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Introduction

An evaluation of PG&E’s 1995  Industrial Energy
Efficiency Program has been conducted to determine  fir
year  gross  and net kWh, kW and Therm impacts.  T
evaluation of  net impact has been carried out using 
combined engineering and decision-analysis methodolog
which addresses the effects of both spillover and fre
ridership, applied to more than 140 participant sites.  Th
paper describes both  the  methodology and results  of  t
net impact analysis.

Evaluations of  net impact for  industrial  program
often rely on a participant self-report methodology, as it 
difficult to implement statistical methods, such as discre
choice models  or billing regression analysis  of  partic
pant and control groups.  Statistical methodologies a
difficult to implement because of  the great variability in
industrial facility characteristics, with each  facility  repre
senting nearly unique circumstances.  Unfortunately, th
only alternative to these  statistically methods, participa
self-report, is  generally considered  to  be a biased tec
nique.  In recent years, a variety of internal consisten
measurements  have  been added to the self-report m
odology in an attempt to control  measurement error a
bias.   This  study adds some additional  refinemen
which further reduce error due to omitted measuremen
and integrate an engineering analysis of customer-base
savings (savings which would have occurred  in the a
sence of  the program incentive) to account for partial fre
ridership.

One of the important measurements generally om
ted  from  the self-report methodology is  the influence  o
the utility’s programs on  trade allies who  are the vendo
of equipment  and professional  services needed to  imp
ment efficiency measures.  Free-ridership  can occur ev
if  the  participant  had no  prior intention of selecting effi
cient equipment.  This can occur  if the vendor has, ind
pendent of  the utility’s program, decided to recommen
promote or stock only equipment which qualifies for th
program’s incentive.  In addition,  participant spillover ca
occur by a similar mechanism.  Vendors are influenced 
the  utility’s program to endorse equipment which mee
the programs qualifications.  The customer may then  i
stall efficient equipment, without receiving a  rebate o
knowing of  the program’s influence on their  selection.  I
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this study, both of  these omitted measurements  h
been addressed by introducing information from a sur
of  the vendors involved  in the customer’s efficien
choices.

Another weakness in  previous self-report analy
has  been the imposition of  a binary choice assumption
has  been assumed  that the customer chooses betwe
efficiency measure offered by the program  and  the  
action option.  In this study an additional customer opt
is allowed through  the incorporation of an engineer
analysis of the customer-baseline alternative.  In so
cases the customer, in the absence of  the program, w
have installed equipment which was somewhat  more 
cient, but not  as efficient  as  the equipment  implemen
under  the program.  By  analyzing the savings associ
with this “customer-baseline” it  has been possible
quantify the effect  of partial  free-ridership.  The en
neering analysis  of customer-baseline savings relies
information gathered through telephone and in-person
terviews,  on-site inspection of affected systems and
analysis of customer data which describes the opera
and performance of the affected systems  before and 
the installation of  efficiency measures.

Methodology

Sample Selection
The sample frame for this study was developed fr

PG&E’s program database entries for the 1645 items a
ciated with the 862 applications paid in 1995.  Item-le
entries described specific pieces of equipment for whic
rebate was paid, e.g., a specific type of lighting fixtu
These items were grouped into four domains: (1) Light
(interior only), (2) Process, (3) HVAC, and (4) Miscell
neous (which includes refrigeration, motors, and exte
lighting). Item-level entries were aggregated to form
project-level sample frame.  Projects were defined as
set of items listed on a single paid application that w
assigned to the same end-use and control number (un
location identifier). The final sample frame contained 9
projects, associated with 703 control numbers. 167 of th
projects were in the HVAC domain, 479 were in lightin
182 were in miscellaneous, and 94 were in process.
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Evaluations were completed for two samples.  Th
first sample (the project-specific sample) provided a cens
of  70% of the program database kW, kWh, and ther
savings for the light, process, and HVAC domains. Th
second sample (the verification sample) completed a ce
sus for the HVAC and process domains, since these d
mains contained fewer than 150 projects.  For the lightin
domain, the second sample contained enough projects
bring the total sample count for the domain up to 150.

Overview of Site Evaluation Process
Figure 1 provides an overview of the evaluatio

process for a sampled site.  The first step in the proce
was to assign the site to a lead engineer.  The lead engin
recruited the site by obtaining permission for the data co
lection activities necessary to evaluate all of the projec
and spillover measures located at the site. Once a site w
recruited the lead engineer was responsible for conduct
a detailed review of the relevant application files and tho
oughly understanding the projects present at the site.

Following recruitment and the detailed file review
the steps required to complete the evaluation work d
pended on the type of projects that were installed under 
program. Three types were defined: (1) Customized Pro
ect-Specific (CPS) requiring project-specific estimates 
gross savings and a customized evaluation of fre
ridership; (2) Standard Project-Specific (SPS), requirin
project-specific estimates of gross savings and a standa
ized evaluation of free-ridership (including an adjustmen
for partial free-ridership); (3) Verify-only (VO), requiring
only a simply inspection of measures and the standardiz
evaluation of free-ridership (without an adjustment fo
partial free-ridership).

For both CPS and SPS projects, a site-specif
evaluation plan was created which established the d
collection and analysis methods to be used to determ
gross and net savings.  The plan also specified how savi
were to be estimated for any spillover measures identifi
through a spillover survey.  Data collection was conducte
as specified in the plan, including an on-site survey a
interviews with one or more members of the custom
staff.  For CPS projects, this included the administration 
customized free-ridership related questions.  In accordan
with the site-specific plan, engineering and decision
analyses were completed to estimate gross and net sav
for each project.

Definition of Full and Partial Free-ridership
Free-ridership occurs when customers receive r

bates even though they would have implemented an e
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ciency measure without the rebate; hence, they are getting
a “free ride” on the incentive program.  In some cases,
PG&E’s programs motivate customers to replace equip-
ment prior to the end of its useful life, an “early replace-
ment” action.  In other cases, the program motivates the
customer to select more efficient equipment when replac-
ing equipment that has reached the end of its useful life, a
“normal replacement” action.  The program may also mo-
tivate the customer to use more efficient new equipment
when production capacity is increased or when new con-
trols are added, e.g., EMCS, to existing equipment, a “new
equipment” action.  Free ridership can only occur when
customers undertake “normal replacement” or “new
equipment” actions.  By definition, “early replacement”
actions are those that the customer had no plans to under
take, eliminating any possibility of free-ridership.

Full free-ridership, occurs when the participant
would have implemented the same measure even if the
program had not existed.  Partial free-ridership occurs
when the customer would have installed equipment which
was more efficient than the equipment it replaces (or which
is required by Title 24/20), without a rebate. However, that
equipment would not have been as efficient as the equip-
ment installed with the rebate.  The equipment that they
would have installed without the rebate constitutes the cus-
tomer baseline.  Full free-ridership occurs when the cus-
tomer baseline is the same as the as-built conditions of the
measure observed in the on-site survey.

Sources of information on Free-ridership
There are five sources of free-ridership information

in this study.

1. Program Files.  PG&E’s program maintains a paper
file for each paid application.  These may contain in-
formation relevant to the analysis of free-ridership,
such as information on the measure payback, or corre-
spondence concerning the customer’s motivations to
adopt the efficiency measures.

2. Operations Staff Survey.  Sometimes the person at
the site most familiar with the operation of the equip-
ment affected by a measure was not the decision-
maker.  In these cases, the Operations Staff Survey
was administered to obtain an initial  description of
what the customer would have installed, if anything, in
the absence of the rebate and the motivations for this
action.  This was used in forming customized free-
ridership questions (CPS projects only), to be included
in the decision-maker survey.
1997 Energy Evaluation Conference, Chicago



Figure 1: Summary of Site Evaluation Process
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3. Decision-Maker Survey.  When a site was recruited
we also determined who was involved in the decisio
making process which led to the installation of mea
ures under the 1995 program. The Decision-Mak
Survey obtained highly structured responses conce
ing the probability that the customer would have i
stalled the same measure in the absence of the 
gram.  In addition, the survey obtained a description
what the customer would have done in the absence
the program, beginning with whether the installatio
was an early replacement action.  If it was not, the 
cision maker was asked to provide a description 
what equipment would have been installed in the a
sence of the program, which was used to define 
customer baseline for the engineering calculation 
net savings.  If the decision-maker could not be su
ciently specific about the customer baseline equ
ment, we sought clarification from the person wh
participated earlier in the Operations Staff surve
The decision-maker was also asked to explain 
customer’s motivations for installing the efficienc
measure. Additional questions were added to this s
vey for custom project-specific sites. These question
were based on information obtained either from p
gram files or the Operations Staff survey, and we
designed to confirm, clarify, supplement, or reconc
differences in the information obtained from the
sources and to provide a deeper understanding of
decision making process.

4. On-Site Survey.  During the On-Site survey our engi
neers observed the as-built and as-operated chara
istics of the measures and the systems affected by
measures.  With this information we modeled the ef
cient case energy use of the affected systems.  In
mation from operations staff and the program fil
along with applicable Title 24/20 standards, allow
us to model the pre-condition baseline.  Informati
from the Decision-Maker survey allowed us to mod
the customer baseline, i.e., what they would have 
stalled in the absence of the program.

5. Vendor Survey.  In some instances, vendors we
contacted following the decision-maker survey or t
spillover survey.  Some customers are not alwa
400
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aware that they are implementing energy saving
measures that they otherwise would not have done in
the absence of the program. This is most obviously the
case when there is a participant who is not aware tha
vendors’ recommendations have been affected by a
DSM program. In this situation, the customer is not
able to reliably self-report the influence of the pro-
gram. The Vendor Survey was used to obtain infor-
mation concerning the program’s influence through
the vendors that recommended or installed the equip-
ment comprising the measure.  The survey was com
pleted for those respondents who indicate that PG&E
exerted little influence (i.e., NTGR =< .3) on their de-
cisions to install the items for which they received re-
bates.

Table 1 shows the data sources used in each of th
three levels of free-ridership analysis. Although more than
one level of analysis may share the same source, th
amount of information that is utilized in the analysis may
vary.  For example, all three levels of analysis obtain data
from the Decision-Maker interview.  However, in the case
of the custom project-specific analysis, the Decision-
Maker interview contains additional site-specific questions
that were used to clarify, confirm or reconcile information
from other sources.  The standard Decision-Maker survey
is used for the other two levels of analysis.

Analysis of Net-To-Gross Ratio (NTGR)
The net-to-gross ration (NTGR) is a dimensionless

quantity that when multiplied by the estimate of gross
savings for a project, yields an estimate of the projects
savings net of the free-ridership effect.  For CPS and SPS
project the NTGR was first calculated using responses
from the Decision-Maker Survey. This “self-report”
method, is fairly common in studies where a comparison
group is not available. Next, except in cases of early re-
placement where the self-report NTGR is set to 1, the ratio
is adjusted based on an engineering evaluation of custome
baseline savings, i.e., savings the customer would have
achieved, if any, in the absence of the rebate.
Table 1: Information Sources for Three Analysis Levels

Sources of Information

Level of Free-Ridership Analysis
Program 
File

Operations 
Staff 
Survey

Decision-
Maker 
Survey

On-Site 
Survey

Vendor 
Survey

Spillover  
Survey

Standard Project-Specific

Customized Project-Specific

Verification
1997 Energy Evaluation Conference, Chicago



Figure 2: Three Basic Customer Options
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What inaccuracies arise when the unadjusted self-
report NTGR is used?  Figure 2 presents the three b
options for any program participant. “C” refers to the o
equipment, “B” refers to customer baseline equipme
(some intermediate level of efficiency), and “A” refers 
the efficient equipment that the customer installed throu
the program. “X” refers to the difference in usage betwe
“C” and “B” while “Y” refers to the difference in usage
between “B” and “A”. The gross savings are defined as
+ Y.

In the absence of the rebate, some customers fa
normal replacement situation in which they must repla
their old equipment and are considering equipment 
varying efficiencies. If, in the absence of the rebate, a c
tomer would have installed equipment less efficient th
what it installed through the program, the greatest kW
savings that PG&E can legitimately claim is Y. Thus, mu
tiplying the gross savings (“X” + “Y”) by the self-repor
NTGR will overestimate the net savings since the reba
caused the customer only to go beyond the equipment 
intermediate efficiency.  An adjustment must be made
the self-report NTGR that reflects the fact that equipme
of intermediate efficiency would have been installed in t
absence of the program.

The calculation of an a customer baseline adju
ment for normal replacement measures was conducte
follows:  First, a few definitions:

E(a) = Energy use of as-built equipment.
E(b) = Energy use of alternative equipment, if
considered by customer
E(c) = Energy use of pre-retrofit equipment

Next, various energy savings can be defined us
these terms.

∆E(a) = E(a) - E(a). This represents the savings 
perienced by a customer who would have installed 
same efficient equipment in the absence of the rebate. Su
free-ridership reduces the net savings to zero.

∆E(b) = E(b) - E(a). This represents the gross s
ings assuming the baseline is the alternate equipment, i.e.,
what they would have installed in the absence of the 
bate.
1997 Energy Evaluation Conference, Chicago
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∆E(c) = E(c) - E(a). This represents the savings ex
perienced by a customer who would have kept its ol
equipment in the absence of the program. This is the gro
savings assuming that the baseline is the pre-retrofit
equipment.

Each of these three options has a probability of se
lection and they are defined as:

P(a) = probability of customer selecting as-built
equipment without the rebate.

P(b) = probability of customer selecting alternative
equipment without the rebate.

P(c) = probability of customer keeping pre-retrofit
equipment without the rebate.

Using the above information, an adjusted self-repor
NTGR (ASR_NTGR) can be calculated under the simpli
fying assumption that the as-built equipment, the alterna
tive equipment, and the pre-retrofit equipment are the only
alternatives.  Under this assumption:

P(a) + P(b) + P(c) = 1

The ASR_NTGR can then be calculated as:

ASR_NTGR = P(a) )[∆E(a)/∆E(c)] +
P(b)[∆E(b)/∆E(c)]  + P(c)[∆E(c)/∆E(c)]

This reduces to the following:

ASR_NTGR = P(a)[0/∆E(c)] +
P(b)[∆E(b)/∆E(c)] + P(c)[1]

or

ASR_NTGR = P(b)[∆E(b)/∆E(c)]  + P(c)

What is needed now are estimates of P(a), P(b
P(c), and ∆E(b)/∆E(c). The estimate of P(a) is derived as 1
minus the self-report NTGR.  At this point, it should be
emphasized that we recognize the superior reliability an
validity of the information contributing to the calculation
of P(a) over P(b) and P(c) since it is based on the se
report NTGR derived from the Decision-Maker Survey
One of the questions on the decision-maker survey as
customers whether they considered any other alternativ
401
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to the equipment that they installed through the progr
The options are basically two: 1) replacing old equipm
with equipment that was not as efficient as the equipm
installed through the program, and 2) keeping the old, 
retrofit equipment. If option #1 is chosen, then P(b) is 
rived as 1 - P(a). If option #2 is chosen, then P(c) is 
rived as 1 - P(a). The advantage of this approach is tha
information contributing to P(a) is allowed to drive t
calculation of P(b) or P(c) in all situations. Of cour
∆E(b)/∆E(c) is based on engineering information obtain
from customers regarding their old pre-retrofit equipm
and what equipment they would have installed (custo
baseline), if any, in the absence of the rebate.

Site-Level Spillover Assessment
Spillover is defined as the gross savings of meas

that are not counted as part of the gross program sav
and yet would not have been installed if the PG&E DS
programs had not existed. Spillover was only evaluate
those sites where a project-specific evaluation was 
formed. During development of each site evaluation p
the customer was interviewed to determine if spillover w
present. The objective of this spillover interview was
determine if other efficiency measures were implemen
in 1995 due to the influence of PG&E programs, but w
not rebated under the programs.

In order to measure the kWh savings associated 
the spillover item, an on-site survey was required. Ho
ever, given time and budget constraints, in order fo
piece of equipment to be examined during the on-site a
instance of spillover, we had to be at least 60% certain
PG&E caused this installation to occur. This probabi
was provided by the respondent’s answer to a questio
402
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the spillover survey. On the other hand, if this probability
was less than .6, it might have meant that the responden
was unaware of  the role that PG&E’s influence on the
vendor may have played in the selection of the efficient
equipment.  That is, customers are not always aware that
they are implementing energy-saving measures that they
otherwise would not have done.  This is most obviously the
case when there is a participant who is not aware that ven-
dors’ suggestions have been affected by a DSM program.
In this situation, the customer is not able to reliably self-
report the incidence of spillover for non-program installa-
tions of efficient equipment. For those participant respon-
dents who indicated that there was less than a .6 probabil-
ity that PG&E caused them to install their non-rebated
installations, we asked them the name the person who rec-
ommended the measure (a distributor, selector, or installer)
and proceeded to contact this vendor.

For spillover measures with probability greater than
.6 and for which savings were likely to be large, we devel-
oped engineering savings algorithms using methodologies
similar to those used for calculating the savings of program
measures.  We inspected the spillover measures and col
lected the necessary data during the on-site survey and
developed an engineering estimate of spillover savings
using the defined algorithms.

Results

For the 273 verification items the Self-Report
NTGR was calculated based only on the responses to the
decision-maker survey. The unweighted, overall self-report
NTGR for these items was .56 with a standard deviation of
.38. Figure 3 presents the distribution of the NTGRs.
Figure 3: Distribution of NTGRs for Verification Items
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Standard Project-Specific NTGR Results
For 390 project-specific items, the self-report NTGR

was first calculated and then adjusted for partial free
ridership. The adjusted self-report NTGR was based on t
responses to the decision-maker survey, plus informati
collected, when necessary, from vendors, and baseline 
formation collected on site that was used to calculate t
customer baseline level of consumption.  The unweighte
NTGR for these items was .77 with a standard deviation 
.28. Figure 4 presents the distribution of the NTGR for th
390 items.

An important question is whether the adjustment fo
partial free-ridership was significant or not. For 32 of th
390 project-specific items, decision makers indicated th
in the absence of the PG&E Program, it was more like
that they would have installed an alternative piece o
equipment. However, for only 7 (1.7%) of these items a
three sites was it possible to calculate the customer ba
line and therefore the engineering ratio necessary to adj
for partial free-ridership. Recall that a large ratio mean
little adjustment and a small ratio means a large adjus
ment. These ratios ranged from .07 to .93, with 5 of the
greater than .65. For the two cases in which the adjustm
was large, the gross savings were small. Thus, the adju
ment for partial free-ridership was trivial.

Note that it was not that respondents could not re
member whether they considered alternatives; only 2
gave “don’t know” as their answer. The overwhelming
majority, 80%, specifically stated they did not consider an
alternatives. If these program participants are unique in th
1997 Energy Evaluation Conference, Chicago
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respect, then future studies may be able to measure m
partial free-ridership. However, if they are not unique 
this respect, then partial free-ridership may be a relativ
minor issue.

Custom NTGR Results
The primary purpose of the custom analysis was

seek additional information for the larger sites so that
more complete picture of the conditions surrounding t
installation of the efficient equipment could be gaine
This additional information could then be used to modify
the Standard NTGR or strengthen the Standard NTGR. For
the 146 custom items for which data were available, t
unweighted Standard NTGR was .735 with a standard 
viation of .25.

In the custom analysis of the 146 items examine
the Standard NTGR was modified for 42 items. Of the
modifications, 35 were increases and 7 were decrea
Across all items, the changes produced a small increase of
.019 in the overall, raw, unweighted Standard NTGR th
yielding a Custom NTGR of .754. Approximately half o
this increase is due to one site, #402. At this site, 
NTGR changed from -.26 to .95 (a change of 1.21) f
reasons having to do more with the baseline than with 
estimate of PG&E’s influence. If one ignores this case, t
increase of .019 is reduced to .009 producing a raw, 
weighted NTGR of .744. For the remaining 104 items, t
Standard NTGR did not change since any informati
identified provided insufficient grounds for changing the
Standard NTGR or served only to confirm the Standard
NTGR.
Figure 4: Distribution of NTGRs for Project-Specific Items

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1 18 35 52 69 86 10
3

12
0

13
7

15
4

17
1

18
8

20
5

22
2

23
9

25
6

27
3

29
0

30
7

32
4

34
1

35
8

37
5

Items

N
T

G
R

403



s
tal
 in
 o
le
GR
rly

al
 a

lly
ss
e

y.
s-
-
r
e
di-
s
-

he
o

Early Replacement
All decision makers associated with the 672 item

were asked a question concerning the timing of the ins
lation. We were attempting to determine whether PG&E,
effect, caused the customer to accelerate the installation
the equipment. In cases where the installation was acce
ated (early replacement) by at least one year, the NT
was set to 1. Of the 672 items, 130 (19.3%) were ea
replacement.

Conclusions

A number of previous studies of  non-residenti
energy efficiency programs have been performed using
self-report methodology to evaluate net impact.  Typica
the self-report information is used to form a net-to-gro
ratio that accounts for free-ridership.  In this study w
added
404
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f
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added a number of features to this common methodolog
This included an assessment of spillover savings, a cu
tomer baseline adjustment for self-report NTGR and cus
tomized probing to determine the details of the custome
decision-making process for projects that resulted in larg
gross savings.  These three features resulted in small mo
fications to the basic self-report NTGR.  In part this wa
due the introduction of compensating adjustment, i.e., up
ward adjustment to the NTGR for some cases canceling t
affect of downward adjustments in other cases.  It is als
due to the adjustments being small for most projects.
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