ]mg analyses (19 programs) all assumed takeback was

Partlclpant and nonpartrcrpant spillover represent savings that are caused indirectly by the
actions of a ut:hty s DSM program. Participant spillover refers to additional energy saving
actions taken by a partlclpant 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 nonpartrczpants @i.e., those recewmg no reﬁate) as a result of the program.

Evaluatron methods for measunng splllover are in their mfancy 35 Only two utilities made an
exphcrt attempt to moorporate spﬂlover in their estimates of program savings. The evaluations

for 14 programs mcluded survey questions on the subject of spﬂlover. In several of these, the

survey reshlts were used to develop estimates or ranges of sprllover 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.. L , :

There are no generaﬂy accepted methods for measuring annual energy savmgs. All methods
are subject to bias and imprecision. There is anecdotal &vidence that the simplest forms of
trackmg database estlmates of savmgs are biased upwards % However, there is little

the 24 p programs m‘whrch hghtmg accounted for more than 60% of savings, we compared the
measure cost cornponent of the TRC for the 15 program.s that relied either on billing analyses
or end-use metering to estimate savings to the nine programs that relied on a tracking
database o 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

55

'56

See 'V’to!eue and Rosenberg (1995) for a recent summary of proposals for measunng spﬂlover.
See Nadel and Keanng (1991) for the first published drscuss:on of thrs phenomena.
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. CHAPTER 5 |

5.2

' 'Tahle 5-2. DSM Program Measure Costs asa Functlun of Sawngs Evaluation Method

deviations of the two means overwhelin the modest d 3
‘do not support the existence of a stanstlcally szgmﬁc uon'vbetwceu measurement
method andq“annual energy savings. Th.IS is c0n51stent with the’ muluple regressmn results
presented earher in Chapter 3. . : : .

o Y Mean Standardnewahcn . Number of

: I; e o (e/kWh) e - (gKWh) T - Pregrams
Bifling Analysis or End-Use Metermg 44 3.2 _ 15
Tracking Database w/o End-Use Meteﬁng 4.0 ' 20 g

|
Althoungh this '%:imple examination js by no means definitive, it suggests that there may be more
important infliences that affect savings other than evaluation methods. We have shown that
broad conclusxons regarding the bias in various evaluation methods cannot be substantiated

by our sample. As indicated, trackmg databases vary greatly in the degree and quality of

information they incorporate on actual installations. We conclude, in partzcular that 51mple _
adjustments, such as the apphcatxon of realization rates developed for one program to adjust —
the savings from another, cannot be justified without a more detailed understanding of the

- evalpation methods involved and the populations to which they were applied. See Appendxxr '

Cfora detzuled discussion of this issue.
| |
Estimating the Economic Lifetime of Savings
I; -
The econormc 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—hved measures (those :

lasting less than ﬁve years) _
'v . -

More commonly, utilities have conducted shoit-term persistence studies to determine measure

retention, removal, and failure for one to four years following installation (Wolfe et al. 1995).
- In our sample, elght programs had completed measure persistence studies that included the

1992 program y'éar (Typically, the studies include other program years as well.) The studies
generally found h1gh rates of pers:stence for most measures. Notably, several of these studies
found low renovanon rates in offices, restaurants, and retail premises in contrast to earlier,
well—reported ﬁndmgs of high (25% or more per year) renovation rates in these types of

prémises.” a

. 57.
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See, for examplc, Skumatz and Hickman (1992), which found comparatwcly higher rates of business turnover, o
renovation, and rcmode]mg ' .
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CHAPTER 5

521

cond1ttons), expert Judgment, and,ﬁ_or _ﬁve programs negouated agreements between the
) ut111ty 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 bmldmg renovation, Nevertheless the manner in which these

factors were accounted for necessarily involves sub_;ectwe judgments.

 Information on the lifetime of savinge was gel:terally reiaoned separately for each measure or

as a savmgs-we1ghted aggregate for all measures (33 programs). We did not receive
information on measure or savmgs lifetimes for seven programs. We developed estimates for

~ three of these programs by constructmg a weighted average based on the largest contnbutors
. (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 offermg snmlar measures. For two programs we used the
l.tfetlrnes for the popular measures mstalled e

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 d_ewatton of 3.1 years,

Assessing Uncertainties in the Estimation of Economic Lifetimes of Savings

The estimation of the economic lifetime of savings remains a critical source of tpcertainty in
the measurement of energy savings from utility DSM programs.®® Tt will be several years
before it is possible to conduct definitive stdies to determine the long-term persistence and
economic hfettme of savmgs from me.ny of the most popular DSM measures.

It is stra.xghtforward to. calculate the sensmwty of the TRC or UC of energy savings to
different savings lifetimes. For a prooram with a savings hfetune of 13 yearsand a TRC of

energy savings of 4 ¢/kWh, a decrease in savings lifetime to 10 years increases the TRC by .

22% and an mcrease in savmgs hfettme to 16 years deoreases the TRC by 13%.

The economic ifetime of savings from 2 DSM program also depends on the mix of measures
installed. Generally, lighting efficiency measures are assumed to be shorter-lived than HVAC
and motor efﬁcxency measures (see Ficrure 5 1 and Table 3-3).

A

e 1 Vo o J Y
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Sonnenblick and Eto (1995) demonstrate that the imprecision in savings estimates is typically dommated by
imprecision in economic fifetimes rather than i 1mpre<:1:;ton In annual energy savmgs.
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etimes and Free-Ridership Rates .t
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Figure 5-1, Economlc Lifetime of Savings as a Function of the Mix of End—Use
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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 prograrns {in which lighting accounted for less than 60% of savings), we

assumcd a llfeu:ne of 14 years (12 programs) 59

We find that the use of standard measure lifetimes increases mean TRCs by about 10%, but
that the increase is not statistically significant (5ee Table 5-4). In particular, use of standard
lifetime estirates 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 assumpttons

59

We did not obtain information on the fraction of savings accounted for by lighting for three programs. We also
excluded program #9 from our comparison due to its extremely high TRC. See diseussion in Chapter 3,

41
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"~-_ Standard Deviation (n 36)
: 3.2

'TRC Calculated usmg Standard ' 55 B 33
Measure erettmes : ‘ L

Measunng Free erers

Free nders d.lrectly affect the UC because they reduce the savings attributable to the effects

ofa uti]rty s DSM program® Because the utility cannot take credit for the savings from free

nders it must spread the costs it incurs over a smnaller base of savings. As documented in our-
prevrous study (Eto et al. 1994), there are three general approaches for measuring free’
;ndershrp surveys swrvey-based models of customer choice, and billing analysis with a
) comparison group. The first two approaches yield a drrect estunate of free ndcrshrp The

- thrrd,‘ in pnnc1p1e controls 1mp11c1tly for ﬁ'ee nderslup

53.1

'More than three quarters of the programs (33) conducted surveys to develop an independent

estimate of free nderslup Two of these used the surveys to estimate models of consumer

" choice. O program relied on a billing analysis to control for free riders.’ Five programs

repoﬁed free-ndershxp factors that were based on agreements reached between the regulator
and the utlhty One program did not conduct a formal evaluation of frée nderslup and

_assumed that there was no free ridership in its program. Among the survey-based

approaches m.ne reported free ridership based solely on participation, and the remainder

reported free ndershrp 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%

'wrth a standard devratron of 11 4%.

Assessmg Uncertamtres ih the Measurement of Free erers
" 1

‘ Evaluatron experts have raxsed 2 number of questions regardmg the accuracy of free—ndershrp
estimates. These questions include the ability of survey methods to determine free ridership

~ basedon potentlally biased customer responses, the adequacy of billing analysis methods to

 identify free ndershrp 1mplrc1tly (Train 1994), and the ability of either method to capture what

it : _ oo L

61
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As deseribed in Chﬁaptcr 3, they also affect the TRC, but to a lesser degree.

In point of fact, many programs indicated that they had controlled for free riders in their billing analyses. However,
all but one also developed an mdependent estimate of free ridership based on survey analysis.
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.7 We have calculated the total resonrce cost and utility cost of energy savings for 40 of the
e largest£1992 commerclal sector DSM programs. The TRC includes the participating
5 customer S cost oontn'buuon to énergy 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 savmgs—welghted basrs the programs have saved energy at a cost of 3.2
¢/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 contribuuons to minimize rate unpacts will erther be more costly or less cost effectwe.

Taken as a whole the savmgs from the programs have been highly cost effective when

- _compared to the avoided costs used in first developing theé T programs Moreover, the majority
e Aof savmgs remain cost effective even ‘when compared dramatically lower avoided costs, which
. are more representanve of the avoided costs currently faced by utilities. Nevertheless, a

" substantial number of mdmdua.l programs would not be consrdered cost effectrve under these

lower avorded costs : !

The results are dommated by soveral large and i 1nexpons1vo programs; some programs, albeit

sma]l in absolute size, do not appear to be cost effective. We conducted exploratory analyses
to deterrmne what factors help to explmn variations in program cost. We found program type

- and program size to be statistically sxgmﬁcant factors; our overall regression equations

explamed about 30% of the variance in the TRC of energy savings.

Measunng the cost of energy savings ¢ dehvered by utility DSM programs is drfﬁcult becanse
accountmg pract!ces and conventions differ : among utilities. Informatlon on participant costs,
which are of critical unportance to the TRC, is especxally dlfﬁcult to collect, both because it
is not normally 2 part of & utility’s accounting system and because it - depends on the assumed
program baseline. , We denionstrated that including these costs are important; they account
for almost a third of the TRC of energy savmgs. 0verhead and measurement and evaluation

‘costs (and hence concerns about their potential omission) are srnaller in companson to

parucrpant costs.

We mcludc shareholder incentives in the UC and the TRC Including them meaningfuilly 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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CHAPTERJ :

ng | the rehabﬂxty of
more soph.tsmcated methods:. Our decxszon not to adjust savmgs is ba ed on this 1mproved - -
understandmg of the strengths and lmtauons of current approaches. Th:s is not to say that
evaluations methods are free from bias and unpreclsxon they. most certamly are not.
However, categoncal statements reoardmo bias and i 1rnprecxs1on 'are not $upportable w1thout
detailed exammatlon of assumptions, methods, and ‘underlying data. Moreover, we
demonstrated that differences in savings evaluation methods were not stat15t1cally correlated

with changes in program costs. . i
1 .. .

‘We remain concemed about the accuracy of the estimated ec0normc h.femne of measures
because it is’ stlll inherently a forecasted quantity. We found, however, that the effect of
standarchzmg 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 apphcatxon of evaluation method as well as d;fferences in free ridership. Once agam we

. found that standardlzed assumpuons biad little effect on our results a o

No one knows the future of utlity DSM programs. However we feel strongly that
discussions about this future should be based on unbiased and cnncal assessments of the
- performance of past programs. The goal of the DEEP project is to contributé information on

program costs and cost effectiveness, and on the measurement of program costs and savmgs,
to this end. 1‘,

:
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“was because of a corporate policy of not releasmg DSM program information.*

To obtam mformanon for the current pro_;ect we had to address an important new data :
collection issue: the impact of the California Public Utilities Com:msswn “Blue Book” order. -
Utility concerns régarding 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 defensrve position about shanng information on ratepayer—funded DSM programs.
We began our pro;ect by ﬁenuf)nng the utihtzes with the 50 Iargest DSM program portfolios,
as measured by total 1992 DSM energy efficiency program spending reported to the Energy
Information Administration on Form EIA-861.% We then made preliminary phone calls to
verify that each utility had a commermal 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 of
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 i it could be attributed 0 an md1v1dual uuhty y

The Iette'r was successful in enlisting injtial participation from 31 utilities with a combined
total of 52 connnercml sector; energy efficiency DSM programs. % We began working with
these utilities by requesting that they send us readily available informmation on their programs.

We received mfonnauon 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 wére made because format documents
that would have aIIowed us to complete the forms wexe not available. In one case, the offer

61

Bl 19945).

'l'heBIue Book order called for, a.mcmg o:her thmgs, pmwdmg customers wnh dnrect access to generation markets
(see Blumstein and Bushnel! 1994} o

EIA collects mformauon separate]y on energy efficiency, load management, and load building DSM prograrms (see
Our d:scussmns resulted in only four fn:mal refusals from the cnrrmal 40 utifities contacted. Five additional

utilities did not have programs that met our size criterion (spending of grealer than $1 million in 1992) or had
programs that ware targeted solely to new construction,

© Ultimately, we were unable to mclude this uuhty 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 Program Seiection Proces

“Programes {7

Largest DSM utiliies as measured by 199_2 energy eﬂterency
program spendmg, as reported to EIA '

Based on plehmmary infon‘natzon, appeared to have a- 2
commercial seotor efficiency DSM program, excludingnew = . "
construction, larger than $1 mll!ton in 1992 sent letter soficiting .

parhcrpatron
Sentor agreed fo provide program information ‘ _ 31 51
Final data set based on evaluation of completeness, abrlrty to 23 40

obtain addlttonal information, andfor avallabﬂrty of information
from other sources

h

At this pomt, we ran headﬁrst mto a major stumblmg block. We had planned on an extensive
review process with each utlhty in order to clarify our mtetpretatlons of the information

- provided and to obtain 1mportant rmssmg information. However several unhttes indicated &
that they were not in a position to provide any fuither assistance to us in data collection, " - -

either in verxﬁang the interpretations of the material previously sent to us or in providing the
additional mformahon needed to complete the data collection form. In sOme cases, relevant
staff had left the department or the utility; in others, the mformatlon we sought was not

" readily available or had never been collected. In several cases, u nhtxes cited recent cutbacks

in staff or related staffing constraints.

 We then closely exarmned the information provided by the utﬂmes assessed what mfomlauort

we might still be able to obtain either from the utility or from other sources such as -
comumission 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

mfonnahon on both customer cost contnbuttons and the methods used to esttmate savings. 67

Common features of the data analys:s process mclude° (1) treatment of conﬁdenttalrty (2)
treatment of data veracxty, and (3) treatment of m.tss'mg data.

In view of concerns about confidentiakity that ut:htles expressed to us as we were developing
the pro;ect, we have - opted not to mention utilities or programs by name. Informanon is either

. l-
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Originally, we hoped to develop comprehenswe mformauon on: the number of measures mstal!ed by techniology
type, the distibution of savings by end use and premise type, and demographic information on participating
customers. We learned that many utilities either do not record these program data or de not record them in a form
from which this informiation can be readily provided.
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Utlhty _repomng and savmgs aluation py ctlces differ markedly For the purposes of our
analyses, we take the informa ”tlhhes as final. We do not question their
veracity or introduce mdepe den; _|ud to a_dJust thern. However, we recognize that
opinions differ regarding the accuraby of the data." In some cases, ‘the documents we reviewed
. had been the subject of intense regulatory scrutmy, typzcally ag part of a cost recovery or
DSM inceative proceeding. In general we base our information on the most recent sources
available in order to reﬂect ut_lhnes decisions to update pre\nously repon:ed costs and savings.

- We have approached the sub_ject of uncertmnty 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 assumptmns underlymg the data®® Instead, we
- have attempted to bound the effect of uncertamtxes by assessing their impacts separately for
important cost jtems or aspects of savmgs in Chapters 4 and 5..In each case, the objective
of our assessments is t&understand hp' potential biases might compromise our findings. In
other words, we attempt to. conﬁrm the exte to \ikhzch our findings are driven by differences

' among programs versus dsfferences m  the Ways' utilities report inforiation op their programs.

For several categoncs of mformatzon, notably customer cost coatnbuttons avoided costs, and

shareholder incentives, many utilities were either unable to provxde information or unable to .

provide it in the form reqmred for our analyses The procedures we developed to estimate
or 1mpute these data are also descnbed in Chapters 4 and 5.

68

Appendix C provides an example of the strict condmons that must be satisfied in order make these adjustments

confidently. -
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APPENDIX B

On Treatmg the:Béneﬁts and Costs from Early
Replacementf and Normal Replacement Retrofit

- Programs Conmstently

In Chapter 4, we described how the deﬁmmn of incremental measure cost depends on the
tining of the eqmpment reiIofit decision. We identified two situations, normal replacement
and early replaccment, which called for the use of different basehnes in measuring incremmental
measure costs. Although we did not discuss the issne in Chapter 5, the same general issue
regarding the deﬁmtlon of a program baseline also arises in measuring energy savings. In this
Appendix, we propose a umﬁcd framework for treating costs and savings consxstent]y for
these two rctroﬁt 51tuatzons

The gist of our approach is the recognition that early replacement represents an acceleration
of an eqmpmﬁnt replaccmcnt deczsxon that would have taken place at some point in the future.
decision has been éccelerated (m nme) and how (1f at all) the decxsmn has been changed from -
that which would have been mads i 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).” For normal replacement decision, only period B applies.

: : : . :
The treatment of costs and savings for the two replacement decisions is presented in Table
B-1. For early replacement, in period A, the baseline consists of the energy use and costs
associated with the former (now, replaced equip‘ment) 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 penod B, the baseline consists of current practice, which we define
as the equipmenit that would' typlcally be installed if there were no DSM program promoting
a more efficient e.qmpment 0pt10n

Dependm g on cuzrent pracnce the program baseline in period B mlght 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
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We are ihdebth to D. Schu]ri; Ca]ifqmia Public Utilities Commission, for pointing out the need for this
clarification and for his initial thinking in guiding the development of this approach,

For simplicity, we will not discuss end-effects 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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-Table B-1;

etrof:t Program Evaluation: Normal vs. Early Re J:Iacement

Paranieter Deﬁnltlon ~*+ Normall- Replacemeut

. Early Heplacement I

que!{ng ‘F?eference

Cost ‘|

. 3
Energy Sa wngs

i

i
i

- " Current practice, potenﬁa!ly

referencing applicable

minimum product efficiencies

or practices called for in
state/federal standards

Fuil cost of replacement
equipment minus current cost

of baseline rep_lacement

" equipment

Post—consumption adjusted
for baseline (e.g., minimum

produict efficiencies or
practices called forin .
stateffederal standards)

-

Period A: Pre-gxisting operatmg
conditlon

Period B: Current practice at time of
(future) nommal replacement,
patentially referencmg a stateffederal
standard

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

Period A: Pre—consumpﬂon mmus
post-consumption

Periad B: Post-cd’nsumption
adiusted for future baseline {e.q.,
minimurn product efficiencies or
practices called for in future

stateffederal standards)

Period A: Current year through (future) year of nommal replacement. -

- Period B: Year of (future) normal replacement throtigh time of riext normal replacement.

f
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Because of the cost and complexity of prog am evaluation; some Of the programs in our
sarnple have used the results from one program evaliation to revise their tracking database
estimate from another program or from the s ogram but for another prograr year's
participants. In miost cases, 2 ratio of the ex post evaluition $avings 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 aidpl_gl_ud?tlié 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. ' o

First, we note that all evaluation techniques are susceptible to error, and recommend that this
error should be reported with the evaluagiitfi ult’? Generally ervor is characterized as
imprecision around the evaluation resulf, and the imprecision is ‘assumed to be normally
distributed (i.e., with a bell-shaped curve) and reported as 2 symmetric confidence interval
aronnd the point estimate.” Imprecision should describe the uncertainty of the result based
on the practical and theoretical limitations of ¢ aluation technique(s) used. For example,
techniques that sample only a segment ofgghq'pa;jgi_cxpg&it"pépulatiorl are subject to some
uncertainty based on the size and variability of the sample relative to the entire population.
Calculation of imprecision can also involve subje jadgments, as in the case of persistence
of savings throughout a measure’s assumed lifetim A subjective estimate of imprecision,
based on expert judgment of a program’s designer and valuation regarding persistence of
savings over time could be used to bound the afntial 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 eshmatezs thought to be accurate to +-5%
is different from accepting that the same estimate is accurate to +/-50%. -

Second, we assert that transferring 2 realization rate from the population of participants for
which it was calculated to another population of parti jpants must involye an increase in
error. This is because there are always soms differenices between the two programs’ tracking
databases, participant populations, and program characteristics, and these differences may

i
ety

alter the relationship between the tracking database estimate and the savings actually achieved -

n

Evaluation methods are also susceptible to bias. Bias includes any systematic emrors which may be present in the

. evaluation methods used, resulting in a savings estimate that under- or overstatés 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 partxmpants Mxmmally there i rs an mcrease in the i recrs:o of the resuitmg savings
- estimate, represenung the uncertamty about the homo genezty of alI charactenstxcs between
the two programs The increase in imprecision may be ‘compounded by srgmﬁcant bras
there are systemattc differences related to. energy consumptton patterns between the two

populatmns.

The followmg hst describes the key areas that we beheve mtroduce error when reahzanon

rates are transferred e e - S
\i : .

Differences z'n the methods used to compz'le the tracking database information. Sonnenblick
and Eto (1995) find Jarge variation in the accuracy of tracking database estimates of savings,
depending on the sources of the information input jnto a database and the sophistication and
Hexibility of the database. For example, programs with tracking databases that incorporate
information ﬁ-om rebate applications will probably not provide estimates as accurate (i.e., as

_ unbiased and prec1se) as those from a tracking database mcorporaunc information from site
inspections of each parnclpant’s facility. Because the realization rate is based on the ratio of .
the ex post evatnatron savings estimate to the tracking database estimate, any differences i m o
tracking database ‘organization and data collection between two programs could hinder one's o
ability to translfer 4 realization rate from one program to the other. B A

Differences m pamczpant characterwtzcs that aﬁect energy consumption and program
savings, A reahzatron rate asserts that, on average, some percentage of the tracking database
estimate of sawngs is actvally saved by program participants. The extent to which this ratio
is the same for another program is dependent on the homogeneity of the part1c1pants by rate
class, by geographxcal location, by climate, by financial circumstances, etc. - If these
charactesistics vary, the realization rate from one program may not accurately represent the
percentage of verrfied savmgs from another program’s tracking database.

Differences in progrmn 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 efﬁclency meastires may also save more or less energy than expected. A program’s
marketing and delivery characteristics may also effect the percentage of trackmg database" ‘
'savmgs reallzed by customers. . : - R

. How much imprecision does the transfer of a realization rate add to a savings estimate?
Answering this question reguires 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 nechcﬁﬂe importance beyond the tracking database estimate itself.

b
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consxder txon of esnmate precxsmn may not be possible beyond the conceptual level (i.e., the
level of cxpe:t _]udgment) we beheve such an éxercise is essential to énsure the integrity of the
resultmg mfonnauon and 1ts ‘appropriate iise m resource plagning, program screening, and -
cost-recovcry/’mcentwe actmnes
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