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In conducting an impact evaluation of a retrofit commercial conservation program, Tacoma City Light
staff determined that classic comparison group techniques could not be used effectively to estimate
program savings. There were frequent differences between audit-predicted and meter-observed savings
estimates even though post-installation visits to all participants indicated that the measures were correctly
installed and operating properly. These visits also indicated that at half of the businesses, significant
changes in energy use intemsity apparently masked performance of the installed energy comservation
measures. The establishment of a relevant comparison group to adjust for these behaviors was precluded
by the small program sample, and a lack of sufficient data on non-treated businesses to establish a control

group.

An alternative approach, the outlier savings adjustment technique, was developed to identify net program
impacts. This technique assigns savings estimates for participants whose observed savings differ
substantially from predicted savings. Specifically, for participants with differences outside a set range of
pre-program consumption, savings were adjusted to the average savings of those within that range.

Application of the technique indicates that effective measure performance was being masked by building
behavior independent of the installed measures. Application of the technique to a larger group of program
participants suggests that it may be generally applicable as an estimator of overall program savings.

Introduction

With the increasing integration of energy conservation into
utility resource portfolios comes the need to quantify
program related energy savings at the utility level. The
usual approach to measuring program savings attempts to
derive the "true” or net impact of the program by sub-
tracting total consumption of the treatment group in a
fixed post-treatment period from consumption in a pre-
treatment period of the same duration. To account for
program independent behavior, this savings estimate is
adjusted based on the percent difference in energy
consumption of a comparison group between the same
time periods.

Various pooled comparison group approaches have been
used effectively in assessing aggregate savings from a
regionally operated commercial retrofit program when
relatively large sample and comparison groups were avail-
able (Coates, 1989; Cambridge Systematics, Inc. 1990).
However, examination of the measure performance and
business behavior of a subset of 15 commercial retrofit
projects in the Tacoma Public Utilities service area led to
the conclusion that these comparison group assessments
had not reveal the true performance of the 15 projects.

This led to the development of an alternative approach, an
outlier savings adjustment technique, to assessing program
impact.

This paper discusses the applicability of the comparison
group approach in assessing small programs, presents an
alterpative approach, and presents the results of its appli-
cation to the initial 15 projects and to a larger set of 76
projects from the same conservation program.

By Comparison

The comparison approach to assessing program impact, as
described in the introduction, has proven useful and
acceptable for many applications. Billing histories provide
inexpensive and accessible monthly consumption totals for
buildings in treatment and comparison populations. They
are good indicators of overall program performance if
building types, treatment type, weather impacts and
occupant activity are known, and can be controlled for
based on the size and/or similarity of both the program
and treatment groups.
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However, when these conditions are not met, the compari-
son approach may provide misleading estimates of pro-
gram effectiveness. If there are relatively few of any type
or size of building participating in a program, the confi-
dence with which a comparison group can be used to
adjust consumption to indicate program performance is
diminished. Likewise, if there is a range of measures
offered as part of a conmservation program, not all of
which are applicable or required of all participants, it is
difficult to match a comparison group to the participants.

This difficulty is becoming more evident as utilities begin
assessing conservation programs with participants that
vary widely in size and intensity of energy use and adopt
treatments which range from minor operating changes to
major redesigns of equipment. As the Cambridge study
notes, "It is very difficult to identify exact matches
between a control sample and a participant sample on a
building-by-building basis, because there will almost
always be some difference that can be identified (pg.
2-10)".

Commercial Conservation

The limitations of the comparison approach are particu-
larly evident in assessing the performance of commercial
buildings. Commercial conservation measures often focus
on a small portion of a buildings energy use while billing
histories reflect energy use in whole buildings or building
subsections. At this level, there is no distinction between
measure behavior and changes in energy use intensity
attributable to business hour changes, equipment additions,
changes im fenancy, economic conditions, weather and
other factors. As a result, changes in energy consumption
behavior unrelated to measures can mask measure-related
change in consumption.

The idiosyncratic nature of commercial businesses, and
lack of information about these idiosyncrasies, limits the
ability to identify 2 comparison group of buildings. As
noted in Evalvation of Commercial Incentives Pilot
Program (Cambridge Systematics 1990}, "Control groups
should be designed to represent the participant sample in
the aggregate, and all comparisons should be made at the
aggregate level. Additionally, a control group should be as
large as reasonably possible for the evaluation so that any
anomalies in the factors being controlled for that occur in
the control sample will be averaged out.”

The Adjustment Process

The masked performance phenomenon was addressed
through a strategy for identifying amd treating those
participants whose observed savings, pre-installation minus
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post-installation consumption, differed substantially from
predicted savings in either direction. Our approach to the
problems was to use an indicator of deviation which
incorporated gross savings (pre minus post usage) and
predicted savings. Deviation was calculated as the dif-
ference between predicted and observed savings compared
to total pre-program consumption. In order to treat over-
performers and under-performers equally, the sign of the
deviation was ignored.

This indicator was same as that used an earlier assessment
of masked performance in CIPP projects in the Tacoma
City Light Service area (Lerman and Perich-Anderson
1991).

Symbolically, the computation of the deviation can be
expressed as follows:

[Gross Savings (kWh)- Predicted Savings (kWh)]
Pre-audit consumption (kWh)

The resulting variable multiplied times 100 yields a
deviation from predicted savings expressed as a per-
centage of pre-audit consumption. This normalized the
differences by the magnitude of consumption and per-
mitted us to compare the performance of both large and
small project without the distortions inherent in
comparisons of absolute varnations from predicted or
calculated savings. Poor performers, those showing low
savings or even increases in post-installation consumption,
were afforded the same treatment as over-performers,
those with savings far exceeding audit-based predictions.

A threshold of 15% deviation from predicted savings was
established. Participants with differences in savings
greater than 15% of pre-program consumption and who
gave evidence of successful installation and maintenance
of conservation measures were defined as outliers and
were assigned savings based on the average savings
percentage of participants with differences in savings of
less than 15%. Projects which, on the basis of follow-up
visits and Interviews, demonstrated substantial changes in
measure installation or operation were dropped from the
outlier adjustment process. Both the initial and the
expanded sample each had one project dropped from
analysis for this reason.

Assumptions

The selection of 15% as the outlier threshold was based
on several informed assumptions about building behavior.
The first assumption is that project savings estimates are
an accurate representation of measure performance. They
are produced by trained analysts prior to installation and



are based on an accurate accounting of the type, cost and
efficiency of the installed measures. These estimates
provide the best available information on measure
performance and are the product of multiple layers of
professional effort from the manufacturer, testing
laboratories, energy analysts, engineers and evaluators.
Each of the project estimates were subject to a rigorous
review prior to project approval. Furthermore, each
project was inspected by multiple, trained inspectors to
assure correct measure instaliation. In this structured,
estimating environment performance which varies widely
from estimates indicates more than estimating error.

The second assumption is that no significant measure
related change occurred in the program buildings in the
year following treatment. This is based on limited
information from CIPP Building Follow-on Worksheets
which addressed not only equipment modifications but also
such issues as hours of occupancy and HVAC setpoints.
This builds on the detailed inspection of the installation at
project completion to assure the factors of the installation
are as the estimator expected. Significant changes include
changes in measure controls, removal of measures, and
other factors which could render the measures ineffective.
Information on significant measure changes is based on
site visits and interviews with building operators
approximately one year after installation.

The third assumption is that variation in consumption in
commercial buildings is to be expected, and will occur
over time as influenced by normal fluctuation in business
practices. This includes increased or decreased operating
hours, output, occupancy, incidental plug load, and power
rates. This variation can mask overperformance (shortened
payback period) as well as underperformance (lengthened
payback period). This phenomencn is borne out in
follow-on interviews and inspections at Tacoma City Light
and other utilities (Perich-Anderson and Lerman 1991;
Cambridge Systematics 1990; Synergic Resources Corpo-
ration 1991).

esults

The 14 participants whose examination led to the develop-
ment of the outlier adjustment technique ranged in pre-
treatment annual comsumption from 46,839 kWh to
1,120,800 kWh with an average of 216,421 kWh. Their
predicted savings ranged from 12.5% to 65.1% with and
average of 30.2%. The differences between their predicted
and observed savings ranged from 1.3% to 45.8% with an
average of 12.0%. For the sample 7 of the 14 or 50%
exceeded the 15% deviation threshold. Table 1 illustrates
these participants and Figure 1 is a graphic representation

of their deviation percentages plotted from smallest to
largest deviation.

Application of the outlier adjustment technique increased
the program savings estimate from 596,280 kWh to
675,899 kWh which indicates that 79,619 kWh of savings
were possibly being masked. The increase in estimated
program savings was from 19.7% t0 22.3%.

Further Evaluation

While we found the approach useful in reviewing a
limited number of buildings, we felt it necessary to
conduct additional testing of the technique on a larger
group of buildings. The intent was to examine whether the
pattern of difference between predicted and observed
consumption for a larger sample of buildings was similar,
and test the applicability of the approach on a larger group
of buildings to determine if results similar to those
predicated on the initial 14 buildings would result from
the analysis of the larger program population.

Data were acquired for additional projects operated under
the same commercial refrofit program. Of these, 76 had
consumption histories for a minimum of one year prior to
and one year following the treatment date. Additional
information on measure type and cost, and limited
follow-on data were included for each project. One project
documented as having ceased heating with a large electric
boiler in the post treatment period was dropped from
additional analysis for a final group of 75 buildings.

The 75 projects that were examined using the outlier
adjustment technique ranged in pre-ireatment annual
consumption from 34,780 kWh to 9,518,400 kWh with an
average of 746,146 kWh which is indicative of larger
buildings participating in the program than those in the
initial analysis. Their predicted savings ranged from 2.1%
to 72.8% with an average of 14.6%. The differences
between their predicted and observed savings ranged from
0.1% to 97.7 % with an average of 16.3%. For this larger
sample, 36 of the 75 or 48% exceeded the 15% deviation
threshold. Application of the cutlier adjustment technique
to this group of 75 buildings indicated 3,015,668 kWh of
savings were being masked. Program savings increased
from 1.4% to 6.8%. Table 2 illustrate details of the
outlier adjustment of these projects.

Additional Analysis

Additional analysis of the larger group of 75 buildings
was performed to see if the differences between predicted
and observed savings was a function of the size of

A Peek Behind the Mask: An Approach to Revealing Hidden FCM Behavior in Commercial Buildings - 7. 183



96,967
113,768

pre-project consumption. Was it easier to estimate the
performance of a large consumer or a small consumes?

The 74 projects were divided infto three groups with
annval consumption of roughly up to 250,000 kWh,
250,000 kWh to 500,000 kWh, or over 500,000 kWh.
This analysis indicated that for the 25 largest, the 25
midsized, and the 25 smallest projects, the distribution of
these differences was essenfially the same. Figure 2
illustrates this distribution.

Refinements

As noted zbove, the 15% outlier threshold used in both
analyses was chosen based on informed assumptions about
commercial buildings and conservation programs. Even as
such, it was chosen arbitrarily as a reasonable range of
performance (o expect.

Intuitively it would be more satisfying if the outlier
threshold was somehow statistically derived from the
known data regarding the cohort to which it was applied.
Several such thresholds were investigated. First was the
use of the average deviation as defined for the outlier
adjustment technique. Then the average predicted savings,
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the standard deviation of the outlier deviations and several
other thresholds were explored. Finally, an analysis of all
thresholds ranging from 1% to 30% was performed.

This analysis, which is graphically represented in
Figure 3, indicated that when the outlier adjustment
technique is applied to the 75 buildings the adjusted
program savings estimates were essentially the same for
all thresholds above ten per cent.

Summary

Average per cent savings of the larger group were
considerably lower than that of the initial group. This is
probably an indicator of larger buildings in the larger
group and therefore projects which impacted less of the
total building consumption. This is, however, an impor-
tant distinction to make, as it may indicate a disparity in
program performance and presents a challenge to applying
the outlier approach. For example, project outliers in the
initial study group were deemed to a savings of 22.3%,
whereas if grouped with the buildings in the second
sample, savings from the same projects outliers would be
deemed to approximately 6.8%. Populations to which the
outlier adjustment techmique is applied must be true
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Figure I. Outlier Analysis

cchorts, having gone through the same analysis and
installation experience.

For both the smaller and larger sample, the absolute
difference between observed and predicted savings was
dispersed rather evenly around the average. The
magnitude in difference ranged from 1.3% to 45.8% in
the smaller sample and from 0.1% to 97.7% in the larger
sample.

When the real difference in savings is taken into account
for the larger study group, 63 of the 75 projects (84 %)

. showed observed savings to be less than the predicted. 12
of the 14 projects (86%) in the smaller study group also
had observed savings which were less than predicted. On
the basis of the follow-on data, we feel that masking of
ECM behavior typically appears as increased consumption
in the post period.

The overall estimate of difference between total predicted
and observed savings was 364,597 kWh or 12% for the
small group and 9,134,198 kWh or 16.3% for the large
group. If a similar array of measures was installed in each
group, the difference may indicate significantly different
impacts of exogenous variables in the two groups, such as
business intensity, installation, engineering estimation
approach, or audit procedures.

The variation between observed and predicted savings was
evenly distributed in both samples. Level of variation
between observed and savings appears to be independent
of initial project size or estimated savings. These savings
support the concept of a conpsistent band of acceptable
variation across projects.,

The analysis of deviation, in addition to being useful as a
tool for calculating savings estimates, may also serve as a
‘flag' for additional assessment of program effectiveness
at sites where overperformance or underperformance 1is
apparent.

The difference in apparent savings between the initial
group of buildings, which were serviced by a single
utility, and the expanded group, which were serviced by a
several utilities, points to a liability in using the approach
to evaluate performance across programs.

Conclusions

In a structured conservation program using trained energy
auditors, analysts, engineers, installers and inspectors,
projects which, based on billing histories, save signifi-
cantly more or significantly less than predicted do not
reflect measure-related consumption alone. Within a
program group, these projects are classified as outliers, as
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11,520 10.8%  -11,520
58,440 11.1% 58,440

their electrical consumption lies outside the range of post
treatment consumption that can reasonably be accepted as
representative of the program’s intervention into their
energy use. Qutliers are a challenge to program managers
and evaluators and offer an opportunity to refine our
understanding of energy conservation.

Each step of a conservation project holds the opportunity
for error, but do errors in prediction of savings, measure
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installation and measure performance explain significant
differences between predicted and observed savings?
Based on data obtained from follow-up visits and inter-
views we conclude that when projects save significantly
less or more than predicted it is the result of activities
unrelated to the conservation program. The true savings
for these projects are masked by the impact of business
behaviors which are independent of the installed energy
conservation measures.
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This masking can be accounted for by establishing a range
of acceptable deviation from predicted savings, and adjust-
ing the savings estimates of those lying outside that range.
The ongoing challenge is defining the acceptable range of
accuracy and the level to which outliers will be adjusted
to.

If the quality of a given energy conservation program is
high with regard to tracking buildings, measures, and
measure behavior, a narrower band of acceptable per-
formance may be justified. Savings from each outlier
could be adjusted to their predicted savings. Concerns
about quality control may call for a more conservative
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approach of establishing a wider band of acceptable per-
formance and adjusting to the average percent savings for
cases within the band. In either case the adjusted program
savings will more truly represent the impact of the conser-
vation program than relying on billing histories alone.
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