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FOREWORD

Changes in commercialbuilding structure,equipment, and occupantsresult

in changes in buildingenergy use. The frequencyand magnitudeof those

changes have substantialimplicationsfor conservationprograms and resource

planning. For example,changesmay shortenthe useful lifetime of a

- conservationmeasure as well as impact the savingsfrom that measure.

• This report summarizesthe frequencyof changes in a commercialbuilding

sample that was end-usemetered under the End-UseLoad and Consumer Assessment

Program (ELCAP). The sample includesoffices',_ dry good retails, groceries,

restaurants,warehouses,schools, and hotels. Two years of metered data,

site visit records,and audit data were examinedfor evidence of building

changes. The observedchangcswere then classifiedinto 12 categories,which

includedbusiness type, e,luipment,remodel,vacancy, and operatingschedule.

The analysis characterizedchanges in terms of frequencyof types of change;

relationshipto buildingvintage and floor area; and variation by building

type. The analysisalso examined the energy impactsof variouschanges.

The analysis determinedthat the rate of change in commercial buildings

is high--50_of the buildingsexperiencedone type of change during the 2 years

for which monitoringdata were examined. Equipmentchanges were found to be

most frequent in officesand retail stores. Larger,older office buildings

tend to experiencea wider variety of changesmore frequentlythan the smaller,

newer buildings.

The findings describedin this documentare intended as an information

" resource to conservationprogram planners in the region. Conservationresource

planners and power forecastersmay also find this informationuseful. Comments

- regardingthe interpretationof the data presented,additienal useful data

summaries,or modificationof existing data summariesshould be directed to:

Ms. FrancesPetersen
Bonneville Power Administration

P. O. Box 3621 - RPEE
Portland,Oregon 97208

(503) 230-5860
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Section i

INTRODUCTION

Public utilitiesspecialistsand others in the power industryhave long

noticed that buildings in the commercialsector undergo frequent changes in

• structure,equipment,and occupants. Such changes have substantial

implicationsfor agencies involvedin conservationand resourceprogram

• planning and power forecasting. These implicationsincludethe lifetime of

conservationmeasures, the shelf-lifeof audit-basedsavings estimates,

conservationopportunitiesprovided by equipmentturnover rates, and the

effect of vacancies.

Historically,there was littlebasis for quantifyingthe changes that were

observedto be taking place in the commercialsector. However, in 1983, the

BonnevillePower Administration(Bonneville)began the End-Use Load and

ConsumerAssessment Program (ELCAP). Conductedby the PacificNorthwest

Laboratory (PNL),ELCAP involvesthe collectionand analysis of hourly end-

use data from, as well as other characteristicsinformationon, commercial

and residentialbuildings in the PacificNorthwest region.

Since the data collectionbegan, program staff have also observed a high

rate of occupant-initiatedchanges in the 126 commercialbuildingscomprising

the sample. Because of the rigorousmetering and informationcollection

proceduresbuilt into ELCAP, the resultingdatabaseoffers a uniquely rich

source of data for use in quantifyingthe changes that had previouslybeen

only visuallyobserved or suspected.

This reportdocuments the first stage of PNL's analysis,in which we

• characterizedchanges in _umlnercialbuildings in terms of type and frequency

of change. We then examined relationshipsbetween the frequencyof changes

and the characteristicsof buildingssuch as type, age, and size. We also

looked at the energy impactson the commercial sector for the changes events

we identified•
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Our key findingsand observationsare presentedin Section 2. Section 3

provides the underlyingmotivation and objectivesof the analysis. In Section

4, the methodologywe used is documented,includingthe commercialbuilding

sample and the data sourcesused. We also present our definitionsof change

events and discuss the overall approachwe took. The analysis resultsare

presentedin Section5. Additionaldetails are provided in AppendixesA, B,

and C for readers interestedin more technicaldiscussionsof our methodology

and results.
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Section 2

KEY FINDINGS

In this section,we presentthe key findingsgleaned from our analysis

of changes in commercialbuildings. Based on examinationof the events

recorded in the ELCAP database,we were able to define 12 types of changes.

Overall, we found that 504 of the buildings in our sample experiencedat least

" one type of change during the 2 years for which data were examined. The

changes we examined,as well as the actual frequencywith which each type of

change occurred,are summarizedin Table 2-I to help illustratesome of the

more obvious and generally interestingobservationscited here.

FREQUENCYOF CHANGE BY BUILDING TYPE

Of all the buildingtypes in our sample,we noted that offices

experiencedchangesof all types most frequently. The mean time between all

types of change in officeswas about 1.2 years, or, more simply, a change of

some type occurred in office buildingsonce every 1.2 years, on average.

Retail buildingsalso had a high rate of change, about one in every 1.3 years.

The rate of change in the other major buildingtypes (groceries,restaurants,

and warehouses) in the ELCAP sample was about one every 1.7 years.

These change rates are remarkably high, reflecting the continual nature

of changes in occupancy, structure, and equipment in commercial buildings.

Although many of these changes are undoubtedlyminor, these high rates

(particularly for office and retail buildings) are cause for concern about

• retrofit measures that might be removed or disabled by some of the changes.

FREQUENCYOF CHANGE BY CHANGE TYPE

The most notable observations we made when we examined the change

frequency in terms of change type are included here.
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E_uc19__pmentChanqes

We found that equipment changes occurred more frequently than any other

type, comprising nearly 404 of all observed changes. As shown in Table 2-1,

there were 105 equipment changes across the entire commercial building sample.

After averaging the rate of change for each type across buildings in the

sample, we found that the average number of years between equipment changes

also was much less for offices and retails (3 years) than for the warehouses,

groceries, and restaurants (5 years). Thus, overall, equipment changes

apparently occur more frequently in offices and retails.

L_ightingEquipmer}t.Becausethe definitionof equipmentchanges is

fairly broad, a simp!e tabulationshowed that 25_ of the equipmentcha_;ges

involved lighting. When we applied these fractionsto the average rates of

equipmentchangecited in the paragraphjust above, lightingsystem changes

appear to occur on average about once every 12 years in office and retail

buildingsand once every 20 years in warehouses,groceries,and restaurants°

Because in many instancesthese changes involverelativelyminor cl_angesto

the lightingsystems, these rates are probably lower bounds on lightingsystem

lifetimesand, hence, conservationmeasure lifetimes.

Heatinq/CoolingEquipment. The fractionof equipmentchanges that

involvedheating/coolingequipmentwas 174. The correspondingrates of change

for heating/coolingsystem componentsare about 18 and 28 years for

offices/retailsand warehouses groceries/restaurants,respectively• These

system lifetimesroughlyconfirm the generally assumedheating/coolingsystem

lifetimesof 20 to 30 years.

MiscellaneousEquipment. The remaining604 of the equipmentchanges

were related to changing of miscellaneousequipment in the buildings. With

the major exceptionof refrigerationequipment,the types of equipment involved

in these changes are not the target of current or planned conservation

programs. Many of these equipmentchanges involved small pieces of equipment•
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TABLE 2-i

Cha_ges Observed in CommercialBuildings
over a Two-Year Period

Numbersof Observed Chanqe,s.by Type

Building Type l(a) 2 3 4 5 6 7 8 g 10 11 12 Total

Offices 1 5 I 11 0 29 4 0 20 0 I 9 81Q

n = 28

Dry Good Retails 1 2 i 5 0 29 3 0 17 0 0 9 67
n : 28

Groceries I 2 3 0 . 0 14 0 0 13 0 2 I 36
n=19

Restaurants I I i 0 0 I0 0 0 I0 0 3 4 30
n = 15

Warehouses 0 4 I 3 0 9 3 I 6 0 0 i 28
n=14

Schools 0 0 0 0 0 0 0 ,0 0 0 0 i I
n =4 l

Universities 0 0 0 0 0 2 0 0 0 0 0 1 3
n=2

Hotels/Motels 0 i 0 0 ' 0 11 0 0 2 0 0 0 14
n=11

Other 0 0 0 0 0 1 1 0 1 0 0 0 3
n =5

Totals

Zn = 126 4 15 7 19 0 105 11 I 69 0 6 26 263

(a) The types of changes examined in this analysis are as follows:

" 1 - businesstype 7 - remodel
2 - tenancy 8 - schedule
3 - full vacancy 9 - unclassifiedload

" 4 - partial vacancy 10 - reconfiguration
5 - fuel type 11 - electricalchange
6 - equipment 12 - unclassifiedspike
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UnclassifiedChanges

The second most frequentlyoccurring type of change was that definedas

unclassified--changesthat were observed only from the electrical load data

but that had not been noted in any of the other data sources we used in the

analysis. A total of 95 unclassifiedchangesoccurred across the entire

sample, an averageof one every 4,9 years.

This finding indicatesthat the unclassifiedchanges are most likely to

be operationalchanges, such as increasedor decreasedbusiness hours, levels

of business activity,or other such behavioraleffects. Some unreportedmajor

equipmentchanges may also be includedhere.

OccupancyChanges

Changes in a commercialbuilding'soccupancycomprised the third most

frequently occurringtype of change. In our entire sample, of the types of

occupancy changes we found, partial vacanciesoccurred 19 times, tenant changes

15 times, full vacancies7 times, and businesstype changes 4 times. The

combined average is about one change every 15 years. These events include

any equipment changes and remodelingchangesassociatedwith them. They are

particularlyimportantbecause some of these changes involvemajor

restructuringof the building and its systems,potentiallyremovingpreviously
installedconservationmeasures.

We found that office, retail, and warehousebuildingsbecame partially

vacant more frequentlythan they became fully vacant. This is not surprising

because these buildingtypes often have multiple tenants_

RemodeIs

Eleven remodelchangeswere found in the ELCAP records. A remodel is

defined as a structuralchange in the building,in the absence of other changes

such as equipment,tenancy,or vacancies. A particularlyhigh rate of remodels
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is associatedwith warehouses. Visual inspectionof the data indicatedthat

seven major remodels occurred,involvingfull renovationof the building

spaces. Interestingly,none of these was associatedwith business type or

tenancychanges as might be expecteddue to renovationsto suit a new business

or tenant.

• Becauseof the importanceof remodel frequencyto demand-sidemanagement

programs,we have reviewedthis categoryof changes in greater detail in

• Appendix D. Most of this documentsummarizeschangesaccordingto a predefined

hierarchyof change type definitions. Any change event that involvesmore

than one Change type is countedonly once and categorizedas the change type

expected to result in the greatestchanges in energy consumption. The

informationin Appendix D summarizesremodels using a broader categorization

of changes, providing additionaldetail about the nature of remodel activity.

Any event that involvesmore than one type of change is counted as many times

as there are change events. We also attempt to determinewhether each remodel

involvedan addition, removal,or replacementof space or equipment.

RELATIONSHIPOF CHANGE FREQUENCYTO BUILDING SIZE AND VINTAGE

We found some notablecorrelationsbetweenthe frequencyof the various

types of change and the buildingsize and vintage. Here are some of the more

evidenttrends:

• In older office, retail,and warehousebuildings (constructedthrough
1980), changes in tenancyoccurred more frequentlythan they did in
newer buildingsof the same types. This may be relatedto the less
stable nature of businessesthat move into older (and presumably
less expensive)commercialspace.

• Large office buildingsexperienceda higher frequencyof tenancy
change than did small office buildings. This probably is a result
of the multi-tenantnature of larger offices,and so may not have a

" strong influenceon conservationmeasure lifetime.

• Small retail, grocery,and warehouse buildingsunderwentchanges in
tenantsmore frequentlythan did large buildingsof the same types.
This may be the result of more freQt_entturnover in small businesses
than for large corporationsthat typicallyoccupy large buildings
of these types. Thus, larger buildingsmay be more stable targets
for conservationprograms.
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• The small number of new groceriesand restaurantsin our sample
exhibiteda much higher frequencyof unclassifiedchanges than older
buildingsof the same type. This could possibly be relatedto a
"settlingin" period that is pronouncedfor these building types.

• We found no clear relationshipbetweenthe frequencyof equipment
changes and building vintageor size across all buildingtypes.

IMPACTOF CHANGES014ENERGY USE ,

Buildingsthat exhibitedfrequentchange often changed almost continllally, o

blurringthe distinctionbetween the effectsof any individualchange. We

found the methodologywe used in this preliminaryeffort incapableof reliably

dealingwith the continual shiftingnature of occupancyand loads in commercial

buildings. Alternativetechniquesare suggested in Appendix C for follow-on

efforts to quantify change impactsorlend-use loads.
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Section 3

ANALYSISOVERVIEW

In this section,we note the reasonsfor undertakingthis analysis. We

also list the analysisobjectives in the form of research questionswe sought
•

to answer.

• MOTIVATION

Various observershave long noted that commercialbuildingsundergo rapid,

frequent changes in structure,equipment,and occupants. Such changesmake

it very difficultfor agencies such as Bonnevilleto plan conservation

programs for the commercialsector. Planning is difficult for severalreasons.

First, forecastingcommercial loads by building type and equipmentusage

is difficult. Second,the length of time a conservationmeasure (and, hence,

the energy savings attributableto that measure) is likely to remain in place

is uncertain. Third, the most appropriateway in which to implementa

conservationprogram or measure cannot be known with certainty. Fourth,the

most appropriatetime at which to implementa conservationprogramor measure

is difficultto predict.

Often, by the time a programhas been readiedfor implementationin a

commercial building,the building toward which it is targetedmay have

undergoneyet anotherchange ir structure,equipment, and/or occupants.

Because the building'senergy use might also have changed, the recommended

action may have been rendered less cost-effective,inappropriate,or even

useless.

Thus, the observed changes in commercialbuildingscan have far-reaching

implicationsfor conservationprogramplanning,resource planning,and power

forecasting. Io help Bonnevillemeet the unique challenges imposedon these

three areas of emphasis,our analysisto characterizechange in the commercial

sector was undertaken.
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OBJECTIVES

The primary purpose of this analysis was to classify and quantify the

changesobserved in the ELCAP metered commercialbuildings. To achieve that

purpose,we sought to find the answersto the followingresearch questions:

• What types of changesare observed in commercialbuildings? "

• At what frequencydo varioustypes of changesoccur? b

• How do the change frequenciesvary by buildingtype?

• Are there relationshipsbetween change rates and building vintage
or floor area?

• Are any end-use loads or conservationmeasures particularlyaffected
by changes? Are there any that'are largelyunaffectedby or "immune"
to the change problem?

• Are there any sites with conservationmeasuresor other technologies
of particular interestthat can be targetedfor future "before/after"
studies?

• What are the impactsof changes on energy use, particularlyend-use
loads?
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Section 4

METHODOLOGY

I

In this section,we ,iocumenthow we performedthe analysisof changes in

commercialbuildings. First,we describe the sample of commercial buildings

' from which various types of data are collectedas part of ELCAP. Next, we

discussthose types of data that we used as sources for identifyingchanges

in the sample commercialbuildings Third, we define the change events that

we examined in the analysis,and explain how and why we arranged them in a

hierarchyfor the analysis. Finally,we discussthe approachwe took in using

the building sample,data sources,and change definitionsto achievethe

analysisobjectives.

THE COMMERCIALBUILDING SAMPLE

The ELCAP commercialsample consists of 126 buildings,or structural

entities containedby a co_,tinuousbuilding shell. Some of these individual

buildingscontainmultiple sites. The classicexample is a retail strip

buildingwith a shoe store, fast food restaurant,and a small office. Sites

are definedwhere individualbusinessesare isolatedphysicallyand by the

metering equipment. Currently,143 sites are metered in the commercial

buildingsample.

Data are being collectedfrom this sample for three Bonneville studies.

The first is the CommercialBase Study, designed to provide informationon

end-use loads and conservationpotentialin the PacificNorthwest. The

' CommercialBase sample consistsof 103 sites consideredto represent

commercialbuildings in the SeattleCity Light servicearea. The second study,

the CommercialAudit Program (CAP),provides a sampleof 33 sites that are

metered to determinethe value of utility-sponsoredenergy audits in predicting

energy savings from conservationretrofits. Another 7 sites come from the
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third study, the Purchase of Energy Savings (PES) Program,which is designed

to evaluate the use of third-partyfinancingto acquire conservationresources.

The commercialbuilding sample is describedin more detail in Taylor and Pratt

(1990).

Nine distincttypes of commercialbuildingsare representedin the samples

for the Con_nercialBase Study, CAP, and PES"

• office • school
• retail • university
• grocery • hotel
• restaurant • other.
• warehouse

Thi_ ":ombinedsample provided the source of the informationwe used in this

analysis.

DATASOURCES

The various kinds of data collectedfrom and about the 143 sites in the

commercial sample reside in the ELCAP database,providing a uniquely rich

and comprehensivesource of information. For this analysis,we examined five

specific types of informationavailable in the database:

• data verificationrecords
® maintenancerecords
• site relationsrecords
• load data
• day typing analysis results.

Each of these is described in the followingparagraphs.

Data VerificationRecords

Data verificationrecordsare the narrativenotes written in the process •

of verifyingthe quality of the metered data on electricityuse. These records

describe any analyst-observeddiscrepanciesbetween the amount of power

entering a metered electricalservice panel and the amount of power leaving

that panel.
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As part of ELCAP,the total electricityentering the panel must equal

the sum of the electricityused on the individualcircuits leavingthe panel

(feedercircuits),within reasonablebounds. Whenever an imbalanceoccurs,

the verificationanalystsflag the buildingas having potentialmetering

hardware problems or electricalsystem changes. The analysts also indicate

the suspectedcause of the imbalancein the data verificationrecords (Pearson,

' Stokes, and Crowder 1985).

' The data verificationrecordsprovide reliableindicatorsof occupant- r

initiatedchanges in equipmentwithiila building. For example, the addition

of new equipmentwill usually result in observed discrepanciesbecausenew,

unmonitoredfeeder circuitsare simultaneouslyadded to the electricalservice W/
panel to serve the new load.

F'

MaintenanceRecords

Whenever a building is visited to correctmetering hardware failuresor

to modify the metering installationto accommodatechanges to the building,

a report is writtento describe the more obviousmodificationsto the building

or its electricalsystem. These records often confirm the suspicionsof the

verificationanalystsnoted in the data verificationrecords. The maintenance

recordsprovide detailsof the actual equipmentthat was added or changed.

Occasionally,other changes, unrelatedto the metering problems,are identified
as weil.

Site RelationsRecords

' Signed building access agreementsare maintainedwith each building

owner. These agreementspermit ELCAP staff to enter a site to, for example,

' check on or maintain projectmetering equipment. A dedicated site relations

functiontracks and maintainsrecords of changes in building ownershipand,

when known, changes in building tenancy. These records are useful in detecting

occupancychanges.
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Load Data

Many changes can be identified simply by examiping the collected load

data. Sudden increases in otherwise stable loads are often indicative of

added equipment or increased hours of operation, while sudden decreases can

indicate full or partial vacancies, reduced hours Of operation, or even the
6

implementation of energy conservation strategies.

Day Typing Analysis Results

Analyses of operating schedules over time have resulted in a database of

day type definitions for each building. These analyses characterized the

day-of-week operating schedules of all metered buildings and resulted in

monthly tables of day type definitions, along with indications of average

load le_,els during each day type. For our analysis, we examined the day typing

tables to identify changes in building operation schedules.

CHANGEEVENTDEFINITIONS

Based on our first review of the data sources just described, we defined

12 change events for this analysis. The events are listed in Table 4-I, along
with their definitions.

Most of the definitions are self-explanatory. However, the definitions

for two events--unclassified changes and unclassified spikes--require slightly

more explanation. These two unclassified events deal with changes identified

only from inspection of metered data. The unclassified changes are visually-

identified load changes that persist for several months. The unclassified

spikes are load changes that last only I or 2 months, lt is postulated that

the spikes are caused primarily by temporary anomalous operations. An example

would be extended operating hours as building occupants worked overtime to

meet a deadline. Such spikes probably do not represent real changes in a

building's structure, equipment, or occupancy; otherwise, the load change would

be more permanevlt.
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TABLE 4-I

Change Events and Their Definitions

Change Definition

Businesstype The businessconductedat the site changes to another
' type business (conversionof the majority of the floor

space in a site with mixed tenant business types).

. Tenancy A tenant changes,but the business type (predominant
type for mixed use sites) does not. A change in tenant
or businerstype may follow a full or partial vacancy,
and the impact is,.in this case, defined in terms of the
previous tenant,not the vacancy period.

Full vacancy The site becomesentirely vacant.

Partial vacancy One or more tenantzones of the site become vacant.

Fuel type Conversionbetweenelectricityaridanother fuel for an
end use.

Equipment HVAC, lighting,or plug load equipment (including
refrigerationand food preparation)is added, changed or
removed, i

Reiliodel The building undergoesa structuralchange; e.g., a floor
plan change,a change of ceiling,wall, window, or roof
components,or an additionlto,or conversionof, existing
space, i

Schedule The hours of operationper day or the operatingdays of
the week change.

!

Unclassifiedload A change is identifiedin _he load data but not confirmed

by any of the record sources.
Reconfiguration A load ckange in which loads are moved from one end use

to another in the metering plan for a building,resulting
from project data reconstrUction/dataprocessing activities
or a change to the electricaldistributionsystem by the

. owner/manager. There is nq net change to the building
total consumption. !

Electricalchange The owner or buildingmanagementchangesthe electrical
distributionsystem in a way that affects the metered
data quality checks,but nq load changes are evident.

Unclassifiedspike A short-livedchange,usual'lyof one or two months
duration,identifiedin the load data but not confirmed
by any of the record sources.
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We ordered the events in a hierarchybecause of potential ambiguitiesin

the definitionof some types of change events. For example, a tenancychange

almost always includeschanged equipment. The order in which events are

listed in Table 4-i reflectsour judgment regardingwhat types of cnanges are

more or less importantin explainingwhy energy use changed. As shown, a

change in type of business is the highestevent, and an unclassifieuspike is

the lowest event in the hierarchy.

Whenever two or more change events occur or are recordedconcurrently,

only the type highest in the hierarchicallist is counted. For example, the

first event in the list is a change in businesstype' If the type of business

operating from a buildingchanges, there will almust assuredlybe a change in

tenant as weil. Likewise,the new tenant is very likely to bring new equip-

ment, change the scheduleof operation,and even remodel the structure. None

o_ these changes lower in the list is meaningfL,l without knowledgethat the

business type changed,so only the change of business type would be recorded.

i

A similarexample is the relative orderingof equipmentchanges and

remodels. Frequently,a remodelingeffort will involvemany differentaspects

of the building. For example, the owner may replacethe windows, insulate

the walls, resurfacethe roof, and replace incandescentlighting fixtures

with more efficientfluorescentunits. Because all of these changes occur

simultaneously,it would be difficultto separatetheir energy effects.

Therefore, in our analysis,we assumed that changes in equipmentare more

likely to cause direct changes in energy consumption,and the entire remodel

would be classifiedas an equipmentchange.

APPROACH

In this section,we describethe main steps we followedto calculate

change frequenciesfor each building. We then illustrateour approachwith

a sample building.
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Method of TabulatincIChange Events

The tabulationprocess had two generalstages. First, each of the five

data sourceswas examinedindependentlyto identifypotentialchanges at each

site. Second,this informationwas consolidatedaccordingto the change event

hierarchyand judgment of the analyst.

In the first stage,we followedthese steps for each building in the

sampIe•

• We looked at the verificationrecords,using keyword searchesto
identifychanges.

• We reviewed the maintenancerecordsand consultedmaintenance
personnelto clarifyany notes that were unclear.

• We visually examinedsite relationsrecordsto find records of
changes.

• We visually scannedplots of monthly average load data for the end
uses that are not expectedto vary with outdoor temperature,to
identify suddenchanges in otherwisestable loads. We flaggeda
potentialchange if it was perceptiblylargerthan the average
month-to-month variationin the load and was reasonablylarge in
overallmagnitude.

• Finally,we printedout and visually inspectedthe monthly day type
tables to find schedule and/or other load changes.

For each event,we loggedthe month in which the change was detected,

the source used to detect the change,and the suspectedcause of the change.

The suspectedcause was generallywell-knownwhen the change was identified

from maintenanceor site relationsrecords but, by definition,unknownwhen

. the source was the load data or day typing results. Although a schedule

change, identifiedfrom the day typing analyses,is one of the definedchange

classifications,the day typing resultsoffer no insightas to whether the

change accompanieda tenant change or was indeed a simple operationalchange.
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The second stage occurredafter the change events were detected from

all data sources and assembledfor each building. Whenever multiple data

sources obviouslydetected the same change event, the table entries were

consolidated. For example,many of the vacanciesreported by the site

relationsrecordswere confirmedby our visual inspectionof the data.

Similarly,tenant changes reportedthrough the site relationsrecords were

often confirmedby verification/maintenancerecordsbecause the new tenants

had changedthe building'swiring.

lt should be noted that Consolidatingevents identifiedby multiple

sources is a subjectiveprocess. Usuallythe only date associatedwith a

reportedchange event is the date on which ELCAP personnel learnedof the

change. For example, it is possible that a tenant change in July would not

be reportedor learnedof until August or September. Thus, the process of

consolidatingchange events from multiple sources requiredclose scrutiny by

an analyst. Visually identifiedchangeswere consolidatedwith recorded

changes if the two occurred close to each other in time and in relative

isolationfrom other changes. Differencesbetweerlthe recorded and observed

months of change were resolvedby assigningthe most reasonabledate inferred

from the load data. Many visually identifiedload changes could not be linked

to recordedchanges.

Sample Chronoloqy for a Small Warehouse

The two-stagetabulationprocess is illustratedhere for a small

warehouse. Initially,the buildingwas a computersupply warehouse. A

remodelingeffort convertedpart of the floor area into a cookie factory,
b

which subsequentlywent out of business. The computer supply company

eventuallyalso went out of business. The next tenant used only a fraction

of the building in his businessto maintain spray paintingequipment. The

maintenancebusiness has since relocated,and four new businesses are currently

locatedin the building followinga total remodel.



b

Table 4-2 shows a snapshotof the tabulation resultsafter each of the

data sourceswas independentlyconsultedfor this building. Each row in the

table correspondsto a change event identifiedfrom a distinctdata source.

The events are listed chronologicallyand are numbered.

The vacancies in the building were first noted in Event 3 using the

verification records as the information source. In Events 4 and 8, new tenants

were discovered during site visits by maintenance personnel in months 80 and

86, respectively. Inspection of the energy data and day typing analysis

results also revealed the vacancies and subsequent new tenants in Ewents 5,

6, and 7. The new tenants were iater documented by the site relations source
in Event 9.

TABLE 4-2

Change Events for a Small Warehouse

Site Main Veri
ELCAP Power Load Day Rela ten fica

Event Month Change Data Type tion ance tion AnalystNotes

I 61 x New tenant: bakery, added ft2

2 72 x Added oven and mixer

3 79 x Load imbalanceon panel,
apparentlyvacant (through
4/88)

80 x New tenant: painter replaces
bakery

5 81 85- x Decreasedload on inside

lightingand plug end uses

6 81-85 x Apparent vacancy

7 84+ 100+ x Increasedload on inside
lightingend use

8 86 x Four new tenants,total
remodel

9 88 x New tenant,more employees/
equipment/lights
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Table 4-3 shows a selected portion of the consolidated table of changes

after the analyst combined multiple events. This particular building was in

a state of flux during months 79 though 85, with a variety of changes occurring

aS remodels and equipment changes accommodated the different tenants. After

consultation with the maintenance personnel, we decided that Events 3 through

9, found in Table 4-2, should be combined into only two events: i) a partial

vacancy, which started in month 79, and 2) a new tenancy during months 81

through 85.

The warehouse example provides a simplified illustration of the tabulation

process for a single building. A more detailed discussion of the tabulation

process and the condensed results for each commercial building are available

in Appendixes A and B, respectively.

TABLE 4-3

ConsolidatedTable of Changes for a Small Warehouse

ELCAP
Event Month Notes

I 61 New tenant: bakery

2 72 Added oven, mixer

3 79 954 vacant

4 81-85 4 new tenants; inside lighting and plug
loads are at a low point
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Secti on 5

RESULTS ,,,

Our analysis results are presented in this section. First, we discuss

thetypes and frequenciesof changes that we observedand quantified. Next,

we show the relationshipswe found between buildingtype and change frequency,

summarizingand illustratingthem in terms of bothraw and averaged data. We

then discuss the relationshipswe noted betweenchange frequency and building

vintageand size. The sectionends with a brief discussionof the resultswe

obtainedwhen we examined the energy impact of the changeswe had observed,

characterized,and quantified.
J

OBSERVEDTYPES AND FREQUENCIESOF CHANGE

We identified 12 types of changes. These changesand their observed

frequenciesof occurrenceare summarized in Table 5-i. By examiningthe data

in Table 5-i, several overalltrends are evident.
i

Equipmentchanges are the most frequent type of identifiedchange

detected. This might be expected,because this categorycovers a broad set

of changes ranging from major equipmentreplacementsand additionsto simple

additionsof small devices such as personal computers. Regular replacement

of equipment is expected,even in buildingsthat do not experience tenant

changes. However, it should also be noted that the nature of the ELCAP system

favors detectionof equipmentchanges over most other change types. Whenever

a new piece of equipment is added that disturbs the metering setup, ELCAP

personnelare immediatelymade aware throughthe data quality verification

procedure. Such instant feedbackis not availablefor most other changes.
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TABLE 5-i

Change Types and FrequenciesObserved in CommercialBuildings
over a Two-Year Period

Number of Changes by Type

Building Type 1(a) 2 3 4 5 6 7 8 9 10 11 12
Total

Offices i 5 I 11 0 29 4 0 20 0 I 9 81 -
n = 28

Dry Good Retails ] 2 I 5 0 29 3 0 17 0 0 9 67
n = 28

Groceries I 2 3 0 0 14 0 0 13 0 2 1 36
n = 19

Restaurants i I i 0 0 10 0 0 10 0 3 4 30
n = 15

Warehouses 0 4 I 3 0 9 3 i 6 0 0 I 28
n = 14

Schools 0 0 0 0 0 0 0 0 0 0 0 i i
n=4

Universities 0 0 0 0 0 2 0 0 0 0 0 I 3
n=2

Hotels/Motels 0 i 0 0 0 11 0 0 2 0 0 0 14
n = 11

Other 0 0 0 0 0 I I 0 1 0 0 0 3
n:5

Totals
Zn = 126 4 15 7 19 0 105 11 I 69 0 6 26 263

(a) The types of changes examined in this analysis are as follows:

i - business type 7 - remodel
2 - tenancy 8 - schedule
3 - full vacancy 9 - unclassifiedload
4 - partial vacancy 10 - reconfiguration
5 - fuel type 11 - electricalchange
6 - equipment 12 - unclassifiedspike
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Although equipmentchanges occur the most frequently,they are probably

the least understoodchange type within the constraintsof this analysis.

Without onsite visits to verify these changes first-hand,the details of many

are,unknown,hinderingattempts to break this category into smaller,more

easily interpretedclasses. For example, it would be helpful to have separate

categories for changes in specific equipmentpieces such as lighting,HVAC

equipment, and refrigeration. Likewise,an indication as to whether the change

was an addition, replacement,or eliminationwould be beneficial.

The unclassifiedload change (seen in the data but not confirmedby any

records) is the secondmo_t frequentlyoccurringchange type. In most cases,

the unclassifiedspike change is third in terms of occurrencefrequency.

No fuel type changeswere observed. However, this probablydoes not

mean that no fuel switchingoccurred,for several reasons. First, many fuel

type changesprobably accompanya change of tenant,which is higher in the

classificationhierarchy. Second, many reportedequipmentchangesgive no

details of the type of equipmentchange. Some fuel type changescould

thereforebe coded as simple equipmentchanges (additions)in this study.

Third, if a buildingoccupant removes an electric device and replaces it with

a gas device, there would be no disruptionof the metered energy balance,so

no record of the change would exist unlessthe occupant deliberatelyinformed

ELCAP personnel. As is the case with the equipmentchanges, the fuel type

change result underscoresthe importanceof creating a more refined

differentiationamong some of the more aggregatedchange type categoriesfor

future analyses.

CHANGE FREQUENCIESBY BUILDINGTYPE

To help interpretthe resultswe present in this section,we offer a brief

explanationof how we constructedthe tabular and graphic illustrationsused

here to portraythose results.
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After we had identifiedand countedthe change events for each site, we

organizedthe informationinto "raw" data tables,one for each buildingtype.

Table 5-2, the summarizedchange event informationfor all office buildings,

exemplifiesthese tables.

As shown in Table 5-2, the identificationnumber for each site appears

for each row _f entries. Note that the number of months since metering

equipmentwas installedvaries from site to site. The total number of change

events that were detected is shown for each site under the numericallycoded

column heading. For example,Table 5-2 shows that Site 2 had one tenancy

change,three partial vacancies,and two noticeablechanges in load data

patterns over a period of 47 months. The total number of change eventswithin

and across sites is also provided.

TABLE 5-2

Change Types and FrequenciesObserved in Offices

Months Change Type Site
Site Monitored I 2 "3 "4 5 6 7 "'_" 9' I_' 11 12 Total
T-- "-'TF'--- T - _ ..... _ -- --
273 47 2 2
283 47 I 2 3
286 47 I 4 2 7
290 33 2 2
298 45 I I 2
299 45 I I 2 2 6
444 45 2 2
451 39 3 _ 2 6
453 28 0
456 42 0
458 42 I I i I 4
538 43 I I i 3
547 42 0
548 42 I I I 3
565 39 0
583 43 I I
595 39 2 2
600 39 I I
601 39 2 I 3
602 39 2 1 I I 5
607 _40 I I
697 37 i 5 6 '
714 40 I 1 2
717 35 I i 2
731 36 I I I 3
738 35 3 2 5
747 39 I 2 I 4

Totals: I 5 I Ii 0 29 4 0 20 0 I 9 81
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We summarized the raw table information further by calculating the

averages within each building type. However, because the length of time that

each building had been metered as part of ELCAPvaried, we used a method of

compensating for these differences before we calculated the averages within

a change event category for each building type. This normalization is best

explained using Site 2 (from Table 5-2) as an example again.
Q

The one tenancy change for Site 2 over 47 months is re-expressed as 0.25

• tenancy changes per year (I/(47+12) ). Thus, the total count of events for

a specific change type for a given site was divided by the fractional number

of years during which the site had participated in ELCAP. After each element

in the raw data tables was expressed in average changes per year, we computed

a simple average across sites within each event type. This condensed unit of

analysis is called the averagenumber of changesper site-year. The inverse

is theaverage number of years between changes.

The average number of changesper site-year can be interpretedas the

percentage of buildings ojr a specific type that could be expected to undergo

changes of the type identified each year if the changes are assumed to be

randomly distributed across buildings. In reality, some buildings are much
ql

more transient than others, so the "fraction of buildings" interpretation is

not completely valid. However, it does provide a basis on which to evaluate

the relationship of change type and frequency to building type.

For each building type, we constructed a bar chart showing the averaged

number of changes per site-year for each change type. The total number of

buildings for which change records are available is also indicated. The

vertical axis of each bar chart plot has units of fractional number of changes

per site per year. The horizontal axis of each is partitioned into the 12

' change types that we noted in Table 5-I. The bar charts are used in

conjunction with the raw data tables to illustrate our analysis results for

each building type.
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Offices

Along with retail buildings, offices are the best-represented building

type in the ELCAPsample. Twenty-eight buildings contributed to this count

of change events. The raw tabular summaries werepresented in Table 5-2; the

averaged numbers of changes per site-year are shown inFigure 5-I.

The most frequent change type is equipment, averaging 0.32 changes per

site per year. The next most commoncZassi_ied change type is partial vacancy,

averaging 0.ii changes per site-year, lt is interesting, although not

surprising, that offices are much more likely to become partially vacant than

to become fully vacant. This is indicative of the prevalence of multi-tenant

office buildings. Tenancy changes are the next most frequent occurrence

(0.05 changes per site-year), followed by structural remodels (0.04 changes

per site-year).

FIGURE 5-I

Frequencyof Changesfor Offices (n : 28)
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Retails

Retails are the other best-representedbuildingtype in the ELCAP sample,

with 28 buildings. Our change type and frequencycounts for each retail site

are listed in Table 5-3.

' The most frequentchange type is equipment,averaging0.32 changesper

site per year, interestinglyidenticallo the frequencyof office equipment

' changes. For classifiedchanges, partialvacanciesfollow at 0.06 changes

per site-year and remodelsat 0,05 changesper site-year. These results ate

illustratedin Figure 5-2.

TABLE 5-3

Change Types and FrequenciesObserved in Dry Good Retails

i

Months Change Type Site
Site Monitored_ 2 '3 4 5 6 . 8 9 10 _F"-'[_ Total

63 - - _ "" -
148 40 I I 2 4
2B7 49 I 5 6
289 45 I I
293 45 I 1
295 50 I I
442 30 2 ! 3
443 16 I I
447 43 I I 2
449 39 1 I 2
455 26 I I I 3
532 a4 I ! I 3
544 41 2 2 4
546 42 3 t 4
556 42 2 2
566 39 2 I 3
568 39 0
571 40 2 2
582 43 I I 1 3
591 36 3 3

, 610 38 I I
681 38 6 6
712 39 I I
716 37 2 2

, 723 26 I I I 3
735 36 I I 2
744 35 0
751 35 I I 2

Totals: i 2 ! 5 0 29 3 0 17 0 0 9 67
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FIGURE 5-2

Frequencyof Changes fer Dry Good Retails (n = 28)
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Groceries

Nineteen grocery storeswere available from the ELCAP sample. The raw

tabularsummaries are found in Table 5-4. The averagednumbers of changes per

site-yearare shown in Figure 5-3.

Of the classifiedchanges,equipmentchanges dominatethis building type,

averaging0.21 changes per site-year. Full vacanciesfollow at 0.05 changes

per site-year. No partial vacancieswere detected,reflectingthe fact that

few, if any, grocery stores are part of multi-tenantbuildings.
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TABLE 5-4 I

Change Types and FrequenciesObserved in Groceries,
i,,,, i ,

Months Chanqe Type Site
Site Monitored I 2"'3 '"_'4 5 6 7 8 9 I0 11' 12 Total

47 ......... T -- -- I
7 B4 [ 1 2
37 59 3 ! 4
284 34 1 1 2

z 2B5 49 ' ! 1 2
297 44 3 3
450 3g 3 3
454 29 0

" 533 41 ! I 2 4
541_ 41 I I 2
560 36 I I , 2
587 40 2 2
588 38 I 3 4
594 26 1 I
597 39 0
5g9 25 I I
605 42 1 I 2
690 38 l l
724 36 0

Totals: I 2 3 0 0 14 0 0 13 0 2 I 36

FIGURE 5-3

Frequencyof Changesfor Groceiries(n = 19)
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Restaurants
,,

Fifteen restaurants were available from the ELCAPsample. The raw data
tabulated for each site are summarized in Table 5-5.

As shown in Figure 5-4, equipmentchanges, averaging0.20 changesper

site-year,clearly dominate this building type. The next most frequent

classifiedchange type is electricalchanges,which have no net impact on

energy consumption.

TABLE 5-5

Change Types and FrequenciesObserved in Restaurants

Months Chanqe e Site

TYP7 8 9 I0 I_!i 12 TotalSite Monitored I 2 ......3 _ 5 6 .. '....
_-- " 53 - - -
II 62 2 2
2BI 37 0
292 46 I I
441 43 4 4
445 39 I i 2 2 6
457 45 I I 5 7
535 41 0
536 41 0
554 24 0
559 41 I I
564 39 0
593 39 i 2 I 4
598 36 2 2
705 40 2 I 3

Totals: I I I 0 0 I0 0 0 I0 0 3 4 30
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FIGURE5-4

Frequency of Changes for Restaurants (n = 15)
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Warehouses

We examined the records for 14 warehouses in the ELCAPsample• The raw

change frequency tabulations are summarized in Table 5-6. The averaged numbers

of changes per site-year are shown in Figure 5-5. As with most other building

, types, equipment changes dominate, averaging 0.18 changes per site-year.

Tenancy changes are second at half this frequency, followed by partial

vacancies at 0.07 changes per site-year and structural remodels at 0.06 changes

• per site-year.
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TABLE 5-6

Change Types and FrequenciesObserved in Warehouses

Months Chanqe Type Site
Site Monitored I 2 3'" 4 5 6 7 8 9 10 11 12 Total

4s ,'- _ - T - T .....
40 53 I 2 3
282 45 I i
294 45 2 I I 4
300 45 I I 2
446 45 I 3 4
448 44 ' 0
460 42 0
550 30 I I 2
580 29 0
586 39 ! i
707 37 2 I 3
713 44 0
736 36 I I I I 4

Totals: 0 4 I 3 0 9 3 I 6 0 0 I 28

FIGURE 5-5

Frequencyof Changes for Warehouses (n = 14)
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Schools,

Data from the four schools availablefrom the ELCAP sample appear in

Table 5-7. The averaged numbersof changes per site-yearare shown in

Figure 5-6. No verifiablechangeswere recorded,though several short-term

anomalousmonths were detectedby visual inspectionof the load data during

, summer vacations (the unclassified spikes).

' TABLE 5-7

Change Types and FrequenciesObserved in Schools

, Months Change Typ_ SiteSite Monitored I 2 ....3 " 4 5_ 6_ 8 g I0 Ii 12 Total

558 39 0
753 35 I I
756 35 0

Totals: 0 0 0 0 0 0 0 0 0 0 0 I 1

FIGURE5-6

Frequencyof Changesfor Schools (n = 4)
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Universities

With only two buildingsin the sample,universitiesare the least well-

representedcommercialbuildingtype. The type and frequencyof changeswe

observed are summarizedin Table 5-8. The averagednumber of changes per

site-yearare shown in Figure 5-7. An averageof 0.31 equiPment changesper

site-year representsthe only changes identified.

TABLE 5-8

Change Types and Frequencies Observed in Universities

Months Chan_e Type Site
Site Monitored i 2 3 4 5 6 . 8 g 10 II 12 Total
_o"_- 39 - - - I ..... I
691 38 i I

Totals:' 0 0 0 0 0 2 0 0 0 0 0 I 3

FIGURE 5-7

Frequencyof Changes for Universities(n --2)
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Hotels/Motels

In the 11 hotels/motels from our sample, only two change types were

identified. Equipment averaged 0.3 changes per site-year, followed by 0.03

tenancy changes per site-year. These results are illustrated in Table 5-9

and Figure 5-8.
g

TABLE 5-9

Change Types and Frequencies Observed in Hotels/Motels

Months Chanqe Site

Typ,.7e 8 __9 10 i_i....12 TotalSite Monitored I'" 2 3 4 5 6
I-5"-" 2g .......... "_
41. 41 3 , 2 5
48 41 0
79 39 i I
81 39 2 2
82 53 0
274 43 0

3 3534 41
540 43 0
555 42 i i 2
726 38 I I

Totals: 0 _ I 0 0 0 II 0 0 2 0 0 0 14

FIGURE 5-8

Frequencyof Changesfor Hotels/Motels(n = 11)
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Others

The "other" _uilding type consists of five buildings: one laundromat,

one service station, one church, one library, and one costume rental. The

change type and frequency tabulations for these different buildings are listed

in Table 5-10. The averaged numbers of changes per site-year are shown in

Figure 5-9. As is evident, equalnumbers of equipment changes and structural

remodels were observed, each averaging 0.i changes per site-year.

TABLE5-10

Change Types and Frequencies Observed in Other Buildings

Months Change Type Site
Site Monitored I 2 3 _ 5 6 z 8 9 I0 11 12 Total

45 ...........
13 53 L I
!4 34 0
722 37 0
752 24 I 1 2

Tota]s: 0 0 0 0 0 I I 0 I 0 0 0 3

FIGURE5-9

Frequency of Changes for Others (n = 5)

('4

O (0.1) (0.1)

J/ W
>- _ /7 /'/

_ .

_ _ 10.051 :-

, : // //
0 e_ /_/ /L/"

o :// /./
(5 f/ .//

o (o) (o) (o) (o) (o) _J i ,r (o) (o) (o) (o)Q

, Change Type

5-16



ObservationsAcross All BuildingTypes

Of all the buildingtypes in our sample,we noted that offices

experiencedchangesof all types most frequently. The mean change frequency

in offices was about 0.85 per site-year(once every 1.2 years). Retail

buildingsalso had a high rate of change,about 0.75 per site-year(one every

' 1.3 years). The rates of change in the other major building types in the ELCAP

sample (groceries,restaurants,and _.irehouses)were all similar,ranging

• from 0.55 to 0.58 per site-year (aboutone every 1.7_years). These rates of

change are remarkablyhigh, reflectingthe continualnature of changes in

occupancy, structure,and equipmentin commercialbuildings. While many of

these changes are undoubtedlyminor, these high rates (particularlyfor office

and retail buildings)are cause fo_ concernabout retrofitmeasures that might

be removedor disabled by some of che changes.

Equipmentchangesoccurred more frequentlythan any other type,

comprising nearly 404 of all observedchanges. The average rate of equipment

changes was much greaterfor offices and retails (0.32 per site-year)than

for the groceries,restaurants,and warehouses,which all had similarrates

(0.18 to 0.21 per site-year). These rates are equivalent to changesabout

once every 3 and 5 years, respectively. The differencebetween the rates for

tilebuilding types may be relatedto the presence of more numerousbut smaller

pieces of equipmentin offices, as well as to frequent small changes in display

lighting in retailbuildings.

Becausethe definitionof equipmentchanges is fairly broad, a simple

tabulation showed that the fractionof the equipmentchanges (listedin

Appendix B) that involved lightingwas 254. When this fraction is applied to

the average rates of equipmentchange by building type, lighting system

changes appear to occur at an average rate of 0.08 per site-year(about once

every 12 years) in office and retail buildingsand 0.05 per site-year (about

once every 20 years) in warehouses,groceries,and restaurants. Because in

many instancesthese changes involverelativelyminor changesto the lighting
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systems,these rates are probably lower bounds on lightingsystem lifetimes

and, hence, conservationmeasure lifetimes. More directly,the rates are also

indicativeof lost opportunitiesfor conservation,as some or all the lighting

equipment in the buildingsis being replaced at these rates. Programs could

be designed to affect the type of lightingequipmentselected for use at these

times.

The fraction of equipmentchanges that involvedheating/coolingequipment

was 17_._ The correspondingrates of change for iheating/coolingsystem

components are 0.054 per site-year (aboutonce every 18 years) for offices/

retailsand 0.034 per site-yearfor warehouses/groceries/restaurants(about

once every 28 years). These system lifetimesroughlyconfirm the generally

assumedheating/coolingsystem lifetimesof 20 to 30 years. These rates of

change are also indicativeof equipment lifetimesand lost opportunitiesfor

rebate or incentiveprograms.

The remaining604 of the equipmentchangeswere relatedto changing of

miscellaneousequipmentin the buildings. With the major exceptionof

refrigerationequipment,the types of equipmentinvolved in these changes are

not the target of current or planned conservationprograms. Many of these

equipmentchanges involvedsmall pieces of equipment. Only 2_ had a

noticeable impacton the metered loads, and repurtingof minor equipment

changes is casual on the part of buildingowners and ELCAP maintenance

personnel. So, the rate of change for miscellaneousequipment is likelyto

be greatly underestimated. A planned resurveyo'Fthe equipment inventoryin

the buildings is now being conductedto providemore accurate estimatesof

these changes.

The second most frequentlyoccurringtype of change was that defined as

unclassified--changesthat were observed from the electrical load data but

that had not been noted in any of the other data sourceswe used in the

analysis. An averagerate of 0.20 unclassifiedchanges per site-yearoccurred

across the entire sample, an averageof about once every 4.9 years. Of a_
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the load changes initially detected by examining the end-use data, only a

very small fraction was confirmed by other project records as being associated

with any of the classified types of change event. This indicates that the

unclassified changes are most likely to be operational changes such as

increased or decreased business hours, levels of business activity, or other

such behavioral effects. Someunreported major equipment changes may be
• included here also.

The unclassifiedchangeshave a significantimpacton conservation

programs for existing buildings,in that the building-specificassumptions

about building usage in the energy audit process apparentlybecome inaccurate

over time. This shortens the applicableshelf-lifeof energy audits, over

which the resulting load estimatesare likely to be increasinglyin error.

Similarly,it suggeststhat energy audits might use standard operating

conditions (as new building standardsdo) to preparea second set of savings

estimatesthat may be more representativeof its usage over the lifetimeof

the building.

Changes in a commercialbuilding'soccupancycomprisedthe third most

frequentlyoccurringtype of change. In our entire sample,partial vacancies

occurred 19 times, tenant changes 15 times, full vacancies7 times, and

businesstype changes 4 times. The combined average is about one char,geevery

i5 years. These events includeany equipmentchanges and remodelingchanges

associatedwith them. They are particularlyimportantin that some fraction

of these changes involvesmajor restructuringof the building and its systems,

potentiallyremoving previouslyinstalledconservationmeasures,and providing

an opportunityfor programsto installmeasures at minimal cost.

Office, retail, and warehousebuildingsbecame partiallyvacant more

frequentlythan they became fully vacant. This is not surprising,in that

these building types often have multiple tenants. Partialvacanciesmay be

frequentenough that load forecastsshould consider includingtheir effects.
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Eleven remodelchanges were found. Remodels are defined as a structural

change in the building,in the absenceof other changes such as equipment,

terlancy,or vacancies. A particularlyhigh rate of remodels is associated

with warehouses. Casual inspectionof the data indicatedthat seven !najor'.,

remodelsoccurred, in which the building spaces were fully renovated.

Interestingly,none of these was associatedwith business type or tenancy

changes as might be expected due to renovationsto suit a new business or

tenant.

VARIATIONS IN CHANGE FREQUENCIESWITH BUILDINGVINTAGE AND SIZE

Becausechanges in commercialbuildingscan have such dramatic impacts

on the use'fullife or effectivenessof installedconservationmeasures, it is

importantto knowthe types or classes of buildingsthat are most susceptible

to frequent changes. In this way, conservationprograms can be targeted at

the buildingsmost likely to result in real energy savings over extended

periods. Similarly,power forecasterscan benefit from a knowledgeof change

frequency as a functionof building age, because forecastsare generallybased

on the product of future regional floor space estimates and fixed annual end-

use consumptionestimates. If, for example,aging buildingsare found to be

vacant more frequentlythan new buildings,a forecastmight benefitfrom taking

this into account.

Here we present the frequenciesof the various types of change segregated

into subclassesof the major buildingtypes accordingto vintage and size. A

building is considerednew if its constructionpermit was obtained during or

after 1981. The distinctionbetween "large"and "small"differs among building

types. Buildingswith floor areas larger than the square-footagebreakpoints

found in Table 5-11 are defined as large.

The illustrationsin this section show the frequencyof changes broken

down by new/old and large/smallclassifications. The verticalaxis of each

figure has units of changes per site-year. The horizontal axis is partitioned
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TABLE 5-11

Floor Area Breakpointsfor Small/LargeCommercialBuildings

Building Type Breakpoint,ft_
r i i. i_

' Office 10 000
Retail 20 000
Grocery 7 000
Restaurant 6 000
Warehouse 15 000
School 50 000
University 50 000
Hotel 20 000
Other 5 000

by building type and furtherby the new/oldor large/smallcategories. The

height of each bar gives the average number of changes per site-yearwithin

the category. Along the top of each figure are printed the numbersof

buildings availablefrom each buildingtype within the two size or vintage

categories. Along the bottom are two numbersfor each building type, giving

the actual number of events identifiedwithin the two size or vintage

categories. These numbers, divided by the total number of site-yearsfor

which data are available,give the heightsof the bars.

Business Type Chanqes

As shown in Figure 5-10, only one businesstype change was identified

in each of the office, retail, grocery,and restaurantbuilding types.

Therefore, no size.,or vintage-relatedimpactsare revealed. No business

type changeswere found in any other buildingtypes.

PartialVacancies

Part'al vacanciesidentified in offices are detected among new and old

buildings,with 0.10 and 0.13 changesper site-year, respectively. This result
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FIGURE 5-IO

Frequencyof BusinessType Changes

a) by Vintage

(17 11) (24 4) (16 3) (12 3) (11 3) (4 O) (2 O) (10 I) (5 O) ,.#bulfdinge

._ Thru 1980
_M

>... (o,o_) '

co d ..
_

10031

10.01) _ .'_'-,C_, (o) (o) .... (o) (o)- " (o) (o) (o) (o) (o) (o) for (o) (o) (o)

0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 <. Wohnngee

Off_e Retd Grocery Rest'ht WnrMme Sotlool UnN'ty Hotel Other

BuildingType

b) by Floor Area

(13 15) (17 11) (B 13) (7 8) (e B) (2 2) (1 1) (7 4) (3 2) <.#budo'fr_
,,, , . lm

_, Large

Small
>-, (o,o4:

CO 03 _,

_o.o,,) =_

,:o- Nc::;

,o) (o_ (..o). (o) (o) (o) (o) (o) (oi (o) (o) (o) (o) (o)

0 I I 0 0 1 I 0 0 0 0 0 0 0 0 0 0 0 <. # ol'_Inges
Office R_H Grocery Rest'm Warehse School Unlv't,/ Hotel Other

BuildingType

5-22



is apparent from Figure 5-11. As expected, offices,which are more

likely to have multiple tenants, have notabl her partialvacancy rates

(0.15) than smalloffices (0.06).

Tenancy Changes

4

• For offices, retails, and warehouses, represented in Figure 5-12, oldi

buildings appear to undergo tenancy changes mare frequently than new buildings.

Old warehouses, in particular, show a rate of 0.12 changes per site-year,J

compared with no changes for new warehouses. Note, however, that there are
I

only three new w_houses in the sample. Thi_ may be related to the less
stable nature of businesses that move into older (and presumably less!
expensive) commercial space. The higher rate of change in older buildings

i

further shortens the shelf-life of energy audtts and adds uncertainty to the

savings estimates obtained.

With respectto floor area, larger officl;sare more likely to experience

tenancy changes,probably due to the multi-te)antnatL_reof many larger

buildings. Conversely,smaller buildingsexpl_.:riencemore tenant changes in
I

the retail,grocery, and warehousebuilding types. This is perhaps consistent

with the tendency for larger buildings,in these categories,to be occupiedI

by large,well-establishedcommercialchains; Thus, larger buildingsmay be

more stable targets for conservationprograms..
!

Full Vacancies

As indicatedin Figure 5-13, only groceriesexperiencedmore than a

• single full vacancy. All of these involvedolder buildings. All full

vacanciesoccurred in smallerbuildings,exc!.:ptfor groceries. A rate of

. 0.05 is reportedfor small groceriescompared to a rate of 0.06 for larger

groceries.
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FIGURE 5-ii

Frequencyof PartialVacancies
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(17 li) ,(24 4) (le 3) (12 3) (11 3) (4 o) (2 o) (10 1) (8 O)<.#bu_gs
LO

Post-1980 ._
u't o

"_, .

o _ Thru 1980 i

'_ O " ¢-" N

(0.'1,1) _. -,

'
' "= " (0.0II

(0.O'__ -,,
0 [7':_,_- (o) (o) (o) (o) (o) (o) (o) (o) (o) (o) (o) (o) (o)
0

6 ,5 1 4 0 0 0 0 3 0 0 0 0 0 0 0 0 0 <. #ohanoes

Office Retail Grocory Rest'ht Wareh6o School Univ'ty Hotol Other

Building Type

b) by Floo_ Area

LI_ (13 15) (17 11) (6 13 (7 8) (8 B) (2 2) (1 1) (7 4) (3 2) <-#bt_

' --|o Large ._

(:5 _ Small
(_ i i ,

>" Lrj (o,15|•.- -.-
0 -', =

n 0 '._,
(o,1) u

_ _ (O,Oe)

Q ... -,, , / 10) 101 (01 10) 10) (01 10) 10) 101 10) 10) (0) 101
o = I,#"

o

3 8 5 0 o o 0 0 2 1 0 o 0 o 0 0 o o <. #ahanges

Office Reta_ Grocery Rom'nt W_eftse Sctx)ot UrWv'ty Hote( Other

BuildingType

5-24



,FIGURE5-12

Frequencyof TenancyChanges

a) by Vintage
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FIGURE 5-13

Frequencyof Full Vacancies

a) by Vintage
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Retails, however, show a much higher rate for small buildings (0.I0)

than for large (0), and a rate for new buildings (0.30)fifteen times that

for old buildings (0.02). A partialvacancy rate of 0.09 is noted for old

warehouses compared to none for new, while size correlatesmuch less than

vintage, with 0.08 change per site-yearfor small and 0.07 change for large

warehouses.

EquipmentChanges

Equipmentchanges are the most frequenttype of change identifiedfor

all buildingtypes. Figure 5-14 shows that the rate of equipmentchanges in

old buildingstends to be greater than or just about equal to the rate for new

buildings. Warehouses are the notableexception,with a rate of 0.36 for ne_

buildingscompared to 0.14 for old buildings.

Overall rates of equipmentchangeswith no building class distinctions

are roughlyequal for new and old buildingswith rates of 0.24 and 0.26,

respectively,indicatingthat, at least for our sample, equipmentchanges are

fairly frequentoccurrences irlall buildings,regardlessof vintage.

Building size has a mixed effect on equipment change rates. Offices,

retails, and groceries clearly show higher rates in largerbuildings. This

is not surprising,because largerbuildingscan hold more equipmentand the

change rates are expressedper building. However, restaurants,warehouses,

and hotels show converse behavior,with visibly higher change rates for small

buildings.

• Remodels

• Age of the building does not provide a clear overall trend for the rate

of remodelingevents in our sample,as is evidentfrom Figure 5-15. Rates are

greater in newer offices and warehouses. This trend is reversed for buildings

in the retail and other categories. Overall rates of remodelswith no building
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FIGURE 5-14,

Frequencyof EquipmentChanges

a) by Vintage
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FIGURE 5-15

Frequencyof Remodels
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type distinction are identical for old and new classes, each at 0.06. The

only remodels detected for retails and warehouses are found in small

buildings. Offices have remodels detected in both large and small buildings,

with the rate for larger office remodels three times the rate for that found
in smaller offices.

Unclassified Changes

Becausethe causes of the unclassifiedload changes are unknown, it is

difficultto draw detailed conclusionsfrom these change rates. However,

they are indicativeof the general load stabilitywithin the various building

types. As seen in Figure 5-16, all building types show higher rates for older

buildingsexcept for restaurantsand groceries. For restaurantsand groceries,

the rates for new buildingsare two and four times higher, respectively. This

could possibly be related to a "settlingin" period that is pronounced for

these building types.

Rates of changesare higher for small buildings across all building

classes. Tilismay simply be due to masking of small changes by the higher

loads in the large buildings, and so may not be importantto policy or

programs. Building size appearsto make the least differencefor restaurants

among those building types With unclassifiedchanges detected;rates for small

and large are 0.19 and 0.16, respectively.

IMPACTOF CHANGESON ENERGY USE

In this initialeffort,we also tried to develop a simple estimate of

load impactsby end use resultingfrom each of the change events for buildings

in our sample. However,this attemptwas largely unsuccessful,due to the

continualnature of change in the buildingsand the masking of the change

impactsby the normalfluctuation of the end,use loads. Buildingsthat

5-30



FIGURE 5-16

Frequency of Unclassified Changes

a) by Vintage
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exhibitedfrequent change often changed almost continually,blurringthe

distinctionbetween the effects of any individualchange. Further,many

changes disruptedthe metering equipmentfor a time, decreasing theavailable

data betweenchanges with which to quantify their effect.

The few energy impact estimateswe wereable to calculateare too limited

for use as reliable,_alid indicatorsof either ELCAP sample or commercial

building populationbehavior. In Appendix C, we present those resultsboth

textuallyand graphically,to illustrateour discussionof the analysis

difficultieswe encountered.

The lack of successof this preliminaryeffort simply serves to underscore

the continual shiftingnature of occupancyand loads in commercial buildings.

Alternativetechniques are suggested in Appendix C for follow-oneffortsto

quantify change impactson end-use loads.

ADDITIONAL INFORMATIONON REMODELS

The hierarchyof change type definitionswe use throughoutthis report

is intended to best capturethe true cause of observed changes in energy

consumption. Becausewe attemptto associateeach change event with a change

in energy consumption,a single event that involvedseveral change types is

classifiedas a single change type accordingto the defined hierarchy.

However, in many situationsthis approach tends to mask informationregarding

some change types. Remodels,for example, are expected to occur frequently

when tenantschange or the type of businessoperatingfrom a building changes.

Because the remodel is a result of the business type change, the hierarchy

assumes that the business type change is more important in explaining energy

consumption changes, The event is classified as a business type change and

the remodel goes uncounted.

Becauseof the importanceof remodelfrequencyto demand-sidemanagement

programs,we have reviewedthis category of changes in greater detail in

Appendix D. In that appendix,we abandon the hierarchicalclassification

scheme in favor of additionaldetail regardingeach remodel event. We further
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redefine "remodel"to includeany change that affectseither structureor

equipmentor any combinationthereof. Finallywe attemptto classify each

remodelas having either added, removed,or replacedbuilding space or

equipment.
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APPENDIX A

DETAILED DISCUSSIONOF CHANGE TABULATIONMETHODOLOGY

The data sources describedin Section 4 were searched to identifychanges

occurringin each building in the sample. We first examined each record source

, independentlyof 'theothers. We then consolidatedevents that were cited in

more than one source into single events.
4

Table A-I is an actual exampleof the resultsof this process. The

changeswe identifiedfrom all data sourcesare listed for a small warehouse.

The headings found in Table A-I are defined as follows:

• SITE - The identificationnumber used by the ELCAP system to track
t--FTe-'site.

• BLDG TYPE - The genericbusiness type dominant in the building.
If more than one businesstype is present in the building,the one
occupying the greatest floor area is used to define the type for
the building. The codes are as follows: I : office,2 : retail,
3 = grocery, 4 = restaurant,5 = warehouse,6 = school,
7 : university,8 : hotel, g = other.

• EVENT - A sequentialnumber assigned to each change event identified
for a building.

• ELCAP MONTH - The month in which the observedchange occurred or was
reported. Month #I is defined to be January 1981, with subsequent
months numbered sequentially. For example, in the first entry in
Table A-I, month 61 is January 1986.

• LOAD DATA, DAY TYPE, SITE RELATION,MAINTENANCEIVERIFICATION- The
various d-atasourcesfrom which the'changeWas_Identified. An x in
the column beneathone of these headingsshows it was the data source

' that identifiedthe change.

• NOTES - Comments regardingthe type of change. These vary widely in
' C_e-t-aTl,dependingon the amount of informationcontainedin the

data source.
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Many change events listed in Table A-I were countedmultiple times because

of the disparatedata sourcesused. For example, a vacancywas suspected in

Site 18 from an examinationof the day type data. This is indicatedby the

X in the DAY TYPE column. The ELCAP MONTH column shows that the apparent

period of vacancywas months 81 through85, The MAINTENANCEcolumn indicates

that 804 of the building became vacant in month 81. This indicationconcurs

, with the analyst'ssuspicionsfrom lookingat the load data. Furthermore,

maintenancerecordsindicatedthat new tenantsoccupiedthe building in month

q 86. This, too, agrees with the analyst'sconjecture. Therefore,we concluded

that the two events listed in Table A-I actually representthe same change°

We followed the same procedureto examineand characterizethe events
listed f_r each site.
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APPENDIX B

CONDENSEDTABULATIONOF CHANGE TYPE AND
FREQUENCY,FOR ALL SITES IN SAMPLE

In this appendix, the type and frequency of change eventswe found are

summarizedfor all sites in our sample, our summaryclosely resemblesthat

presented for the small warehouse example in Table A-l, Appendix A, butwith

two importantexceptions.I

First, the data source identifiersin our whole-site summary appear as

numerals in a column labeledKey, rather than as Xs under narrative headings.

The meanings of the key codes are shown in Table B-I.

Second, each change event is denoted more specifically, in terms of its

type and extent of impact upon the data source from which it was identified,

as FIRST MODEand SECONDMODE. The FIRST MODEis the highest mode

TABLE B-i

Definition of Data Source Key Column Codes

Code Meaning

I Change was identified visually from EITHER the monthly
load data OR the day typing results.

2 Change was identified visually from BOTHthe monthly
, load data AND the day typing results.

3 Change was identifiedin a SINGLE record source.
e

4 Change was identifiedin MULTIPLE record sources.

5 Change was identifiedby both record AND data sources.

B-I



i

classification,from the hierarchydescribedin 'Section4 and listed in Table

4-i, that appliesto the change event. The SECOND MODE is the secondary

change mode that was subsumed by the FIRST MODE if multiple change types

occurred concurrently. The modes are shown as integersranging from I to 12.

The codes are defined in Table B-2.

d'

TABLE B-2

o

Change Mode Code Definitions

Code Meaning

i Business type change

2 Tenant(s)change

3 Partial vacancy

4 Full vacancy

5 Fuel type change

6 Equipmentchange

7 Remodel

8 Schedule change

9 Unclassifiedload change

10 Reconfigurationof electric panel (loadsare "moved" from
one metered channelto another, but there is no net change
in buildingenergy consumption)

11 Electricalchange (circuitsare rearrangedsuch that no o
changes in end-use loads actually occur, but the metering.
setup is disturbed)

12 Unclassifiedload spike
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The change eventswe tabulated for all sites in our sample are summarized

in Table B-3. Multiple events have been combined accordingto the analyst's

judgment.

To clarify the meaning of the FIRST MODE and SECOND MODE columns,

consider the followingexample. Site number7 in Table B-3 shows a change

t (startingin month 92) that is classifiedas an equipmentchange (type 6).

The NOTES column shows that a new delicatessenwas added, which probably

• involvednew equipment,and there was a change to the lighting. Both of these

fall under the equipmentcategory. However,the notes also indicatea remodel

of the building structureat the same time. Because remodels are lower in

the hierarchythan equipmentchanges, the change event is definedto be an

equipmentchange (type6) in the FIRST MODE column,but the remodelcode (7)

is retained in the SECOND MODE column for reference.

TABLE B-3

Summaryof Change Events for All Commercial Sites
(CondensedClassification- 8/30/89)

Bldg ELCAP First Second
Site Type Event Month Key Mode Mode Notes

2 1 i 63 I 9 inside lightsdrop
2 I 2 68 3 4 tenant vacated
2 I 3 75 3 2 tenant moved in
2 i 4 78 3 4 tenant vacated
2 1 5 81 I 9 inside lightssingle drop

, 2 1 6 83 3 4 new tenants, interior
wall change

5* 3 i 59 I 9 inside lightsdrop
J

7& 3 I 84 I 9 plug increase
7 3 2 92-5 4 6 7 added deli, light

change, remodel
11" 4 i 82 I 9 outside lightsdrop
11 4 2 86 I 9 inside lights increase
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TABLE B-3 contd

Bldg _ ELCAP First Second
Site Type Event Month Key Mode Mode Notes,

12̂ 2 i 66 3 4 plugs added, 2+ tenant
changes a

12̂ 2 2 83 3 4 tenant vacated

13 9 I 76+ i 9 inside lights, outside '
lights drop _

18 5 1 61 3 2 6 new tenant:bakery
18 5 2 72 3 6 added oven, mixer
18 5 3 79 3 4 6 954 vacant
18 5 4 81-5 5 .? 6 four new tenants; inside

lights,plug low point
37 3 I 69 3 6 frozen food equipmentadded
37 3 2 79 3 6 wine/beercoolers added
37 3 3 86 I 9 plug winter jump
37 3 4 97 3 6 pop+yogurtmachine, battery

chargers added
40 5 I 69-71 2 9 plug*,insidelightsjump
40 5 2 75-7 i 9 outside lights drop
40 .5 3 93 4 7 new addition of 6200 sqft

(monitored?)
41 8 I 76 3 6 added lighting
41& 8 2 78-80 5 9 inside lights,plug jump,

Positivechecksum
differences

41 8 3 82 4 6 added AC
41 8 4 89 1 9 inside lights jump
41 8 5 94 3 6 added AC

79 8 I 82 3 6 pop, ice machine, plugs,
washer/dryer

81 8 I 64 4 6 new water heater
81 8 2 72-3 3 6 new water heaters

P

148̂ * 2 I 78 5 12 remod expected, plug spike
148̂ 2 2 79 I 9 inside lights drop
148̂ 2 3 81-2 4 6 new loads;washers
148̂ * 2 4 85 i 12 plug single spike '

273 i I 62 3 6 fans added
273 1 2 88 3 6 computer added
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TABLE B-3.contd

Bldg ELCAP First Second
Site Type Event Month Key Mode Mode Notes

282 5 I 83-9 5 6 7 added commissary.

283̂ I 1 75 3 4 vacant
283̂ I 2 88 3 4 vacant

. 283̂ i 3 93 3 2 ' new tenant,no elec changes

284 3 i 70 4 2 new owner, no elec changes
284 3 2 74 3 6 added chickencooker

285& 3 i 82 I 9 inside lights,plug drop
285 3 2 101 4 6 cardboardbailer added

286 I I 60 I 9 big inside lights drop,
vacancy?

286 I 2 77 2 g inside lights triples
286 i 3 82 3 6 new tenant, added AC,

. lights,plugs
286 I 4 85-7 3 6 owner mods start Jan i
286 I 5 98 4 6 new plugs, computers, BB

heat, dishv,_asher,ACs.
286 i 6 i01 4 6 new AC
286 i 7 102 3 3 vacant

287"& 2 i 63 I 9 plug jump
287 2 2 70+ 2 9 inside lights increases,

outside Jights drop
287* 2 3 73 I 9 plug drop
287* 2 4 83 i 9 outside lightsjump
287* 2 5 84 i 9 pl ug jump
287 2 6 99 4 6 owner mods, HVAC rework

289 2 I 97 3 6 replacedair compressor

, 290 1 I 76 3 6 owner mods, 10kW Positive
checksum differencebegin??

290 I 2 82-4 5 6 plug jump, light, plugs
added

292 4 1 63 3 11 breaker switched. (fixed??)

293 2 I 78 3 6 added exhaust fans
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TABLE B-3 contd

Bldg ELCAP First Second
Site Type Event' Month Key Mode Mode Notes

294 5 i 76-8 4 6 expanded,new computer
equipment _'

294 5 2 82 3 6 added AC
294* 5 3 86 I 12 inside lights peak,

seasonal?

294 5 4 103 3 7 building being enlarged

295 2 2 NA 3 6 7 added 18kW light, boarded
windows

297 3 1 72 i 9 plug drop
297 3 2 86 I 9 plug jump
297 3 3 93 I 9 plug jump
298 I 1 73 3 6 added wall to shield from

unconditionedspace
298* .i 2 79-80 I 12 outside lights low point,

seasonal?

299* 1 I 68 I 12 inside lights, low point
299 I 2 72-4 4 .6 new HP, air handler, alarm,

office(?)
299* 1 3 80 I 9 inside lights low, outside

lights drop
299 1 4 81 3 7 parking enclosed
299* I 5 87 I 9 Inside lights drop
299* 1 6 89 I 12 outside lights peak

300 5 i 74 3 6 added lights
300 5 2 88-9 5 3 vacant, big drops

441 4 I 64 3 6 new A/C unit
441 4 2 89 3 6 added ice machine, food

warmer
441 4 3 92 3 6 Incand.to Florsct,3600W

to 780W
441 4 4 93 3 6 exhaust fan added

442̂ 2 I 66 3 4 3 vacancies
442̂ 2 2 74 3 4 804 vacant
442̂ 2 3 82 2 9 inside lights drop, vacant?

443 2 I 83 3 7 major remodel
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TABLE B-3 contd

Bldg ELCAP First Second
Site Type Event Month Key Mode Mode Notes

444* i i 76 I 9 outside lightsjump
444* 1 2 79. i 9 plug jump

445 4 I 72 I 12 plug peak, seasonal?
445 4 2 77 3 6 new oven
445& 4 3 83 i 12 plug peak, seasonal?
445 4 4 89 I 9 outside lightsdrop
445 4 5 91 3 11 owner re-arrangedbreaker
445 4 6 97 3 11 CTs melted

446& 5 i 80? 1 9 plug drop
446* 5 2 83 i 9 outside lightsgoes tozero
446* 5 3 92 I 9 plug drop
446 5 4 98 3 6 7 added heat, office

447̂ 2 i 67 3 7 remodeled
447̂ 2 2 83 3 6 lights,terminals

449 2 I 66 3 6 new heat and lights
449 2 2 88-91. I 12 plug, low point, seasonal?

450 3 I 75-8 i 9 plug jump
450 3 2 75 1 9 inside lightsjump
450 3 3 79-81 2 9 plug, inside lights,

outside lights,drop
451 I I 63 3 6 plugs added
451 I 2 72 i 12 inside lights,plug low

point
451 I 3 81 4 6 added computer
451 I 4 84 I 12 plug peak
451 i 5 84 3 7 moved lunch room
451 i 6 89 3 6 added plugs, copy machine

. 455 2 i 81 3 6 lights,AC added
455& 2 2 84 I 9 inside lights higher,

missing data
• 455 2 3 87 3 3 vacancy

457& 4 I 66 I 9 inside lights,plug drop
457& 4 2 66 I 9 outside lightsjump
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TABLE B-3 contd

Bldg ELCAP First Second
Site Type Event Month Key Mode Mode Notes

457 4 3 70 3 i new bus type/tenant,ref
removed '

457 4 4 71 i g inside lights drop
457* 4 5 77 I 9 plug jump
457 4 6 82-3 I 9 plug drop
457& 4 7 87-8 5 3 inside lights,outside

lights drop, vacant

458̂ I i 73-5 I 12 outside lights,peak,
seasonal?

458̂ 1 2 84 3 4 downstairstenant moved out
458̂ 1 3 85 i 9 plug jump
458̂ i 4 88 3 6 7 new plugs, some remodeling

532 2 i 74 i 9 outside lights drop
532 2 2 83-4 i 12 outside lights low point
532 2 3 98 3 6 wine cooler display, cash

registers
533 3 I 74 3 11 hardware failure
533 3 2 76 4 2 new owner
533 3 3 91 3 11 hardware failure

533 3 4 100 3 3 vacant, bankrupt

534 8 i 74 3 6 kitchenoutlets added
534 8 2 76 4 6 remodeledfront, added

computer, lights
534 8 3 100 4 6 remodeled,new restaurant

538̂ I i 79 I g plug, low power

538̂ i 2 85 3 4 7 partial vac., remodel
upstairs

538̂ i 3 94 3 i 6 new tenants, ice cream J

shop, remodel
541 3 I 74 I 9 plug drop
541 3 2 83 3 6 new walk-in cooler: bakery,

lights,plugs, fans
544 2 i 72 3 6 added lights
544& 2 2 80? I 9 outside lightsjump
544 2 3 87 3 6 new computer
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' TABLEB-3 contd

Bldg ELCAP First Second
Site Type Event Month Key Mode Mode Notes

i i, .

544& 2 4 90? i 9 outside lights drop
t

546 2 i 66 3 6 new lights and plugs
546 2 2 85-6 I 12 plug peak

. 546 2 3 97 4 6 plugs, lights
546 2 4 I00 4 6 new water heater

548 I I 73 3. 7 added wall separating
cond/uncond

548 i 2 85 i 12 plug peak
548 i 3 97 3 ' II rearranged breakers

550 5 I 82+ 5 4? four. tenant vacancies,
proc eqpt replaced, drops

550 5 2 88-8 4 2 all new tenants, new
assembly line

555 8 I 95 3 2 new owner
555 8 2 97 3 6 added exterior lighting
556 2 I 72-5 2 12 inside lights peak
556 2 2 81 2 12 inside lights peak

559 4 I 93 3 6 added micowave, pop
machine, steam table

560& 3 2 75? I 9 plug drop
560 3 4 82 3 6 added track lights, bev.

coolers, ice case, juicer,_
plugs

562 7 I 84 I 12 plug peak
562 7 2 102 3 6 upholstery to photo shop

566 2 i 73 2 9 inside lights increase
566 2 2 82 4 6 added cash machine,

' lights, plugs, cash regstr
566 2 3 97 3 6 added plugs, computer,

outside lights, register
. 571^ 2 I 80-I i 12 outside lights peak

571^ 2 2 84-5 I 12 outside lights peak
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TABLEB-3 contd

Bldg ELCAP First Second
Site Type Event Month Key Mode Mode Notes

582 2 i 71 2 9 inside lights, outside
lights drop

582 2 2 74-5 3 2 full vacant

582 2 3 93 4 I 6 new business type

583 I I 76 3 6 owner mods unknown,SV
planned

586 5 I 70 3 6 new computers?

587 3 I 70 3 6 total remodel
587 3 2 82 3 6 added toaster, bun warmer

588 3 I 76 4 6 added egg case
588 3 2 82 3 6 added yogurt machine
588 3 3 96 3 i 6 added bank: pop+ice

machines
588 3 4 102 3 6 chicken service dell

591 2 i 74 3 6 removed gas heater
591 2 2 86 4 6 changed lights
591 2 3 I00 4 6 7 remodel

593 4 I 69-71 4 2 new tenant, remodel, more
area

593 4 2 76 3 6 added food prop breaker
593 4 3 79 3 6 added salar bar, kettles

lights
593 4 4 89-90 i 12 outside lights low point

594 3 i 85 2 3 plug, inside lights drop,
out of business

595 i I 83 I 9 plug, outside lights jump
595 I 2 88 i 9 inside lights jump .

598 4 I 79 3 6 added ice cream machine
598 4 2 86 _ 6 7 total remodel, complete new

equipment/systems
599 3 i 76 3 6 7 lights changed, equip added

600* I i 80-3 I g plug drop
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TABLE B-3 contd

iJ

Bldg ELCAP First Second
Site Type Event Month Key Mode Mode Notes
, .,., ,J,,,,,,i, , ii .

601 i I 72 I g inside lightsjump
, 601 I 2 75 i 12 plug peal(

601 I 3 84 I g outside lights,jump
seasonal

• 602 I I 70 3 2 4 new tenant, added computers
602 i 2 74 4 6 added plugs, moved breakers
602 i 3 77 5 2 outside lights drop, tenant

change
602 I 4 88 3 4 vacancy
602 i 5 89 I 9 outside lights jump

605 3 i 81 I 9 inside lights,slight drop
605 3 2 101 I 3 out of business

607 I I 81 3 6 oulets added

610" 2 I 88-90 2 9 inside lights drop

681 2 i 70 3 6 added track lights, changed
to flourescent

681 2 2 71 3 6 added track lights
681 2 3 73 3 6 added box compactor
681 2 4 82 3 6 owner mods, lighting (686)
681 2 5 86 3 6 added lights,cash register
681 2 6 89 3 6 added lights,cash register

q

690 3 I 73 i 12 outside lights peak

691̂ 7 I 97 3 6 added computers

697 I I 70 3 4 tenant change, vacancy
697 I 2 71 3 6 new outlets, food prep
697 I 3 78-82 3 6 owner mods, remodeling?

' 697 I 4 88 3 6 added plugs, telephone
697 I 5 94 3 6 added plugs, range, cranked

up fan
' 697 I 6 101 3 6 added copier

705 4 i 66 i 9 outside lights drop
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TABLE B-3 contd

Bldg ELCAP First Second
Site Type Event Month Key Mode Mode Notes

i

705 4 2 74 5 9 outside lights, inside
lights jump

705 4 3 77 I 12 plug peak

707 5 I 85 3 6 new energy mgmt control
system

707& 5 2 89 5 8 all out operation for
convention

707 5 3 94 3 6 added exhaust fans

712 2 I 75 3 6 added energy management
system

714 i i 80-i I 12 outside lights,low point
714 I 2 101 4 4 new tenant (dentist)

716 2 i 72-3 2 9 inside lights drop
7].6 2 3 84+ I g inside lightsjump

717 i I 82 3 6 added computer,copier,
telephonesystem

717 I 2 93 i 9 outside lights drop
723 2 i 83+ 3 4 tenants, equip, struct.

mods

723 2 2 86 3 6 added film equipment,
plugs, sept. 87? (81)

723 2 3 88 3 7 Upstairs made usable space
for rent

726 8 I 8g 4 6 added coffee maker, ovens

731 I i 80 3 7 window film added north
731 I 2 88 3 6 added plugs, dishwasher,

disposal,telephone
731 I 3 88 3 4 tenant changes

735 2 I 77 3 6 lights
735 2 2 78 3 2 6 new business/owners,added

air conditioning,plugs1

736 5 i 70 3 2 day care closed
736 5 2 77 i 9 inside lights jump
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TABLEB-3 contd

, ,,,,, IL , ,,

Bidg ELCAP First Second
Site Type Event Month Key Mode Mode Notes

736 5 3 94 3 4 vacant? (ver. notes says
, NOT vacant)

736 5 4 101 4 7? remodelled (dell)

738̂ i i 74 3 6 added plugs
738̂ I 2 82 I 9 plug jump
738̂ i 3 87+ I 9 plug jump
738 i 4 90+ 3 6 added HVAC mixing boxes to

separatezones
738̂ I 5 94 4 6 remodel, added lights

747 I i 61 3 6 owner mods
747 I 2 69 3 6 unmon load???
747 I 3 72 4 2 6 new tenant, remodel, track

lights added
747 I 4 87 I 9 outside lightsjump

' 751 2 i 72 3 6 added computer,ordering
machine

751 2 2 79 I 9 outside lights drop

752 9 I 64 3 7 windows to double pane
752 9 2 93 3 6 PLANNED heat (to gas),

light, insul, renov.

753& 6 I 78 2 12 inside lights,outside
lights,plug low point

6010 2 i 80-I i 12 outside lightspeak
6010 2 2 87 I 9 outside lightsdrop

6011 2 i 79 2 9 inside lights drop
6011" 2 2 84-5 I 12 outside lights,seasonal

' peak

6020 I i 82 2 9 inside lights,plug drop
s

6023& 5 I 92 I 9 plug jump
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Bldg ELCAP First Second
si,re Type Event Month Key Mode Mode Notes

6028 2 I 91 I 9 , inside lights drop,
vacancy?

6( '!& I I 73 I 9 plug drop

6035* 4 i 79 I 9 inside lights jump
6035 4 2 Jl I 9 plug jump

6042 3 i 88 2 9 inside lightsjump
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APPENDIX C

ENERGY IMPACTSOF CHANGES

Gne objectiveof our analysiswas to quantify the averageenergy impact

of each change type through an explicitexaminationof end-use loads before

. and after each change. Our non,casestudy approachwas unsuccessful,in part

due to the high frequencywith which changeswere encountered.

This appendix includesa descriptionof the complexitiesinvolved in

assessingthe energy,impactsof changes. Understandingthese complexities

provides insight into the nature of change processesin the commercialsector.

Here we briefly discuss the methodologythat we appliedto the change data

to calculatethe energy impacts. Includedare graphicalsummariesto

illustratethe rate at which change events were "lost"to the impact analysis.

The limitedset of change events with energy impactestimatesis discussed

and graphicallysummarized. This appendix concludeswith suggestionsfor

further researchto asses_,'the energy impactsof Change events.

COMPLEXITIESIN ASSESSINGCHANGE IMPACTS

Although the process of comparingpre- and post-changeload levels for

an end use may seem straightforward,it is complicatedby a nu,r,oer of

practicalconsideration'is.Those factorsare discussedhere in the context

of developingan automatedtechniquefor measuring change impactson the

relativelylarge scale of the ELCAP sample.

lt is clear that a case study approachwould likelyyield the most useful

results. However, this approachwas not selected for the currentwork because

of the large number of ELCAP buildingsand the volume of the availabledata ando

record sources. Below are the major impedimerltsto simple calculationof

change impactsin the ELCAP study.

i
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Uncertaintyof the Exact Time of Change

The nature of most of the informationsourcesin the ELCAP database is

that change events are not reportedor do not become obvious until after they

have already occurred. Frequently,for example,a change in building tenancy

will not be immediatelyreported to ELCAP personnel. Likewise,a lighting

retrofit may not be reportedat all but might be discoveredby maintenance

personnelmany months later. In such cases, an attempt is made to ascertain

the exact time of change. However, this is not always possible,especially

if a new tenant has occupied the building subsequentto the change in question.

Transition PeriodsSurroundinqChanges

lt may be expected that many changeswill involvea transitionperiod

before the loads of the affected end uses stabilize. In its simplest form,

this phenomenon relatesonly to the month in which the change occurs, as

illustratedin Figure C-I. The plot shows a hypotheticalend use load that

is affected by a partialvacancy occurringin June of the second meteredyear.

If the vacancy occurred in the middle of the month, the June monthly load for

the end use would drop only halfway to its eventual lower bound.

In more complicatedforms, this phenomenoncan affect many months' loads.

For example, a tenant may move out of a building in phases, taking several

months to completelyvacate. Or, a new tenant might take severalmonths to

establisha routineso that end-use loads would be indicativeof long-term,

stable loads.

Seasonal and Weather-DependentLoads

Many loads, particularlythose for HVAC and refrigeration,are highly

dependenton outdoor temperatures. If a change is expected to impact one of

these loads, it is highly unlikely that a simple before/afterload comparison

would give meaningfulresults, becausethe weather is likely Lo have changed

over that interval.
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FIGUREC-I

Hypothetical Example of Transition Period for a Single Change
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Unavailability of Load Data Before and After a Chanqe

In any metering project, especially one as extensive as ELCAP, missing

data are inevitable. Randomhardware failures and/or owner interventions in

the electrical panel distribution result in periods of missing data. In the

ELCAPdata, this problem is especially evident after equipment changes, which

frequently disturb the metering hardware and r_ult in missing load data for
one or more months.

Uncertainty About Which End Uses Are Affected

The extent of detailed information known aLout changes varies

. dramatically Somechanges are understood fully, while others are known only

from terse written comments alluding to the change. Thus, it is seldom

understood o prZori exactly which end uses will be impacted by a change.
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The followingexample illustratesthe problem. Supposetwo changes occur

in successivemonths. The first change impacts lighting loads, but the second

change doesnot. The records of these changes contain insufficientdetail to

convey that only the first change affected lighting,so it must be assumed
+

that both loads might have affectedthe l>'!ghtingend use. Because the second
F, /_,

change occurred before sufficient_,_+':_v_re collected to get reasonablepost-

change load estimates for the first challge,,no estimate of lighting impacts

is possible.

METHODOLOGYUSEDTO DIRECTLYASSESSCHANGEIMPACTS

The methodologywe used simply involvedcomputing,for each discrete

change event, the differencebetweenpre-change and post-changeloads for

each end use at the affectedsite. We divided the changes in loads by the

floor area in the building so that we could average the impactsacross

buildings. We had to examine severalend uses because many change events

are not describedwell enough in our data sources to determineexactlywhich

end uses will be impacted.

For each of the four buildingtypes--offices,retails,groceries,and

restaurants--wecalculated energy impactestimates for the followingend uses:

building load total, inside lights,total HVAC, and other. Groceriesand

restaurantsalso have estimatesfor refrigerationand food preparation.(a)

For groceriesand restaurants,the end use designatedas other excludes loads

from the refrigerationand food preparationend uses.
F

Conceptually,each end use was processedas follows. The monthly time

series of end-use load data was obtained. These monthly values were
/

calculated using two data types, which are part of the PADS-COM-Dec88Istandard

(a) These end uses are describedby Halverson,Mazzucchi,Hadley, and
Caplinger in their May 1989 draft document,End Uses.
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monthly aggregations.(a) The averagedmonthly power value, data type "f,"

was accepted for our analysis if 360 hours (15 days) were present for the

month, based on an examinationof data type "n."

The monthly time series was "marked"at each month during which a change

was detected. Figure C-2 illustratesthis procedurewith a 15-monthtime

series from a hypotheticalbuilding. The time line representsmonths for

which load data are available. The examplebuilding underwentfour changes,

• which are marked by arrows in FigureC-2.

Before pre- and post-changedata for each event were identified,several

months' data were eliminated (made "missing")to account for transition

periods and the uncertaintiesin event dates. As shown by the shaded pairs

of arrows in Figure C-2,each month in which a change was reportedand the

previous month were eliminated,based on assumptionsthat the actualmonth of

change is likelyto be a transitionmonth and that the ELCAP recordswill

often _e at least one month late in reportingthe event.

Next, for each event, all data prior to the event but subsequentto any

previous event were averaged,and all data subsequentto the _vent but prior

to the next event were averaged. This ensured that only one event contributed

to the calculatedload differences. The differencebetweenthe mean post-

change data and the mean pre-changedata was defined as the energy impac_ of

the change event.

Two methodsof operatingon the monthlypower values in the candidate

pre- and post-changeenergy data windows were used to calculateimpact

estimates. In the first method, all months of data in each of the candidate

pre- and post-changewindows were averaged separatelybefore those mean loads

. were subtracted. In the second method,only the single closestmonth within

(a) These data types are describedby Caplingerand Schwab in their
September 1989 draft document,ELCAP Pre-AggregatedData Set Design ond
SpecZfZcatLonDocument.
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FIGURE C-2

Exampleof Pre-and Post-Change
Data Used for Energy Impacts

Change #1 Chcn_ #2 Change #3 Change #4
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Ontaollmfnatedto avoidtran_lon gerlods
(eachmonth of changeand Itspreviousmonth)

(_ - Data tomalnlngforbefo_luftlr energy comparisons

each candidatepre-changeand post-changewindow was selected and subtracted.

In either case, the pre-changevalue was subtractedfrom the pest-changevalue

to calculate the impact. Thus, a positive impact impliesa greater load after

the change event.

In this manner, end-use load impacts (watts/squarefoot) were calculated

for every identifiedevent. Then, the load impactsof all events were

averagedwithin change type and building type categories. This calculation

yields, for example, the average impact on lighting loads of full vacancies

in offices.

As shown in FigureC-2, however, only one of the change events
L

(Change#2) had enough pre- and post-changedata for us to calculatean energy

impact. This situationwas encounteredin a large number of the ELCAP

buildings. The fractionof events for which direct pre- and post-changeloads

were availablewas very small. The example in Figure C-2 does not reflect

the frequent periuds of missing data that are especiallycommon during periods

of high change event activity,which furthercomplicateddirect calculations.
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NUMBEROF CHANGE EVENTS WITH ENERGY IMPACT ESTIMATES

Although a fairly large number of change events were identifiedfor the

buildingsincluded in this study,we were unable to calculateenergy impacts

for most of them. The goal of estimatingthe energy impactswas to provide

the ave:_gewatts/squarefoot associatedwith each of the variouschange event

. classesby buildingtype.

. The summary graphics presentedin this sectionfor four building types

--offices,retails,groceries,and restaurants--illustratethe rate at which

change events were "lost" to the energy impact analysis.

The change events for which impactestimateswere calculatedmay be

roughlycharacterizedas having a non-emptywindow of pre-changeand a non-

empty window of post-changeenergy data, subjectto severalconditions. These

conditions include

• at least a half-monthof energy data in both the pre- and post-change
windows

• a pre-changewindow that ends at least 2 months before the month in
which the change event had been recorded and that starts completely
after the month in which any previouschange event was recorded

• a post-changewindow that was selected after the month of the
recorded change but 2 months before any month of a subsequently
recorded change.

The nature of the commercialbuilding change process itself violatesthe

relative isolationof the change events from each other. In addition,the

most common change event--addingnew equipment--oftenleads to critical periods

of missing data. This is becausethe ELCAP metering equipmentis disturbed

as the owner modifies the electriccircuitryof the building. Finally, the

• projectrecords contain informationg(_ingwell beyond the cutoff date for the

energy data. The energy data availablefor this analysis,the ELCAP Pre-

AggregatedData set [PADS-COM-Dec88],contains no data after November 1988.
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The largestnumber of changeswere identifiedfor offices, dry good

retails, restaurants,and groceries. These four groups comprisethe best-

representedbuildingtypes in the commercialcombined studies. For each of

these four building types, FiguresC-3 throughC-6 illustratedramatically

how many eventswere availableto the energy impact calculationscompared to

the total number of events identified. The events reportedon are
6

• business type changes
• tenant changes
• vacancy changes
• equipmentchanges
• unclassifiedchanges (notedfrom an examinationof the load data).

The height of each bar in FiguresC-3 through C-6 representsthe number

of change events in the specifiedcategory. For each change type, the first

bar shows the total number of events identified. The second bar shows the

number of events that occurredwithin the time window of on-linedata

collection. The third bar shows the number of events for which load impact

calculationswere possible. In general,these illustrationsindicatethat

only about one-thirdof the total change events identifiedin the frequency

results have energy impact estimates.

LIMITED RESULTS

Becausethe number of events with energy impact estimates is so small,

we feel that these resultsmust not be interpretedas representativefor the

sample. Our energy impact estimatesare includedhere for illustrative

purposes only.

Figures C-7 through C-30, ordered by building type, display the results

we obtained by using both methodsto calculatethe energy impacts. In each

figure,the estimatethat resulted from using a single month on either side

of the change event is indicatedin the legend as "Use I Month", the estimate

resultingfrom using the widest pre- ard post-changewindovi,subject to the

constraintsnoted above, is indicatedin the legend as "Use All."
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FIGURE C-3

Number of ChangesSuitable for Energy
ImpactCalculationsin Offices (n : 28)
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FIGURE C-4
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FIGURE C-5

Numberof Changes Suitable for'Energy
impact Calculationsin Groceries (n = 19)
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FIGURE C-6

Number of Changes Suitablefor Energy
ImpactCalculationsin Restaurants(n = 15)
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The height of the bar in each illustration gives the average power in

watts/square foot for each of the two methods used to calculate the energy

impacts. Each bar represents an average of all the change events of the

specified class within the building type. The total number of events that

the mean represents is indicated along the horizontal axis. The numbers along

the vertical axis may be transformed into annual watt-hours/square foot by

• multiplying by 8760, the number of hours in a year. lt is possible for some

end uses not to exist for some time periods. Thus, there is some variation

• in the total number of events within a given building class across the end
uses.

The change events for which impact estimates are given are business type,

tenancy, full vacancy, partial vacancy, equipment, and unclassified changes.

Each of these is discussed in turn in the following paragraphs.

Business Type

There were no analyzable business type changes.

Tenancy

A single analyzabletenancychange was availablefrom the sample of

office buildings (FiguresC-7 throughC-11). As shown in Figure C-7, the

calculated impact of the tenancychange is stronglydependenton the

calculationtechniqueused. When only the closestmonths were used to

calculatethe impact,total energy consumptionis shown to drop by about

0.7 W/ft:. When all availablepre- and post-changedata were used, however,

• the total load increasesby about 0.3 W/ft2. Similartrends are evident for

total HVAC loads and outdoor lightingloads. Indoor lightingand miscellaneous

. equipment loads are shown to decrease by both methods, but by differing
amounts.
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FIGURE C.7

Impactof Change on Energy Used for Office Building Total
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FIGURE C-8
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FIGURE C-9

Impact of Change on Energy Used for Office Total HVAC
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FIGURE C-II

Impactof Change on Energy Used for Office Outdoor Lighting
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FIGUREC-13

Impact of Change on Energy Used for Dry Good Retail Indoor Lighting
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FIGUREC-14

Impact of Change on Energy Used for Dry Good Retail Total HVAC
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FIGURE C-15

Impact of Change on Energy Used for Dry Good Retail Other
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FIGURE C-16

Impact of Change on Energy Used for Dry Good Retail Outdoor Lighting

0 Use Air

0.

0

0 0 0 4 1 7 <- # changes

Bu_ness Tenlncy Full P=,rttal Equip- Unclassified
Type Vacanay Vacancy merit Changes

Change TYI:_ and _f_'e/A_er Test

C-16



FIGUREC-17

Impact of Change on Energy Used for GroceryBuilding Total
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FIGURE C-18

Impact of Change on Energy Used for Grocery Indoor Lighting
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FIGUREC-19

Impact of Change on Energy Used for Grocery Total HVAC
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FIGUREC-20

Impactof Change on EnergyUsed for Grocery Other
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FIGURE C-21

Impact of Change on Energy Used for Grocery Refrigeration
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FIGURE C-22

Impact of Change on Energy Used for Grocery Food Preparation
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FIGUREC-23

Impact of Change on Energy Used for Grocery Outdoor Lighting
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FIGUREC-24

Impact of_Change on Energy Used for Restaurant Building Total
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'FIGUREC-25

Impact of Change on Energy Used for Restaurant IndoorLighting
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FIGURE C-26

Impactof Change on Energy Used for RestaurantTotal HVAC
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FIGURE C-27

Impactof Change on Energy Used for RestaurantOther
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FIGURE C-28

Impact of Change on Energy Used for RestaurantRefrigeration
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FIGURE C-29
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Impact of Change on Energy Used for RestaurantFood Preparation
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FIGURE C-30

Impact of Change on Energy'Usedfor RestaurantOutdoor Lighting
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Full Vacancy

There were two analyzablefull vacancies,'oneeach from the grocery

(FiguresC-17 through C-23) and restaurant (FiguresC-24 throughC-30)

samples. The grocery vacancy reducedbuilding total consumptionbetween

2.5 and 3.0 W/ft2, with reasonableconsistencybetween the two calculation

techniques. Most of the change is accounted for by reductions in indoor

lighting and refrigeration. $_VACloads were unchanged, while outdoor lighting

and other loads dropped slighl;ly. The restaurant vacancy impact, as calculated

by either technique, reduced the building total load by at least !.3 W/ft2,

though moreso by using all available pre- and post-change data. Ali end uses

except refrigeration underwent noticeable decreases, although the miscellaneous

equipment load increased slightly when calculated using a single pre- and post-

change month.

Partial Vacan_

Three partial vacancies were observed in the office sample; four were

found in the retail sample. As expected, the end-use loads generally

decrease. Again, however, the results often differ widely between the two

calculation techniques. For example, compare the office HVACloads in

Figure C-9 with the retail building total loads in Figure C-12.

Equipment

Except for unclassified changes, equipment changes are the most prevalent

change type. In offices, the equipment changes appear to have increased total

loads on average. As sl_own in Figure C-7, total loads increased an average

of 0.I to 0.3 W/ft 2. However, most of this change appears to be attributable

to HVACload increases. While this might indicate an increased cooling load

due to higher internal gains, it could also be a result of changes inweather.

The latter is probable because neither lighting nor equipment loads show an

obvious increase.
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Only one analyzable equipment Change was available in the retail sample,

Its effect appears to be small. The apparent large change in HVACloads may
be due to weather differences.

Equipmentchanges in groceriescaused relativelysmall load changes,

especially in light of the high overall loads of this buildingtype. Most of

• the energy impact appears in the HVAC and outdoor lightingend uses.

, The single equipmentchange in restaurantshas a relativelysmall overall

impact on total loads. The HVAC_enduse appears to have the largestchange--

but again, this may be the result of weather Changes.

UnclassifiedChaneg_e_s

Altogether,37 unclassifiedchangeswere availablefor energy impact

analysis: 13 for offices, 10 for restaurants,10 for groceries,and 4 for

restaurants. The averaged energy impactsfor these events generallyshow a

decreasein total load, except for restaurants;there, the two methods of

impact providedstrongly divergentresults. The largestenergy changes occur

in groceries,decreasingon averageby 0.8 to 0.3 W/ft2.

SUGGESTIONSFOR FURTHERRESEARCH

Several factorspreventedthe direct calculationof change impactsin

most of the sample buildings: the high frequencyof changes; the close

temporal proximityof changes,often with followingperiods of missing metered

data that result from the change;the uncertaintiesassociatedwith change

, event dates; and the uncertaintyconcerningwhich end uses were affected.

@ In light of these problems,two alternativeapproachesmight better

ascertainthe energy impactsof changes: a case study approach,or use of a

regressionmodel that facilitatesindirectimpact calculations.
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The case study method would be very costly but would give the most

reliable resultsfor the greatestni_mberof change events. The secondmethod,

use of a regressionmodel, would likely increasethe number of events for

which we can currentlycalculateenergy impacts, lt also would require

considerablyless effort than a case study approach.

In the case study approach,additionalbuildingrecords could be examined

or building owners could be contactedto resolveuncertaintiesin change event

dates. This informationwould allow a more detailedclassificationof changes

with respectto change type and end uses affected. These recordsmight include

surveydata and detailedmeasurementplans for the buildings. By pinpointing

the actual dates on which changesoccur, the global eliminationof data to

avoid transitionperiodscould be reduced. By positively identifyingthe end

• uses that will be affectedby a change using survey data and_easurement plans,

the time windows of valid pre- and post-changedata might be extended in many

cases, Finally, increasingthe detail of change classificationswould make

the resultsmore interpretable.

The regressionmodel approach avoids the necessityof buildingcase

studies,with the possibleexceptionof attemptingto classify equipment

changes in more detail. This approachwould circumventthe need for pre-and

post-changedata for every event, lt would also m'_nimizethe need to know o

prZorZ which end uses will be affectedby a change, as well as minimizing

problems associatedwith missingdata.

The first step in the suggestedtechniquewould be to divide each

building'sdata into 1-yearwindows. The differencebetween the average loads

at the beginning and end of the year would be examined in light of the change

events that occurred during that year. Thus, the temporalproximityof changes
within the year would be of no concern.

v
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APPENDIXD

DETAILED DISCUSSIONOF REMODELS AND RENOVATIONS

Throughoutmost of this report,changeoverfrequenciesare reported and

categorizedby a strict hierarchyof change type definitions(see Table 4-I).

The hierarchyis intendedto place change events in the category that best

explainschanges in energy consumption. For example, a change in ownership

might result in a change in the type of business operatingfrom a building.

The new owner is likely to remodelthe structureand replacemost major

equipment,significantlyimpactingthe building'senergy consumption.

However, the structuraland equipmentchanges are resultsof the businesstype

change, so the event would be categorizedas a business type change.

In this appendix,we abandonthe hierarchyof change type definitions in

favor of more details regardingeach remodel event. If a remodel involves

both structuraland equipmentchanges, it is countedas an instanceof both.

We also attempt to classify each change as an addition,removal,or

replacementof existing space or equipment.

Table D-I is a listingof all remodelevents identifiedfrom the ELCAP

records, lt is an expanded subset of Table B-3, which contains the exhaustive

list of identifiedchanges. Table D-I contains all entries from Table B-3

that involvechange to buildingstructureor equipment. Events that impact

both structureand equipmentare expanded into two separateevents. Finally,

the events are categorizedas either additions,removals,or replacements.

The columns of Table D-1 are defined as follows:

• Site - the unique number identifyingthe individualsite

• Bldg Type - the business type category of the buildingwhen
4 metering equipmentwas installed

• Yrs Obsv ° the number of years covered by building records--the
time period over which changeswere observed
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• Event Date - the best estimate of the date of the change event

• Category of Remodel - Tells what was impactedby the change. Each
event is classifiedas having affectedstructure,HVAC, lighting,
refrigeration,food preparation,or miscellaneousequipment. In
addition, remodelevents that occurredconcurrentlywith a change
in business type or tenant are so noted.

• Type of Remodel - Describeswhether the remodel involvedaddition,
removal, or replacementof space or equipment.

• i

• Comments - the comments pertainingto the change event found in the
ELCAP records - becausesome change events affect multiple
categories,the same comments are often repeated in sequentialrows "
Of the table.

TABLE D-i

All Remodel Events Identifiedfrom ELCAP Records

Bldg Yrs Event Category of Type of
Site Type Obsv De&e Remodel Remodel Comments

i __ ,

7 gro 4.5 Nov8q structural added added dell, light change, remodel
7 gro 4.5 Nov 88 lighting unknown added deli, light change, remodel

18 nr 3.8 Jan 8B structural unknown new tenant: bakery
18 wit 3,8 Jan 86 tenancy new tenant: bakery
18 war 3.8 Dec 86 food prep added addedoven, mixer

37 gro 4.9 Sep 88 refrigeration added frozen food equipuent added
37 gro 4.9 Jul 87 refrigeration added wine/beer coolers added
37 gro 4.9 Jan 8g refrigeration added pop.yogurt machine,battery chrgrs added.
37 gro 4.g Jan 8g misc equip added pop.yogu_ machine,battery chrgrs added.

4_ war 4.4 Sap 88 structural added new addition of 62Bg eqft (monitored?}

45 hfs 3.4 Apt 87 lighting added added lighting
41 hre 3,4 Oct 87 hvac added addedAC
41 htm 3.4 Oct 88 hvac added added AC

79 him 3.3 Oct 87 refrigeration unknown pop, ice machine, plugs, nsher/dryer
79 h_m 3.3 Oct 87 list _uip unknown pop, ice machine, plugs, washer/dryer

81 him 3,3 Apr 88 aisc equip unknown newnt.er heater
81 ht.m 3.3 Jan 87 eisc equip unknown newwa_er heaters

148 dgr 3.3 Oct 87 misc equip added new loads;washers

273 _f 3.g Feb 86 hvac added fans added
273 off 3.9 Apr 88 misc equip added computer added

J

282 war 3.8 May 88 structural _dded addedcomissary

284 gro 2.8 Feb 87 food prep added addedchicken cooker
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TABLE D-1 (contd)

Bldg Yrs E_ent Category of Type of
Site Type Obsv Date Remodel Remodel Comments

285 gro 4.1 May 89 misc equip added cardboard bailer added

288 off 3 9 Oct 87 hvac added newtenant, added AC, lights, plugs
288 off 3 9 Oct 87 lighting added newtenant, added AC, lights, plugs
286 off 3 g Oct 87 misc equip added newtenant, added AC, lights, plugs
288 off 3 g Oct 87 tenancy newtenant, added AC, lights, plugs
288 off 3 g Feb Bg hvac unknown new plugs, computers, BB heat, dwasher, ACs

, 288 off 3 9 Feb 8g eisc equip unknown new plugs, computers, BB heat, dwesher,'ACs.
288 off 3 g May 89 hvac unknown newAC

287 dgr 4.1 Mar 89 hvac replaced owner mods, HVACrework

269 dgr 3.8 Jan 89 mist equip replaced replaced air compressor

290 off 2.8 Dec 87 lighting added plg jump, light,plugs added
290 off 2.8 Dec 87 misc equip added pig jump, light,plugs added

293 dgr 3.8 Jun 87 hvac added addedexhaust fans

294 war 3.8 Jun 87 structural added expanded, new computer equip.
294 war 3.8 Jun 87 misc equip unknown expanded, newcomputer equip.
294 war 3.8 Oct 87 hvac added addedAC
294 war 3.8 Jul 8g structural added building being enlarged

295 dgr 4.2 Mar 81 lighting added added 18kl light, boarded windows
295 dgr 4.2 Mar Bl structural replaced addediBkl light, boarded windows

298 off 3.8 Jan 87 structural replaced addedwall to shield from uncon, space

2gg off 3.8 Feb 87 hvac unknown new HP, air handler, alarm, office(?)
299 off 3.8 Feb 87 misc equip unknown new HP, air handler, alarm,, office(?)
299 off 3.8 Smp87 structural added parking enclosed

306 war 3.8 Feb 87 lighting added added lights

441 res 3.8 Apr 86 hvac unknown new A/C unit
44Z res 3.6 May 88 refrigeration added added ice machine, food _rmer
441 rem 3.8 May 88 food prep added added ice machine, food warmer
441 res 3.8 Aug 88 lighting replaced Incand. to Florsct, 38effif to 789W
441 rea 3.6 Smp88 hvac added exhaust fan added

443 dgr 1.3 Nov 87 structural unknown major remodel

445 res 3.3 May 87 food prep unknown new oven

446 war 3.8 Feb 89 hvac added added heat, office

447 dgr 3.6 Jul 86 structural unknown remodeled
447 dgr 3.8 Nov87 I)ghting unknown lights, berqinala
447 dgr 3.6 Nov87 misc equip unknown lights, terminal_

44g dgr 3.3 Jun 86 hvac unknown new heat and lights
449 dgr 3.3 Jun 88 lighting unknown new heat and lightse

451 off 3.3 Mar 88 misc equip added plugs added
451 off 3.3 Smp87 mist equip added addedcomputer
451 off 3,3 Dec 87 sbructural unknown moved lunchrm

451 off 3.3 May 88 misc equip added addedplugs,copy machine

466 dgr 2:2 Sep 87 lighting added Its, ac added
456 dgr 2.2 Smp87 hvac added It,l, ac added
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TABLED-I (contd)

BidgYrs Event Categoryof Type lOf

Site Type Obey Date Remodel Remodel Comments

457 res 3.8 Oct 86 refrigeration eliminated nel bus type/tenant, ref reloved
457 res 3,8 Oct 88 business type new bus type/tenlnb, ref removed

458 off 3.5 Apr 88 mi_ equip added new plugs,some remdelling
458 off 3.5 Apr 88 structural unknown new plugs, SOle resdelling

t

532 dgr 3.7 Feb 89 refrigeration unknown wine cooler display, cash registers
532 dgr 3.7 Feb 8g misc equip unknown wine cooler display, cash registers

534 him 3.4 Feb 87 misc equip added kitchen outlets added
534 hfs 3.4 Apr 87 structural replaced l remodeled front, added computer, lights
534 him 3.4 Apr 87 misc equip added remodeled front, added colputer, lights
534 htm 3.4 kpr 87. lighting added remodeled front, addedcomputer, lights
534 htm 3.4 Apt 8g structural unknown remodeled, new restaurant

538 off 3.6 Jan 88 structural replaced partial vac., remodel upstairm
S3B off 3.8 Jan 88 pari, ial vacancy plrtial vac., remodel upstairs
538 off 3.8 Oct 88 structural replaced newtenlnte, ice crelm shop, relod
538 off 3.8 Oct 88 structural unknown new benln¢s, ice Creamshop, remod
538 off 3.8 Oct 88 business type new tenants, ice cream shop, remod

541 gro 3.4'Nov 87 refrigeration added new wllk-in cooler: bakery, Its, pigs, fans
541 gro 3.4 Nov87 lighting unknown new wllk-in cooler: bakery, Its, pigs, Fans
541 g_l*O3.4 Nov87 misc equip unknown new walk-in cooler: bakery, Its, pigs, fans
541 gro 3.4 Nov 87 hvac unknown new ulk-in cooler: bakery, Its, pigs, fans

544 dgr 3.4 Dec 86 lighting added added lights
544 dgr 3.4 Mar 88 misc equip unknown new computer

548 dgr 3 5 Jun 86 lighting unknown new lights and plugs
546 dgr 3.5 Jun 88 liSC equip unknown new lights and plugs
548 dgr 3.5 Jan 89 lighting unknown plugs, lights
546 dgr 3.5 Jan 8g misc equip unknown plugs, lights
546 dgr 3.5 Apr 8g misc equip unknown new water htr

548 off 3.5 Jmn87 structural replaced added wall separating cond/uncond

She war 2.5 Oct 87 mimeequip replaced 4 tenant VlCancies,proc eqpt replaced, drops
She war 2.5 Oct 87 partial vacancy 4 tenant vacancies,proc eqpt replaced, drops
ShE war 2.6 Apr 88 mist equip added ali new tenente, new assembly line
551 nr 2.5 Apr 88 tenancy ali nemteflents, new assembly line

555 h_m 3.5 Jan 89 misc equip added added exterior lighting

559 res 3.4 Sop 88 food prep added added micowlve, pop machine, steam table
55g res 3.4 Sap 88 refrigeration added added liCOWave, pop machine, steam table

58U gro 3._ Oct 87 lighting added added track Its, tev coolers, ice case, juicer, pigs
58m gro 3.8 Oc_87 refrigeration added added track Its, bey. coolers, ice case, juicer, pigs
56Q gro 3.S Oct 87 liSC equip added added track Its, bey. coolers, ice case, _uicer, p(gs

A

582 uni 3.3 Jan 8g unknown unknown upholstery tm photo shop

588 dgr 3.3 Oct 87 eis¢ equip added added cash machine, Its,pigs, cash regstr
588 dgr 3.3 Oct 87 lighting added added cash machine, Its,pigs, cash regs_r
_4% dgr 33 Jan 89 mist equip added added pigs, computer, olt, register

582 dgr 3.8 Sap 88 mim¢ equip added newbusiness type, new dishwasher

586 nr 3.3 Oct 88 misc equip unknown new computers?
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_TABLED-I (contd)

Bldg Yrs Event Category of Type of
Site Type Obey Date Remodel Remodel Comments

,.,m

_587 gro 3.3 Oct 86 structural unknoin total remodel
587 grs 3.3 Oct 87 food prep added addedtoaster, bun warmer

588 grs 3.2 Apr 87 refrigeration added addedegg case
588 grs 3.2 Oct 87 refrigeration added addedyogus5 machine
588 grs 3.2 Dec 88 refrlgeration added added bank: pop, icemachlnes
588 grs 3.2 Dec 98 business _ype added bank: pop. ice machines
588 grs 3.2 Jun 89 sisc equip unknown . chicken service delt

591 dgr 3.9 Feb 87 hvac eliminated removedgas heater
- 591 dgr 3.9 Feb 87 fuel _ype removedgas heater

591 dgr 3,0 Feb 88 lighting replaced changed lights
591 dgr 3.6 Apr 89 structural unknown remodel

593 res 3.3 Nov86 structural added new tenant (Szzler),romodel, more area _.
563 res 3.3 NOv86 tenancy new _enmnt (Szzler),romodel, more area
593 res 3,3 Jul 07 refrigeration added added salar bar, kettles lights
593 res 3.3 Jul 87 food prep added added salar bar, kettles lights
593 res 3.3 Jul 87 lighting added added sslar bar, kettles lights

598 r_s 3.6 Jul 87 refrigeration added added ice cream machine
598 res 3.B Feb OB structural unknown total remodel,complete newequip/systems
598 res 3.6 Feb 88 misc equ p added, total remodel,complete newequip/systems

599 grs 2.1 Apr 87 righting replaced lights changed, equip added
5gg grs 2.1 Apr 97 misc equ,p added lights changed, equip added

662 off 3.3 Oct 98 misc equlp added new _enant, added computers
862 off 3.3 Oct 86 tenancy new benant, added computers
662 off 3,3 Feb 87 misc equip added added pigs, movedbreakers

667 off 3.3 Sep 87 misc equip added oulets added

681 dgr 3.2 Oct 96 misc equip added added track lights, changedto florsnt.
681 dgr 3.2 Nov86 lighting added added _rack lights
881 dgr 3.2 Nov 88 lighting replaced added track lights
681 dgr 3,2 Jan 87 lighting added added box compactor
881 dgr 3.2 Oct 87 lighting unknown owner mods, lighting (BOB)
581 dgr 3.2 Feb 88 lighting added added lights, cash regstr
581 dgr 3.2 Feb 88 misc equip addQd added lights, cash regstr
681 dgr 3.2 May 88 lighting added added lights, cash regstr
881 dgr 3.2 May 88 misc equip added added lights, cash regstr

691 uni 3.2 Jan 89 misc equip added ndded computers

897 off 3.1 Nov86 f_ prep added new outlets, food prep
897 off 3.1 Oct 87 structural unknown owner mode, remodeling?
667 off 3.1 Apt 88 mist equip added addedpigs, telephone
897 off 3.1 Oct 88 misc equip added added pigs, range, cranked up fan
897 off 3.1 Oct 88 food prep added added pigs, range, cranked up fan
897 off 3.1 May89 sisc equip added addedcopier

v' 767 war 3.1 Jan 88 mist equip added new energy mgmtcontrol system
767 nr 3.1 Oct 88 hvac added addedexhaust fans

712 dgr 3.3 Mar 67 mist equip added added energy managementsystem

717 off 2.9 Oct 87 mim: equip added added computer, copier, telephone sym
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TABLE D-I (contd)

BidgYre Event Categoryof Type of
Sile TypeObey Oaie Remodel Remodel Commenls

,,,,,i ,

723 der 2.2 Nov 87 _trucbural unknowrl benanbs,equip,sSruc_, aodm
723 dgr 2.2 Nov 87 r,imc equip unknown benanbs,equipesbruc_, mode
723 dgr 2,2 Nov 87 _enancy benanbs,equiPemtrucb, modm
723 dgr 2.2 Feb 88 mist equip added addedfilm eq., pigs, eep_. 87? (81)
723 dgr 2,2 Apt 88 sbruc_uraJ replaced upsbalrs esdeumable space for renb

i

726 h_ 3.2 May88 food prep added added coffee maker, ovens

731 off 3.8 Aug 87 structural replaced windowfile added north
731 off 3.0 Apr 88 mist equip added addedplgl, dlmhwshr, disposal, belephone, _enan_
731 off 3.1 Apr 86 tenancy added pigs, diehwshr,disposaij _Jephone, _enint

735 dgr 3.0 May87 ligh_ing unknown lights
735 dgr 3.0 Jun 87 hvac added new business/owners, added ac, plugs
735 dgr 3.0 Jun 87 ai#c equip added new business/owners, added ac, plugs
735 der 3.0 Jen 87 business _ype. new buainess/oeners, added ac, plugs

736 war 3.0 _ay 89 s_ruc_ural unknown remodelled (deli)

738 off 2.g Feb 87 miec equip added addedpigs
738 off 2.9 Jun 88 hvac replaced addedHVACmixing boxes Lo separate zones
738 off 2.9 Oc_ 88 lighting added remodel, added lights
738 off 2.9 Dci 88 s_ru¢_ural unknown remodel, added lights

747 off 3.3 Dec 86 lighting added new _enan_, remodel, _rack lights added
747 off 3.3 Dec 86 structural unknown new _enan_, remod®l, _rack lights added
747 off 3.3 Dec 86 [.nancy newtenant, remodel, _rack ligh[s added

751 dgr 2,9 Dec 88 aisc equip added added computer, ordering machine

752 obh 2.0 Apr 86 sSructural replaced window, be dbl pine

Table D-2 summarizesthe recategorizedremodelevents. For each

category and type of remodel,the total number of observed events is shown.

For example, in the 28 office buildingsin the ELCAP sample,there was one

structuraladdition,five structural replacements,and six events that

affected structure in an unknown manner. Note that these are total counts of

changes, regardlessof how long each buildingwas observed. Therefore,

Table D-2 is a simple summaryof Table D-I and does not directly imply change
rates.
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TABLE D-2

Total Numbers of Remodels Observed in ELCAPBuildings

Office (n = 28)

Added El iminated Replaced Unknown Total

Structural I 0 5 6 12
• Lighting 4 0 0 0 4

HVAC 2 0 i 3 6
Refri gerat i on 0 0 0 0 0

" Food prep 2 0 0 0 2
Misc equip 16 0 0 2 IB
Unknown 0 0 0 0 0

Total 25 0 6 11 42

Retail (n : 28)

Added Eliminated Replaced Unknown Total
, , J ,J_i

Structural 0 0 2 4 6
Lighting 8 0 2 6 16
HVAC 3 i I I 6
Refrigeration 0 0 0 I I
Food prep 0 0 0 0 0
Misc equip 11 0 1, 7 19
Unknown 0 0 0 0 0

Total 22 I 6 19 48

Grocery (n : 19)

Added Eliminated Replaced Unknown Total

Structural I 0 0 i 2
Lighting I 0 I 2 4
HVAC 0 0 0 I i
Refrigeration 8 0 0 0 8
Food prep 2 0 0 0 2
Misc equip 4 0 0 2 6
Unknown 0 0 0 0 0

Total 16 0 1 6 23
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' TABLE D-2 (contd)

Restaurant (n : 15)

Added Eliminated Replaced Unknown Total

Structural i 0 0 I 2
Lighting i 0 I 0 2
HVAC I 0 0 I 2
Refrigeration 4 I 0 0 5
Food prep 3 0 0 I 4
Misc equip I 0 0 0 i
Unknown 0 0 0 0 0

____,,,mm 4

Total 11 I i 3 ' 16

Warehouse (n : 14)

Added Eliminated Replaced Unknown Total

Structural 4 0 0 2 6 --
Lighting I 0 0 0 I
HVAC 3 0 0 0 3
Refrigeration 0 0 0 0 0
Food prep I 0 0 0 i'
Misc equip 2 0 I 2 5
Unknown 0 0 0 0 0

ii,

Total 11 0 I 4 16

School (n = 4)

Added Eliminated Replaced Unknown Total

Structural 0 0 0 0 0
Lighting 0 0 0 0 0
HVAC 0 0 0 0 0
Refrigeration 0 0 0 0 0
Food prep 0 0 0 0 0
Misc equip 0 0 0 0 0
Unknown 0 0 0 0 0

Total 0 0 0 0 0
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TABLE D-2 (contd)

University (n = 2)

Added Eliminated Repldced Unknown Total
ill iii

Structural 0 0 0 0 0
Lighting 0 0 0 0 0
HVAC 0 0 0 0 0

' Refrigeration 0 0 0 0 0
Food prep 0 0 0 0 0
Misc equip i 0 0 0 I

' Unknown 0 0 0 i I '
li i

iii i

Total i 0 0 I 2

Hotel (n = ii)

Added Eliminated Replaced Unknown Total
,i

Structural 0 0 I I 2
Lighting 2 0 0 0 2
HVAC 2 0 0 0 2
Refrigeration 0 0 0 i i
Food prep I 0 0 0 I
Misc equip 3 0 0 3 6
Unknown 0 0 0 0 0

i,i
i

Total 8 0 I 5 14 -

Other (n = 5)

Added Eliminated Replaced Unknown Total

Structural 0 0 I 0 I
Lighting 0 0 0 0 0
HVAC 0 0 0 0 0
Refrigeration 0 0 0 0 0
Food prep 0 0 0 0 0
Misc equip 0 0 0 0 0
Unknown 0 0 0 0 0

._ Total 0 0 I 0 I
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As an indicatorof how often remodelswere the result of some other type

of change, such as business type or tenant,Table D-3 shows the total number

of observed remodels that occurred concurrentlywith other types of changes.

Only the building types with at least one instanceof this are shown. Changes

in buildinq tenancy, which occurred eight times in this sample of buildings,

are the most common change type associatedwith remodels. Changes in business

type are second with four changes. Two remodelswere associatedwith partial
o

vacancies,indicatingthat tenants vacatedand removed some equipment. A

single fuel type change, associatedwitF an equipmentreplacement,was the

only other event that occurredconcurrertlywith a remodel.

TABLE D-3

Total Number of Non-Remodel Changes Ilccurring Concurrently with Remodels

Office Retail Irocery Restaurant WarehouseJ

Business type i I I i 0
Tenancy 4 I 0 i 2
Partialvacancy i 0 0 0 I
Fuel type 0 I 0 0 0

!'

i
i

Table D-4 shows remodel frequencie!in averagechanges per site per
i

year, the same units used in all graphid:sin this document. The categories

showing the greatest remodel frequencieiare, with a few exceptions,

miscellaneousequipmentand lighting. Structuraland HVAC changes are also

common. In virtuallyevery buildingtype, additionsoutnumber removalsand

replacements. While this tends to support the common presumptionthat these

loads are growing in the commercial sector,it must be understood that the

nature of the ELCAP data sourcesfavors identificationof additionsover other
i

types of changes. Many changes are identifiedwhen the metering hardware is

upset by building occupants,a frequentoccurrencewhen new equipment is added

to a building. Removalof equipmentgenerallydoes not disturb the metering

setup.
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TABLE D-4

Mean ChangeoverRates (Changes/Site-Year)by Change Category and Type

Office (n = 28)

Added Eliminated RepIaced Uknown

Structural 0.01 0 0.05 0.07
Lighting 0.05 0 0,0 0.0

" HVAC 0.02 0 0,01 0.03
Refrigeration 0.0 0 0.0 0.0
Food prep 0.02 0 0.0 0.0

' Misc equip 0.18 0 0.0 0.02
Uknown 0.0 0 0.0 0,0

Retail (n = 28)

Added Eliminated Replaced Uknown

Structural 0,0 0.0 0,03 0.07
Lighting 0.09 0.0 0.02 0.06
HVAC 0.04 0.01 0.01 0.01
Refrigeration 0.0 0.0 0.0 0.01
Food prep 0.0 0.0 0.0 0.0
Misc equip 0.13 0.0 0.01 0.08
Uknown 0.0 0.0 0,0 0.0

Grocery (n = 19)

Added Eliminated RepIaced Uknown

Structural 0.01 0 0.0 0.02
Lighting 0.02 0 0.03 0.03
HVAC 0.0 0 0.0 0.02
Refrigeration 0.11 0 0.0 0.0
Food prep 0.03 0 0.0 0.0
Misc equip 0.07 0 0.0 0.03
Uknown 0.0 0 0.0 0.0

Restaurant (n = 15)

Added Eliminated Replaced Uknown

Structural 0.02 0.0 0.0 0.02
Lighting 0,02 0.0 0.02 0.0
HVAC 0.02 0.0 0.0 0.02
Refrigeration 0.08 0o02 0.0 0.0
Food prep 0.(_6 0.0 0.0 0,02
Misc equip 0.02 0.0 0.0 0.0
Uknown 0.0 0.0 0.0 0.0
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TABLED-4 (contd)

Warehouse (n = 14)
Added Eliminated Replaced Uknown

Structural 0.07 0 0,0 0.04
Lighting 0.02 0 0.0 0.0
HVAC 0.06 0 0.0 0.0
Refri gerat i on 0.0 0 0.0 O.0
Food prep 0.02 _ 0 0.0 0.0
Misc equip 0.05 0 0.03 0.04 •
Uknown 0.0 0 0.0 0.0

School (n = 4)
Added El iminated Replaced Uknown

Structural 0 0 0 0
Lighting 0 0 0 0
HVAC 0 0 0 0
Refrigeration 0 0 0 0
Food prep 0 0 0 0
Misc equip 0 0 0 0
Uknown 0 0 0 0

University (n = 2)

Added El iminated Replaced Uknown

Structural 0.0 0 0 0o0
Lighting 0.0 0 0 0.0
HVAC 0o0 0 0 0.0
Refrigeration 0.0 0 0 0.0
Food prep 0.0 0 0 0.0
Misc equip 0.16 0 0 0,0
Uknown 0,0 0 0 O.15

Hotel (n : II)

Added Eliminated Replaced Uknown

Structural 0.0 0 0.03 0.03
Lighting 0.05 0 0.0 0.0
HVAC 0.05 0 0.0 0.0
Refrigeration 0.0 0 0.0 0,03
Food prep 0.03 0 0.0 0.0
Misc equip 0.08 0 0.0 0.08 "
Uknown 0o0 0 0.0 0.0
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TABLED-4 (contd)

Other (n : 5)

Added El imi nated Replaced Uknown

Structural 0 0 0.i 0
Lighting 0 0 0.0 0
HVAC 0 0 0.0 0
Refrigeration 0 0 0.0 0
Food prep 0 0 0.0 0_

• Misc equip 0 0 0.0 0
Uknown 0 0 0.0 0
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