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Analysis of L_.S. Commercial Building Energy Use Trenos, i972_-1991

David B. Belzer, Thomas L. Marsh, and Ronald D. Sands, Pacific Northwest
Laboratory

H'I. SYNOPSIS

This paper examines the factors behind the changes in total U.S. commercial
energy consumption over the period 1972-1991.

H'2, ABSTRACT
Over the past two decades energy consumption in commercial buildings has been
the fastest growing segment among the major end-usesectors in the U.S. This
paper provides a decompositionof the major factors behind the trends in
commercialenergy use over this period. It examinesthe impact on overall
commercial sector energy intensityfrom: i) new buildings, 2) changes in the
compositionof buildingsby geographicregion and building type, 3) the growth
in office equipmentand computers,and 4) the influenceof several common
envelope conservationmeasures.

_i{_:_ A statisticaldecompositionof historicalmonthly electricityand gas
consumptiondata is developed to separateenergy use into heating, cooling,
and ventilation(HVAC) and other components (non-HVAC). This data is then

, used in conjuctionwith historicalcommercialbuilding floor space estimates
to derive end-use intensitiesfor these componentsof energy consumption.

Deterministicanalyses are performedto estimatethe impacts of other factors.
The impact of new buildings is measured by estimatingthe average improvement
in heating efficienciesfor buildingsbuilt after 1980. The effect of
building compositionon aggregatecommercialbuildingenergy intensityis
.basedupon estimatesof historicalfloor space by buildingtype and region and
building-specificintensitiesderivedfrom the 1989 Commercial Building Energy
ConsumptionSurvey (CBECS). Stocks of varioustypes of office equipmentwere
constructedfrom industry statisticsand independentsurveys. The stocks of
selected,office equipmentwere combinedwith estimatesof unit energy
consumptionto estimate the impacton total commercialelectricity
consumption.

For estimatingchanges in energy intensitydue to the building retrofits,the
study utilizesa new energy simulationtool developedas part of the Facility
Energy DecisionScreening (FEDS)system for the U.S. Department of Energy°
Based upon work for the Energy InformationAdministration(EIA) during 1993,
the FEDS Level-1building model was linked to each of the nearly 6,000
commercial buildingsin the 1989 CBECS. Energy simulation and regression
analyses are used to estimate the energy savingsimpacts from each of the
conservationretrofits.

H:3. INTRODUCTION

Over the past two decades commercialsector energy use has beenthe fastest
growing segmentamong the major end-usesectors in the U.S. (i.e.,
residential,commercial,industrial,and transportation). From 1972 to 1991



the commercial seczor increasea its snare of primary energy consumption from
12.9% to 16.0%. However, commercial energy use has still grown somewhat
slower than an estimate of total floor space, resulting in an implied decline
in overall energy intensity (consumption per square foot). This paper
examines some of the factors that h_ve been responsible for the overall trends
in commercial energy use intensity. For space conditioning, we examine the
role of envelope retrofits, penetration of new (more efficient) building,
building composition by type and region, and the overall increase in air
conditioning. For non-space conditioning, estimates of the impact of office
equipment and computers are introduced.

H:4. GENERALMETHODOLOGY

In examining various factors contributing to changes in commercial energy use,
we have chosen to focus on the metric of energy consumption savinos. Savings
can be defined as the amount of energy that would have been consumed assuming
a constant (base year) intensity less the actual amount of energy consumed.
We have chosen the year 1972 as the base year of the analysis. We define the
intensity in terms of delivered energy, i.e., electricity is measured at
3,412 British thermal units per kilowatt hour (Btu/kWh).

Table 1 shows the time series of the relevant aggregatestatistics of floor
space, deliveredenergy,energy intensity,and savings (as defined above).
Column one provides an estimatedhistoricalseries of total floor space in
commercialbuildings. (A brief descriptionof the constructionof this series
is given below).Column two shows the estimatesof commercial sector
delivered energy as provided by the EIA (1993).I The computed delivered
energy intensityin terms of thousand Btus per square foot (kBtu/ft-')is shown
in column three. The last column shows the deliveredenergy savings with
respectto the 1972 base year.

[Table1 goes here]

As Table I shows, the intensityof deliveredenergy in the commercial sector
decreasedrapidlyfrom 1973 to 1983 and, subsequently,remained relatively
unchangedthrough 1991. As a direct result,estimatedenergy savings follow
the same conservationtrend. Energysavings have remainedclose to 1.7 quads
from 1.986through 1991.

H:5. OVERALL RESULTS

The analysisthat underliesthis paper (to be discussedin the subsequent
section of the paper) examined nine key factorsthat contributedto the 1.7
quads of deliveredenergy savings in 1991. Figure i shows the contributions
of each of these factors. The factors contributingto savingsare shown above
the horizontalaxis of the graph. Other factorshave consistentlyincreased
their energy intensitiesand, thus, have led to "negative"savings or dis-
savings (shownbelow the horizontalaxis). The algebraicsum of the these two
sets of factors adds to the total savingsshown in Table i.

[FigureI goes here]

The key factorscontributingto the 1.7 quads in energy savings are as
follows:
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3 "Other- Heating improvements" accounteo for i..:3 quaas ana is the largest
component of commercial energy savings. This component captures changes
in behavior such as turning down thermostats, installing energy
management and control systems, or installing energy-efflcient heating
equipment.

• "Non-HVACGas and Oil" accountedfor 0.55 quad in savings,down from a
peak of 0.72 quad in 1986. The savings includethe outcome of
conservationprograms and the installationof energy-efficient
tecl_nologi_that focus on water heating and cooking.

• "GeographicShift" accountedfor 0.13 quad of savings in space heating.
This savingsis associatedwith shiftingtrends in the geographical
locationand building compositionof new commercialbuildings. The
shift in the building stock toward the South andWest is accompaniedby
a decreasein heating consumption. In addition,this factor includes
the shift in the compositionof the buildingstock to buildingswith
larger internalloads (e.g.,office buildings)which reduces heating
consumption.

• o "New Construction"accountedfor 0.13 quad in savings in space heating.
r ; , This componenthas been increasingsteadilyas new, more energy

efficientbuildings replaceolder buildings in the commercialbuilding
stock.

.

e "Shell Retrofits"accountedfor 0.14 quad in savingsin space heating,
increasingsteadily from 1972 through 1991. Improvedroof insulation
captures 50% of the savings,while wall insulationand storm window
retrofitsaccount for 23% and 27%, respectively.

There were also several areas that showed decreasesin savings over recent
years:
o Air conditioning("ElectricAC") accountedfor a loss of 0.18 quad in

savings. Electricalconsumptionfor air conditioninghas increasedas
more of the existing buildingsand a higher proportionof the new
buildingstock are air conditioned.

o "Officeequipment" (computers,printers,and copiers)accountedfor a
loss of 0.25 quad in electricitysavings. This trend is increasing
steadilyfrom 1981-1991 as new technologiesenterthe work place.

e . "BuildingMix" accountedfor a loss of 0.08 quad in non-space
conditioningelectric consumptionsavings. This increase is associated
with the constructionof a large number of officebuildings relativeto
other commercialbuildings.

e Other non-spaceconditioning ("OtherNon-HVAC Electric")accountedfor a
loss of 0.23 quad in electricitysavings. Electricityconsumptionper
square foot for appliances and other office equipment(e.g., fax
machines)continuesto increaseover time.

Ovecall,total energy savings have leveled off in recentyears. Yet, within
the total savingswedge, contrastingtrends exist among the individual
components. That is, the space heat componentsdisplaya steady trend in



savings, while the growzh in electric air conGitioning and other uses has
offset a sizable portion of these gains.

H:6. HISTORICALESTIMATESOF U.S. COMMERCIALFLOORSPACE

To support its commercial sector energy analysis activities, Pacific Northwest
Laboratory (PNL) has generated historical estimates of commercial floorspace
in the United States. Historical estimates of commercial building floorspace
are essential to any evaluation of broad changes in commercial-sector energy
efficiency.

The four surveys of commercial buildings conducted by the EIA since 1979 have
provided estimates of floorspace by building type for 1979, 1983, 1986, and
1989. Differences in sampling procedures make it difficult to make
comparisons over time among the surveys. Neither EIA nor any other government
agency publishes time series estimates of floorspace in the commercial sector.

The floorspace estimation procedure used by PNL combines elements of several
approaches. A demolition function was estimated from the special
demolition/conversion file prepared by EIA. Additional data from the

.; • F.W. Dodge building stock database were used to interpolate over time the
vintage totals from the 1989 CBECS. The F.W. Dodge data were assumed to
capture the year-to-year fluctuations in construction activity much better
than the annual vintage totals reported by the NBECS. Stocks for historical

. years were backcast and forecast from the benchmark totals in the 1989 CBECS.

The demolition function was based on a regression analysis of the observed
demolition rates by vintage between 1979 and 1983. A logistic function was
fitted via a maximum likelihood method to estimate the pattern of demolitions.
Unfortunately_ the sample size of the demolished commercial buildings was too
small to allow separate functions to be estimated by building type.
Accordingly, a single function was estimated for all buildings. Given the

T actual pattern of demolitionsbetween 1979 and 1983, the estimated logistic
function implies a considerablylonger buildinglife than previouslyassumed.
The half-lifeimplied by"the estimatedfunctionis a little over 90 years.

The sample sizes in the NBECS/CBECSare not large enough to accurately
estimateannual additions,either by buildingtype or all buildingstogether.
The annual constructiondata, by squarefootage,collectedby F.W. Dodge were
used to allocate the 1960-1989vintage, by buildingtype, reported in the 1989
CBECS. The reputed underestimationof the F.W. Dodge figures is not a serious
weakness in this application,as long as the bias has remained fai'rlyconstant
over this period. Excludinghotels,which are not part of the F.W. Dodge
commercialdata. total additionsreportedby F.W. Dodge from 1961 to 1989 are
29.1 billionftz. The 1989 CBECS estimatesa total of 36.1 billion ftz for the

same period,for all building types excludinglodging.

With the estimatedlogistic function and recent floorspace additions,a
historicalfloorspaceseries was then constructed. This is an _terative
procedure,starting with the CBECS benchmarkin 1989 and moving backwardsto
1960 and forwards to 1991. Floorspaceserieswere constructedfor 12 building
types formerly used in the PNL commercialsectormodel.

H:7. ENERGY SAVINGS ESTIMATION PROCEDURES



Tills section _escriDes the es_Imation r'ocedures used to calculate the
components whose contributions to over:,l savings were described above. The

procedure begins with an econometric method to separate weather-sensitive from
non-weather-sensitive consumption for both electricity and natural gas.
Deterministic analyses and building energy simulations are used to estimate
the other components.

H'7.1. Weather-Sensitive and Non-Weather Sensitive Consumotion

Electricityand naturalgas are decomposedinto weather-sensitiveand non-
weather-sensitiveconsumptionusing monthlyregressionanalysis. We assume
weather-sensitiveconsumptionis primarilyspace heating and air conditioning.
Non-weathersensitiveconsumptionis comprisedoi;such end uses as lighting,
office equipment,cooking, or water heating. These'seasonal patterns of
energy consumptionwhich are evidentin the monthly data series (Energy
InformationAdministration[EIA] 1991b)providethe basis by which we
decomposethe weather and non-weathersensitiveconsumption.

Our empiricalapproachis to statisticallyfit monthlyelectricity and natural
gas consumptionusing the appropriateweather data. Ideally, state or

" regional data would be preferableto estimatesuch a model, but consistent
-:_ data back to 1972 is not available. Accordingly,nationalmodels were

developedfor both fuels. Weather is measured by heatingdegree days (HDD)
and cooling degree days (CDD).

An importantpart of the analysiswas the appropriatespecificationof
temperaturebases to measure nationaldegree days. The use of a 65°F
temperaturebase (employedin the derivationof most publisheddegree day
statistics)is generallyagreed by most buildingenergy analysts to be higher
than optimalfor most commercialbuildings. Monthly electricityand natural
gas consumptiondata are availableby state from 1986 to the present,
providingthe data required to regressmonthlyenergy consumption by state on
HDD and CDD Using monthly temperaturedata at the state level that could be
convertedto degree days for_any base temperature,regression analysiswas

'_ performedto choose the optimal base temperatureby state for both electricity
and natural gas consumption. Regressionresultswere used to constructthe
HDD and CDD. The national averagebase temperatures(usingstate weights)
resultingfrom this analysis were approximately54°F for electricity (cooling)
and 61oF for natural gas (heating).

Space conditioningconsumptionis correlatedby increasesin HDD and air
conditioningconsumptionis correlatedby increasesin CDD. The electricity
consumptionmodel (EquationI) is specifiedto reflectthe baseload, air

: conditioning,and space heating. The naturalgas consumptionmodel
(Equation2) is specifiedto reflectbaseloadand space heating. In general,
the baseload is representedby the interceptterm, and the air conditioning
and space heatingthe CDD and HDD coefficients,respectively.

NG._: = :oDAY: + :m/_I)D. + e. (2)

... EI._E'C: = :oDAY: . :_/_I)D: + ::CDD: + e: (I)

where ELECt = monthly electricityconsumption



NGAS.= monthly natural gas consump_lon
HDD. : monthly heating degree days, lagged i/2 month_"
CDD = monthly cooling degree days, lagged I/2 month

. DAY : number of days of month in year t
e. " = residual

_o,c_l,_ = ordinary least squares coefficients constrained to lie
along a cubic spline.

As a simple measure of goodness of fit, we examined the explained variation
(Rz) for each regression. The R2 statistics were 0.994 and 0.987 for the
electricity and natural gas models, respectively. Overall; the goodness of
fits results indicate Equations i and 2 should provide reliable predicted
values for heating, cooling, and baseload consumption.

Equations I and 2 provide us with an approach to predict heating, air
conditioning, and baseload consumption from observed patterns. These

estimates, in turn, are assumed3to proxy the trends in the unobservable energy
consumption for these end uses.

Unfortunately, fuel oil consumption is not easily decomposed into weather-
' sensitive and non-weather-sensitive components. Based on previous CBECSworko

•_ (Belzeret al. 1993) we allocated86% of the oil consumptionto space heating
and the remainderto baseloaduses.

• For each component--spaceheating, air conditioning,and baseload--annual
energy consumptionis summed across fuels from 1972 to 1991. Then, to
estimatetrended energy consumptionwe fix the end-use intensitiesat the 1972
level of energy consumptionper _quarefoot and calculateenergy consumption
from 1972 to 1991 at the 1972 intensity. Overall,the differencebetweenthe
actual consumptionand the trended consumptionis the savingsper year.
The resultsof this approach are shown in Figure I in the space conditioning
and non-spaceconditioningcomponentsof energy savings.

Figures 2 through5 illustratethe basic sectoralenergy intensitiesthat stem

from this decompositionprocess. Figure 2 shows the averageend-use intensity
estimatesfor space heating for each of three major fuels. For the sum of
the intensitieswe show both a weather-normalizedintensity (assumingHDD for
1972) as well as a non-weather-normalizedfigure,s The downward trend
reduction in heating intensityappearsto have continuedeven after the fall
in energy prices starting in 1985. When examiningthe behaviorof individual
fuel intensities,note that since these are compared againsttotal stock, we
are observingboth fuel switchingand conservationbehavior. Generally,
naturalgas intensitieshave appeared to fall faster during the 1980s than
previously. Electricspace heatingplays only a small role in the more recent
decline in overallheating intensity.

[;igure2 goes here.]

[Figure3 goes here.]

[F!gure4 goes here.]

[Figure5 goes here.]]



Figure S shows the non-space conditioning energy intensities by fuel. Natural
gas intensity for non-heating use appears to have fallen sharply over the
period from 1979 to 1986. A portion of the increase in electricity intensity
during the 1970s may be due to fuel switching from end uses formerly fueled by
gas (cooking and water heating). The electricity intensity rises more sharply
beginning around 1980, likely due to the accelerated penetration of office
automation and computers.

Figure 4 contrasts the trends in intensities between non-space conditioning
and space heating. Finally, Figure 5 shows a breakdown of national
electricity consumption using this method. The plot clearly shows that non-
space conditioning uses have risen much faster than either space heating or
cooling. Non-space conditioning use of electricity clearly outweighs its use
for both heating and cooling.

H:7.2. Soace Heatinq in New.Buildi.nqs

New, energy-efficientbuildingsthat enter the stock require less energy. In
particular,for space heating, we estimatethat buildingsconstructedafter
1979 use approximately20% less energy than older buildings. This increasein

" energy efficiencywas derived froman analysisof monthlybilling data
_ associatedwith the 1979 CBECS data. The annual contributionto the stock

space heating intensitywas developedby using the estimatesof total
additionsto commercialfloorspaceconstructedsince 1980.

H'7.3. J_nvelope Ret.r.ofits

In each of the national surveys of buildingsconductedby EIA, informationwas
requestedconcerningsome basic retrofitsto the buildingenvelope. Three
such options--roofinsulation,wall insulation,and double-panewindows--were
analyzed in which the availablebuildinginformationwas used to model the
heating and coolingenergy consumptionin the building,both with and without
the retrofit optionin place.

Unfortunately,CBECS does not contain informationon the approximatelevel of
insulation,either before or after the conservationretrofit. As a result,we
have relied upon engineeringjudgmentto developtypicalvalues for the
changes in the building shell. The lack of specific informationis similar
for windows, where the CBECS asks a broad questionon whether storm windows,
storm doors, doublepane, or triple pane glass were added. We have assumed
the most prevalentoption of this list is to installdouble-paneglass in
place of single-paneglass in windows.

The engineeringanalysisbuilds upon a recent study by Belzer et. al (1993)
that developedestimatesof end-useconsumptionfor the approximately6,000
buildings in the 1989CBECS. This study utilizedthe initialversion
(ReleaseI) of PacificNorthwest Laboratory'sFacilityEnergy Decison
Screening (FEDS)software. FEDS developedestimatesof monthly energy
consumptionfor eight end uses for the year 1989. A brief descriptionof FEDS
can be found in Belzer et. al (1993). The specific assumptionsregardingU-
values for structuralcomponentsused by FEDS are given in the appendicesto
the.same report.



With regard to insulation, the CBECSfirst determines whether the building
contains either wall or roof insulation. This insulation is generally assumed
to be a fiberglass type insulation and would augment the insulating values of
the structural building materials. The CBECSalso contains fairly detailed
information on the roof and wall construction type (masonry, wood frame,
steel, etc.). Of critical use in this study is whether the insulation was
added afte__.____[rthe building was built and during what timeframe the retrofit was
undertaken.

For simulation purposes, we simply "remove" the retrofit option to examine its
inpact upon heating and cooling consumption. Wedo not use the FEDS-
calculated heating loads directly. Rather, we try to use the actual
consumption data in the 1989 CBECSto help calibrate the likely impact of the
retrofitoptions. The estimated heatingconsumptiondata for natural gas in
the 1989 survey is regressed againstthe FEDS-estimatedbuilding UA (U-value
times area) and heating degree days in a cross-sectionalregression. The
estimatedadjustmentfactor from this cross-sectionalmodel is approximately
0.5. Each retrofitoption is then consideredindividuallyfor its impact on
_cheaverage UA. Using the total floor space of all the buildingsthat

. reported retrofitsin the 1989 CBECS, the weighted averagereductions in UA
for the three optionswere (I) roof insulation,-21.7%, (2) wall insulation,

• .....-23.1%, and (3) double-panewindows, -19.7%. Using the adjustment factor of
....0.5 from the regressionmodel providesan estimateof the percentage
.....differencein consumptionthat wouldhave been observedprior to the retrofit.
,;

To providea time series estimate of the effect of retrofits,we use the
informationsupplied in the variousCBECS for the amount of floor space
retrofittedin differenttime periods. The 1979 NBECS asked for the specific
year in which the retrofit was undertaken. Subsequentsurveys were less
precise, by asking for a particulartime interval in which the conservation
action was taken (e.g., 1980-1983).6

H-7.4. B_uildinqComoosition

As the compositionof commercial buildingschanges over time; it influences
aggregateenergy consumption. We examinedchanges in the compositionof
.buildingsfrom the point of view of (I) the shift in the building type
composition(e.g.,more office buildings)and (2) the shift in the
geographicalcompositionof buildings (e.g.,t]ward the west and south). The
decompositionmethodology employedthe 1989 CBECS data set to identify changes
in buildingmix and the end-use intensityresultsof Belzer et al. (1993)to
attain averageenergy intensitiesby end use, fuel type, and census division.
From our analysis,we identifiedspace heat (electric,natural gas, and fuel
oil) and non-weather-sensitiveelectricityconsumptionas the primary uses
influencedby the changes in buildingmix. The geographicshift component
reduced heating consumptionin 1991 by an estimated0.13 quad. The changing
mix of buildingsby building type tended to increaseoverall electricity
intensity,contributingto a dis-savingsof about 0.08 quad by 1991.

H:7.5o Office EQuipmentin the Work Place

Off.iceequipmentuse in the work place and in educationis thought to comprise
a significantamount of the recent increasein electricityuse per square foot
in the commercialsector. We attemptto address this issue by examiningthe

• o ._.
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trends _n energy use for personal computers, printers, and plain paper office
copiers.

Workstations are defined as personal computers, computer terminals with
cathode ray tube monitors, and/or word processors. Printers are defined as
impact and nonimpact printers. Two sources of information for computers are
used in this study: Future Computing/Datapro (from 1981 to 1988) and Arthur
D. Little, Inc. (ADL)'s Characterization of Commercial Building Appliances
(ADL 1993). The Future Computing/Datapro data set provides a time series of
the quantity of personal computers and printers in use in the work place (U.S.
Bureau of the Census 1991). ADL provides information on the inventory and
energy use in 1990. We benchmarked the Future Computing/Datapro time series
for computers and printers to ADL's 1990 estimates and estimated energy
intensity and savings. Overall, energy intensity increased from 0.1 kBtu/ft 2
in 1981 to 1.0 kBtu/ft 2 in 1991 for computers and from 0.02 kBtu/ft z in 1981
to 0.90 kBtu/ft 2 in 1991. The final result was a loss of 0.068 quad for
computers and 0.055 quad for printers in 1991.

Copiers examined in this analysis are defined as plain paper copiers intended
for business use. The sources of information for copiers in this study were

. " the Computer and Business Equipment Manufacturers Association (CBEMA1993) and
ADL's Characterizatuon of Commercial Building Appliances (1993). From the
CBEMAshipment data set we estimated the inventory of copiers using a five-
year life span. Webenchmarked the inventory series to ADL's 1990 published
estimates. To estimate trends in EUIs for copiers we used the ADL's

estimated energy use 123.4 trillion British thermal units (TBtu)_yr. _11sincreased from 0.1 thousand BTu (kBtu)/ft 2 in 1981 to 2.0 kBtu/ft `in i,,,.
Based on our assumptions the increase in consumption for copiers was 0.130
quad in 1991.

H-8. CONCLUSIONS

This paper has provided an overall look at commercial-sectorenergy use trends
over the past two decades. Although commercial-sectorenergy intensities
declined significantlyover the first part of this period,the recent evidence
is that the decline in intensitiesin the aggregatestock has virtually
stopped over the last six years of the study period. Clearly, the casual
evidence suggeststhat lower energy prices in the period since 1985 have
deterred aggressiveefforts to achieveadditionalenergy efficiency in
commercialbuildings. A closer inspectionsuggeststhat heating intensities
are continuingto decline from ongoingretrofit activities,better building
control strategies,and the influenceof efficientnewly constructed
buildings. However,these improvementshave been offset by ever-rising
electricity consumptionfor non-spaceconditioninguses.

As mentioned, the survey informationcollectedby EIA indicatethat buildings
continue to upgradetheir thermal integrityvia improvementsto the building
envelope. As _ whole, however, these changesover the entire timeframe appear
to have played only a relativelyminor role in reducingoverall space heating
intensityin the sector. The large unexplainedresidualin the reduction of
heating intensitiesis more likely due to equipmentturnover and improved
m_intenanceand better building controls.



l |

Tne long lives of buildings blunt the snort-term effect of more efficient new
buildings. Only about 7% of delivered energy savings in 1991, as computed
from a 1972 constant-intensity base, is due to new buildings built after 1980
with significantly average lower heating requirements.

Electricity growth continues unabated in the commercial sector.
Unfortunately, we have little empirical historical data to provide a clear
understanding of this growth. Most observers point to the proliferation of
computers and office equipment as key factors; our estimates using aggregate
sales data suggest an increase of about 0.25 quads in 1991 consumption
resulting from this end use.

This paper provides a useful starting polnt for more detailed analyses that
attempt to link information in the national commercial building surveys with
that in the monthly supply-side consumption data. Further work to improve the
statistical decomposition of weather-sensitive and non-weather-sensitive
consumption could involve available state data. In addition to the building
compositionalinfluencesaddressedin this study, other structural factors
might also be examined,includingthe effect of vacancyrates, and long-term

• trends in buildingoccupancy and schedules.

H"9. E.NDNOTES

I. The statisticsfor deliveredenergy,taken from EIA's State Enerqy Data
R.eport1991, excludecoal and motor gasoline use in the commercial
sector. Coal use is estimatedto be less than 100 TBtu in 1991.

2. The half'monthlag for HDD (and CDD) is intendedto reflect the fact
that utility-suppliedconsumptiondata generallyrepresentstime of
billing ratherthan time of use. John Herbert provides some discussion
of this issue for natural gas (Herbert1987).

3. We are aware of the inaccuraciesof this approachto generate estimates
of the absolutevalues of the end-useconsumption. Nevertheless,we
believe this approachprovides estimatesthat are sufficientto indicate
the .long-termtrends in the behaviorof these uses.

4. Note that these are average end-useintensities,rather than conditional
intensities; we normalizeby total floor space rather than the floor
space using each fuel as a primaryheatingfuel. There is no consistent
data that can be used to compute conditionalend-useintensitiesover
the entire time frame.

5. The weather adjustmentwas only appliedto natural gas and electricity.
Data on oil cDnsumptionreflectdeliveriesto storagetanks rather
consumptionduring the period. As the annual intensitydata in Figure 2
indicate,there appearsto be littleyear-to-yearvariation in reported
consumptionthat could be attributedto weather.

6. We assign equal annual amounts of floor space that are subjectto the
retrofit when the time frame is longerthan one year.

• .
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Table I. Commercial SecLor Energy i,letrics

Floor Del ivered Energy Savings
Year Space Energy Intensity Since 197

(bil. ft2) (TBtu) (kBtu/ft2) (TBtu)o

1972 43.7 5,526.2 126.6 0.0
1973 45.0 5,657.5 125.8 36.0
1974 46.1 5,456.0 118.a 377.5
1975 46.9 5,374.6 114.7 557.6
1976 47.6 5,758.4 120.9 273.5
1977 48.6 5,711.0 117.5 440.6
1978 49.7 5,799.6 116.6 496.6

. 1979 51.0 5,917.5 116.1 535.3
1980 52.0 5,752.6 110.6 832.0
1981 53.1 5,609.2 105.7 1,108.3

• 1982 54.0 5,668.7 105.0 1,163.7
1983 55.0 5,656.2 102.9 1,305.7

_: 1984 56.3 5,951.6 105.8 1,172.4
_. . 1985 57.8 5,798.5 100.4 1,515.2

_ :. 1986 59.2 5,815.3 98.2 1,677.3
' !',_ 1987 60.6 6,008.8 98.2 1,660.0
........ 1988 61.9 6,357.5 102.7 1,478.8
__ + 1989 63.2 6,432.6 101.8 1,566.0

1990 64.3 6,356.6 98.9 1,781.1
199! 65.1 6,504.6 99.9 1,734.7
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Figure 3, Average EUI Estimates for Non-SpaceConditioning(kBtu/ft=).._
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,; Fiq,ure 4. Average EUI Estimates by Major End Use (kBtu/ft 2)
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Fi.qure 5. Average EUi Estimates for Electricity (kBtu/ft =)

• 50

. Total _----"
,, _

. __"
30--I Non-Space Conditioning/__

¢-n

....... 20

10--

Air Conditioning
" - i=

----__'-_-_- ........ ' Space Heating
_ J ,,

! ! ! ! t' ! I t i l _ , , , , , , ,o -:i, _t, ,_ l , 1 , z , I
1972 1974 1976 1978 1980 1982 1984 1986 1988 1990

.•

..._ j






