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According· to a survey conducted by "Buildings Magazine", more money will be spent this year
remodeling commercial buildings than building new commercial structurese A study conducted by the
Washington State Restaurant Owners' Association found that 80 percent of all new restaurants fail within
the first two years of operatione A BPA study found that 40 percent of the buildings retrofit with energy
conservation measures either remodeled, renovated, or turned over within two years of the measure
instaHatione

These figures raise questions about the impact of commercial sector remodel and renovation and turnover
activities on the in situ lifetime of energy using equipment and energy conservation measures, and the
persistence of savings from program-installed measurese Variations in these types of assumptions could
have significant impacts on conservation program design and evaluation for the commercial sector.

This study was conducted in response to this information, and involved site visits to 380 commercial
buildings and a .phone survey of 100 building professionalse This study examined the extent of building
cnal1lg(~s and tUrnover in the commercial sector and the impact on energy-using equipment and equipment
JU.Jl".''&.-JLJLllllV'';;'. as wen as highlighting potential variations in the results by type of change, business segment,
classes of energy equipment, and geographic area. The study found:

@ 25 % annual turnover in 1"Ml"1!'l1"'Iln~l"t'QlI"'lt' commercial segments,

@ Renovations and remodels impact the 1I"'l"'ll1.ll11n11l"1it'u of space and "U1'lrt'll{:1illu always affect lighting systems,
and

"-J'Aj:,..AJLA.lI.AVC.u..a.Il. variations in results by i)UJ110J11l2 se~~m~~nL

The purpose of the Measure Life
cn.at.ng€~s on eCl1l1pmentlme~aSl1re.lI..JlA ....'ll.Jl.AJ...IVo.;lI,

direction of studies.

Introduction

is to examine these and other nnalIl~S to determine impacts of
volatile areas of change) and determine

The Power Administration and many
across the have and introduced a wide

of commercial-sector energy conservation
programse The· estimate of the cost-eff~tiveness of these
programs is based on the expected savings from
the introduction of a of behavioral and measure-
based the programs have been
ae~ngIlea based on the technical lifetime of the
measures or estimates of average service lifetimese With
many energy estimates based on ECMs which are
VA~JV'Vll.VU to last ten or more years, it is important that
there be some level of confidence in measure lifetime

Bonneville and other utilities have developed data on
average service life for typical commercial end-use
equipment. These service life figures have been used as
estimates of the useful life of individual ECMs.
Unfortunately, lifetime estimates based on laboratory
results or optimum field conditions do not take into
account real-life variables such as the installation,
operation, and maintenance practices employed at the site
in which the ECM is locatede Similarly, estimates which
consider a less than ideal operating environment, but do
not factor in the effects which remodeling, renovation,
and business turnover can have on an ECM's life
expectancy, may also ·prove to be inaccurate. Recently,
attention has become focused on the impact that the
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frequency of remodels and renovations may have on
measure lifetimes in the commercial sector.

remedies or provide specific numeric estimates for
measure life assumptions.

Review of Related literature

The following section summarizes research in the
area of commercial measure Hfee The methodology section
of this paper provides a detailed. des~ription of the
surveying and analysis methodology used in this study.
The results section presents results of the surveys and
analysis, and the conclusions section offers conclusions
drawn from this project..

The Gordon 1988) was a review of
the McRae and identified some of the problems in
the data and revised some of the estimated
measure lives revised about rates of
commercial remodeling, and demoli-
tion. The work also out the need for additional
research on the effect that renovation, remodel, and
demolition rates may have on energy conservation
measures in the commercial sector.

Several previous studies have examined issues related to
the lifespan of energy conservation measures (ECMs).
l'he McRae study (McRae 1987) developed estimates of
life spans for 51 ECMs. These estimates were developed
via a Delphi technique, surveys of personnel
knowledgeable in the field performance of measures.
Three estimates are for every measure: the test

the operational life, and the effective lifee The last,
the effective life, is the life span of an ECM taking into
account the behavior of the ownere The interviewees
reported that a number of factors played a role in deter-

the average ECM life spans, InC~lU(lm~g: 'W'.JIIJI..l....."J>. ............ ,..,

mSUUJlatllOn, O&M practices, and company
labor and energy costs,

building codes, and real estate
renovation and remodeling rates; and manufacturer. The
use of a made it difficult to get J.vu.avJ.V,

estimates of the measure lifetimes or to
1l"'l>/.1.1l"'Tn?1!"n trVD()tn~~SlS tests. In the study could not
consider the lM_.:lI.~'il1"~~ 1l1l"nn'!:llt"lrC! of factors such as business

occupancy or changes.

et at data collected
under the End-Use Load and Consumer Assessment
U'll"'I"'li.nr1t*Qn'1I (ELCAP) to examine the frequency of changes
in the commercial sector. Twelve classifications of

change were identified, and ~he impacts on
building energy usage were also examined" The study
examined the relationship of frequency to bUllCiUlg

size and age as well The of
for each building were nr()Vl(1e4:1Q

SRC's research was to determine the
of modifications in the commercial

sector and the effects that commercial
rernO(lelJLn2 and turnover rates have on energy

to the extent on ECM lifetimes.
{)hl!P~111Vf~~ of the to indicative

than an empn~lSlS

llA"'J/.1.n't1lihl are~s for

For this project, over 400 surveys were conducted:
(1) over 100 surveys with a variety of construction,
remodeling, and management professionals about

turnover and remodeling frequencies, practices,
and other factors for each business and
each change .and (2) over 300 case studies

extent of actual changes made --
se£l~me~nr, change and equipment type --

in recent modifications. The report also includes
results of about 100 case studies of conservation

and conducted Bonneville$

This which SRC conducted under contract to
Bonneville Power Administration, was geared toward
obtaining a better understanding of commercial reno­
vation, remodeling, and turnover rates, and any resultant
effects on energy using equipment. If possible, the
probably effect on· energy conservation measure (ECM)
lifetimes would also be indicated. The study examined the
general extent of the impacts of changes in the commercial
sector on energy using equipment, as wen as ·potential
variations in the results by type of change (renovation,
hard remodel, and soft remodel), business segment, and
classes of energy equipment.,

The results. While were
very different for different sectors, it is clear that business
turnover and modifications occur very treau~~ntjlY

among commercial energy users $ These could
have a effect on the effective life of energy
conservation measures, in tum, could have a
cant effect on the of Demand Side M~ma.ge]ne]ru:

programs and estimates of the cost of power made avail-
able these programs.

Neither this paper nor SRC's for BPA
Cl-nQ'~'dI1i'lir'> estimates of real-world measure or include

recommendations for measure life
this paper and the are intended

to areas of concern for DSM planners and
utilities planrumg or DSM programs~ Further

win be to design



for the SRC
ma~,mCle checks for the

out those areas in n~1~t1ro'111(:&1F" need of

at largeG Changes were broken into 16 categories
including changes in tenancy, schedule, business volume,
as well as changes such as remodeling. Changes occurred
in 93 of the buildings, and energy savings in 70
percent of the were less than estimated.

These studies
and nf"(\vu'1e-,d

results that the SRC

@ 106 surveys conducted with a of
and

pr()re~;Sl()nalS about turnover and remodeling
rreClUe~nC]leS'l practices and other important factors for
each business segment and each type of building
modification e

ethodology

A further examination of these IBP case studies (Kunkle
and Johnson 1991) focussed on the physical changes to
institutional A phone survey was
conducted to expand the available data, and the study
examined the and of physical changes
occurring as well as the impact on building efficiency.
The study also examined the problems causing partial or
complete failure of measures and
whether the problems had been resolved.. The fmdings
were based on interviewee recollection, and included only
those with the level of IBP investment
The found that occur approximately once
every three years,. The of changes were renova-

and most often affected HVAC systems and
controlsG Remodels were more divided between
whole and the system. Changes
were most in local
go"enrlIDlents, and a

The review
additional dataG

® 306 case interviews at buildings that had
recently renovation or remodeling activi-

to understand the and extent of changes
made in the commercial sector ~

® 46 selected site visits
Commercial Incentive Pilot !!-6'Ol"t'"n'1I"'~rn

to among other information on
measure and reasons for removals

This focused on and significant
amounts of dabL Data from three .sources were

and showed that 40 percent of changes are equipment
changesG The study also found that the rate of change in
commercial buildings is high -- 50% of the buildings had
some type of change over the two-year with
changes in some building types as frequently as once
every 1.2 years to as long as every 5 yearsG Changes
associated with lighting occurred once every 12 years to
20 years, and HVAC changes were reported less fre­
quently. However, the study set up a hierarchy of building
changes, so if two distinct changes occurred during the
same time period, the one highest on the hierarchy would
be the one counted. Therefore, equipment changes were
noted only if no change higher on the hierarch (for
example, change in business type) took place. Again, the
study recommended additional research on the effect
building changes have on energy usage,.

In a of lost conservation et aL
the authors noted that the cost effectiveness of an

ECM can vary depending on when the ECM is installed in
a life They noted that if the basic

changed a renovation or rernocie.l'l
a more efficient in its

to the difference between the initial cost
standard and efficient a .11..""' ...&, ........&.1,..... ,

the costs of removal and installation must also be
some measures less cost effective or even pre-
their installation$ Conservation may

be lost because energy efficient is not
installed the favorable "window"
created remodel or renovatione Data sources
included data on two conservation programs and
interviews with decisionmakers
incidence of renovation and reIlUOClel'l
vatio.n informatioDe The
renovation and for
terms of

to IBP and
examined made to 46 case

DUII01lrl2S after energy conservation measures had been
installed under the Institutional
Installation occurred between 1983 and 1988, and the
·rOiiO\JV-ilrn surveys, conducted in 1988 and collected
information on and of OUlll<JlLn2 ChalD2~~S

and the connection between changes and conservation
measure The selected those buildings
with the greatest level of IBP investment,. A
treau~enc~v of change at the institutional after the
installation of energy measures was with rates
that were to in the commercial sector

Measure life The Effect of CommercialliUtlCilng c;nan~ae~~.. "' ..



The surveys were designed with different purposes and
audiences in mind, to be used together to create a more
complete picture of the effect of renovation/remodel on
energy using equipment. The telephone survey gathered
information from experts on renovation and remodel, and
provides background data on the overall and relative
frequencies of general types of change among building
segments. The case study survey provided information on
what specific things happened and what equipment was
affected when a renovation or remodel did occur. The
case study survey sample was not designed to should not
be inferred to be representative of the level of change
activity in the commercial sector. It is not a statistically
derived sample, and was specifically designed to over­
sample some types of change and some building segments,
so that even smaller segments are examined to a meaning­
ful degree.

Case Study/On..Site Interview
Methodology

In contrast to the telephone interviews, which relied on
the personal impressions and experiences of building
industry professionals, the case study interview process
sought detailed information about buildings which had
actually undergone recent renovation or remodelling. On­
site surveys were conducted in three different geographic
areas: King County, Washington (includes Seattle),
Multnomah County, Oregon (includes Portland), and the
city of Yakima, Washington. Survey questions probed for
specific information about the systems affected by the
change, and the extent of the change by system, the result
of the change, and the reasons behind the change. Some
pre-change equipment information was also
collected.

Data from BPA's Commercial Incentive Pilot Program
Survey provided information about the longevity of
Energy Conserving Measures which were installed under
the CIPP program.

Telephone Surveys

The case study was derived from two
sources: commercial building data and referrals
from the telephone survey. The primary source of
interview subjects was building data. this
source had several advantages:

The survey was divided into four sections. The first had
aUt~StllDns about the experience and

responsibilities, and about their views of changes in the
c.ommercial constn.lction and business. The
second section dealt with n. defined as major
cnamg~es to a associated with a complete rehabili-
tation of the The third section included questions
about "hard if or alterations associated with

in tenant needs. Hard remodels may include
structural or functional changes, and typically involve
more than cosmetic changes. The fourth section of the
survey focused on "soft remodels," appearance up,~rale.tes

which may include UgJtltlIlg CJl1aru~es.

@ allowed 5!e(~5!r~rpnlC a.:lspc~rSl0n;

e assured getting to commercial buildings that had
t"e-..clentlv UJnde~rg()ne some type of change;

@ allowed at least a crude method of "scaling up" the
data.

@ in some cases allowed some prt~-ldlen1tI11JCatJlOnof level
of change and of building;

The 306 on-site interviews were conducted a non-
non-statistical sampling approach 0 The

to information about all building
of changes, so that volatile areas could

be identified. To be representative, the. size of the
sample would have been prohibitively large,

given the number of building and change (building
modification/turnover) types and the fact that some change
or business types occur relatively infrequently. Therefore,
a quota approach was used, assuring a minimum number
of' on-site observations per cell, with cells defmes on a
building type/change type/regional basiso This approach
insured that information would be derived for all
changelbuilding type combinations, and that indicative
results could be derived about areas that. merited further
study. The on-site interviews were designed so that data
could be used in conjunction with data from the telephone
survey--we would know what types of changes are made
for all business and equipment types from the on-sites,

conducted

A telephone survey was conducted for this
March and of 1991. The objective of this
survey was to gather background information and
OPJlIlU)nS on and business changes that occur in
the commercial sector. in the field,
arc:h1tects, contractors, and owners, were selected
from trade association lists and the
pages. One hundred and six te14ePI10IJle surveys were com-

in with the geographic
areas of Multnomah County

of Yakima in eastern
a number of surveys were

with persons at national or
he~ido'lua:rte]rs of chain or franchise businesses.



and we would have the ability to put the data in
perspective and infer frequency and importance from the
telephone survey..

survey allowed for direct analysis of the longevity of
Energy Conserving Measures actually installed under a
utility' incentive program..

The survey was divided into five sections.. This allowed
the interviewer to skip sections if specific building
components were not affected during the building change..
The sections of the survey included:

esults

Based on the results of this we found:

Respondent information: respondent name and title,
source of referral, and job function ..

Site characteristics: building address, number of
buildings, number remodelled, number of tenants,
shared systems, number of tenants affected, square
footage information (total, conditioned, percent
remodeled) ..

Renovation/remodel activity: date and duration of the
remodel, reasons for the remodel, and the
types of changes made..

Business Turnover: Results of the telephone survey
indicated business turnover l is most frequent in the
small office, small retail, and restaurant sectors, with
over 25 percent turnover per year for these segments.
Over 75 percent of these buildings tum over to the
same business but a significant share of
groceries and convenience stores are reported to
change business segments at turnovere Hard remodels
or renovations frequently accompany a turnover (more
than haIf the time) in large office, mall,
restaurant, grocery, and health sectorso

Baseline information: the types of
ment in the space before the remodel including indoor
and outdoor lighting,

and HVAC controls, refngleratlOlll,
cooking, and other eatllprneIJlt..

'11I..o._ ............... ,... lllClUlCU.Il2 detailed sets of QU(~stl!ons

about the changes made by PM8?rUlJ-J"'PUJTP.11 cor.nD£'neJ~tsv

The included:

the COlr.DOOn4ent was ch~m2ecL

Remodel:

Communities building permits for
almost aU non-trivial building changes. Of
those issued for the changes and
business segments studied, by far the largest
velrCent2L2e of were issued for office
and retail-sector remodels/renovations. Very
few were issued for changes in malls,
fast convenience stores, groceries,

and schools.

the extent of the Ch~m2:es~

the relative ....... ++·.. ". .. ,~_r~,.1 of the new eQl.upme~nt.

Soft remodels are the most type of
change.. Hard remodels are less
and renovations are least

treIClUt~nt.. Estimates based on the judgment of
showed that soft

remodels occur in between 14 percent and
60 of each year, with

variation based on business
segment (fast food, small office, and con­
venience stores are reported with highest
percentages) 0 Hard remodels are reported to
occur in 9 percent to 23 percent of buildings
per year the highest percentages in the
fast food, grocery, and convenience stores
segments), with renovations between 4 per­
cent and 14 percent per year (most frequent in
hotel and restaurant/fast food categories) .. "The
restaurant and fast food are among
the most frequent noted. for each

category.

that wasofthe
removed"

the __ ,.rw1l~<f'J;~ e4:lUlPment that was f'~n,o'V'pn_ and

the of that was added
(ad,dlUons and reD,!ac~em~~nts;)..

whether the modified was installed
as a measure or as of a

program.

BP Commercial Incentive Pilot Program
Survey

site visits of 46 ranldolD1y selected par­
ttCJlDants in its Commercial Incentive Pilot AV~•.lItlULU. This

Measure Life The Effect of Commercial Building cnar;,ae~!;'...... s 3.. 285



Among previous conservation program
participants, 21 of 46 sites surveyed had
undergone renovation or remodel since
participating in the program0

@i Extent and Types of Changes in and
Remodels: Based on the research, renovations and
remodels typically:

impact a large percentage of the building
space 8

impact the entire lighting, heating, and
cooling system if at al10

and implementation regarding remodels and renova­
tions .. These include architects, property managers and
real estate professionals, general contractors and
construction managers, mechanical engineers, and
sales and design professionals. Tenants most often
propose renovations/remodels, and architects, owners,
and tenants determine what would be renovated 8

Decisions on changes are most often made at the local
level, and tend to be approved by the owner or CEO
or Board.

Among previous conservation program participants,
the parties most frequently responsible for decisions to
renovate or remodel are owners and boards of
directors.

result in more comfort.

increase or do not affect efficiency.
Effect on Measure

® Affected: Reno-
impact the

HVAC systems and. controls, and building interior
shelL Results indicate that there are differences in the

of typically affected in in
the different business segmelnts.

® of on ECMs: It is difficult to make
any conclusions about the effect of renovation or
remodel on energy conservation measure
lifetimes 8 to the case survey
indicate that ECMs were not

removed in a V.IU.c.<I.JUI.='V0

The ultimate results of this were indicative results
that could a better of the effect of
renovation and remodeling on the lifetimes of energy

eCIlUPlmelrlt and, if possible, some indication of the
effect on ECM lifetimes.

As of the technical a number of summary
tables were 1-4, following pages) .. These
tables combine the results of the phone and case study
surveys to determine the expected rate at which certain
types of energy using are removed or altered
for various commercial business segments and by change

@ Average percent of renovated/remodeled floorspace
affected for each component changed (from
case study surveY)0

@ Percent of renovated/remodeled sites affecting each
building component, by business segment (from case

survey) 0

l\nnual rate of hard re1J[1ocleL or
renloClel).. by business segment the phone

@

The rate at which the particular types of equip­
ment are removed or altered in renovations, hard
relnofdels~ and soft remodels, by business segment, can be
estimated from data in the surveys, as the mllLlt11Dl1~catlve

"""" .....""• ..-lIllll .... iIlo of four elements:

results from a survey of CIPP
sites indicate that the removal or

deactivation of ECMs may be
the stated reasons for the removal or

deactivation were, in most cases, related to measure
or rather than to renovations or

remodels of the site.

® Factors: The most common reason
for modifications was to meet tenant needs 8 Other

factors cited were in effi-
and appearance. The end of useful lifetime is

cited as a reason for about 70 of
eCHJ.IPJmelt1t or measure efficiency was
one considered in new decisions 8

Most are more energy efficient
and consider efficient widely

@ Percent of total number of changes the
bUJl1dJ11l2 COln10iOuent that involve removal/alteration of

avaHable0

ofessionaJs Involved: A wide of
are involved in the decisions

the cornoc)ne][1t case

3,,286 ... Skumatz and Hickman



Table 1~ to Indoor Lighting Due to Renovation, Hard Renwdel, and Soft Remodel

LIGlrrlNG FIX11JRES
Small I ISmall IRestau-I Fast I '. Iconven11JOleV IEduca-I Ware-

Office I Office Retail H.ctaH nmt Food Grocery Slore Motel lion house hIosphal
~q. of Renovation per hOIJ":::;;.~:~.? rrPil"}:IJTSlolJ::::);~)); :(lOlJ:>:/::"1 ?OlJ::?\) 'j ?p!,J:::;::;::{{'QoJ,L(;::)<110ItJ <:}";:rja<MJ;:-:::?:::::<4-eul':"<:::;;:'8t}d

(Iv R~novUlious r~IIL-\...Ulli~

Indoor Li.RJHin~ Sy

o/v of Indoor Lighting Systcna Affccted

1()()O,{

949f
94~

92~.

lOO~

91%1
95lX

760A
100%

SOCK

IOOf}{

JOO?l.

100~

lOOCX
100~

99CX
100%

83CX
94~
-I--
93~

89'*
92~

88e;(

lOO~

~
~
~
('fj

~

~

#I R~HOv;.Hions Affecting indoor
Lighting Sysicnl 16 31 5 18 14 3 6 4 4 17 8 1

1# \\'!Fixlure [~cfHoVaVAI(cnllion 16 30 4 13 8 2 ---6- --4- 4 14 7 --5

·~ltJ.t."I:lrl},;I:llliill!~~:1.111'IIJIII i··~II:!I~!!_ !i~)llll?dl·ljllll~f~l~it~!!j·~~'I:11111

#I SofL RCluodels Affecting Indoor

Lighting SystCHl 6 5 I 2 1 1 3 6 1
1# w/FixlUfC RCluovaVAhcration 6

~~~~'I'I'l'I"'T~~~~~~~:-.-.":"I":'I~-:-:-b~~~~~-..::+.-.-r~~~~~~~~~~~

~G~i~o/~ir-~i11~i~~iilll,[lii~i~ii.!:II!llljllll~!iill~!

849t

42~

lOOll

lOO?f

75%

90%

l00~

lOOCM

80~

78'*

IOO~

100%

95%

40~

lOOCM

100%

670ft.
100ex

509f

83~

52%

100%

l00~

lOO9f

790A
JOO~

l00tX
100%

.7~:~~f??:~1.r~ }~{?\6()'r~ :):t~~~;~ J7o/q:}!;f}J2r~ )(~i\Z3 %t':(\;/24 o/~ :.-:/.<21r~ :;::.\}, 149t

829i

90%

92~

lool}(

81%

IOO9f

lOO~

100%

.;.;;•...:..-.....

869{

83lJ{

l009f

100%

·;:\·J.l"~c.

859(,

86~

750A

lOO~

.'-:'l.l'1t

Indoor Lighting Sys(c,n

0/0 of Indoor Lighling Syslcln Affected

rrcq. of Soft Renloocl (% pCfycai)
(Yo Soh Rc.nndcls Affecting
indoor Lighting System

C}£I of ("dOt)'- AffcclCd

1# I fard RClnod~ls Affecting Illdoor

20 24 6 11 7 . 5 5 1 3 3 10
n-\\";;;"I-r:i-x-';;lu-rc-';'R-c-n-lo-v-a-VA-hc-ra-·t-io-n-------+---I-g-4--2- t-4---4--t--- 1 3 2 --.8

~~11W~'1i~~~~~I:i!ilil;;j;i';~I!:!~~·;!!..~~·:lll~I'~11.1:lllIl·I'!I.:~I~llf~~i~~

~
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~
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Table 2~ to Heating Equipment Due to Renovation, Hard Remodel, and Soft Remodel

~
Q...

;t:
f)~

a
~

Small Small Restau- Fast . . Conven. lIotel! Educa- Ware-

ilEATING EQ1 lIP~tffil. ~ Office Office Retail Retail rant Food Grocery Store Motel tion house Hospital
Freq. of n ... __ " t ,;. ~·;'J~.iU~<-::::·::: ':: :::···.::-:.:<i>.::.·····:·.:·:· I... ~!~1f?ft~~;~ :~J:~f?lZ~ ~~J~J})7~:!/n:)~J~t~ .:.;.~.::~:...~; ~.~ )ff)J4~ }rJ:!}f4~ ·~:r~:~):} a~ .\){{(S
% I{enovations Affecting Healing iy, lOO~ 91 ~ l00~ 84CX 93~ 33~ 83~ 750k lOO?t 94q{ 67CX lOO~

% of llealing Syslem Affecied 93'* 93~ lOO~ 90~ l00~ 100CM 100'* tOO9£. 83~ 84~ 84~ lOO~

1# Renovations Affccting lIe(l(ing 16 30 5 16 13 1 5 3 4 17 6 8

#I w/Hcating Equipotent RClnoval 10 23 4 5 8 0 5 3 2 8 4 5

% liard RClnodcls Affecting I!ealing Systern 8591 54'* 339t 50CJ{ 57tJA 60~ 33~ 670ft. 67~ 67DA 100k
% of Ileating System Affccted Sill 749t 90~ 770ft. 100'* 50~ lOO~ lOOCl 53~ 73~

1# I~ard RCluodcls Affecting Ileating 17 i 3 2 6 4 3 2 2 0 2 2 1
II w/i·lc4Iting Equiplncnt Rcoloval 4 3 0 3 0 1 1 2 0 0 2 0

% Soft RCluodeis Affecting Ilealing System 50% l00~ lOO~ 670ft 509' lOO~

% of llealing System Affected lOO9t l00~ lOtJA 100% 52~ 2CJ{
II son HClnodels Affecting Ileating 4 6 0 0 1 0 2 3 0 3
1# w/llcaling Equipment RcnlovaJ 0 1 0 0 1 0 l' 1 0 0



Table 3» to C"oolinf! Equipment Due to Renovation, Hard Remodel, and Soft Remodel

~
~
~
(lS

~

~

~
Cb

~
Q)
t)
~

(:)
~

~
i\)

~

Small Small ResUlu.. Fast ' . Conven IIoteV Educa- Ware-
ICOOl ~Q' frr~r18·tr Office Office Retail Retail rant Food Grocery Store Motel tion house ~-IospjtaJ

:q. of Renovation (, ~ YCtuj'.·,;,;" ;.;'.:-'_ :-::"'iL .-; ;:;.;;.~ :.::::~;/:::~'~~ ;}?f:J~9£ t\rrl~~};~~ri}:\9:~ :}r:ifl3.~ )!fr{i4~ )r?~~J?4.~ f~f)\A~~ 'H~(t\,

?o Renovations Affecting Cooling ,y 94q{ 91 Ok l00~ 58~ 86~ 33~ 610;,. 75% 1000;,. 61o/t 44~ lOO9i
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It w/Cooling Equipluenl Removal 1 I 0 0 0 0 1· I 0 0



~!tf~<Q(j~

lOO9f
50o/J lOOt}{

Small I Fast
l<etaU. rant Food

o5

839£
lOO~

to HVAC Controls Due to Renovation, Hard Remodel, and Soft Remodel4~

Freq. 'of Soft RemoJcl (%:pcr

% I-Iard Rcmodels Affccting IIVAC Controls I 90o/J 67o/J 670/£1 58o/J 43o/J 6Oo/d 33%

#I !Iard Reluodels Affecting IIVAC COHrrois I 18 I 16 I 4 I 7 I 3 I 3 I 2

## Soft Renu){icls Affecting IlVAC Controls

% Soft Rcnl<xtels Affecting ~IVAC Conlrols

% of IIVAC Conlrols Affccted

% of HVAC Controls Affectcd I 91 ~~ lOOo/J lOOo/J lOOo/J lOOo/d lOOo/d 50%

F~q.ofl~~Reni~6i{%oo(~~e~~N81@4R0t;h;:1~~~*Bl~ljJ0t~~814J~~~(0J[5~ffitD2~~j84~'

1# w/liVAC COlluol RCluovai 9 9 3 4 2 1 1 2

~

~
Q
~

~
§
OJ
~

~
~

~
(')~

a
~



The tables provide results for a number of energy
equipment types.

Table 1 displays. these calculations for indoor lighting
fixtures. The first section of the table addresses
renovations. The first row of this section shows that 6 per­
cent of large office buildings are renovated each year. The
second row of the section shows that 100 percent of
renovations of large office buildings affect the indoor
lighting system. The third row of the section shows that
94 percent of the lighting system is, on average, affected
by renovations that affect indoor lighting. The ratio of
number of renovations affecting lighting (the fourth row)
to number removing or altering lighting (the fifth row)
shows that 100 percent of renovations of large office
buildings affecting the indoor lighting system involve
either removal (either with or without replacement) or
alteration of lighting fixtures. For indoor lighting systems,
we interpret "aIteration" of fixtures to mean removal of
one or more components, such as ballasts. Multiplying
these figures, which are all derived from the telephone or
case study data, results in the percent of fixtures removed
or altered annually due to renovation -- in this case, 6 per­
cent of the indoor lighting fixtures (6% x 100% x 94% x
16/16) in large office buildings are removed or altered
Ol"'l't"1lllHllllh' due to renovationse

40 percent of respondents to the CIPP evaluation survey
had removed or altered previously-installed ECMs. The
most frequent reasons given for the removal or alteration,
however, were:

~ Poor design,

~ equipment malfunction,

@ vandalism, and

@ O&M problems.

Only one respondent indicated that a previously-installed
ECM had been removed or altered due to a renovation at
the site. This indicates that, because the rate of ECM
alteration and removal may be very high, it is important
to understand the reasons in order to more effectively
design conservation programs which· 'win continue to
deliver energy savings as expected. However, the high
rate of renovation and remodeling activity in the commer­
cial s~tor does not translate directly into a high rate of
ECM removal. The other reasons given by program par­
ticipants for removal or alteration of ECMs should be
fuHy explored as welL

IVltllV1TIO across the columns of the first section of Table 1,
we fmd that the percentage of indoor lighting fixtures that
are removed or altered annually due to renovations vanes
from 3 in education and hospital/health care to
13 in convenience stores. The second section of
the table shows that the percentage of indoor lighting
fixtures removed or altered due to hard remodels
varies from 4 in hotel/motel to 15 percent in
convenience stores. The third section of the table shows
that the removal or alteration to soft
remodels varies from zero in several to
27 in restaurants.2

Conclusions

This study indicates that the high level of business
turnover, renovations and remodels may be an area of
concern for analysts designing DSM programs or examin­
ing their effectivenesse The major objective of this
research was to derive indicative information about the
P01Cenltlal impact that renovation, remodel, and turnover in
the commercial sector might have on the in situ lifetimes
of energy equipmenL This study collected a large
amount of data related to these issues, including infor­
mation about:

Tables 2 4 similar calculations for .IUlV~~"Al....Ul.Jj;,.,

..........,~JAJULAji:;,'t and HVAC control SV5;tetnS~

® General trends and types of activities prevalent in the
sector based on interviews of over 100 building
professionals.

Specific changes Im1Pleme:fite~ in over 300 case studies
of buildings that had undergone remodel or
renovation.

A wealth of information was collected on changes and
practices for several business segments and numerous
building components, as wen as by type of change
(renovation, hard remodel, and soft remodel). Critical
findings of the include:

L~lenlnes of rreVZO~USll'-ln~Slaj~lea .N-J~.U·JII'.A..1'oll'

~pe~ltlc QlueStlOI1S were asked in the case study survey
which also be used to compute percent of 1n1";:.'3"'1Ir..ncil"

installed ECMs that were removed or replaced. due to a
renovation/remodel. the number of case

reS'pOIldents that had previously installed ECMs is so
slnall that the estimates were meaningless.

The CIPP evaluation completed by Bonneville indicates,
that the incidence of removal of

"""" .....,"'" ....1 ...... ..., program is high. About

Measure life The Effect of CommercialtJuliCiArng (.;nan~f;J8~),.. "" - 3.. 291



e 25 % annual turnover in important commercial
segments,

@ Renovations ~d remodels impact the majority of
space and virtually always affect lighting systems, and

@ Significant variations in results by building segment

Additional targeted research on volatile segments or equip~

ment will be useful in determining more precisely the
level to which these changes affect actual measure
lifetimes.

Endnotes

1. Business turnover is defined as a business moving in
or out of a building, or a business closing.

2. Note that because the data for percent renovated, hard
remodeled, or soft remodeled were asked separately in
the telephone survey, there may be some element of
overlap between the categories.. Because the extent of
ffdouble-counting" cannot be estimated, the annual
rates of change within each business segment and type
of energy for each of the three
change should be looked at separately and not
added up.
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