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'!he c:ost-effectiveness am reliability of ene:rgy efficiency measures is 
highly depetxient on the service life of these measures. To gain a clearer 
idea of how service life influences the value of efficiency measures to 
consumers am utilities, the Bonneville power Administration contracted for a 
study of savice life for energy efficiency measures in ccmnercial buildings. 
'!his paper surmnarizes the methods am results of that study, am describes 
how the results of such a study can be used for equipment selection, program 
management am resource plarming. '!he study was based on a series of 
questionnaires to am interviews with laboratory experts, equipment 
manufacturers am installers, equipment service am maintenance persormel, 
equipment users, am research am develcpnent specialists. 

'!he f'l.Jmamental principle presented in this paper is that the duration 
of ene:rgy or demarri savirgs in ccmnercial buildirgs is deperrlent on far lOOre 
than the life of the inlividual equipment. To urnerstaI:rl how long savings 
will last, one must knC:M what happens when efficiency measures wear out, are 
relTOVed, or are replaoed. Both the ergineering characteristics of specific 
pieces of equipment am the nature of the buildirgs they are plaoed in are 
significant influences on the service life of the equipment. Additionally, 
the life of energy efficiency measures is highly deperrlent on the maintenance 
environment that the measures are plaoed in. '!he xenergy study developed 
estimates of service life based on current maintenance practices, which, 
outside of the largest am lOOSt sophisticated finns, involve only minimal 
maintenance. utility energy efficiency programs which incll.lde an active 
c::orrponent to support lOOre effective operation am maintenance of equipment 
will result in longer service lives for many measures. '!hese considerations 
are used in this paper to develop separate estimates of the life of the 
hardware vs. the life of the savirgs for an extensive list of ccmnercial 
energy efficiency measures. 
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USE OF CXM-lERCIAL ENERGY EFFICIENCY' MFASURE SERVICE LIFE ESTIMATES 
IN FHJGRAM AND RESCXJRCE PIANNING 

Frederick M. Gordon, Pacific EneJ:gY Associatest 
Marjorie M::Rae arrl Michael Rufo, XeneJ:gy, !nc. 

arrl Oivid BayIon, Ecotope, !nc. 

nte cx::>st-effectiveness arrl reliability of energy efficiency measures 
(EENs) is highly dependent on the se:rvice life of those measures. ntis paper 
smmnarizes the methods arrl results of a study of the se:rvice life of EENS in 
conunercial buildings , arrl then presents a framework for interpretil:g that 
data which is built around the needs of the sponsoril:g utility. '!he first 
section of this paper reviews the methods arrl results of a study of 
conunercial energy efficiency se:rvice life which was perfonned for the 
Bonneville power Administration (M::Rae, et.al. ,1987). '!he secorxi section 
presents sane problems in interpretil:g the results in a way which is useful 
for users. '!he third section presents an adaptation of that data, with same 
additional infonnation, for utility resource pl~ arrl program management 
purposes. 

Fstimates of se:rvice life for irxiividual EENS have been developed usil:g 
bath laboratoJ:Y tests arrl surveys of field experience (ASHRAE HaOObook, 1984, 
EPRI, 1976, lES, 1984). However, the work has always covered a limited 
number of EENs. Sel:vice life estimates were needed by the sponsor of this 
project for a c::arprehensive set of EENS in order to establish the cx::>st
effectiveness of irxiividual EENS in energy audits, arrl to analyze the 
resource value of EENS in resource nKXiels. 

IaboratoJ:Y tests provide the m::st rigorously collected data on product 
life, but they tem to imperfectly simulate field corxiitions. However, 
laboratoJ:Y tests generally do not assess many factors which influence how 
lorg an EEM actually saves energy. ntese factors include the care with which 

. an EEM is instalIed, the maintenance which it receives, the type of buildil:g 
in which it is located, the ambient c:::orxiitions, the intensity of use, arrl the 
characteristics of other equipment which is used in conjunction with the EEM. 
'!he life of savirgs fran same EENS is also affected by changes in buildil:g 
use, such as remodelil:g, renovation, arrl denx:>lition of buildil:gs. 
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To assess the influence of different factors on service life, three 
definitions of service life for equipment were developed. Test life reflects 
how lon:J equipment can be operated until it breaks davn irreparably if 
instalIed, operated, and maintained accord ing to manufacturer's 
specifications for best perfonoance. Operational life is how lon:J equipment 
is expected to save energy UrXler typical field contitions, if the equipment 
is not renr:.wed. Effective life considers field contitions, and also 
considers the inpact of obsolescence, build..in} :reJOOdel.in3', renovation, and. 
d.e.loolition. For the p.n:poses of this study, renovation was defined as an 
overhaul of spatial organization and SUWOrt systems in which lOOSt of the 
lightin3' systems and all but the lOOSt permanent heatin3', coolin3', and 
ventilation (HVAC) elelOOI1ts are replaced. Reloodel.in3' was defined as a 
redesign of a build..in}'s interior which may be substantial enough to result 
in major charx1es to the lightin3' system. 

While quality data on test life of sana measures is available fran 
laboratory engineers and scientists, authoritative sources for data on 
operational and effective life are lOOre difficult to fim. Sales 
representatives, design professionals, maintenance staff, and utility field 
engineers all have experience workinJ with equipment in the field. 
unforbmately, each imividual has experience with a limited range of 
equipment, and in a professional context which might skew experience towards 
umue optimism (in the case of sales representatives) or pessimism (in the 
case of maintenance contractors) . 

'lhe research team set out to develop a set of estimates of test, 
operational, and effective life, usin3' these experts. In order to allow for 
sana interaction between respon:lents, and to prabe the reasoning behim 
opinions COnCerni.n:J service life, the research team used a version of the 
Delpu tedmique (Dickey and Watts, 1978), IOOdified to work with the 
geograpucally scattered group of experts and a finite budget. 'lhe Delpu 
method relies on structured feedback between resporrlents to create a 
convergence of opinions. As such, its usefulness deperrls not on the power of 
statistical samplin3' tedmiques, but on the ability of experts to arrive at 
reasonable judgments COnCerni.n:J carplex issues through a series of processes 
invol vin3' feedback between the group and imividuals. 

For each of several groups of EENs, a set of highly knowledgeable 
experts was selected, inc::1'lldin;J imividuals in manufacturin3' , service and 
repair finns, architects and engineers designi.n;J EENs, users of EENs, and 
research and developnent experts. To meet the needs of the sponsor, people 
with particular experience in the Pacific Northwest were selected. In 
selectin3' the participants, it was recognized that the panel would have 
greater knowledge of factors limitin3' test life and operatin3' life than they 
would of additional factors limiting effective life. 

Participants were given a written questiormaire COnCerni.n:J the test 
life, operational life, and effective life of a list of EENs. 'lhe results of 
this first :rOtU'rl of questioning were averaged. '!hen, telephone discussions 
were held with each participant COnCerni.n:J their scores, the average scores, 
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ani pOssible reasons for any differences. In this secorxl :roun:l of 
questioni.n;J, resporrlents were asked if they wanted to revise their original 
estimates. '!hey were also asked to describe the factors that they believe 
limit service life. In these discussions, service life was also clarified to 
maan the age at which 50% of the equipnent of this type is retired, ani 50% 
is still in operation. It was also stated at this point that the researc:h. 
team sought the age at which total replacement of the tmit occurs, not the 
age when the first major servicing or repair might be required. For the 
third :round of the Delpu, the draft firrlings frem the study were submitted 
to the participants. '!he resultin:J canments were inoo:rporated into the final 
results. 

In the Delphi, the lives of lamps ani ballasts were expressed in hours 
of operation. '!his reflects prior resea.rd1 on lanp life (lFS, 1984) which 
irxlicates that, although the service life of lamps is influenced by the 
mnnber of times a lanp is started, the hours of operation are a greater 
influence. Lives for all other EEMS were expressed in years because this is 
the na;t aocessible way to relate experience with those EEMs. 

AssessiDJ the Resul.ts 

ReSPC:n:Ient Estima:tes of sel:vioe Life. Table I presents a summary of the 
highest, the median, ani the lowest estimates of test ani operatin:J life, ani 
the mnnber of resporrlents for each of the EEMS iilcluded in the study. '!he 
mnnber of resporrlents differ based on the size of the group of experts polled 
on various EEMs, ani based on the mnnber of resporxlents who offered an 
opinion for each EEN ani service life definition. Interpretation of the 
study's results for same EEMS is C0111plicated by the lack of convergence of 
opinion at the conclusion of the three rourrls of the modified delphi. Table 
I shows a virtual consensus for some measures ani a wide range of opinion for 
others. 

Fstimates of life for many EEMS showed an inoonsistent pattem frem one 
definition to another for same resporrlents, with many resporxlents listin:J 
longer effective lives than operatin:J lives for certain EEMs. Connnents frem 
same of the participants irxlicated that the effective life catego:ry was not 
clearly unierstood. Given these problems ani the limited expectations frem 
this aspect of the Delphi, ITOSt of the data on effective life was judged to 
be of little use. Iata on insulation was also abarrloned when camments made 
it clear that insulation was considered to last as long as the buildin:J did. 

For some EEMs, the median estimates of test life excee;:led that for 
operating life. Parabolic reflectors provide one exanple of this. For that 

. EEN, the difference appears to reflect the opinion that field life will 
exceed the period used in laborato:ry tests. In other cases, such as motion 
sensors, a longer average estimate of effective life is shown because a 
different mnnber of resporxlents offered estimates of the test life vs. 
operating life. since the mnnber.of resporxlents for some EEMS was small, the 
opinions of irxlividuals could significantly Ï.l1i>act the median. 
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TABm I. Hed:i.an service Lives as Estimated t"hn:u:jh Del.pu. (part 1) 

Hed:i.an Life Estimates (, of zespaDents) 

'Iml' LIFE OPERATIt«; LIFE 
~ftPE: Bi. Had. !ai , Bi. Had. !ai , 
--- -- .1. ______ . 

IaDP; ani Ball asts: Life in looo's of hcm:s: 
Ener:gy Eff. Fluor. I.anp 20 20 16 (9) 20 18 12 (9) 

same wj b.rllt in ballast 10 10 9 (6) 10 9 8 (6) 
Eff. Electranagnetic Ballast 58 45 35 (7) 58 45 30 (5) 
Electronic Ballast 150 55 35 (4) 70 40 7 (4) 
Meta! Halide I.anp 20 20 10 (5) 20 10 5 (5) 
IDN pressure Sodimn I.anp 24 18 18 (4) 24 18 13 (4) 
High pressure Sodimn I.anp 24 24 20 (6) 24 21 10 (5) 

Li.ght.:iDj Fixtures ani QlrItrols: Life in years: 
Parabolic Fixture 40 18 9 (6) 40 20 9 (6) 
D:innninJ systems 21 15 9 (5) 21 20 9 (5) 
On-off SWitchin;J 30 11 3 (4) 15 7 3 (5) 
Motion Sensor 10 5 4 (5) 10 10 5 (3) 

BVAC: Life in years: 
Econanizer 25 15 8 (11) 17 12 3 (14) 
Clrlller strainer Cycle system 20 18 8 (6) 20 15 8 (8) 
Air-to-Air Packaged Heat pl.mp 20 12 7 (10) 15 10 5 (14) 
Water-to-Air Packaged Heat pl.mp 20 15 6 (9) 20 15 4 (11) 
Iee 'Ihennal Ener:gy storage 25 20 10 (10) 20 19 10 (12) 
Water '1heJ:mal. Ener:gy storage 30 20 8 (7) 20 20 10 (9) 
Plate TypejHeat Pipe Heat 

Recovery system 25 19 7 (8) 20 14 7 (10) 
Rotary Type Rt. Recovery system 25 15 5 (6) 20 11 7 (8) 
Heat Recovery fran Refrigerator 

corrlensers 20 12 7 (12) 25 11 6 (14) 
IDN Ieakage D:mpers 20 12 10 (9) 20 11 5 (11) 
Variable Inlet Vane VAV System 20 11 7 (8) 18 11 5 (10) 
Variable pitch Fan for 

Coolirg Tower 20 15 10 (5) 17 13 8 (7) 
Make-up Air unit for Exhaust 

Hoed 20 15 7 (10) 20 10 5 (12) 
Air Destratification Fan: 

Paddle Type 12 10 5 (6) 10 10 4 (6) 
High InletjlDw Discharge 25 20 15 (3) 25 15 15 (5) 

Air curtain 25 13 4 (8) 18 10 4 (10) 
Deadbarxi 'lhentK>stat 25 14 8 (8) 25 13 6 (10) 
spot Radiant Heat 20 10 5 (9) 15 10 4 (10) 
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TABlE I. Median service Lives as Estimated thralgh Del.prl (part 2) 

Median Life Estimat.es (t of :respcnJents) 

TEST LIFE 
~: iii. Hed. IDW f 

Qlnt:rols: Life in years: 
canputer !.ogie Energy 

Management system 
Electronic Controls 
Time Clocks 

H:JI:ars, Drives, & Transfarmers: 
st:arx2rd Electric Motor . 
High Efficiency Elec. Motor 
Variable speed oe Motor 
Var. speed Drive, Solid state 
Var. speed Drive, Belt Type 
Efficient AC Elec. Transfonner 

D:mestic Hot water: 
Heat plmp Water Heater 
Point-of Use Heater 
Solar Water Heater (active) 

Refrigeraticn: 
Unequal Parallel COlrpressors 
con:ienser Floatin;J Head 

pressure Control 
Autanatic Cleanin;J system for 

con:ienser 'l\JbeS 
Hot Gas Bypass Defrost 
Polyethylene strip CUrtain 
Refrigeration case Cover 

arlldi:oj Envelqle: 
Inlble Glazin;;J 
Heat Mirror 
lJ::N Emissivity Coatin;;J 
Solar shade Film (Retrofit) 
Tinted & Reflected Coatin;;J 

20 15 10 
20 12 5 
15 13 9 

Life in years: 
25 15 10 
25 17 6 
25 18 12 
25 15 10 
20 15 4 
25 17 11 

17 13 7 
25 12 10 
25 20 15 

20 15 15 

20 16 10 

25 20 15 
20 13 8 
10 5 2 
13 11 8 

30 20 13 
15 15 15 
25 20 15 
20 10 3 
15 15 10 

(8) 20 12 
(7) 20 11 
(6) 15 10 

(8) 20 
(8) 20 
(6) 25 
(7) 25 
(7) 20 
(5) 20 

15 
17 
18 
15 
10 
15 

(6) 15 10 
(7) 18 12 
(5) 20 15 

(6) 20 14 

(4) 20 10 

(3) 25 15 
(6) 15 10 
(4) 8 3 
(4) 13 11 

(7) 30 20 
(2) 25 18 
(2) 30 14 
(4) 15 7 
(3) 20 14 

6 (9) 
5 (9) 
2 (9) 

7 (8) 
10 (8) 
12 (6) 
12 (7) 

3 (7) 
8 (5) 

5 (6) 
10 (7) 
12 (8) 

10 (7) 

8 (6) 

8 (5) 
5 (8) 
2 (6) 
6 (4) 

12 (6) 
12 (4) 
12 (4) 

2 (5) 
5 (6) 

CaIPariSan to other Estimat.es. rrhe median operatin;;J life estimates were 
campared. to service life estimates for eight EEMS based on a previous study 
(ASHRAE, October, 1978). '!hey were also carpared to average estimates of 
service life for twenty-one EEMS in energy audits fran the Bonneville power 
Administration's commercial Audit program (CAP audits). '!he estimates fran 
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these other sources were usually higher than these in Table I, am SOl'OOtimes 
much higher. For exanp-Ie, the median estiJnate for air-to-air heat pump life 
of ten years in Table I c::arpares to estiJnates of fifteen years from the 
ASHRAE study, am fifteen years from the CAP audits. For efficient AC 
Transfonners, the median estiJnates are fifteen years in Table I am thirty 
years fran ASHRAE. In one of the fal exceptions, bath Table I and the CAP 
audits have median estiJnates of fifteen years for water-to-water heat pumps, 
while ASHRAE has an estiJnate of thirteen years. 

Reasals for the Diffetences .in Est:ioBtes. None of the three sources are 
canpletely imeperrlent. '!be CAP auditors probably made SOl'OO reference to 
ASHRAE data when estiJna"tirg service life. same of them were also 
participants in the kRae study. Nevertheless, the differences are 
significant. While it is likely that each of the three sources used slightly 
different definitions of service life, the differences described above are 
probably too large to be explained by definitions alone. 

since the ASHRAE study is ten years old, the kRae study may reflect greater 
field experience with EEMs. It is also likely that the differences are 
partially a result of the context in which the estiJnates were made. 
Resporrlents to the IOOdified Delphi were asked to produce three estiJnates, one 
of which stressed ideal corxtitions, and two of which stressed typical 
corxtitions. 'lhus, the kRae study may have su~ in focusing the 
respon:ients on the differences between test am operating life. Also, 
because service representa.tives were included in the kRae study, it may 
reflect mre experience with repair am maintenance than the CAP auditors can 
offer. '!his theory is supported by the fact that auditors in the Delphi were 
lOOre optimistic than other participants conceming the lives of many EEMs. 

Céluses for Erd of Service Life. '!be resporxients pointed to a mnnber of 
different factors which influenced the useful lifespan of EEM' s. 

Deterioration of the product was thought to limit test lives of double 
glazing, reflective am low emissivity window coatings, variabIe pitch fans, 
rotary type heat recovery systems, am economizers. '!he quality of the 
product or the manufacturer was noted as a major variabIe influencing the 
test lives of lOOSt lighting am HVAC EEMs. 

For lOOSt HVAC EEMs, the resporrlents felt that the lack of proper 
operations am maintenance practices resulted in a significant reduction in 
operating life. same went so far as to volunteer estiJnates of what the 
service life of properly maintained equipment might be. 'lhey believed that 
lOOSt equipnent is not c:::anmx>nly calibrated, cleaned, and lubricated on a 
regular schedule. other studies have irrlicated that, outside of large owner
ocx::upied buildings, this is often true. (Kolb, 1988) '!bey also felt that 
poor un:1erstarrling or inadequate attention to controls often leads to their 
disconnection or misuse. 

Scheduled relanping was thought to shorten the effective lives of many 
lamps am ballasts, and high operating temperature was cited as a detenninant 
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of the· operating lives of iIrlividual lanps. Resporxlents explained that 
operating teq:lerature terxls to vary with the design ani location of the 
lighting fixture. In particular, some open design fixtures with parabolic 
reflectors may operate at a cooler teq:lerature, resulting in langer lanp 
life. 

'!he operating lives of IOOtion sensors, water thennal energy storage 
systems, air curtains, all control systems, solar water heaters, unequal 
parallel c::arcpressors for refrigeration, ani all building envelope measures 
except tinted ani reflective coatings were thought to be diminished primarily 
by prablems with installation. Operating lives of air destratification 
fans, air curtains, ani IOOSt IOOtor, drive, ani transfonner EENS were thought 
to be highly deperrlent on duty cycle ani load factor. 

'!he sponsoring utility needed to mcx:tify the median estimates to reflect 
some of the infannation offered in the backgrourrl camments from the 
resporrlents, ani to adapt this service life data for a rnnnber of purposes. 
To U:rXlerStan:i these mcx:tifications, it is important to first describe the 
applications of service life data within the sponsoring utility. 

Major uses of ser:vioe Life !Bta 

Enetgy Analyses for Inlividual. InveslD!l1t Decisians ReganiÏDJ EEHs. As 
part of energy audits of iIrlividual buildings, service life data is used to 
estimate the duration of savings fram EENS in order to project the amount of 
likely kWh. saved by EENs. CUStarerS use this infannation when deciding 
whether they wish to have EENS instalIed. '!he utility uses the data in 
calculations to detennine whether the iIrlividual EENS are potential cast
effective to the utility as an energy resource. If the EENS are cast
effective, the estimated savings are then used to help detennine the level of 
financial incentives to be offered to consumers. 

ReSaIrCe Planning. To quantify the amount of conservation resource 
available fram all comnercial buildings within its service territo:ry, the 
sponsoring utility simulates a series of EENS in building prototypes. '!he 
simulations provide estimates of typical casts ani savings, which are then 
catpared to other carrlidate energy resources (e.g., coal plants) to develop a 
least-cost strategy for meeting the agency's energy requirements over the 
next two decades. Decisions about the funding of near-tenn efficiency 
programs are deperrlent bath on the cast of energy saved by the EENS ani on 

. the timing of later opporbmities to install them. within this context, data 
on the service life of equipment is used to answer two questions: 

o How long will the Wividual EEN save energy? 

o Are there physical or first-cost barrier to replacing the EEN with less 
efficient equipment when it wears out? 
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If the answer to the secorxi question is affinnative, then the EEN is 
likely to provide a reliable ene:rgy resource for a lorger period than the 
life of the hardware itself. '!his is particulary inportant to utilities 
which are acquirin:] conservation resources years in advance of need. '!he 
installation of many EENS requires mxlifications to a system or building 
which make it unlikely that the user will revert to inefficient equipnent. 
For exanple, installation of T-8 fluorescent lanp; arrl ballasts dictate that . 
the lamp will be replaced .with an equally efficient lamp until the ballast 
wears out or is renr:wed. '!his is because the ballasts cannot operate with 
conventional , inefficient lanp;. T-8 assemblies also require a different set 
of connect:ors than St:a.rXJard lanp; arrl ballasts , makirg it a nuisance to 
replace them with conventional equipnent. we can call this a "replacement
certain" measure because it is likely to be replaced with equally efficient 
equipnent until there is a major remodeling or renovation. EENS in new 
buildings arrl major renovations can be replacement-certain if they are 
installed in conjunction with a downsizing of electrical systems or 
associated equipnent which makes it impractical to revert to inefficient 
equipnent. For exanple, reduction of lighting power densities sometilnes 
permit a downsizin:] of wiring for the lighting, arrl of cooling systems. 
(Beton, Jolmson, arrl Odell, 1987) 

For other EENs, there is no major physical or first eest barrier to 
prevent replacement with less-efficient conventionai equipnent. For exanple, 
replacement of a conventional 40 watt fluorescent lamp with a 34 watt lamp is 
a reversible action. '!hus, the 34 watt lamp is considered to be a 
"replacement-uncertain" EEN. 

'!he SJ:XlllSOring utility decided that, for their purposes, effective life 
was the lOOSt salient definition for addressing equipnent life, since it 
attenpts to aOCOlDlt for lOOSt inportant influences on sez:vice life. '!his left 
the researdl team with the dilemna of how to develop useful estimates of 
effective life, given the wéakness of the effective life estimates in the 
Delphi. To move in this direction, the researdl team made the following 
assunptions: 

o '!he lOOSt inportant influences on effective life not included in the 
McRae definition of operating life were judged to be remodeling, 
renovation, arrl detlX)lition. 

o Obsolescence may result in the replac:ement of equipnent, but, to justify 
replacement, the new equipnent usually provides equal or greater ene:rgy 
savings. '!hus, absolescence does not greatiy influence the life of 
savings fran a preexisting measure. 

Based on these considerations , the life of the savings was judged to be 
depen:lent on the effective life of the equipnent for replac:ement-uncertain 
EENS arrl on the period until the. equipment is removed through remodeling , 
renovation, or detlX)lition for replacement-certain EEMs. 
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Filling in the Gaps in the Delpu. Service Life Estimates 

A IOOdified set of service life estimates was developed for specific 
utility applications. '!hese estimates, shown in Table II, are based in part 
on the operating life data in Table I, but include scne additional 
infonnation, scne judgments about the value of specific values reported in 
McRae, ani a systematic concept of hOW' building life cycles effect service 
life of EENs. '!hese es.;timates are also adjusted to reflect inportant 
camments provided by the Delphi participants but not reflected in their 
nuIterical responses. Table II provides estimates of the effective life of 
the hal::dware, as defined in McRae, and of the life of the savings. '!he life 
of savings is the period of time that loads are likely to be reduced by an 
EEM, ani, for replacement-oertain EENs, by its likely replacement. '!he 
adjusbnents and IOOdifications to the data are explained in the follOW'in] 
paragra{ilS • 

Effects of Remde] ing, Renava.ti.cn, am. J):w>] i:t:i.al. '!he resporxients to 
the Delphi irxticated that the effective lives of certain EENS can be 
shortened by reIOOdel.in], renovation, and dem:>lition. '!hese influences also 
lilnit the life of savin]s for scne replacement-certain measures. Initial 
attempts to develop reliable data on the length of remodelin] and renovation 
cycles irxticated that the issue is too complex to empirical ly quantify 
without an extensive study of diverse buildin]s. (George, 1987). '!he number 
of years until a building is demolished, remodeled, or renovated is deperrlent 
on its construction and use. Even within a specific building type, these 
cycles may vary dramatically with the building's age, the type of 
organization owning it, the specific product bein] sold, business cycles, 
local economic growth, tumover in rental buildin]s, and the conpetitiveness 
of rental markets. 

'!he link between renovation and remodelin] and the remJVal of specific 
energy systema is also less than perfectly defined. For exanq:>le, lightin] 
equipnent is not always chan:Jed out as part of a remodelin]. Sometimes , a 
major renovation will result in replacement of an HVAC system, and sometimes 
it won't. Prior research (George, 1987) irxticates that these factors are not 
consistent even within building types. 

'!he sponsor chose to leave estimation of these cycles up to the 
judgement of auditors for irxtividual buildin]s, and to develop reasonable 
guesses for an average of all building types for resource planning. '!his 
acknowledges considerabIe uncerta.inty about these factors, but provides the 
ability to gauge the rough significance of the cycles on the lives of 

. specific EENS. '!he follOW'in] factors were assumed for the aggregate of all 
canunercial buildings for resource modelin]: 

o Typical new canmercial buildings will last for at least fifty years. 

o Rem:Idelin] occurs in lOOSt buildings about every thirty years, and 
results in replacement of lOOSt lightin] and rooftop HVAC equipment. 
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Table II, part 1. Adjusted Est.:ÏlIBtes of Effective Life ard Est.:ÏlIBtes of Life 
of SaViD]S for Ener.gy -Effi.cieIq Jfeasm:a; (Rationale for each estimate is 
provided in footnotes, which are irxticated by numbers in parentheses) 

~'ftPE: Effective Life: Life of SaV'in;JS if: 
NewjRemrXJel/ Retrofit: 
RelK:Natian: 

Lighti:rg: 
Energy Eff. Fluor. lamp 20,000 hrs. (1) 20,000 hrs (1) 20,000 hrs (1) 

same wj built in ballast 10,000 hrs. (1) 10,000 hrs (1) 10,000 hrs (1) 
lamp in T-8 system 20,000 hrs. (1) 30 years (3) 15 years (3) 

Eff. Elect:ranagnetic Ballast 45,000 hrs. (1) 45,000 hrs. (1) 45,000 hrs (1) 
Electronic Ballast 70,000 hrs(7,9) 70,000 hrs. (7) 70,000 hrs (7) 
Metal Halide lamp 10,000 hrs. (1) 10,000 hrs. (1) 10,000 hrs (1) 

. !.ow pressure Sodium lamp 18,000 hrs. (1) 40 years (4) 20 years (4) 
High pressure Sodium lamp 24,000 hrs. (1) 40 years (4) 20 years (4) 
Parabolic Fixture 30 years (3) 30 years (3) 15 years (3) 
Dinunin:J systems 30 years(3,17) 30 years(3,17) 15 years(3,17) 
on-off SWitching 30 years (3) 30 years (3) 15 years (3) 
Motion Sensor 10 years (2) 10 years (2) 10 years (2) 

Hea.tiJ:q, vent.il.at:h'g, ard Qx>1ÏD:j: 
Econanizer 10-15 yrs. (8) 10-15 yrs. (8) 10-15 yrs. (8) 
Chiller strainer cycle system 15-25 yrs. (8) 15-25 yrs. (8) 15-25 yrs. (8) 
Air-to-Air Packaged Heat plnl:p 5-15 yrs. (8) 40 yrs. (4) 20 yrs. (4) 
Water-Air Packaged Ht. plnl:p 11-15 yrs. (8) 40 yrs. (4) 20 yrs. (4) 
lee 'lhermal Energy storage 19 yrs. (2) 50yrs. (5) 25 yrs. (5) 
Water 'lhermal Energy storage 20 yrs. (2) 50 yrs. (5) 25 yrs. (5) 
Heat :Recovery System: 

Plate Type 14 yrs. (8,9) 14 yrs. (8,9) 14 yrs. (8,9) 
~Type 11 yrs. (2) 11 yrs. (2) 11 yrs. (2) 

Heat :Recovery fran 
Refrigerator condensers 10-15 yrs. (8) 10-15 yrs. (8) 10-15 yrs. (8) 

!.ow Ieakage Danpers 5-11 yrs. (11) 5-11 yrs. (11) 5-11 yrs. (11) 
VariabIe Inlet Vane VAV System 11 yrs. (2) 40 yrs. (4) 20 yrs. (4) 
VariabIe pitch Fan for 

Coolin:] Tower 13 yrs. (2) 40 yrs. (4) 20 yrs. (4) 
Make-up Air unit for Exhaust 

Hoc:xl 10 yrs. (2) 40 yrs. (4) 20 yrs. (4) 
Air Destratification Fan: 

Paddle Type 10 yrs. (2) 10 yrs. (2) 10 yrs. (2) 
High Inletj!.ow Discharge 15 yrs. (2) 15 yrs. (2) 15 yrs. (2) 

Air curt:ain 10 yrs. (2) 10 yrs. (2) 10 yrs. (2) 
Deadbarrl 'lhennostat 13 yrs. (2) 10-15 yrs (12) 10-15 yrs. (2) 
spot Radiant Heat 10 yrs. (2) 30 yrs. (3) 15 yrs. (3) 

(footnotes are explained on the next page) 
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Table tt,part 2. Adjusted Estimates of Effective Life arxi Estimates of Life 
of sa.v.ings for F.nImN- EfficiED:y Measm:es (Rationale for each estimate is 
providecl in footnotes, which are irrlica.ted by rn.nnbers in parentheses) 

~TnlE: Effective Life of sa.v.ings if: 
Life: NewjRemOOell Ret:rofit: 

RencNaticn: 

a:xrt:ro1s: 
catputer IDgic Energy 

Management system 12 yrs. (2) 12 yrs. (2) 12 yrs. (2) 
Electronic Controls 11 yrs. (2) 11 yrs. (2) 11 yrs. (2) 
TilDe Clocks 10 yrs. (2) 10 yrs. (2) 10 yrs. (2) 

Mct:ors, Drives, & Transfmmers: 
Stamard Electric Motor 15 yrs. (6) 30-40 yrs. (12) 15-20 yrs. (12) 
High Efficiency Elec. Motor 17 yrs. (2,9) 30-40 yrs. (12) 15-20 yrs. (12) 
Variable speed oe Motor 18 yrs (2,9) 30-40 yrs. (12) 15-20 yrs. (12) 
Var. speed Drive, Solid state 15 yrs. (2) 15 yrs. (2) 15 yrs. (2) 
Var. speed Drive, Belt Type 6 yrs. (13) 30-40 yrs. (12) . 15-20 yrs. (12) 
Efficient AC Elec. Transfonner 15 yrs. (2) 15 yrs. (2) 15 yrs. (2) 

IDDeStiC Bot water: 
Heat plmp Water Heater 10 yrs. (2) 10 yrs. (2) 10 yrs. (2) 
Point-of Use Heater 12 yrs. (2) 12 yrs. (2) 12 yrs. (2) 
Solar Water Heater (active) 15 yrs. (2) 15 yrs. (2) 15 yrs. (2) 

Ref:rigeraticn: 
unequal Parallel Ccmpressors 14 yrs. (2) 40 yrs. (4) 20 yrs. (4) 
Corrlenser Floatin;J Head 

pressu:re Control 10 yrs. (2) 10 yrs. (2) 10 yrs. (2) 
Autanatic Cleaning system for 

Corrlenser Tubes 15 yrs. (2) 15 yrs. (2) 15 yrs. (2) 
Hot Gas Bypass Defrost 10 yrs. (2) 10 yrs. (2) 10 yrs. (2) 
Polyethylene strip CUrtain 3 yrs. (2) 3 yrs. (2) 3 yrs. (2) 
Refrigeration case Cover 11 yrs. (2) 11 yrs. (2) 11 yrs. (2) 

DJjldÏDj Envelqe: 
Double Glazirg 23 yrs. (14) 23 yrs. (14) 23 yrs. (14) 
Heat Mirror 18 yrs. (15) 18 yrs. (15) 18 yrs. (15) 
IJ:M Emissivity Coatirg 14 yrs. (15) 14 yrs. (15) 14 yrs. (15) 
Solar Shad.e Film (Retrofit) 3-15 yrs. (16) 3-15 yrs. (16) 3-15 yrs. (16) 
Tinted & Reflected Coatirg 15 yrs. (2) 15 yrs. (2) 15 yrs. (2) 
Insulation 50 yrs. (5) 50 yrs. (5) 25 yrs. (5) --- --------------------. ---------
FoobJOtes to Table 2: 
(1) Based on Test Life (MeRae, 19l37) 
(2) Based on Operatirg Life (MeRae, 1987) 
(3) Based on remodelin;J cycle. see text of this paper for explanation 
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FoobDt:es to Table 2, ctd.: 
(4) Based on :renova.tion cycle. see text of this paper for explanation 
(5) Based on life of builciiD]. see text of this paper for explanation 
(6) Includes :rewims. 
(7) Assumes that quality control problems with same electronic ballasts will 

be reduced, or those brarm. will be discontinued. 
(8) IlePel'D; on operations ani maintenance, as per ccmnents in (MeRae, 1987) 
(9) Renovations may shorten operatinllife where this EEM is retrofit. 
(10) Depems on proper design, as per ccmnents in (MeRae, 1987). 
(11) IDI1 leakage daIrPerS on custanized large central HVAC systems may last 

lon:Jer than those on rooftop HVAC systems due to better design ani less 
exposure to weather, as per ccmnents in (MeRae, 1987). 

(12) '!he life of savinls fran this ~ depems on the life of the 
system it is beinl installed in. 

(13) Based on a operatinl life estimates fran a subset of the respornents in 
(Mc:Rae, 1987) who appeared to be referrinl to the correct EEM. 

(14) Based on analysis of responses fran engineers ani designers. 
Manufacturers may have been recitinl the warrantee period for this EEM. 

(15) ConseJ:.va.tive estimate for a new product. I.onJer life is likely. 
(16) Resporxlents in (Mc:Rae, 1987) irxlicated great variability based on the 

mamIfacturer ani the quality of installation. 
(17) Resporxlents in MeRae, 1987) believed that dimrn:in;J systems ani switches 

would last the life of the builciiD], but .would need repair. '!he 
reDXXiel.inl cycle was chosen to represent this. A lesser life might be 
appropriate for add-on continuous dimm:i.rq systems for conventional 
fixtures, since they can be overridden by :rewirinl durinl repair. 

o Typical ccmnercial buildinls with large HVAC systems are assumed to be 
:renova.ted, ani JOOSt central HVAC systems replaced, every forty years or 
so. Renovated buildinls are assumed to last another forty years. 

EEMS installed in new buildinls or durinl a :renova.tion or reroodelinl are 
installed at the begi.nnin:] of a cycle. To acknowledge this, it was assumed 
that EEMS which are sensitive to these cycles, ani are installed at the 
begi.nnin:] of a cycle would last for a tull cycle. It was assumed that 
measures which were retrofit at other times would be in place for one half of 
a cycle. '!hese periods were used as estimates of the life of savinls. Also, 
if a savice life estimated in this way is smaller than the estimated 
effective life of the EEM as othe:rwise estimated, the estimated effective 
life was reduced to the leIXJth of the cycle or half cycle. 

Replaoement of EIM3. '!he savice life study provided engineerinl 
opinion COnCe:rnirrJ whether each EEM had properties which made it 
"replacement-certain" • Based on this infonnation, Table II provides separate 
estimates of the operatiOnal life of the hardware vs. the life of savinls for 
EEMs. '!he life of the savinls is stated in tenns of the events which would 
lead to the rencval of the entire energy usinl system (e.g, light fixture or 
HVAC system), such as reroodelinl, renovation, ani denDlition. 
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~tian ani Mrlnt:enarx::e. For several EEMs, respondents volunteered 
estimates of different potential service lives deperrling on the quality of 
operation and maintenance. '!hese differences are shown in Table II. While 
these estimates are not based on the response of the entire panel for the 
given EEM, they are shown here because they reflect the opinion of the panel 
regarcting the inportance of maintenance for certain specific EEMs. 

limp am. Ball ast Life. Mectian test life estimates from the Delphi were 
used in Table II for theeffective lives of all lamps except metal halide. 
'!here were balancing arguments in the respondents' ccmnents stating that 
laborato:ry tests were too conservative and that manufacturing defects lead to 
early bunlout. '!he operating life estimates were close enough to the test 
life estimates to indicate that the differences were probably not 
significant, given the measurement methode '!he judgement that test lives are 
the best available indicator of field life for these EEMS :i.rrplies that the 
different test life estimates which are available from manufacturers for 
specific lamp IIKXiels may provide useful infonnation. For metal halide lamps, 
several users believed that the lamps were not living up to the 
manufacturers' claims, so the McRae operating life estimate was used. 

'!he life of savings for sodium lamps was assumed to be the period 
between renovations, because the fixtures do not work with other types of 
lamps. '!hus, they can only be replaced with oth~ equiprnent when buidings 
are renovated. 

aECUJSI<"m AND IMPLICATI<"m: 

1. '!he prevalence of inadequate operation and maintenance practices aIrong 
all but the IOOSt sophisticated commercial customers has resul ted in a 
significant reduction in the life of many HVAC and control EEMs. Some 
of these EEMS may not be replaced with efficient equiprnent when they 
wear out. '!hus, inadequate operations and maintenance are a major 
threat to the cost-effectiveness of EEMS and to the longevity of 
savings. Efficiency programs should not invest in HVAC or control 
hardware for smaller and less sophisticated commercial businesses in the 
absence of provisions to assure installation quality control, operator 
training, and maintenance. 

2. However, some EEMs, including some HVAC systems, are likely to be 
replaced with smlarly efficient equiprnent. eonsequently, the savings 
from these measures are a long-tenn resource. It may be worthwhile for 
utilities to place emphasis on installation of these replacement-certain 
EEMs. 

3. '!he duration of savings from replacement-certain EEMS is dependent on 
remodel ing , renovation, and demolition cycles. '!hese factors may also 
foreshorten the effective lives of other EEMs. It is probable that 
there are major differences in the length of the cycle between building 
types which resul tinshorter lives for some EEMS in certain types of 
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l:W.ldi.n:Js. Further research in this area is needed, but would be 
CCIlplicated by the diversity of the ccmnercial sector ani the difficu1t
to-define relationship between renovation, reroodeling, ani replacement 
of EEMs. 

4. Many EEMS installed during a general reroodeling or renovation are likely 
to last much IOn:Jer than EEMS installed at other times, ani are, 
therefore, lOOre cost-effective. Efficiency programs should concentrate 
on encouraging the . installation of EEMS during general building 
reroodel.ing ani renovation. 

5. caution should be exercised when using the data presented in this study 
to c::carpare the IOn:Jevity of technologies with similar sexvice lives. 
one to three year differences are within the nm:gin of error of the data 
sources, particu1arly for EENS with a life of lOOre than 10 years. 
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