
Effective ECM and Equipment Lifetimes in
Commercial Buildings: Calculation and Analysis

Lisa A. Skumatz, Skumatz Economic Research Associates
Curtis Hickman, Bonneville Power Administration

The estimated useful lifetime of energy conservation measures (ECMs) is a critical input to program cost-
effectiveness calculations. Although average service life data have been used as ECM lifetime estimates, changes
are constantly occurring in commercial buildings—tenants change, spaces are remodeled/renovated, or the
functional use of the space changes-and these changes may have significant impacts on on-site lifetimes of
individual ECMs.

This study used data from an on-site survey of almost 600 buildings (300 each in two studies) to examine more
precisely the effective measure life of ECMs, given the real-world dynamics of the usage and maintenance of
commercial buildings. Although data on all commercial building types were collected, the study and sampling plan
emphasized three particularly important business types: office, retail, and grocery, building types with historically
significant conservation investment and/or high turnover/remodel potential. The survey examined ECMs in indoor
and outdoor lighting, HVAC, refrigeration, water heating, and envelope. The study collected and statistically
analyzed detailed field data to:

estimate frequency of equipment removal from participant and non-participant buildings due to renovation,
remodel, and other reasons.

determine relative efficiency of replacement equipment and disposition/ reuse of removed equipment.

examine differences in removal and renovation rates between urban/non-urban, participant/non-participants,
and building types.

estimate updated ECM measure lifetimes based on the field survey data.

These analyses provided specific numeric estimates of measure lives that are representative of regional conditions,
appropriate for program design and calculation purposes, (including targeting of measures and building types, if
appropriate), and useful for modifying regional supply curves.

Introduction

The Bonneville Power Administration (BPA) and many
utilities across the nation have designed and introduced a
wide variety of commercial-sector energy conservation
programs. Acquisition from commercial sector energy
conservation measures (ECMs) are a primary focus in
Bonneville’s conservation activities because of the large
load represented by the sector.

The major inputs to the calculation of program cost-
effectiveness are measure cost, kWh savings, and lifetime.

Certainly, the ultimate savings of the program are a func-
tion of a broader range of factors, including not only
measure retention, but also the performance of the meas-
ure, market progression, and other issues. This paper
focuses on the issue of the effective on-site measure life-
time, and the factors that influence early change-outs.

Utilities have developed data on average service life for
typical commercial end-use equipment, and these service
life data have been used as estimates of the useful life of
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individual ECMs. But, recognizing that changes are con-
stantly occurring in commercial and industrial buildings—
tenants change, spaces are remodeled or renovated and/or
the functional use of the space changes-considerable
attention has begun to be placed on examining the impact
of real-world operating and business conditions on the in
situ lifetimes of commercial sector energy equipment.

Objectives of the Study

The scope and objectives of this study are to enhance the
work started in Bonneville’s Measure Life Study I (MLS
I), but to further investigate measure life implications for
three important business types (retail, grocery, and office)
and to concentrate on providing statistical, quantitative
estimates of measure lives for the measures encountered in
the study.

The objectives are:

Remodeling and Renovation: Improve estimates of the
impact that remodeling and renovation may have on
typical equipment lifetimes. Examine differences in
remodel and renovation rates between urban/non-
urban areas.

Non-Measure Life Issues: Examine the frequency with
which ECMs and equipment are removed before the
end of operational lifetimes. Examine operational and
maintenance issues, decisions regarding equipment
removal, and examine the fate of removed equipment.
Determine if equipment that is replaced is replaced
with equipment of higher or lower efficiency.

Measure Lifetime Estimates: Derive estimates of
effective measure lifetimes given data focused on
three building types. Determine whether the current
measure lives used in the Energy Smart Design
Program are reasonable.

To support more quantitative and targeted analysis, the
data for this study were derived from three sources:

Participants in Bonneville’s Commercial Incentives
Pilot Program (CIPP). These buildings represent par-
ticipants in a Bonneville conservation program.
Approximately 70 CIPP buildings representing the
three sectors of interest (retail, grocery, and office).

Buildings selected from Bonneville’s Commercial
Audit Program (CAP). About 50 buildings from the
CAP program were available; these buildings are pri-
marily non-urban type buildings.

Buildings from the Pacific Northwest Non Residential
Survey (PNNonRES). Bonneville provided approxi-

mately 211 grocery, office, and retail buildings from
the PNNonRES survey. This survey provides a data-
base that is representative of buildings in the BPA
region.

The use of these three databases as the source for the on-
site sample provided the possibility to improve previous
work in several ways: (1) ability to generalize to repre-
sentative buildings; (2) compare with information from
site visits conducted 3-5 years ago; (3) include a greater
number of participant buildings; (4) focus on three key
business types, allocating greater sample sizes to the
sectors; and (5) incorporate significant numbers of rural
buildings in addition to urban setting to examine the effect
of possible lower remodel rates.

Specifically, these three business types (retail, grocery,
and office) were responsible for 55% of the kWh acquired
by Bonneville’s Energy Smart Design (ESD) program in
fiscal year 1993 (and the building types were numbers 1,
3, and 5 in terms of acquired kWh).

The completed audits from this Measure Life II (MLS II)
survey included: 178 from PNNonRES, 58 from CIPP,
and 32 from CAP. Recategorized by business type, 88
retail, 45 grocery, and 135 office on-sites were
completed. Finally, 41 of the on-sites were completed in
rural locations, with the remaining 227 completed on
urban buildings.

Analytical Approach

Approach for Non-Measure Lifetime
Analyses

One key emphasis of this study was to gather information
that could help provide an understanding of the factors
that affect early changeout. A variety of factors related to
measure retention, decision-making, and disposition have
implications for both program design and evaluation. In
particular, the on-site survey included questions designed
to examine:

Maintenance procedures: How well equipment is
being maintained may be assumed to have a direct
impact on the lifetimes of measures. The survey asked
questions related to maintenance frequency, observed
condition of the equipment, and maintenance staffing/
contract arrangements.

Reasons for change: The underlying reasons for
removing equipment may provide information to indi-
cate how far from operational lifetimes measures
should be assumed to last on-site, and provides
information on program design issues. If “looks” are a
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key change factor for certain equipment in certain
business types, that might influence the program
design and measure availabilities. If renovation/
remodel is a key reasons for changeouts, revisions to
the cost-effectiveness calculations may be appropriate
for volatile sectors or measures.

Disposal of equipment: The ultimate destination of dis-
posed equipment may shed light on the length of time
for which equipment may be able to provide savings.
If equipment is put into another location within the
building, or if it is sold to a secondary market, the
equipment may still have a chance of providing the
region with savings, even if it has been removed from
the original installation. If removed equipment goes to
the landfill, savings are not on-going.

The results of these analyses are provided in the summary
and conclusions sections.

Deriving Measure Life Estimates

Using field data for calculating measure lifetimes presents
some special problems. In the ideal case, data could be
collected that would support estimation of lifetimes using
a “survival analysis” technique. Survival analysis requires
data be known on the type of equipment installed, date of
installation, date of removal/failure, and preferably,
reason for removal/failure. However, unless the original
program was designed with this purpose in mind, it is rare
that the data would be sufficient to support the estimation
using this technique. Specifically, the problems with
implementing this approach include:

Determining whether the noted equipment (or the
program-installed equipment) is still in place is
problematic. For lighting and other equipment it can
be difficult to determine which equipment was
installed as part of the program. In addition, defining
a “match” may include not only type of equipment,
but for instance, number of fixtures installed.

There can be conflicts between database records and
customer-supplied information. Customers may not
agree with records on whether an item was installed
as part of a program.

Other problems may arise, such as removal dates may
be unavailable; defining “failure” of a measure is not
always obvious; and sample sizes for particular meas-
ures may be small because of eligibility issues.

Some measures of interest may have been in the mar-
ket too short a time to gather a history of enough
failures to derive an estimate of lifetime.

Although some program databases are very detailed, the
databases used for this study were not designed to support
measure retention analysis. Although the on-site auditors
for this project were instructed to give high priority to
finding the equipment noted on the survey forms, we
found that there seemed to be an unacceptably high per-
centage of equipment could not be found on-site, and
because of the wide range of reasons for non-matches, the
simple assumption that all non-matched equipment must
have been removed was not appropriate. In addition, dates
for removal were only recalled for about 50% of the
equipment changes. Finally, the records for dates for
installation of equipment only provided information for the
fiscal year of installation, leading to some fuzziness on the
age of the equipment.

Several analytical methods were tested for use in this
project. Each had strengths and weaknesses. The
approaches, and their pros and cons are described below.

Survival analysis: In this method, equipment that was
noted to be on-site during the original on-site would
either still be there or would be removed, and the
percentages and dates of removal would provide the
basis for survival analysis. Some of the sample would
fail or be replaced by the time of the MLS II equip-
ment surveys; from these failure proportions and
dates, expected measure lives could be inferred for
different equipment classes. This is a credible analysis
method, but the data did not provide high enough
quality to support the method.

Distribution of equipment ages: In the absence of a
survival sample, the observed distribution of equip-
ment age at the survey date can be used to estimate
measure lifetimes. For a survival data set, we would
establish a sample of equipment with known ages, and
follow it for a period of time, noting the age of
equipment when it fails. In the method described here,
we take a “snapshot” of the age of all existing equip-
ment at a single point in time. Intuitively, the current
equipment age distribution bears some relation to the
average lifetime of the equipment. If the average ser-
vice life to fluorescent bulbs is three times that of
incandescent bulbs, it would be surprising if the
average age of the current fluorescent bulb population
is not higher than the average age of the incandescent
bulb population. However, there are pitfalls with this
approach. To make inferences about a population’s
measure life distribution from its age distribution, we
must assume that if a member of the population “dies”
(i.e., if equipment is taken out of service) it is
replaced with a new member of the same population.
Given this assumption of a self-replicating population,
the population age distribution will converge in dis-
tribution to a scaled survival curve. However, there
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are two problems associated with using this technique
for the MLS II analysis. The first is that in some
cases, equipment may not be replaced with like equip-
ment. The second is that this method does not control
for the fact that some equipment has not been in the
marketplace long and the equipment cannot yet have
reached a stable state of replacement. In these cases,
the equipment lifetimes will merely reflect the length
of time the equipment has been in the market, rather
than the ultimate lifetime.

Two other methods were also attempted, but the necessary
assumptions or the data available were problematic. These
included using reported equipment ages, or using building
age and information on equipment changes.

In general, the age distribution of equipment was used for
calculating measure lifetimes for this study (unless other-
wise noted in the tables or text). The approach allowed the
most observations to be used, and did not rely on match-
ing equipment. However, the results for some measures
must be used with judgement, Some equipment, especially
newer equipment and more efficient equipment will not fit
the assumption of “steady state replacement”, and the
estimated measure lifetime will only indicate the length of
time the equipment or technology has been in the market-
place in this region.

Two types of analyses were conducted:

Aggregate equipment types: analysis of broad classes
of equipment, which increased the sample sizes and
allowed analysis of differences between building sub-
groups, and

Specific measure estimates: analysis of more disaggre-
gate and specific measures and equipment. The
sample sizes for these measures were smaller, and
analysis between groups of buildings and other disag-
gregation was not possible.

The results of each of these analyses are presented
separately in the results section.

Results and Conclusions

The findings of this study are summarized below.

Renovation Rate and Measure Life Results

Average buildings renovation rates for these three
business sectors was estimated at 10% annually. The
highest rates were found for offices (12 %), followed
by retail (8.4%) and groceries (7.4%), although the
differentials were not significantly different. These
rates were smaller than the combination of the renova-

tion, hard remodel, and soft remodel included in
MLS I, but are more similar to the reported rates for
renovation and hard remodel. This result may be
expected, because MLS II concentrated on renovation/
remodel. Renovation rates were also lower for rural
buildings, although not significantly so.

The estimated measure lifetimes in the business
sectors generally followed the pattern that would be
reflected by the higher and lower estimated renovation
rates. Groceries tended to have longer lifetimes for
key equipment (with some exceptions, for example
outdoor lighting). The retail sector showed shorter
lifetimes for key heating and cooling equipment.
Estimated lifetimes for urban buildings were generally
shorter than more rural buildings (also similar to
renovation rate estimates).

Estimated lifetimes between efficient and less efficient
equipment were generally similar with the exception
of shorter lifetimes for efficient ballasts and HVAC
controls.

Maintenance, Reasons for Change, and
Equipment Disposal

Equipment maintenance showed some patterns and
exceptions. The majority of major equipment was
reported to be maintained through contract arrange-
ments or dedicated on-site staff, especially for
heating, and water heating equipment. Refrigeration
and motors tended to report less formal maintenance
arrangements. Maintenance frequencies were known
in only about 10-20% of cases.

Contracted maintenance was reported with higher fre-
quency in urban settings (and maintenance frequencies
were also reported more often). Equipment in rural
settings showed a somewhat higher percentage with
dirt or rust.

Renovation was given as a major reason for equip-
ment changes for several equipment types, including
HVAC controls, motors, ventilation systems, cooling,
and heating equipment (in urban locations).

Improving equipment efficiency was a key reason for
change for a number of equipment and business types,
including HVAC controls and indoor lighting. This
was a key motivator for rural buildings and the retail
sectors in particular.

Equipment failure was seldom a significant factor for
changes with a few exceptions, including cooling sys-
tems (in offices), water heaters (in offices and retail),
and refrigeration (in groceries).
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Removed equipment is largely sent to the landfill or to
an unknown destination. Little of the equipment is
sent to secondary markets or re-used or stored else-
where in the buildings, with a few exceptions.

Aggregate Equipment Results

Table 1 shows the useful lifetime assumptions used by
Bonneville and various California utilities in designing
commercial-sector programs. The last column represents a
simple average for these measure lifetimes, assigning
equal weights for each of the included lifetimes. Table 2
presents the results of the MLS II estimates of equipment
lifetimes for broad equipment categories. Overall results
are reported, as well as estimates for specific subsets of
the data, including: geographic (urban/non-urban); busi-
ness type (retail, grocery, and office); source of the
original data (PNNonRES, CIPP, CAP); efficient and less
efficient equipment; and large vs. small buildings. Dif-
ferences between point estimates that are significantly
different (at the 90% confidence level) are noted on the
table.

The key results of this set of estimates follows. Point
estimates are provided, but note that significant dif-
ferences are denoted by symbols in the table.

All Category: This column presents the results of the
estimates aggregating all data across building types,
database source, etc. The general results compare
favorably, in terms of orders of magnitude with life-
times used by BPA and other utilities. Equipment that
are expected a priori to last longer in fact showed
longer lifetimes (e.g., HVAC-related equipment).

Database Source: Generally, the lifetimes for CIPP
data show shorter lifetimes, especially for lighting
equipment. The vast majority of installations under the
CIPP program involved lighting equipment, so these
results reflect the fact that the CIPP installations are,
in fact, newer installations than the population at
large. Note that the small sample size for the CAP
program made it difficult to estimate lifetimes for
some equipment. PNNonRES, which comes closer to
representing the region, rarely had numbers that were
significantly different from the “all” category, except
in the case of a longer lifetime for water heating
equipment.

Business/Building Type: For several equipment types,
notably cooling and heating equipment, office build-
ings demonstrate significantly longer lifetimes than
similar equipment in retail establishments. Groceries
showed significantly shorter lifetimes for outdoor
lighting equipment. Few other significant patterns
between business types were found.

Urban/Rural: The point estimates for the rural build-
ings are generally longer; however, the relatively few
sample points for the rural sites resulted in large
confidence intervals. Therefore, none of the differ-
ences between urban and rural sites were significantly
different.

Efficient vs. Less Efficient Equipment: Generally, more
efficient equipment was found to have shorter life-
times. However, this is very much influenced by the
fact that the more efficient equipment had generally
been in the marketplace for a shorter period than
standard equipment. The weakness of the estimation
method used is that it assumes that equipment replace-
ments are in a steady state, an assumption which is
not very applicable for this stratification variable.

Building Size: For almost every equipment category,
large buildings showed shorter equipment lifetimes (or
greater equipment turnover) than smaller buildings (by
5-6 years). Differences were significant for much of
the important lighting equipment, as well as HVAC
controls.

Specific Equipment and Measures

Table 3 below presents the results of the measure life
estimations for a variety of specific equipment types and
ECMs. In addition, 90% confidence intervals for the point
estimates are also provided. The age distribution method
used for the calculations requires relatively large sample
sizes, so estimates could not be derived for a number of
specific ECMs and equipment types. In addition, because
the estimation needed relatively large sample sizes, the
lifetimes could not, in general, be subsetted to show
differences between different groups. Note also that for
certain measures (indicated by a ** symbol) the measures
are too new on the market to be considered in “steady
state replacement”, and the measure lifetimes estimated
via this method likely provide estimates of the length of
time the technology has been in the market.

Summary of Equipment Lifetime Results
and Differences

Table 4 provides a summary of the patterns of MLS II
lifetime estimates compared with lifetimes assumed by
utilities. The columns indicate that a number of measures
demonstrate lifetimes in the field that are consistent with
or longer than program assumptions (with some differ-
ences depending on which utility’s lifetime is considered).
However, for a number of measures, specifically many
that are most often considered in DSM programs, the
apparent estimates lifetimes are shorter than program
assumptions. Most of these results are denoted by stars in
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the table. This indicates that these measures do not gen- Much of this equipment is expected to have relatively long
erally meet the underlying analytic assumption of “steady lifetimes, and the results in the table indicate that these
state replacement.” Therefore, much of the equipment that measures have not had widespread early failures. How-
appears to have shorter lifetimes is actually reflecting the ever, additional in-field time will be needed to determine
amount of time that the measure has been “in the field.” the ultimate lifetime of these measures.
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Implications of Results for Program Design

The MLS II results from this report have direct implica-
tions for Bonneville’s ESD program and other utility
conservation efforts.

Cost effectiveness calculation: An examination of the
sensitivity of the payback/cost-effectiveness calcu-
lations to the direction and magnitude of changes in
lifetime assumptions for particular measures found in
this study may be appropriate.

Program targeting: For those measures with signifi-
cant reductions in measure lifetimes, re-evaluation
may be needed before recommending installation of
certain equipment types. In addition, targeting of (or
marketing to) certain business types may be
appropriate.

Implications for Measure Life Studies and
ECM Lifetime Analysis

Finally, the results offer advice and direction to future
efforts in deriving measure life estimates. Analytical
methods, like survival analysis, that depend on “matching”
equipment, may be difficult to conduct unless the data-
bases include (1) date of installation; (2) detailed informa-
tion about location including possibly stickers on equip-
ment; instant photos of the equipment on-site; marked-up
floor plans; or detailed notations. Periodic follow-up,
either through on-sites or phone calls or call-backs, will
help identify removal dates.

If a database of this nature is not available, the results of
this study may indicate that a one-time audit can provide
fairly good information, suitable for estimating measure
lifetimes for equipment that is “mature” in the market-
place. The results of this study tend to validate the life-
times used for much of the mature equipment.

However, this type of one-time visit will not be sufficient
to provide measure life estimates for newer equipment—
and, unfortunately, it is this “newer” equipment that is
generally installed as part of program efforts. Program

planners will either need to wait until steady state is
reached; or will need to be willing to track items fairly
thoroughly for a number of years and then be willing to
accept “standard” assumptions (e.g., exponential decay
functions) for estimating measure lifetimes.

It is too soon after market introduction to reliably deter-
mine whether newer, efficient equipment displays longer
and shorter lifetimes than historical equipment. In deter-
mining what assumptions to make for measure lifetimes
for ECMs, similar lifetimes may be appropriate as long as
the following assumptions hold: (1) if the measure life-
times in this study accurately affect the amount of change
out incorporating the impacts of renovation, remodeling,
and changes related to functional needs; (2) if the techni-
cal lifetimes of “old technology” for the same function are
similar to the technical lifetimes of the “new technology”
(if manufacturers believe that customers will require
approximately the same lifetimes for certain end-uses, or
if the technology lends itself to similar lifetimes); (3) if
maintenance and operation procedures are approximately
the same complexity, and are understood and followed to
approximately the same degree as historical equipment.

This study provides some detailed quantitative and some
indicative results related to measure lifetimes of a wide
variety of equipment, as well as information on a number
of factors that influence persistence of savings. The study
provides findings that can be used to confirm or modify
anticipated lifetimes, examine program design and cost-
effectiveness calculations, and provide guidance for pro-
gram and measure targeting. As more detailed databases
become available, and newer equipment is followed more
closely (and has time to gain a failure track record), the
measure lifetimes for newer equipment and ECMs will
continue to be refined.
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