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ABSTRACT

This baselinestudy was conductedto describe the current building practices and
standards in thefourstatesrepresentedby theNorthwestEnergyEfficiencyAlliance (Idaho,
Montana, Oregon andWashington). The goal was to provide baselinedatawhich the
Alliance could use to develop and evaluate avariety of initiatives that focuson transforming
the consumer market in new non-residential buildings andto provide a snapshotof
compliance with energy codestandardsin thesestates.

In general,non-residential buildingswere found to be relatively efficient acrossall
four states. Certain efficient componentstendedto dominatein local markets,while largely
absent fromothers. Whileenergycodesappearto be thedominantinfluence on construction
practices, factors rangingfrom climate to national HVAC equipmentstandardsappearto
have positively impactedparticularmarkets.-

The successofnon-codefactorsin increasingthe efficiencyof specific components in
some markets indicate the importanceof otherfactors. While it is outsideofthe scopeofthis
study to identify the market forces responsible, it is clear that persuading a few key decision-
makers to adopt specific energy efficientstrategiesin any particularmarket leads rapidlyto a
wide-spreadresponse fromcompetitors,and ultimately, a complete market transformation.

Introduction

The NorthwestEnergy Efficiency Alliance (the Alliance)is a consortiumof electric
utilities, state agencies and regulators foundedto develop and administer aregionalapproach
to market transformationin energy efficient building practices. This baselinestudy was
designed to describe the currentbuilding practices and standards in thefour states
representedby the Alliance(Idaho, Montana,Oregon and Washington). The purposeofthe
baseline was to provide abasis for evaluating a varietyof initiatives that focus on
transformingbuilding practicesand energy efficiency in new non-residential buildings,
specifically:
• Characterize the distributionofbuilding types andbuilding sizes across the region.
• Describe theapplicability of, and compliancewith, existing energystandardsin each

state.
• Provide ameasurementof the efficiency of major building components (envelope,

HVAC and lighting), analyzed separatelyfor eachstate against alocal and regional
performance standard.

• Provide a characterizationof the marketpenetrationof particular technologies where
sufficient information might becollected.
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The generalapproachwas to develop a representativesampleof buildings in each
stateusing a statewidedatabase.Buildingswere recruitedand a plan reviewof the as-built
or permitswasconducted.This wasfollowed by a field audit evaluatingthemajorbuilding
componentsandinterviewswith thebuilding architectandengineer.

SampleFrame and SampleDesign

Thefield reviewwasconductedin Idaho,Montanaand Oregonusing non-residential
constructionpermittedin 1998 as the sampleframe. The Washingtonbaselineusedthe
review conductedin 1996 using buildingspermittedin 1995 (Baylon et al. 1997). In this
survey, the main goal was to assessthe energycompliance,but the field protocol was
essentially identical to this evaluation. In addition, a code compliance baselinewas
conductedin WashingtonandOregonin 1990-91(Baylonet al. 1992). This useda similar
field methodology. The datasetfrom 1995 Washingtonbuildingshasbeenusedto complete
this baselinefor theregion. The 1990buildingshavebeenincludedfor comparison.

Eachstatesampleandthesamplesfrom previousstudieswereall constructedfrom a
commercialdatabasepurchasedfrom F.W. Dodge®. Although this datasourceis somewhat
problematic(particularlywith respectto reportingdatesandambiguitybetweennewprojects
andremodels),it offers themostcompletebasisfor samplingandevaluatingstate-widenon-
residential construction. To preparethe sampleframe, building projects of less than
$200,000constructionvaluationandbuildings that weresaid to be remodelswereremoved.
Table 1 showstheresultingsampleframefor eachstatefor the 1998building year(including
Washington)and the distribution of building types. For the reasonsstatedabove, the
Washington sample has not been included in the total column in this table and no field
reviewwasconductedon this sample(interviewswereconducted).

Table 1: SampleFrame, 1998(by stateand end use)
Idaho Montana Oregon Total

%sf
Washington

N %sf N %sf N %sf N %sf
Assembly 37 6.3 20 11.9 53 5.2 6.1 87 7.7
Education 27 12.5 21 18.0 51 8.7 10.3 89 10.1
Grocery 8 1.8 8 5.8 18 2.8 2.9 32 2.7
Health 24 4.0 16 8.4 48 3.8 4.3 54 5.1
Institution 8 2.3 8 10.5 17 0.9 2.1 28 1.6
Lodging 7 5.8 6 5.9 35 8.6 7.8 36 8.1
Manufacturing 0 0.0 0 0.0 00 0.0 0.0 0 0.0
Office 89 15.7 26 7.2 125 20.5 18.2 207 18.8
Other 48 15.1 13 6.1 99 17.3 15.8 129 14.8
Restaurant - 27 2.1 3 0.7 34 0.9 1.1 57 1.1
Retail 42 22.9 29 19.7 67 8.5 12.5 156 13.4
Warehouse 39 11.5 18 5.8 108 22.8 18.8 145 16.6
Total 356 100 168 100 655 100 100 1,020 100
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This sampledesignresultedin athree-stratumdesign,uniqueto eachstate,owing to
the differencesbetweenstatesand betweenyears. The designgenerallybroke the sample
frame into threebuilding sizes: large, medium and small. The samplewas randomized
within eachstrata. Buildingswererecruitedthroughdirectphonecontactwith architectsand
owners. Overall, about half of the contactsresulted in successfulrecruitment. Non-
participantswere replacedwith randomlyselectedcandidateswithin eachstratum until a
target number was achieved. The final samplesare shown in Table 2. Each sample
underwenta similar recruitmentregimen.

Overall summariesof eachstatewere developedusing caseand areaweights, and
were designedto provide an estimateof populationbehaviorwithin eachstate. In total,
almost30%of thetotal constructionactivity occurringin thesefourstateswasevaluated.

Table 2: Non-residentialBaselineSamplesby State
State Year SampleFrame

N SF N SF Percent
Idaho 98 356 5,568 48 2,037 - 36.6
Montana 98 168 2,581 32 1,160 44.9
Oregon 98 655 18,814 64 5,021 26.7
Washington 98 1,020 25,804 88 9,771 37.9
Washington 95 792 25,128 88 6,092 24.2
Oregon 90 213 8,290 71 3,817 46.0
Washington 90 468 17,360 70 4,296 24.7

Characteristics

Theresultsofthis reviewindicatethat, while the energyefficiency oftypical building
stockis impactedby theminimum standardssetby energycodes,other factorsalso produce
significant impacts. IdahoandMontanahaveadoptedtheMEC ‘95 as“statewide”codes. In
Idaho, enforcementis voluntary in eachjurisdiction. For the most part, major Idaho
jurisdictions do not enforce a non-residentialenergy code. In Montana, all statewide
building codesare assignedto the State Architect’s office. Theseare in turn passedto
individual building jurisdictions. In Montana,this includesonly a few “urban” areas. The
rural areasremainthe responsibilityof the state. Permitsand code enforcementfor these
areas are very problematic, and only public buildings actually experiencesignificant
enforcement.For purposesofevaluatingMontanaandIdaho,theASHRAE 90.1-89standard
wasused. This is the performancestandardfor thesetwo states. Oregonand Washington
havesimilar andfairly stringentenergycodes. The Washingtonenergycodewas revisedin
1994;the Oregonenergycode,in 1996.

Despitethesedifferencesin regulatoryenvironments,buildings in bothMontanaand
Idahotendto beconsistentwith theefficiencylevelsofbuildings in Oregon,evenexceeding
Oregon’s requirementson some components. Other factors that impact actual practice
appearto beconsumerdemandandprofessionalpractices. An additional importantfactor is
indirectly relatedto regionalandnationalcoderequirements:equipmentmanufacturersand
suppliers tend to use the highest regional standardas their minimum guideline when
designingproduct lines. This increasesthe efficiency and reducesthe availability of less
efficient alternatives.
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Building Envelope

The analysisof envelopecharacteristicsin the non-residentialsectoris complicated
by differenceswithin andbetweenenduseswithin thesample. For example,theretail sector
in Idaho and Montana is largely comprisedof big box outlets and small stand-alone
conveniencestores,while urbanretail malls dominatetheretail sectorin Oregon. While the
rangeof valuesacrossstatesfor particularendusescanappearquite large,closeinspection
of the individual buildings both in the current and in the 1995 Washingtonsamplereveals
thatthis is largely anartifactoftheparticularsampleitself.

Table3 examinestheoverall heatlossrateofthe envelopesfor buildingsin thestudy
sampleandfor otherrecentwork.

Table 3: EnvelopeHeatLossRate
Sample Pop# SampleHeatLossRate

(UA/ft2)
CodeHeatLossRate

(UA/ft2)

Mean Std. Dev. Mean Std. Dev.
1998Oregon 64 .20 .085 .19 .083
1998 Idaho 48 .17 .119 .15 .096
1998Montana 32 .12 .050 .14 .064
1998All 144 .18 .076 .15 .086
1995Washington 84 .17 .111 .19 .115
1990Washington 70 .13 - .076 .15 .045
1990Oregon 71 .18 .070 .21 .071

In the currentsample,the envelopeU-valuesfor Oregonwere higher than thoseof
otherstates. While this is partly due to climate,theprimary causeis the allowanceoftrade-
offs in the OregonEnergyCodebetweenthe building shelland the lighting and equipment
efficiencyusing asimulationmethodology.(Washingtonalsoallows thesetrade-offsbut they
are rarely employed). This is largely an artifact of the buildings in the Oregon sample.
Therearethreelargeoffice/retailprojectsin Oregonwith largeglazingareas. Theydominate
the Oregonsample. The Idaho heat loss ratesare almost as large asthat of Oregonand
Washingtonin spiteof the smallerbuilding sizes and lesserglass area(roughly 30% less
glazingacrossthe sample). This is largely the resultof muchlower-performingwindowsin
that state.

The 1990 Washingtonsamplehasa noticeablylower heatloss ratethan the other
samples,exceptMontana’s. This is largely becausethe Washingtoncoderegardingnon-
residentialbuilding envelopeswasrelaxedsignificantly in 1994andmadeconsistentwith the
ASHRAE standard.

Windows. Window performanceunder most codes and standards,residential or non-
residential,focuseson both normalizedwindow area (in non-residentialcodes, usually
window areaasa percentof wall area)and actualwindow U-value performance. In non-
residentialconstruction,particularlyin buildingswith installedcooling, this alsoincludesthe
shade- coefficient (SC) or tint of the windows. Both the Oregon and Washingtoncodes
addresstheSC.-
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Table 4 describesthe actualwindow performanceby window class. In this case,
“class” refersto thetwo-digit wholenumberthatrepresentstheactualU-valueofthewindow
and,in general,describesthethermalperformance/heatconductivityofthewindow.

Table 4: Window Thermal Integrity by State
State Average

U-value
Percent Area in Window Class (U-factor x 100)
30-40 41-50 51-60 >60

Idaho 0.557 3.9 42.4 13.0 40.7
Montana - 0.453 21.2 70.7 5.7 2.4
Oregon 0.583 5.9 20.6 41.2 32.3
Region 0.557 8.1 32.5 30.6 28.7
Washington1995 0.673 0.4 15.4 46.3 37.9

The Montanawindows havenoticeablelower U-valuesthan thoseseenin Idaho or
Oregon. Montanabuilderstendto treatwindowsasa major responseto their relativelycold
climate. The lower window areaof the Idaho samplelargely cancelsout the performance
differencebetweenthe Idaho and Montanasamples. Theoverallwindow heatlossbetween
the two statesis very comparable.TheOregonsample,on theotherhand,hasa muchhigher
overall heat loss rate. This is principally causedby a few large urban developments
(especiallyOffice andRetail)that usetrade-offsto allow moreglass.

Thecontrastwith the 1995 Washingtonsampleis notable. Theprincipledifferencein
the currentsamplesis thepresenceof low-c coatingsin windowsmanufacturedandinstalled
since1995. An addedissueis thenatureoftheDefaulttablesin theWashingtoncode. Table
5 shows the distributionofvariousperformance-enhancingwindowcomponents.

Table 5: Window Characteristicsby State(percentof area)
State Low-e Tint Reflective Argon

Idaho 38.9 48.9 6.7 7.0
Montana 93.2 46.8 2.2 7.3
Oregon 63.7 83.7 6.4 9.6
Region 64.7 73.8 5.9 8.6
Washington1995 27.0 22.4 ---- 0.3

Low-c coatings have become dominant in non-residentialwindows in both the
Montanaand Oregonmarkets. In fact, in the Montanamarket they havebecomestandard
practice.The useof shadingtints hasbecomeextremelydominant in Oregon. This can
largelybe attributedto the requirementsin Oregonfor shadecoefficientasa componentin
building envelopedesign. By contrast,Idaho doesnot use low-c coatingsto any major
degree.Reflectivecoatingsandargonremainfairly rarethroughouttheregion.

The Washingtonsamplewasdrawnin 1995 andinvolved windowspecificationsdone
somewhatprior to this date. The addition of regionalmanufacturingfacilities madelow-c
coatingsmore availableafter 1995. Clearly, this marketchangehas(at leastin Oregonand
Montana)beenreflectedin a major increasein the non-residentialuseof low-c coatings.
Sincethe presenceof coatingswas far lower in the Washingtonsample,a contemporary
samplewould probablyresembletheOregonresults.
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Whencomparingthe envelopepracticesacrossthe four states—evenwhenwindow
performanceis takeninto account—thepatternsof building insulationand glazingselection
are reasonablysimilar (with the possibleexceptionof Idaho). In Montana,the attentionto
building shellseemsto dominatethemarket,andis clearlyanareaof focusfor designersand
buildersin thenon-residentialsector.

HVAC Systems

A completereviewofthe HVAC equipmentofeachbuilding wasmade. Systemand
equipmenttype, rating, and size information was collected. Wherepossible,nameplate
informationwasgatheredsothatcapacityandefficiencydatacouldbedetermined.

Thevastmajorityofsamplebuildingsusedpackagedconstant-orvariable-volumeair
handlers. A small numberof buildingshadseparatesystemsto meetthe different loads,all
servingthesamespace. Heatingis sometimessuppliedby radiantfloor orperimeterfin-tube
radiators,while ventilation andcooling aresuppliedwith acentralair system. Table6 shows
thedistributionofspaceconditioningby state.

Cooling strategiesvary widely acrossthe region. A majority of commercialfloor
areain the regionis cooled. However,mostwarehouseandmanufacturingspace,aswell as
40% of school floor area,is not. Traditional compressor-drivencooling is predominantin
Oregon. Montanahassignificantly less cooling thanthe otherstates,due to the useof free
cooling in manybuilding types. SeveralMontana buildings employ chiller-lesscooling
towersandairsideeconomizersto meetcooling loads.

Table 6: Degreeof Heating and Cooling (percentof floor area)
State Heated Semi-heat Unheated Unknown Total

Idaho 98.30 1.70 0.00 0.00 100.00
Montana 98.76 1.24 0.00 0.00 100.00
Oregon 83.63 6.80 1.56 8.01 100.00
Total 89.47 4.73 0.95 4.85 100.00

State Cooled Uncooled Unknown Total
Idaho 83.3 15.8 0.9 100.0
Montana 66.3 33.6 0.1 100.0
Oregon 75.3 15.7 8.9 100.0
Total 76.2 18.2 - 5.6 100.0

SystemTypes. CommercialHVAC systemscomein awidevarietyofcombinations,and
manyoftheauditedfacilities haveamixtureof equipmentandsystemtypes. Table7
summarizesthesystemconfigurationsfound. Singleandmulti-zone/complexequipment
systemshavebeengrouped. Packagesingle zoneequipmentandpackageVAV serve80%
ofthefloor area.

A summaryof the 1990 and 1995 distribution from the Washingtonstudy hasbeen
providedfor comparison.In 1995,72% of thebuildingsusedsimple systems.Evenin large
buildings, simple systems were used where single-zone packagedrooftop units were
employed. In the 1999 sample,75%ofbuildingsusedsimplesystems.Overthe lastdecade
therehasbeenan increasingtrendtowardpackagesingle-zonesystems
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Table 7: SystemConfigurationby State(percent of floor area)
SystemType Idaho Montana Oregon Total WA

1995
WA
1990

Single-Zone 72 66
Package Single Zone 77.5 43.3 72.3 69.5
Built-up SingleZone 7.2 24.2 2.0 6.6

Multizone/Complex
Package VAV 0.8 2.6 15.6 9.8 11 15
Built-up VAY 4.8 12.9 5.7 6.5
PackageOther 0.0 0.0 1.4 0.8 7 6
Built-up Other 9.7 17.0 3.0 6.8 10 12

Total 100.0 100.0 100.0 100.0 100 100

Fuel Selection.Systemdatais describedby fuel typein Table 8. Thesaturationofelectric
heatis somewhatoverstatedbecausethefuel typefor VAV systemsusedthereheatfuel. In
thesecases,theprimarycoils are often gasfiredwith electricreheat. Thealmost30%
saturationof gasheat(with boilersandhotwatercoils)in VAV reheatis amarkeddeparture
from previousregionalwork wherereheatfuel wasalmostuniversallyelectric. Otherfuels
includecentralsteamandgeothermal.About 93%oftheboilersusedhot water,with the
remainderbeingsteam.

Table 8: Equipment Type by Fuel (percent offloor area)
PrimaryHeatingFuel

EquipmentType Electric Heat Natural Propane Other Total
Pump Gas

PackageSingleZone
FRN-Furnace/AC 0.9 0.8 16.9 1.0 1.9 21.5
PTAC/HP 2.0 3.0 0.0- 0.0 0.0 5.0
RooftopCV 1.6 0.0 26.6 0.0 1.1 29.2
RadiantHeaters 0.0 0.0 4.8 0.0 0.0 4.8
Zone/UnitHeater 0.3 0.0 8.9 0.0 0.1 9.3
Sub-total 4.8 3.8 57.2 1.0 3.1 69.8

Complex_Systems - Built-up_and/orMulti-zone
HP Loop 0.2 0.0 2.5 0.0 0.0 2.6
Misc. Complex 0.0 0.0 1.4 0.5 0.0 1.8
VAV 11.1 0.0 4.4 0.7 0.5 16.7
Unit Ventilator 0.0 0.0 2.9 0.0 0.2 3.0
Sub-Total 11.4 0.0 16.9 1.2 0.8 30.2
Total—All Systems 16.1 3.8 74.1 2.2 [ 3.8 100.0

Efficiency. Whereavailable,equipmentefficiency datawascollected. Efficiency is
regulated by the ASHRAE90.1 andfederalstandardsin IdahoandMontana. These
standardsalsoform thebasisoftheOregonenergycodeefficiencyrequirements.National
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standardsanddistributionhavemadeit difficult to purchasenewequipmentthat doesnot
meetcodeefficiencylevels,evenin unregulatedareas.On average,Montanahas
significantly betterequipmentthanIdahoor Oregon.This is mainly dueto amuchhigher
saturationofcondensingfurnaces(gas)in Montana. Table9 describestheaveragesystem
efficiencyoftheHVAC equipmentin thesample. -

Table 9: HVAC SystemEquipment Efficient (by state)
Equipment Montana Oregon-

Avg.
Eff.

% not
compliant

Avg.
Eff.

% not
compliant

Avg.
Eff.

% not
compliant

Combustionheat 81.2 13.7 83.2 3.8 81.4 8.1
Boilers(steadystate) 83.5 0.0 83.1 0.0 80.9 0.0
Cooling 9.9 1.2 10.5 1.5 10.0 3.7

Compliance levels are very high for all equipmenttypes except large furnaces.
However, even in samplebuildings with non-complyingequipment,efficiency was very
closeto the mandatedlevels. Otherregulatedfeatures(suchaseconomizers)werefound to
be compliant in about 90% of the cases where verification was possible. All boilers in the
sample were found to meet or exceed ASHRAE-mandatedefficiency levels. Package
cooling equipmentefficiencieswere nearor better thancodein almost all cases. Package
terminalAC and heatpumps,and largeunitary equipment,were often significantly better
thancode.

Motors and Controls. With thepredominanceofpackageequipment,avastmajority ofthe
motorhorsepoweris installedby equipmentmanufacturersand is regulatedaspartofthe
systemefficiency.Motor size,driveand controlinformationweregatheredfor site-installed
fanandpumpmotors,andareshownin Table 10.

Forty-sixpercentof HVAC fanmotorsarecontrolledwith adjustablespeeddrives,
representing77%ofthe total HVAC fan horsepower.Significantly, no othervariableflow
controls(inlet vanes)wereidentifiedin site-installedor packagedVAV systems.Pump
motormodulationwastypically accomplishedwith stagingor adjustablespeeddrives.
Motor stagingwastheprimarymodulationtechniquein largeapplications.

Table 10: Fan Motors — Controls Summary

Controllertype Percentof Motors PercentofHorsepower
Other HVAC All Other HVAC All

ASD 4.2 46.0 28.6 11.6 76.7 54.1
Multispeed 5.3 5.1 5.2 0.7 6.3 4.3
Constant 90.5 49.0 66.2 87.7 17.1 41.5
Total 100.0 100.0 100.0 100.0 100.0 100.0

Lighting

Extensive dataon lighting systemswas collected. Fixture, lamp and ballast type
information was derived from plans and in the field. Lighting power includesthe lamp,
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ballast andtransformerenergyfor eachfixture basedon observedcharacteristics.Lighting
power densitieswere calculatedfrom the resulting fixture energy use. Ballast type was
sometimesdifficult to determinefrom the plans. The main fixtures in most buildingswere
checkedwith a“flicker checker,”which detectsthe lower frequencyofmagneticballasts.

Montanadoesnot regulatelighting poweroutsideof thepublic sector,while Oregon
enforceslighting aspartof theOregonEnergyCode. In theMontanapublic sector,thestate
architectenforcesthe ASHRAE 90.1-89energycodes. Lighting control adjustmentswere
appliedto thelighting budgets.

ASHRAE 90.1 interior lighting levelswere establishedusing the prescriptiveUnit
Lighting PowerAllowance(ULPA). TheASHRAE codemakesextensivemodificationsto
the installedCalculatedLighting Power(CLP) for variouskinds of lighting controls,which
complicatescomparisons.Sincetheadjustmentis essentiallyanartifactofthecode,wehave
appliedtheadjustmentto the ULPA ratherthantheCLP. This allowsa direct comparisonof
thesamplewith both standards.

Efficient lighting systemswerefound to dominatethepublic andprivatesectorsin all
three states, with the average lighting power density in all states lower than local
requirements. The availability and cost of efficient fixtures and lamps has apparently
allowedstandardbuilding practicesto exceedcoderequirements.

Lighting Power Density (LPD). Table 11 presentsthe averagelighting powerdensityfor
eachstateandthe sampleasa whole. The differencesbetweenstateswerenot foundto be
statistically significant. Despite sample differences,comparing theseresults with the
previousWashingtonsamplesis instructive. The 1990samplehasasignificantly higherLPD
thanthe 1995 Washingtonsampleor the 1998 regional sample. A persistent,dramatic
reductionin lighting powerhasoccurredoverthe lasteightyears.

Table 11: Lighting PowerDensity by State(watts per ft2)
State N Sample

LPD
Std
Dev

OregonCode ASHRAEStd
LPD Result’ LPD Result’

Idaho 48 1.21 0.33 1.36 1.15 1.58 1.18
Montana 32 1.25 0.32 1.23 1.12 1.42 1.16
Oregon 63 1.13 0.43 1.29 1.07 1.66 1.10
Region 143 1.17 0.39 1.30 1.10 1.60 1.13
Washington1995 88 1.15 0.59 1.28 1.05
Washington1990 70 1.58 0.53 1.74 1.31

Theresultcolumn is theaverageLPD thatresultsfrom bringingnon-complyingbuildingsinto codecompliance.Full
compliancewith eithertheOregonstatecodeor theASHRAE codewould reducelighting loadby 4%region-wide.

End use changesthe average LPD. For example, removing warehouseand
manufacturing spacesresults in state LPD’s that are nearly identical to one another.
Differencesbetweenthebuilding typeswerenot foundto bestatisticallysignificant.Thereis
agreatdealof similarity betweenthis sampleandthe 1995Washingtonsample. It is notable
that between 1990 and the current sample,there hasbeen a 25% reduction in LPD in
Washingtonand Oregon. This canbe tracedto a similar reductionin coderequirements,
although the performance of the Idaho and Montana samplessuggeststhat lighting
technologyimprovementsarealsovery importantin this reduction.
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Fixture Selection. While LPD levelsaresimilar acrossthe states,lighting technologydoes
providesomevariation. FewerT12 fixtureswerefoundin Oregon(6%ofthetotalT8 and
T12 watts),while Idahobuildingsaccountfor 16%. A highersaturationof HID lighting in
Oregonresultsfrom thegreaternumberof warehousesin theOregonsample.Ballasttype
showedastrongcorrelationwith state. IdahoandMontanabuildingsusedfewerelectronic
ballasts,althoughmorethan80%of ballastswereelectronic. In Oregon,morethan90%of
ballastswereelectronic. Table12 detailsthe lamp andballasttypesobserved.

Table 12: Lamp & Ballast Type by State (percentofwatts)
Lamp Type Percentofwatts

Idaho Montana Oregon Region
Fluorescent - 66.5 71.1 50.1 57.9
T8 55.8 61.8 46.6 51.5
T12 10.7 9.4 3.5 6.3
CFL 3.3 4.5 5.1 4.5
HID 21.8 16.7 34.0 27.9
Incandescent 8.1 7.5 9.1 8.6
Low Volt (24V) 0.2 0.1 1.5 0.9
Exit 0.2 0.2 0.1 0.1
Total 100.0 100.0 100.0 100.0
BallastType
Dim Electronic 0.00 0.5 3.3 1.8
Magnetic 20.0 18.4 10.0 14.4
Electronic 80.0 81.1 86.7 83.8
Total 100.00 100.00 100.00 100.00

Standard4T fluorescentfixturesareusedin thevastmajority oftheregion’sfloor area.
Where ballasts were present, T8 lamps and electronic ballasts were the dominant
combinationin all states,thoughmagneticballastswere found in a minority of cases. T12
lamps typically were installed with magnetic ballasts. An estimatedone-third of the
magneticallyballastedT12 lampswere usedin situationswhereelectronic ballastsandT8
lampsarenot commonlyemployed(including cold start andhigh outputfixtures in loading
docks,warehousesand manufacturing). HID lighting was the dominantlighting sourcein
facilities with high ceilings. Metal halidelampsweretheprimaryfixture.

Incandescentfixturesaccountfor 9%oftheconnectedlighting load. In 21 buildings,
incandescentfixtures represented20% or more of the total connectedload. Eight of these
were in the residential/lodgingcategory. Retail and grocery also had greaterlevels of
incandescentlighting.

Lighting Controls. Advancedlighting controls were present only in the larger
projects,andmultiple strategieswereoftenemployedin thesameproject. Table13 describes
thedistributionby state.

Thetwo largestbuildings in the sample(bothOregonoffice buildings)accountedfor
one-thirdof the advancedcontrolsfound in Oregonand25% of the total foundthroughout
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theregion.Oregonhadsignificantly betterlighting controlsthantheotherstates,largelydue
to the largerbuildings in the Oregonsample. Offices, assembly,education,andretail were
the main sectorswith advancedcontrols. In the assemblyand retail sectors,advanced
controlsaremostoften usedin largeopenspaces(suchasexhibition hallsandbig box retail
facilities). Daylightingcontrolswereinstalledin six buildingsandweregenerallyassociated
with very largeamountsof glass. Two ofthe six buildingswereoffices utilizing perimeter
lighting control. Theseprojectswerethetwo largestbuildingsin thesample.

Table 13: Automatic Lighting Controls by State(percent ofwatts)
State Lighting controls Total

Daylight Occupant Sweep
Idaho 3.42 0.13 0.00 3.55
Montana 1.46 0.41 6.30 8.17
Oregon 5.01 8.58 13.23 17.90
Region 4.12 5.31 8.91 12.91

Interviews

Interviewswereconductedwith designprofessionalsin all four states.The majority
oftherespondentswerearchitects(64%),andmechanicalengineerscomprisedanother16%.
The remainder of the sample included owners, owners’ representatives,developers,
contractors,and otherdesignprofessionals.No othergroupcomprisedmorethan5% ofthe
sample.

The interview responses suggest that decisions affecting energy efficiency are made
by the individual design professional for each major building component, with the architect
and/or owner communicatinggeneral goals and retaining final authority. However, the
impact of the ownersand architectsvaries widely by state. Mechanicalengineersselect
equipmentanddesignsin 87%of theMontanasample,while energyefficiency decisionsare
made by theseprofessionalsin only 27% of the Idaho sample. Table 14 describesthe
decision-makingchainfor thethreemajorcomponentsexaminedin this study.

Table 14: EnergyEfficiencyDecision-Makers(by percent)
Envelope Mechanical Lighting

ID MT OR WA ID MT OR WA ID MT OR WA
Architect/Design 45 94 67 67 23 13 4 2 23 31 13 8
Owner 36 6 8 10 34 0 11 12 34 0 10 17
Mechanical 0 0 0 0 27 87 63 60 0 0 0 0 -

Electrical 0 0 0 0 0 0 0 0 25 56 52 47
Contractor 2 0 2 6 5 0 16 17 2 0 15 12
Other TT 0 23 17 11 0 6 9 16 13 10 16
Total 100 100 100 100 100 100 100 100 100 100 100 100

TheWashingtonandOregonprofessionalstypically saidtheyweregovernedby their
state’sNonresidentialEnergyCode. In Montana,93%ofthe respondentssaidtheydesigned
to MEC standards,with the remainderciting ASHRAE Standard90.1. Responsesfrom the
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Idaho respondents,on the other hand,were surprising. Fully 38% of the Idaho sample said
they did not design to any of thesestandards,while 27% said they were governedby
ASHRAE Standard90.1. About 18% said they designedto Oregonor WashingtonEnergy
Codestandards,7% saidtheyusethe MEC asa guideline,and almost 5% saidthey usethe
Idaho Residentialstandard.

This wasreflectedin responsesto questionsaboutcodeofficial interventionandcode
acceptance.When askedif any feedbackfrom codeofficials had beenreceived,only one
Idaho respondentsaidyes, and only two from Montana. About half of the respondentsIn
WashingtonandOregonhadreceivedfeedbackon energycodecompliance.

Themajority ofrespondentssaidtheydesigntheirbuildingsin accordancewith
applicableenergycodes;however,thenumberclaiming to exceedenergycoderequirements
variedsubstantiallyby state.About athird ofOregonandWashingtonrespondentssaidthey
exceededcoderequirementswhile about10 percentofIdahoandMontanarespondentsmade
thisclaim.

Whenquestionedaboutthe overall attitudesof theirpeersandclientstoward energy
efficiency, the results were somewhatcontradictory. About 45% of respondentsfrom
Oregonand 35% from Washingtonsaid the designteam(including the owner) would rate
energyefficiency “important” or “very important”. No oneinterviewedin Idahoor Montana
soindicated. Two-thirdsof theIdahorespondentsandhalfofthe Montanarespondentsrated
the overall design team interestat “moderate”,while the rest said it was of little or no
importance.

Interestingly,whenaskedwhetherthe ownerhadevermentionedenergyefficiencyas
an importantdesignelement,far moreIdahoandMontanarespondentsanswered“yes” (65%
and 44%, respectively)than in either Oregon(37%) or Washington(36%). Additional
commentsrecordedduring the interviews indicate that owners are interestedin energy
efficiencyuntil lessefficient cost-savingmeasuresarediscussed.

Cost wasseenasthe major barrierto increasedenergyefficiency in all four states,
cited by 75% of the overall sample. Although it wasmore frequently mentionedin Idaho
thanany otherstate,the Idaho buildingstypically exhibit the leasteffort to provide energy
efficiencyof anystate.No otherbarrierwasmentionedby morethan5%oftherespondents.
Theseresultsarepresentedin Table 15.

Table 15: Barriers to IncreasedEnergy Efficiency (by percent)
Barrier ID MT OR WA Total

Cost - 91 73 62 77 77
Lighting 0 0 6 0 1
Designcriteria 2 0 6 6 5
System complexity 2 0 6 1 3
Ownerdisinterest 2 18 6 3 5
Other 3 9 14 13 9
Total 100 100 100 100 100

4.32



Conclusions -

While energycodesappearto bethe dominantinfluenceon constructionpracticesin
Washingtonand Oregon, factors ranging from climate to national HVAC equipment
standardsappearto havepositively impactedtheMontanamarket. However,this is not true
in Idaho (exceptregardinglighting), despitethe similarity in freedomfrom regulationand
climatebetweenIdahoandMontana. Evenso, moresimilaritiesthandifferenceswerenoted
in standardpracticesin thefour states.

Two findings from theinterviewsmayprovidesomeinsightinto this situation. Since
more than 90% of the Idaho respondentscited cost as the primary barrier to increased
efficiency(especiallyto theowner),and energyefficiency decisionsarefar morelikely to be
madeby theownerin Idahothan in any otherstate,a marketingeffort aimedateducatingthe
Idaho consumerabout cost effectivenessissuesmight prove beneficial. It appearsthat
engineers and designers are relatively educated about, and supportive of, increasing
efficiency whereverpossible. In general,architectsandownersappearto be less supportive
andlessknowledgeableaboutthecostsandbenefitsof energyefficiencyissues.

The successof non-codefactorsin increasingthe efficiencyof lighting in Idahoand
windows in Montanaindicatethe importanceof othermarketfactors. While it is outsideof
the scopeof this study to identify themarketforcesresponsible,it is clearthat persuadinga
fewkey decision-makersto adoptspecificenergyefficientstrategiesin any particularmarket
leadsrapidly to awide-spreadresponsefrom competitors,andultimately, a completemarket
transformation.
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