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Thls peper deecrlbeg e Dethodology for analyztng the ueasured perforn¡nce of commercLal
Uritldtnge thet use de -nd control. To a large extent, the rete atructure appllcable to e par-
tlcular bulldlng wfll deternlne thst bulldfng-e approach to reducfng lte peak denand. At the
Beue tlme, there !e'a wlde variatlon ln coomercfal bulldlng reÈe aÈructurea across utllltleer
becguse retea are deterolned by a utlllty-e mlx of reeourceE and typee of cuatomere served. In
thle paper, however, we enphaslze the technlcal perfomance of comnerclal bufldings, ahd only
lnplfcftly conslder the lnpact of rate atructure. Firet, we describe varlous denand-control
Btrategles and thelr expected lnpect on powèr and energy coneunptlon. Second, we llluetrate
useful performance lndlcetora for evaluatlng bulldlng peak power perfornance, using the mee6-
ured reäulte from 17 butldlngs that have fnplenented denand control ae exanplee. FLnally, we

descrlbe the: llnltatlons of uslng whole-bulldfng data Èo nake perfornance conParlBons acroaa
comercfal bulldfnge.

DEltAt{D-Cot{'rr,ot STR.ATEGIES T() BE INCLUDED IN TIIE DATA BASE

t¡e deflne a "deoand-controL Btretegy" es any control aystem, pLece of hatd¡¡arer or operatlonal
change whqse prloary purpoee.le reductfon of a bullding'e peak dengnd. Ìloet of theee atra-
teglee ¡rtll also reduce energy coneumptlon durlng the perlod when the peak denand would heve
occurred. Thls deffnLtlon excludes strategles aloed at energy conservatl-on, even though energy
coneervatLon strategies oay reeult ln peak denand reductfons thet ere equal to or greater than
peak denand reductfons due to deoancl control. Energy coneervatlon sÈreteglee do noÈ targeÈ the
peak deoand. For exanple, lnstalllng energy-efflclent fluorescent lamps ¡1111 r'educe peak
ãenand ff the ltghts ari operated when the bufldlng péak occurs, but the strategy le not
epectflcally afned at reducfng the peak denand. Slollar1y, rre have aleo not consLdered
envelope lmprovemente to reduce bulldfng loads, such as tlnted glass or Ínproved lnsulatlonr to
be denand-control Etrategles, although theee nay also reduce bufldtng peak denand.

l{e have dfvided dedahd-control stratégtes lnto four categorles: (1) denand ltnltlng, (2>

off-peak atorege, (3) daylfghtfng, and (4) on-s1Èe electrlitty genereÈ1on; Each of these stra-
teglee ts descrlbed below.

Deoand-Llnltl Contro

Denand-llnfttng or load-sheddlng control-e turn equfpoent
reachee a pEe-sét level-, fn anticlpatlon of the peak denand
Both peak deoand and energy consuoPtlon are .reduced ¡vhlle
effeci, that ls, whlle the effected equlpnent t's turned off'.

of,f wheir the bulldlng denend
reachlng en even hlgher polnt.

the denand-lloft control 1e Ln

Off-Pêak Storage

Off-þeak storage nethôde shlft epace-conditlonfng loade fron peak to off-peak pertods.
On-peak deuend ls reduced aE energy coneumptlon ts shlfted to off- or nid-peak perlode. Total
energy consuuptton nay. tncreàse or decrease. Off-peak lce and ch1lled weter storege for epace
coollng ere the moet c.o¡i¡¡lon of theee stretegles. Cold storege ln thernal oass ualng nlght ven-
tllatlon, ot heat Btorage fn bufldtngs wlth r¡1nter peak deuands cauaed by heatlng loads have
also been u3ed. Deuand control ueing heat etorage, however, ts only appllcable to electrlcally
heated bufldlnge.

Daylfghtfng

Many new bulldinge take edvantage of natural llght to reduce artlflclel llghttng enêrgy ¡rrid

po-úrer requÍrements. Often, coollng requlrements are reduced ae r¡ell (Uafbellf et al.1985).
Dfnner or on/off controls reduce artlflctal llghttng when dayllght te avallable. Unllke nore
co¡mon uethods to reduce llghtlng energy and power consunptlon, dayllghtlng stretegiee terget
the peak demand, slnce naxlmun dayllght generally cofncldee ¡rfth a bulldlng'e peak denand.

Standby Generetorg . Gas-Flred Equlpoent. Coceneratfon

Replacenent of utlllty generated electrlc poner ¡rlth another Eource, elther on-slte genera-
tlon or alternate fuele, nay reduce peak demand and electrlclty consunPtfon durlng on-peak
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perlods. Gas-fired absorptlon ch1llere, for example, can replace electrlc chfllers, reduclng
coollng peak denand. The savings due to peak deuand and energy conaunptlon reductfons oust be
traded off against the capttal and operatlng coste of the alternatl-ve generatLon.

DATA COLLECTION

1o evaluate the success of these stretegÍeg, lre are presently conplllng performance data for
commercial bufldtngs that have lnplenented denand control. Sources of bullding data preeented
ln this peper lnclude the exfstlng BECA-CN and -CR data bases, as well a6 aooe addltlonal
bufldings ldenttfied fron Journal and report artfcles, and fndustry contacta. The llst belo¡¡
sumnarlzes the baslc eet of fnfornatlon sought for each bulldlng.

1. Butldlng characterl6tÍcs - locatlori, type'(retall, offlce, etc.), floor area, operat-
lng hours, HVAC and llghtlng systen type and controls, envelope characterlstlce.

2. Power and energy eaving feat.uree - retroflt descrLptlons, denand-eontrol Etrategles
lnplenented, problens aseocÍaÈed wlth features, if any.

3. Speclal condftfons - procese loads (e.g. conputer loads), speclal huntdity or tenpera-
ture requirements, changes fn butlding operatl-on6 over time.

Energy and power consurnþtfon - annual and monthly peek demend, energy consumptlon,
eubnetered data (ff avallable), and consumpt,ion for on-, mld-, and off-peak periode
(r¡here applfcable).

EcononLcs - utlltty energy and denand charges, retroflt costs, lncrementel co6ts or
savfngs of feaÈures on new constructlon, detal-Is of appllcable rate schedule, costs or
eavfngs due to operatlone and malnterance requirements, utlllty lncentlvee.

PERFORMANCE INDICATORS

I,te have gathered data for 17 bulldlngs that have lurplemented demand-control strateglee. Table
I presents the perfornance results, type of deruand-control straEegy, gro6s floor area and loca-
tlon for each bultdtng. At thfs pofnt ln the developoenÈ of the data bese there are not enough
bulldlngs ln our sanple to make ÊtaÈlstlcally valld concluelons about the overall or conpara-
tfve performance of these bulldlngs, or of Eheir demand-control strategfes. Instead, Ite uBe

fhe data to lllustraÈe the uge of perforoance lndicators that best descrlbe the lmpacte of a
demand-control strategy. I

Eleven of the bulldings ln Table I are taken from the existlng BECA-CR and -CN data bases.
Sixteen of the seventeen buildlngs are offlce bulldtngs¡ the other ls a church. Seven of the
offlces are retroflt proJects and nlne are new'bulldings. Each offlce retrofl.t proJect and
flve of the new offlces use demand llnittng to reduce peak denand. Four of'the new offlces uee
ch1lled water storage, two use off-peak fce storage. One of the new offlces ltlth off-peak
chflled water storage also utlllzee dayllghttng; another uses both off-peak chllled waÈer
storage and demend-llm1ttng. The laet bulldlng ln Table I, the church, uaea off-peak lce
I ÈOrege.

We have ldentiffed four lndlcatora of the effectlveness of denand-control Btrategles. They
are3 (1) the annual peak demand, (2) average nonÈhly peak denand, and (3) annual slte energy
coneuoptlon, each nornall.zed to gross floor area, and (4) the load faclor. Ife dlscues each of
these parameters and provfde exanplea of thefr use below.

Annual Peak Demand. Annual peak denand fs a cruclal parameter fron a utlltty or eocl-etel
perspectf-ve. The annual peak determlnes the maxlmum poner a utll1ty nuet supply to å butld-
fng.* For bulldinge that uee a fuel other than electrlclty for heaÈlng, the annual peak wlll

4

5

* In general, the utlllty systen peek denend and an lndfvfdual bulldlng peak demand
be coLncfdent due to the contrlbutlon of demand from other sectors (lndustrlal and
rtal).

wfll not
resldF
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occur durlng the coollng seeaon (generally Âprtl through Septenber). If the butldfng ls
eleètrlcally heated, the annual peak denand nay occur during the heatfng aeeson (roughly
October through Ìfarch) or the coollng aeaeon. Bulldlng operators are most concerned ¡¡fth
ennual peak denand lf they are bllled on a ratchet rate schedule, where future nonthly denand
charges are {ependent on the hlghest peak denand for the year. Annual Peak denand nay be the
only peak data avallable for sone bulldings.

The bulldtng .operaÈor ls often nosÈ concerned wlth average
rDon e of the 12 maxlmun Eonthly demands over a year), unless the
rate schedule has a raÈchet clause. Èlany utllfty demand charges are baeed on nonthly peaks,
rather then the single, annual peak. In song LnEtances, as greater peak reductions are possible
1n months other than the peak nonth¡ thts w111 show up e reductlon fn aver¿lge Donthly peak
poerer. Annual peak denand wtll show a much enaller reductlon. Ìüe have not calculated average
uonthly dem¡nds for all of the butldings, Bfnce nonthly data were not consistently evailable.

Flgure 1 shows the change ln annual peak denand and average nonthly Peak deúand for the
aeven offfce bullding retroffts. This figure shows the lnportance of exqminfng botlt average
roonthly end annual peek data. Bulldlng R5, for exanple, ls a 40'000 ft'(3,700 m') office
bû{}dlng l-n Santa Rosa, Callfornfa (Sylvester Assocfates f981). This bullding ls all-electric
and has 24 heat-pump package unlte for heatlng and coollng. An energy ûanagenent systen ltas
lnstalled to duty cyci,e the heaÈers on the heat punps during morning,Farm-
up perfods. For the year f lt, the annuql peak demand was 5.3 Vllft' (57
Vl/a'¡, compared to an annual Vl/tt'(4S W/n') ln an adjecent butlding ldentl-
cal to bullding R5, except energy savlng meaaures were lmplenented. The
bulldlng-s energy management sygteú falted durtng Novenber pnd that nonth reglstered the annual
peak denand. Average uronthly denand, however, rdâs about the same a6 that ln Èhe adJacent
bufldfng, so thât the annual denand charge ln both bulldlnge was efmflar, 1n spfte of the
dlfference ln annual peak demands.

In contrast to Bulldlng R5, Bullding R4 reduced its annual peak denand by llZ but reduced
ft6 average nonthly deurand by only 6%. Buflding R4 ts a large staÈe offlce bulldtng fn West
Virglnla, and uses electrlcity for coollng and, natural gas for heatlng (State of Weet Vlrglnla
1980). Thls bulldlng lnstalled an energy ûanagement systen to load ehed ànd duty cycle heatlng
and coolfng equlpment. In thls case, the denand-control stràtegy was able to reduce hlgher
rnonthly peak denânds by a greater percentage than lower oonthly peak demands. There are tlto
explanatlons for thls result. Flrst, the dem¿nd llmitfng will affect hfgher, coollng aeaaon
monthly peak demands more than Io¡¡er, heatlng seeson nonthly peak denands, slnce heatlng 1s not
supplled by electriclty. Seeond, data processlng equlpnent uas added after the retrofit'
addlng to the peak denand in every month. The monetary savLngs ln annual demand charges wfl1
depend on whether there 1s a ratchet clause ln the bufldlngls ratê'structure. i

In Flgure 2, we have plotted summer (cooltng season) peak denandr'nlnter (heattng season)
peak demand, and average nonthly demand for qach of the new offlce bulldlngs ln Table 1. Thls
flgùre shows a r¿fde range 1n annual peak and average nonthly peak a'croes the nine new bulld-
lngs. The range 1s explalned by both bulldlng-specfflc characterlstlcs and ttie effect of the
denend-control strategy ln each bulldlng. Bufldlng N2, for example, has en everage nonthly
peak only sllghtly less tha¡ elÈher lÈs winter or lts sumner peak, Buildtng N2 ls a 1.4 ntt:
l1on square foot (130,000 n'¡ all-electrlc offlce bulldfng 1n Quebec, Canada (CRS Inc. 1983).
The bulldlng uaes a centrallzed control system that llrnlts demand by cyclfng perlneter heat
pumps and fane. In thls bulldlng, nonthly peak -demands are aluost equal over the yeer. There
âre Èwo reasonÊ for thls pattern of nonthly peak demands. Ffrstr e conatant nonthly dènand oay
meân that the dernand-llnfttng strategy rùas aucceasful; large varfaÈlons acrooB months have been
ellninated. Second, Bullding N2 fs all-electrlc, resuÌtlng ln both e wlnter heatlng peak and a
suûlmer coollng peak. Thls evens out the h1lls and valleys ln the nonthly demand proflle.

In fact, four of the flve all-electric bulldtngs ln Flgure 2 have everage monthly peake
that ere only sli.ghtly lower than thelr annual peaks. The nlxed-fuel buildlnge, on the other
hand, show a ouch greaÈer spread between annual and average nonthly PeSk denand. Not eurprie-
1ngly, the t¡to wfnter-peaktng bufldfngs are all-electric.

Annual Stte E Bulldlng poner perfornence cennot
be fng energy consumPtfon. Changes ln
ennual slte energy lntensfty fndlcate whether a bufldfng reduced energy consunptlon ae !ùell ae
peak power. Further, a low peak deurand nay sfnply be the result of en energy-consefvetLon
effort as opposed to demand-control effort, even though the energy-conservatl,on measure dfd not
terget the peak demand.
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Gfven two bulldtnge wfth the Baûe energy lntenslty, the bullding wlth the lower Peak denand
has done a better Job of "denand control." The relatlonehlp between energy fntensity and power
fntenalty can be quantlfted as the electr{c load facÈor. Table I presents thle load factor for
esch of the 17 bufldlngs. Electric load fector le the ratlo of average demand to annual peak
demand, where everage demand equals annual electrlcity consuûptfon divfded by 8,760 hours per
y€er. The load factor 1s always a ratl-o between zero and one. A hlgher load factor lndlcates
that large peaks ln dally demands have been ellmlnated, and that there fs lees variatlon Ln

lndlvfdual rnonthly peak denands. At the saûe tlme, however, bulldfngs with long operatlng
hours or htgh process loads (such as conputer equlpnent) w111 have hlgher load factors than
those wlthout.

Peak-power level elone ls not enough to Judge building power perfornance. ln fact' Èhe

conblnatlon of a low power lntenslty and a hlgh load factor nay be the best fndicator that a

bulldlng has euccessfully controlled pohter levele. The electrlc load factorr however, does not
account for energy consunptlon due to other fuels that may be used tn a building. It follows
thet nfxed-fuel butldtngs w111 bave lower electrlc toad factore than all-electrlc bulldlngs.
In order to ellnlnate thls blas, we have plotted annual peak electrlc denand agalnst annuel
sfte energy lntenslty (electrfclty and fuel) tn Flgure 3. On this plot, mlxed-fuel bufldings
shlft to Èhe rlght fron where they would fall on a plot of peak demand against elecÈrlcity con-
Bumptlon. Plottfng electrlc deurand against slte energy assunes theÈ nfxed-fuel bulld1ngs would
not become wlnter-peaklng 1f they were all electrlc. Based on the nonthly profllee for the
bufldtngs tncluded fn Flgure 3, thls assunptlon appeers Èo be val'fd.

The diagonal llnes 1n Figure 3 represent llnes of constant load factors of 0.2, 0.4, and

0.6. lwo bulldings falllng on Èhe same llne have the same load factor. Thts plot shohts that
butldfngs ¡¡fth the saue peak poner lntenslty roay have slgnlflcantly dffferent load factors^ and

vfcç versa. Bulldlngs N4 and N8r^for exa4ple, have sfnflar annual peak dernands (5.3 l|/ftL (57
WlÃ¿) for Bufldlng N4 and 5.5 W/ft' (59 W/n") for Bulldlng N8) but have different load facÈors.
Bssed on Bite energy lntenslty, the load fectors are 0.63 for Bulldlng N4 and 0.34 for Buflding
N8. Both bufldings are all-electrlc offfce butldlngs wfth off-peak cold storage for detnand

control. In thls caee, the dtfference 1n load facÈor fs explained fn ParÈ by the fact that
Bufldlng N4 has a large co¡nputer center and a portlon of the bultdtng operates 24 hours a day,
whlle Bulldfng N8 operates only elght hours a day, flve days per week.

On-. !1ld-. and Off-Peak Indicators

In eome lnatances, the indlcators above are not sufflclent Èo charactetlze the power Per-
formance of a butldlng that has lrnplernenÈed a successful denand-control strategy. For bulld-
lngs on Èime-of-use (TOU) rates, 1t fs lnportant to dlstlngufsh between on-, nld-, and off-peak
demands and energy consumptlon. Although a bullding nay have lts peak during an off- or nld-
peak period, thts denand ls often free or !.nexpenslve, and ls not colncfdent with the utlltty
cysten peak. Therefore, on-pea\. denand should be used to evaluaÈe butldlng power performance.
Energy consumptlon in on-, r1¿-, and off-peak periods shows the extent to r¡hLch energy consuop-
tlon has been shifted out of the on-peak perlod.

Table 2 tllustrates the lnportance of on-, nld-, and off-peak lndlcators, r*lth perfórEance
results fron thro offlce bulldings: one ûrlth and one wlthout demand control. Bullding N6 ts a

one mlll1on Bquare fooç (93,000 n¿) offlce butldlng ln southern CallfornLa, and uses off-peak
chllled ¡rater storege to control peak denand. Since Bulldtng N6 ls a new building and not e
retrofft, there le no "pre" perlod Èo show how performance would have dlffered lf the bulldlng
had not u^eed off-peçk storage. The conparÍson bulldtng, also 1n Eouthern Callfornfa' 1s
426.OOO ft2 (40r00O'12), and u-ses a conventlonal ch1lled water eysten for coolfng. Both butld-
fnge are served by tbe eane utll1ty and are on the same tlme-of-use rate schedule. Several
bulldlng-epeclflc characterfetlcs bestdes the type of coollng systen affect dffferences ln the
perforuance of the two bulldtngs. Bulldlng N6, for exanple, operatea ¡nore hours per day than
the compartson bulldlng. In eplte of these dffferences, conparÍng the performance lndlcators
dlecueeed above for the two bulldings lllustratea the luportance of consfderlng on-, mld-, and
off-peak performance data. Annual peak, everage oonthly peak, and energy lntenslty ehow llttle
to dfstlngulsh the performance of theee two bultdlngs (see Table 2); they do not dlsÈlngulsh
between on-, nld-, and off-peak perlode.

Conparlng the perfornance of Bulldlng N6 to the perfornance of the conParlEou bulldlng
shows that everage nonthly on-Igg\ deuand 1n Bulldfng N6 fs 2Ol lees than Ln the comparLson
butldfng. Ffgure 4 showe non-thl-y on-, mfd-, and off-peak denands for both bulldings; Figure 5

shows thefr nonthly energy consunptlon ln each tine perlod. Bullding N6 conslstently peaks 1n
off- or nid-peak perfods; fn other r¡ords lt has eucceeded ln shiftlng energy consumptlon to
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off- and nld-peak perlods. In addftfon, Butlding N6 consunes
off-peak period, conpared to 367" for the conparLson bulldlngt
demand has been shffted fron of the on-peak perlod.

5Ll of tts electrfclty ln the
ehowfng that energy ae well ae

COMPARISONS ACROSS BUILDINGS

Baeellne Comparisons

Once performance lndicators have been establlehed, they cen be ueed to nake conparlsons
acros6 bulldfnge that uae denand control, and wi.th those bulldinge that heve not trfed to
reduce peak power l-evele. The questlon that needs to be answered ls, do bulldlngs practlclng
denand control do better than average fn terme of peak power and energy consunptlon? To

addrees thts questfon, one nuet know uhat peak power tntensl.tles are rePresentatfve of the con-
merclal bulldtng stock. For retrofttted bufldlnge, thfs ls less of a problem, sfnce pre- and
post-retrófft perlod performence can eubstítute for a stock baeelfne.

I{e knor¡ of no data collectfon based on measuEed perforruance able to ansúter thls queetlon.
For exanple, the Nonreeldentlal Bulldlng Energy Consuuption Survey (NBECS), aponsored by the
Departnent of Energy, does not publfsh data on peak poner (EIA 1982). As a prellnlnary refer-
ence polnt, Flgure 2 Lncludes thç åverage"annual peak-power lntensity for all the offlcee wlth
power dara ln BECÀ-CN (4.4 *I/f.t', 4\ lt/ø'). (The averege for all-electrlc offlces ls only
sllghtly htgher, at 4.7 lt/tt'(51 l{/n').) The BECA-CN data baee ls not, however, lntended to be

repre6entetive of thercommerclat bulldlng stock. We have alsorlncluded tfe range of peak Polter
tnßeneltlee ffoo simulatfons performed for a mediun (491500 ft',41600 n') and a large (600'000
ft¿, 56,OOO rt¡ offt"e bulldtng to test the ASIIRAE-9O new comnerclal bulldfng etandard (Bat-
relle 1983).

Lint tetlons to Comoarlsons of Whole-Bulldfng Performance DaÈa

The performance lndícators dfscuesed above evaluate whole-bufldlng power and, energy perfor-
nance baeed on nonÈhly uttuty b1lls. Utlllty blllÍng data are useful because they capture the
l-nteractl-ons between end-u8es that determlne the aggregate energy and power consunptlon of all
butldlng aystens. Differences 1n bulldfng-epeclflc characterfst.lcs, however, make vall-d coo-
parlsons across bulldlngs dtfficult. Some of the more lmPortant characterlÊtlcs are:

1. Cllnate, both anong clfnate zones and ¡¡lthfn a zone for dlfferent years,

2. HVAC systeú types, envelope characÈerlstfca, butlding types and elze6, lnternal loade,
operatlng hours, and rnlxed fuel typee, and

3. The lnteractlve effects ef energy-savlng featuree lmpleneuted along wlth the denand-
control strategy that urake the lmpacÈ of dernand control alone dlfftcult to deternlne.

We have three approaches for Lncorporatlng theee effecte lnto our analyses: (1) analysls
of sinulatfon results, (2) correctlon wlth addltlonal lndlvidual bulldtng data' end (3) subme-
terf.ng.

Sinulatlons. Isolatlng the oaln ceuses of variatlone fn bulldtng peak-power across cllnate
zones and butldlng configuratf-ons can be lnltfated wlth parametrlc studles usfng buildtng slnu-
latlons. Thls level of analysfs htghllghÈB paraoeters to be consldered for cooPariaons acroaa
bulldlnge. We have ueed some resulte from D0E-2 elmulaÈions of buttdlngs deslgned to neet dlf-
ferent verefone of the ASHRAE-90 Btandard (Battelle 1983). These slnulatlone nere done for
eeveral butldtng typee, rúfth Beveral different envelope, Eystem, and llghting characterlstfcst
and acroas a r¡lde renge of cllmate zonea. Prelfmlnary reeulte lndlcaÈe thet varfaÈlone fn cll-
nate end HVAC system type nay not have'as large an effect on peak Porter ae do dffferencee ln
envelope characterlstlcs and llghtlng loada.

CorrectÍon of Perfornance lrlLth Bufld Data. In some caseÍ¡, addltfonal data rte collect
peclflc
e floor

cen ueed to correct for variatlons ln power and energy perforoance due to bulldfn8-8
pararneters. The elnples t example of thls ls normalfzlng energy and Power data to grog
area. Ulttnetely, we hoPe to norm¡lize the data for other cheracterfstlce, moet lmportant,lyt
connected llghtfng loads, process loade (partlcularly conputer loads); end occupant densltleg.
I,le are currently unable to uake these correctfons due to the lack of data.
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Subneterlng. Subnetered deta for loads thet. are being demand-controllcd le the most
strâfghtforward waY of aseeeefng the aucceaa of a denand-control etrategy. Ae wlth elnula-
tlons, extenslve eubneterlng of nany bulldlngs could
performance acrosa clfnate and bufldfng tyPe. In
bulldtnge are not currenÈly avallable. A large-ecale

aleo be used to lllu8trete varlatlons fn
general, submetered date for connerclel
end-uee monltorlng ProJect le now under-

way ln the Paclffc Northwest; ne hope to lncorporate resulte fron thle Project lnto future ena-
lyees.

CONCL USIONS AI{D IMPLICATIONS FOR FUTI'RE }TORK

The goal of thls conpllatlon of ueaeured perfornance le to evaluate the polrer and energy per-
formance and coet effectfvenese of deoand-control etrategles fn commerctal bulldlnge. In thfs
peper, ¡¡e llluetrated the use of perfornance lndlcators lmportanÈ to our analyele, uslng actual
performance data for L7 bulldings wlÈh deoand control.

The four perfornance lndlcators are: annual peak porrer lntensityt everage nonthly peak

po!ùer. lntenelty, annual elte energy lntensfty, and load fector. Annual peak power le the
ittgt""t porùer level reached durLng the year tn a bultdlng, and determlnes Èhe annual power blll
lf the bufldlng ts on e ratchet rate schedule. Average nonthly peak power lncorporates the
nonthly varlation 1n peak demands, and determlnee the ennuel Porùer b111 1f the bullding is not
on a retchet rate schedule. Annual alte energy lntenefty and load factor lndtcate the rela-
tlonghlp between peak power levels and energy consumptlon, and a hlgh load factor 1n combLna-

tlon wfth a low peak denand may be the best lndlcator of e succeeeful denand-control stÌategy.
All four fndfcetors nust contribuÈe to an evaluetlon of the aucceaa of a demand-control atre-
tegy 1n any one bulldfng or across nany bulldtngs. For bulldings on tlne-of-use rate struc-
tures, performance durlng on-, mÍd-, and off-peak perfods 1s the best oeasure of the effectfve-
ness of the denand-control lstretegy.

Future analyees on thls data conpllatton wfll enphaslze comparlsons of the perforoance of
demand control acrosB mnr¡y cornmercial bulldfnge. Whtle r¡hole-bulldfng utllfty data can be ueed

to lsolate sooe of the lnpacte of denend control, there 1s a llnlt to !ùhat can be concluded
from these data. Additlonal fnformatlon about bufldlng controls end equlprnent le needed to
help explafn bulldlng perfornnnce. t{e are uslng reeults fron bulldlng slnulatlons to leolaÈe
the bullding-speclflc characterlstlcs nost slgnificant ln deter¡nfning a butldtng'e peak power
Ievel. Idealty, demand-controlled equlpuent or bulldlng end-uses r¡ould be eubmetered.

Beyond documentlng the actual perfornance of demand-control strategles, there ls a need for
a thoiough economlc analysls. Analysie of proJect cost-effectfvenees wtll also be emphasized

fn fuÈure work.

Sfnce the data coopllatlon fg a contlnuing effort, r¡e welcooe froo the reader any conlnentg'
suggestlon8, or leade to eddftlonal daÈa sourcee.

REFERENCES

Battelle Paclflc Northwest Laboratory (PI{L). 1983. Reconnendatlong for ener congervatlon for
nelr comerclal bulldt Volume III: Deecrl tlon test s. DOE

Octo r. Also D0E-2 runs gto on tape and prepared for ASIfRAE f (PNL contrect wfth
DoE, No. DE-4C06-76RL01830).

CRS Inc. 1983. "Study of energy efflclent offfce bulldlng, Edifice du Revenue, Ste-Foy' Que-
bec. " Ff 1e il82-098-000.0, JulY.

Energy Inforoatlon Àdninfstratlon (EIA), U.S. DepartEent of Energy. Ì983. Nonresfdential
Bulldf ene

tura ga8
tfon

tr ty.
1979 con fon and
rc

Ituree Part 1:

Gardlner, B.L.i Plette, M.A.; and Harrle, J.P. 1984. lleasured reeulta of
retrofitg fn non-reefdentlal buf :An te t

c ency , Santa Cruz, CA,

conservatlon
etta

thE ACEEE r Study on Energy
appearlng ae La¡trence Berkeley Laboratory Report 17881.

967

ae
t L4-22. Aleo



Stete of l,Íest Vlrglnia and Departuent of Flnance and Adnfnistretlon. 1980. "Energy report
1979-80." May.

Sylveeter Aeeoclatee. 1981.
report." July.

"The La Plaza West energy oanageEent denonstratfon proJect

uelbelll, A.; Greenberg, s.¡ Meal, M.; Mltchell, A.; Johnson, R.; sweltzer, G.; Rubtnsteln, F.;
and Araeteh, D. 1985.
Laboratory Report 18543

Connercial-aector conservatf on technolosf ee. Lavrence Berkeley
, February.

Wall, L.; Pfette, M.A.; and Harrls, J.P. 1984. A r of BECA-CN: Butldf
uae c latlon and enel ls of ener efflclent coDmerc s. Presented at

L4-22. Alsot on Energy Efflclency, Santa ruz, Auguet
appearlng as Lawrence Berkeley Laboratory Report L7882.

ACKNOWLEDGEMENTS

the ¡¡ork deecrlbed fn this paper nae funded by the Aeslstant Secretary for Conservation and
Renewable Energy, Offlce of Bufldlng Energy Research and Development, Bulldlng Systens Dfvlslon
of the U.S. Department of Energy under Contract No. DE-4C03-76SF00098. The authors would also
lÍke to thank the followlng lndtviduals for thefr assistance: Joseph Eto, Jeana Traynor, Alan
Mefer, Chuck Goldman, and Cralg Conner.

968



Eulldtng Descrlptlon

TABI,E I
Dets Sumary of l7 Butldtngs glth Denand Control

Perforoance Resultg Comments

All electrlc.

All electrlc.

Procês6 loade lncreasèd after retroflt.

Controls falled durtng oné moirth. All
electrlc, ulnter peak.

All electrlc.

Al1 electrlc.

All electrlc¡ slnter peak.

AlI electrfc.

ìley have unueually hfgh process loads.

Peak flgures are for on-peak denands.
Off and nid-peak demnde are hlgher.

Ice thlcknesa aenaora felled.

All electrlc.

All elecÈrlc, rlnter peak. Large cot-
PUter center.

Church. Heâtlng fuel consunptlon not
avallable.

Floor 
^reafy 1000)

State

Demnd
Control

Annual
, Peak ,Hlî.t' (r,/Ð')

Avg HonÈhly Annual Site ElecÈrlc
Load

FacÈortlo
^ Peak

ul Í.r¿ (ulø¿)
q$ergy

kStu/ft¿ (x.¡/¡r')

RI

R2

R3

R4

R5

R6

R.7

(o
ot(0

NI

N2

x3

N4

N5

N6

N7

N8

N9

cü

Deúand conttol Btrategy codes: DL - deoand ltnlttng, duty cycllng, lond sheddlng PRE: perfornace before retroflt
cHu - off-peak chtlted sater srorage POST: Perfornance after retroflt
ICE ; off-peak lce storage
DY - dayltghtlng rfth on/off or dfoner controls on llghÈtng

Blank spacee fri tabie lndlcàte no det.a avelláble.

r - pre flgúreb are based on consunpÈion of adJacent bufldtng, fdentlcal except that no denend or energy savlng neasureÊ rere lnplenented.
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0
0

0.21
0.31
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0 .46

0.63

0.53

o.46

0.31
0. 17

0. 49
0.48

o.32
0.28

0 .6ô
o.62

6
5

E84
685

ttl
3l

I

93
73

r07
6l

42
2A

28
83

78
ó0

895

593

694

lt42

r 438

732

868

629

1624

I ¿51
944

t26
95

r33
89

79

52

6l

l0t

r27

65

76

56

r43

l5 t0
l0l2

1057
835

t2t3
760

1426
r079

43
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3.9

4.rt

7,5

f4

17

42
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67

34

42

47

8l

44
3l

33
3I

¿.1
2.9

6.7
4.5

5.9
5.1

t.2

3.4

3.9

4,9

6.2
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¿8
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3.9

3.5
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5.3
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7.t
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4.0
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ICE
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t

PRE
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Quebec

GA

CA

CA
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ìlD
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CA
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PRE
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NEU

NEII
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NEt{

NEII
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NEW
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NEII
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PRE

POST

PRE
POST
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4E
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25t

770
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TABLE 2

Performance Characterlstice of Buflding N6
and Conparfson Bullding

(Saue Locatfon and Rate Schedule)

Bulldlng
N6

Conparlson
Unfts

4.7
( 51)

4.3
(46)

64.5
(732)

0.46

Bulldl

5.0
(54)

4.2
(4s)

52.9
(600)

0.35

Annual bufldtng peak

Average nonthly bulldfng peak

Annual sfte energy lntenslty

Load Factor

w/tt2
H/m¿

w/tgz
¡tlø'

Annual on-peak denand

Average oonthly on-peak denand

w/ft
w.lm'

wltç2
H/¡'

4.6
(50)

3.2
(34)

4.8
(s2)

3.9
(42)

Annual on-peak electrlcfty

Annual nfd-peak electrlclty

Annuel off-peak electrlclty

klrh/f t3-yr
k!t'h/n'-yr

Z of total

kl.lh/f gl=yr
kt{h/m'-yr
Z of total

twh/fq2-yr
k¡.fh/n¿-yr
Z of total

9.7
(1q4)

5LZ

6.0
(6s)
382

3.3
(36)
L7Z

6.0
(65)
327"

3.8
(41 )
247"

6.2
(67>
382
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Eulldlng N6
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Bulldlne N6
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a eomparison buÍfdinq (conventional cooling). BuiTding IV6 consumes a nueh latger . ,
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Discussion

D.L. GEISTERT , Southern cêllfornla EdlsoD Co., Roeeneêd, CA! - Iltrat ¡eeurancea do you have of
rhe bulrdlqs errnr;ã-ih"; it rn"r.h;-ã;;ã-åo"i"or (1r.., d.gnand.aheddlng, dutv cvcllng) and

Êot a change f" o"ã"n3i"y, operattoue, equlpneot.tlrat caused denand reductlon?

MEALs For each'butldlng, t" g"th"" ae uuch selb ctors that
LîåttåËi iiii¿i"g perforoanee¡'racludtng Dtlo ntlfv thoee

factore that rrtll change the reaulte for ãtr lFto Ped' If the

lupact of aay of these-factora canîot'be Ís fect ntrol
l.í"."gv-r;;hi; ;;-;Jd ;t iacludÊ th., lcular bulldtns ln our etudv'
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