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ABSTRACT

Tile U.S. Department of Energy initiated this pro.jeer entitled "Monitoring and Evaluation (51Replacing Low-

Efficiency Air Conditioners with High-Efliciency Air Conditioners in Single-Family Detacl_ed Houses in Auslin,

Texas" wiih The City (51"Austin and The Fleming Group (TFG) to evaluate the performance of an air condilioncr

retrofit program in Austin, Texas. The City of Austin's Resource Management Deparlment pursued this pro.jecl

to quantify the retrofit effect of replacing low-efficiency air conditioners wilh high-efficiency air conditioners in
single-family detached homes. If successfully implemented, this relrofil program could help defer conslrucliol_

of a new power plant which is a m_[jor goal of this dcparlment.

The project compares data collected from 12 houses during two cooling seasons under pre-retrofit and tiron
post-retrofit air conditioner units. Tile existing low-efl]ciency air conditioners were monitored during tl_e 1987

cooling season, replaced during the 1987-88 heating season wilh new, smaller sized, high-efficiency units, and lhen

monitored again during the 1988 cooling season.

Results indicated thal the air conditioner retrofits reduce the annual air conditioner electric co_sulnpti<m

and peak electric demand by an average of 38%. When norlualized to the nominal capacity (51"the air con(litio_er,

average demand savings were 1.12 W/ft 2 and estimated annual energy savings were 1.419 kWh/ft 2.

Individual air conditioner txswer requirements were lound to be a well defined function of outdoor

temperature as expected. In the absence of delailed data, estimates of the peak demand reductions of new air

conditioners can be made from the manufacturer's specifications. Air condilioner energy consumption l)roved to

be strongly linear as a function (51the ouldoor lemperalure as expected when laken as an aggregate. No noticeable

differences in the diversity faclor of tile air conditioner usage were found.

Analysis oi lhc retrofit effect using PRISM yields cslilllales of the i'cduclion in normalized allnual

consunlpli(m (NAC) and alllltldl co(Hing consumpli(nl of 12% and 3()q. The 3()c)f reduction in lhc coolil_g energy

estimale is less than lhc 38c)_ eslilu,tlccI using :t daily average leluper,llure regression willl direclly ro{tailored

cooling tonsure plion.
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EXECUTIVE SUMMARY

BACKGROUND

The relrofitling of exisling buildings is one til"the greatest polenlial areas lk)r saving energy in lhc residenlial
seclor (luring lhc nexl 15 years. Iii view of lifts, lhc U.S. Deparllnenl of Energy is inleresled in underslanding

more about the perlimnance of retrofiis, and has iniliated a nulnber of cost sharing projects lo contribute lo a

national retrofit performance database. To ensure a common dalii sol, DOE has produced a guidance documenl,

ORNL/CON-196, "Single-Family Building Relrofil Perfornlance Moniloring Protocol: Data Specification

Guideline." This projecl, undeilaken with The Fleming Group (TFG) and The Cily of Austin, utilizes these

guidelines, to evaluale an air conditioner relrofil program in Auslin, Texas.

The City of Auslin Resource Management Depailmenl was attempting lo defer construction of a new

power plant indefinitely via a number of demand side managenienl programs. The Residenlial Appliance Rebale

Program targets low-efficiency appliances, particularly air conditioners, lk)r replacement with new high-efficiency
units.

This projecl ulilizes detailed dala obtained iri accordance wilh ORNL/CON-196 lo delemlinc tile relrofil

effect of replacing low-efficiency air conditioners wilil high-efl]cierlcy air condilioners in single-Ialliily dclached

houses in Austin, Texas and lo attempt lo develop a reliable analysis appro;ich enabling Wealher-rlormalizcd
prediction of tile relrofil ellecl elsewhere.

The experimental design covered two cooling seasons alid consisled o1 nloniloring 14 houses. Ali 14
participating sites qualilied for lhc Rcsidelllial Appliance Rebait Progranl. Durillg tile illoilllls (,ii Scplcinl_er and

October of lhc 1987 cooling season lhc perlorlnance of lhc existing low-elTiciclicy air conditioning systems were

monitored. These units were replaced over the winler \villa new slnilller sized, high-elTiciency units wllich were

moriitored fronl May Ihrough Oclol)er (ii tile 1g88 cooling so((soil. Two honleowilers tirol)pod Oi.li of tile projecl"
lherefore, bcl'ore and allcr dala arc available Ironi 12 silos.

Dala was collecle(I al 15-111illulc iillcrvals wilh oil-silo data acquisilion s)'SlclllS. The data coiicclcd
corresponds Io tile basic piiranlelcr set specilied iii Iii(.'. ORNL/CON-196 gtlidailce doctllilenl. Addilitm;llly, one
of lhc sites wiis equipped io collccl lhc oplit)il'<il woalllor dala l)aianlclcr sol. Ali 14 litluses are willliii Clio (nile
of each oilier lnaking lhc \vealller f.lala colleclcd api-)liciil)lc lo ali lhc intillilored silos. OI_,NIUCON-196 specilied
pre- and posl-rolrol]l audils were also coiltluclo(I.

RESULTS

Air condiliollor l)(l\vcr C()llStilllpli(/i/ al lhc intliviclual silos is well tlclillcd as a IullClitlli o1 Ilio ()ultlot)r ilir

lelnp0ralure for holh lhc pre-:_1cl ixlsl-rclr_lfil l_Oii(_ds. Table S. 1 sliows lilt peak dCllliilld rotluirolllt._lll lll(:lnilored
al each silo, Also sh(iwil is lhc prc(liclO(! pl_\vcr col lsullll)lil)ii ai I()()°F baso(I ()ii Icasl-SClUarc curve Iils tlcrivcd
fro(li tile data. Reduclit)lls iii IIic peak air C()ll(lili(lllcr (Ionia(ld rallgc flOlli 187_.I(i 47<,;7,wilh file average for lilt.:
twelve silos being 38%. Wt(ell norlllalizod I(i lilt air condilioiler size ii(it[ lhc h()tise stiUalC Ic_olage, lilt: average.'
rotluclions alnoUill I()().57 kW/ion and 1.12 W/II:, rcspoclivoly.
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Table S.I Individual Site Air Conditioner Peak Demand

Pre-Retrofit Post-Retrofit _o Demand

Site Data (kW)Regression Data (kW) Regression Savings

i01 5.2 5.0 2.8 2.7 46

102 4.4 3.9 2.3 2.2 44

103 3 .8 3.8 2.2 2.1 45

104 4.7 4.6 2.7 2.6 44

105 5.3 5.3 3.4 3.3 38

106 5.0 4.9 2.6 2.6 47

108 4.9 3.7 2.4 2.3 38

109 4.4 4.4 3.7 3.6 18

ii0 3 .4 3 .3 2.0 1.9 42

iii 3.8 3.7 2.2 2.1 43

113 3.8 3.8 3.1 2.9 24

114 3.8 3.8 3.3 3.1 18

For the utility to realize a similar reduction in its demand peak would require that ali air conditioners are

running full out during the peak period. Since air conditioners are often oversized and will cycle on and o11"even
during peak conditions, it is rare that ali the air con(litioners being used would be cycled on. There will also be

some air conditioners which are not being used at the time. The diversity factor is a measure of the actual power

being consumed relative to what would be consumed if all the units were running full out. During peak 15-minute

periods of peak days, the aggregate diversity factor reaches 0.9. This was true lhr both the pre- and post-retrofit

periods and did not change due to the retrofit. When considered in aggregate, a discemable difference in air

conditioner runtime as a function of outdoor temperature between the two periods was not evident.

A number of methods relating individual site air conditioner energy consumption lo the weather conditions

were attempted. The most effective was relating the (laily energy use to the daily average outdoor temperature.

However, air conditioner usage patterns on an individual basis are hard 1o predict as homeowners are often

adjusting their lhenuoslats or turning theiE units olT and on, depending on whether they are in tile house or nol.

Predicting the energy consumption of the group as a whole proved to be much more successful. A definite linear

relationship exists between tile daily energy consumplion of lhc group and the daily average temperature.

Figure S.l shows plots of this relalionship Ior the pre- and l×)Sl-pcriods and lhc best-Iii regression lines

lhrough lhc data. Tile regression equations can be used Ioeslimale lhc annual energy savings. When driven by

Typical Meterological Year weather data Ibr Austin, an average annual savings of 1419 Wh/ft 2 or 42% is
predicted.

A common method for evaluating a retrofit el'feet is the PRinceton Scorekeeping Method (PRISM). PP, ISM

has proven to be quite effective for heating season relrolils, though its elTecliveness in cooling retrofits is less well

documented. PRISM uses monthly utility billing data and daily average teluperaturcs to estimale tile normalized

annual electric energy consumplion (NAC). The NA(; value accotlnls for devialions ill Ihe weather during the

analysis period from the long term average for the region. PRISM predicts an average re(luction of 12% ill the
total house annual eleclric use due Io the relrolil. The annual cooling energy is also estimaled, though willl

considerably less precision. An average 3()c_ reduction in cooling energy is predicled.

Tile Cii}, of Austin, altemplirlg lo cleler construcli()n of a new power plant, is interested ill tile air
conditioner retrofits as a means lo reduce ils peak capacily requiremenls. Comparison of tile utility peak days in
September of 1987 and 1988 show thai air condilioner eleclric dcta;rod decreased by 36%, and Iolal house electric
demand decreased by 24_>f,(luring the tinle lhc ulilily was peaking.



CONCLUSIONS

The following conclusions can be made lronl tile data analysis.

The air conditioner retrollls being perfonned in Auslin are effective in rcduci_ig annual air contliliollcr

electric consumption and peak electric demand. On an average, 38_7, reductions in peak demand and average air

conditioner energy consumption were noliced clue lo lhc relrofil. When nonnalizcd lo lhc nominal capacily of lhc

air conditioner, average demand savings were 1.12 W/fl -_,and _stimated annual energy savings were 1.419 kWh/ft-'-.

Individual air conditioner power requirenlents are a well defined function of outdoor temperature. In tile

absence of detailed data, estimates of tile peak demand reduction can be made l'rom tile manufacturer's
specificalions.

Conclusive relationships lx_tween air conditioner electric consumption and variation in weather conditions
were hard to develop for individual sites. At sites where the air conditioners wcrc allowed to run, patterns were

more evident than at sites where manual operalion of the thennostat and turning tile unit on and of I' occurred.

However. when laken as nn aggregate, air condilioner energy consumption is slrongly linear as a funclion
i_lthe otildoor ieml_er;llure. The most successful relationship which emerged was daily air contlilionerelectric
CtlllSUllli)liOll ;.is ;i l uliclioll of lhc _laily aver;Age lellipor;.ilure.

No noliceable differences in the diversity of air condiiioner usage were found. During peak 15-nlinule
periods, the diversity faclor reaches 0.9.

Analysis of the retrofit effect using PRISM yields eslinlates of lhc reduction in nonnalized anilu;.il

consunlption (NAC) and annual cooling consumption of 12'k ;.ind 30q4. Tile 30% reduction irl tile cooling energy

estimate is less than the 38c_ eslimated using a daily average temperature regression wilh directly inonitored

cooling censure ption.
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1 . INTRODUC rlON

i.I OVERVIEW

One of the greatest potential areas lhr saving energy in the residential sector during the next 15 years

is in tlm retrofitting of existing buildings. While continued laboratory research and development efforts are

useful, there is a need to understand how energy conservation retrofits perfonu in occupied residential

buildings.

A great deal has been learned regarding retrofit pcrlbn-nance through the analysis of monthly billing

data collected lhr a large number o1' homes, from the analysis o1' inore detailed data collected for a large

number of homes, and from the analysis of more detailed data collected froln a sample of homes. However,

the data collected to date have been insufficient to assess the overall effectiveness of most conservation

measures, to explain why deviations between monitored and predicted retrofit energy savings occur, to

accurately predict retrofit performance in individual homes, and to allow the selection of appropriate retrofit

measures in specific houses. Therefore, retrofit perlbnnance data collected from a significant sample of

occupied houses and in more detail than billing data are required to address these issues.

The Existing Buildings Research Program, conducted under the Office of Buildings Energy Research

of the U.S. Department of Energy (DOE), is interested in understanding retrofit perlonnance in single-family

homes. DOE has recognized the need for an improved retrofit pertbnnance database. However, DOE's

resources are insufficient to conduct a comprehensive monitoring program without the assistance of the private

sector. Utilizing data collected by private sector experiments and cost-sharing experiments are tw() feasible

ways of collecting the needed data. Since the research goals of these experiments are different, a common dala

set would not be collected without a guidance docunmnt.

The guidance document is ORNL/CON-196, "Single-Family Building Retrofit Perfonnance Moniloring

Protocol: Data Specification Guideline". _ DOE via ORNL initialed three cost-sharing projects to contribute

lo the national retrofit performance database. The current project wilh The Fleming Group (TFG) and the City

of Austin is one of those three projects.

The City of Austin Resource Management Deparlmenl was allempling io defer construction of a

conventional 553 MegaWatt (MW) gas conlbustion turbine power planl indefinitely via a numlx:r of demand-

_ORNL/CON-196, "Single-Family Building Rclrt_lil Pcrlorni;lllce Monitoring Protocol: Data
Specil_cation Guideline".
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side management programs. Tile Residential Appliance Rebate Program was one of these programs. This

Program targets low-efficiency appliances, particularly air conditioners, for replacmnent with new high-

efficiency units. Cash rebates to both homeowners and dealers arc offered as incentives to install the higher

efficiency units. To qualify for rebate payments, replacement appliances must meet or exceed a nainimum

energy efficiency rating. Additionally, the program provides for lhc installation of smaller air conditioning

units.

1.2 OBJECTIVES

The objectives of this project are to utilize detailed data oblained in accordance with ORNL/CON-196

to determine the retrofit effect of replacing low-efficiency air condilioners with high-efficiency air conditioners

in single-family detached houses in Austin, Texas and to attempt to develop a reliable analysis approach

enabling weather-normalized prediction of tlm relrofit effect elsewhere.

1.3 SCOPE

To meet the project objectives, lhc expcrimentai design covered two cooling seasons and consisls of

monitoring 14 houses in Austin, Texas. Ali 14 sites chosen for parlicip;.ttion in this project qualified for lhc

Residential Appliance Rebate Program. During the nlonlhs of Seplember and Oclol)er of lhc 1987 cooling

season, the performance of the exisling low-efficiency air conditioning systems were monitored. These units

were replaced over the winler v,'ith new high-efficiency units which were monilored from May Ihrougll October

in the 1988 cooling season. Two homeowners removed lhemselves from lhc projecl afler il was iniliated.

Therefore, belore and after data is available from 12 houses.

Dala were collected al 15-minule inlervals willi on-sile dala acquisition syslems. '1'he dala collecled

correspond lo lhc basic paramelcrs specified in lhc ORNL/CON-196 guidance docunlent. Addilionally, emc

of lhc sites is equipped to collect tile opliollal \vealher (I;,Ila i')arltmclcr sol. Ali 14 llouses were located wilhin

one mile of each olher which allows file wcalhcr d,tta collected Io be valid for ali lhc monitored giles.

ORNL/CON-196 specified energy audits willl I)l_)\ver dot}r, air illfillr, tlion Icgls collducled al cacli silo.

Dala collecled durin,,> II_c pro col wcrc aJ_al\'zcd, usillu_ slalislical lleilllllCiiIs \vllich llomlalized lilt dala

I_)CC)llSislcnl wealhcr coiRlilic_ns ',tladlilYJCpcri{_ds. "l'hc effccls _1 tile relrc_lil _11eleclric COllSUlt'l[)Iioll alld l)c,tk

demand are dclel]nincd on bolll an it_zgrcgalc iuld iIIdividual silt h;lsis.
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1.4 REPORT FORMAT

This report is intended to sumnlarize the data collected and document the resulls of the analysis

perR)nned. The remainder ol' the repoll is laid out as follows. Chapter 2 discusses site characteristics and tile

expected impact of the retrofit on electric consmnption and demand. Chapter 3 contains descriptions oi' the

data points collected, the sensors used, and procedures lhr the trar_smittal, verification and storage of the data.

Results and analysis are presented in Chapter 4. Conclusions drawn from this project are contained in Chaplet

5. Also, a number of appendices are included which summarize the data on an individual sile basis.



2. SITE DESCRIPTIONS AND ENERGY SAVINGS PREDICTIONS

2.1 SITE CHARACTERISTICS

Fourteen houses in the city of Austin, Texas were selected Ibr this study. These homes were parl of

the group of houses whose owners had applied Ibr participation in tile city's air conditioner retrofit rebate

program. The houses involved were ali of similar age and construction characteristics and were located within

a mile of each other. The houses we_c ali owner-occupied, single story residences built on slab foundations.

Nine of them were single-family detached homes.

2.1 ENERGY AUDITS

Energy auditors utilized the ORNL/CON-196 pre-retrofit audit data Ibrm to collect house and space

conditioning system descriptive infonnation and entrance interview inforn_alion. These audits were perlbnned

at the time of the installation oi' the monitoring equipment.

Table 2.1 summarizes key data collected during lhc initial audits. The houses range from 16 to 22

years in age with insulation "R" values in both lhc ceiling and walls generally around 10 Btu/hr/ft2/°F. Tile

conditioned area, air conditioner unit size, and the numlx,,r of occupants are useful in characterizing patterns

in elect, consumption and demand peaks.

Ali original air conditioners were low efficiency units of tile type targeted by the retrofit rebate

program for replacement. Due to tile age of the equipment (15-2() years) and hard to read nameplate data,

lnanufacturer's specilqcalions for these Llnils were impossible lo obtain. The auditors were required lo use their

experience and knowledge of local air conditioning practices Io eslinlale actual urlil capacilics and cflicierlcics

since documented data was i]ot available.

Infiltration rale measurements were performed ;11;iii 14 silos usillg lhc blower door fail pressurization1

technique. The resulls ;ire displayed in lhc riglll hand c()lulllll ()l Table 2.1. Average iiifillralion rates

estinl;ilod by lhc Lawrence Berkeley Lalx)ralory nlodel range Irolll 0.61 lo 1.44 ;iii chaiiges/hour.



Table 2.1 Site Characteristics Collected at Pre-Retrofit Audits

single

Fami ly

Age Number Owner Detached Air

Nttmber of of of or or Conditioned Ceiling Wall Changes

Site Occupants House Stories Renter Attached Foundation Area R Value R Value Per Hour

(Years) (Sq. Ft. )

1 Ii 6 lC, 1 Own Detached .Slc,_: I-'.17 i i i _ ' 1

10 2 3 2 0 1 ©wn De t a c he,.d .E"l a _ 1 .'<;"' z [. . ..:

! 0 3 '_ 2 0 1 Owl i De t a c hed /;! ._i: i ! :,, ' • ' .

I <"4 ! 1 _, l Own Detached S lab ! -I1 "' ! , i . _,.

105 2 17 I Own Dec _vshe::] .0laL i .=[ ] _. i ] <'.':,4

l 06 ' 20 1 Own ,_tt a c bed 5:] .t}:. ] 72 i. I 1 ' .'.f c

!07 5 1"7 1 Owl] I..,et ac h_d £;i .cd i b.:. } '=, i I , ,..c. r

i 08 2 20 1 Own De tc,__._"bed S i a b i i :'[ i i <. ".'-'

I 0 9 5 17 l Own De t _ c bed i:I a }:, ' i.Z0 _ u 1 i i . -i-i

1 10 1 """ ] Own De t ,_,zbed i._] a ]_, ] 1 ".-,_ t _. 7.7 :,

i11 3 !6 1 _£,wn At,cached SIAL. !!57 14 ]! ,.._.4

1 12 3 19 1 Own .::tt _c bed S ] _-_b 1441 l 2 ] ] .'._ /

i 13 2 I S ] Own At t :_cbed J ] ,_L 14 ')l i i _ i " .] 7

1 ] 4 ' 1 :i ] C.w|J At t ,u,:"bed .:;[._I. 1 '.'"''. ] ] I ] <'.'_,:_

The air conditioncrs at each site were replaced with higher efficiency units after the 1987 cooling

season. Many of the units were also downsized. Table 2.2 lists the nominal size and efficiency of the original

and replacement air conditioners. The efficiency of each conditioner is expressed as an Energy Efficiency

Ratio (EER). The EER is the ratio of cooling provided by the air conditioner (,in Btu) to the energy consumed

by the air conditioner (in Watt-hours) under designated operating conditions.

2.2 ENERGY PERFORMANCE PREDICTIONS

Predictions o1: the expected savings in annual energy consumption and peak deluand clue to lhc air

conditioner retrofit were made using methods currently used by the City of Austin. The City used the program

BETA, Building Energy Thennal Analysis, to assist the evalualion of their entire Energy Star Conservation

Program. Given hourly weather dala for the year, building characteristics, equipment efficiencies a_ld appliance

consumption profiles, lhc program calculates the house energy consumption. "FI_e lm)gram is zt steady-state

model which assumes the HVAC cquipmelH will always meet lhc space conditioning requirement to mai_ltai_a

lhc thenuostat selpoint. The results of lllis ;u_alysis arc Ioulad iii Table 2.3. Ttle average predicted annual

cooling energy savings is 2068 kWh/sile. This would be lhc result of replacing ()Icier air conditioners witll

energy efficiency rulings (EER) of around 6.5 ,,villa zt new group of air collditioners with EER's aboul 11.5.

Since BETA calculates steady state lomls tm an hourly basis, ii does iIol fully predict lhc peak pc_wcr

consumption of lhc air c(m(lilioner. Ii,veil ztt peak condili(ms, tl_e hourly average l(md will be less llml_ lilt:

capacity of the air con(lilioncr as tllese units are typically {)versized Ibr lhc application. However, Ille air

conditioner may run conlinuously for there lllan llle Iillecl_ n_i_ule peak demm_d l_ri_)d al full cleclric

consumption. TI_e dc_nand savil_gs il_Table 2.3 will llmrelore probably I)e less than ll_osc ',tclually c×perie_ccd.

Altemalively, air conditioning dcn_and cm_ be cSlilll;.llc(! by dividi_az lilt c;.lp;.tcily by llle EER. Savings
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estimates from this calculation are in Table 2.4. An average denland savings of 2.4 kW per site is predicted

by the analysis.

Table 2.2 Air Conditioner Size and Efficiency

Pre -Ret rof it Post -Ret rof it

Nominal Size Nominal Size

Site (Tons) EER (Tons) EER

i01 3 .5 6.0 2 .5 ii .5

102 2 .5 7 .0 2 .0 10.2

103 2 .5 6.5 2 .0 11.5

104 3 .0 7 .2 2 .5 11.5

105 3 .5 7 .2 3 .0 ii .5

106 3 .0 6.5 2 .5 11.5

107 2 .5 7.0

108 2 .5 6.5 2 .0 11.5

109 3 .0 6.5 3 .0 11.5

ii0 2 .0 6.0 2 .0 11.5

iii 2 .5 7 .9 2 .0 11.5

ii ° _ 0 6 5/. .w o .

113 [']•0 8 •0 2 .5 ii •5

114 3 .0 7 .0 3 .0 ii .5

NOTE: EER = Energy Efficiency Rating

Table 2.3 Predicted Annual Electrical Energy Consumption and

Demand Savings Using Building Energy Thermal

Analysis (BETA) Program

Pre -Ret ro f it Post -Ret ro fit Savings

Total Total

Teta i Bu ild ing Teta i Bui ld ing Annuai Peak

Building Cooling Peak Building Cooling Peak Consumption Demand
S ite kWh kWh kW kwh kwh kW kWh kW

'..: -', "-;" , ..'.. 4..i ,"' : ...... ' :. ".

2 ,_t.: ., %.; ; _._..[ .12' ],', .'

. ' _, •,., , ._ • . . , , , , ,. ,,.:: . .
:, " .,., ;,, ,, • . .. . , , .... .
,; -_ . .: ,' ..... ', i. , :' ' . .

.........................................................

Average Savings Per Site 2,068 kWh 1.48 kW
............................................................................................................................................. -r ..............



Table 2.4 Predicted Demand Savings Using Nominal Size
and ERR of Air Conditioners

Pre-Retrofit Post-Retrofit

Nominal Nominal Demand

Site Size EER Peak Size EER Peak Savings

(tons) kW (tons) kW kW

i01 3 .5 6.0 7.0 2.5 11.5 2 .6 4.4

102 2.5 7.0 4.3 2.0 10.2 2 .4 1.9

103 2 .5 6.5 4.6 2 .0 11.5 2.1 2 .5

104 3 .0 7.2 5.0 2 .5 11.5 2 .6 2 .4

105 3.5 7.7 5.5 3.0 11.5 3.1 2.3

106 3.0 6.5 5.5 2.5 11.5 2.6 2 .9

107 2.5 7.0 4.3

108 2.5 6.5 4.6 2.0 11.5 2 .i 2 .5

109 3 .0 6.5 5.5 3 .0 11.5 3 .i 2 .4

ii0 2.5 6.0 5.0 2.0 11.5 2.1 2 .9

iii 2 .5 7.9 3.8 2 .0 ii .5 2 .i 1 .7

112 3 .0 6.5 5.5

113 3.0 8.0 4_5 2.5 11.5 2.6 !.9

114 3.0 7.0 5.1 3.0 11.5 3.1 5 .0

Average Savings Per Site 2.4



3. DATA ACQUISITION

3.1 DATA POINT SPECIFICATION

Tile data points collected at each site correspond tc) Ihose defined as tile basic parameter set in

ORNL/CON-196. The data point list implelnented on this project can be found in Table 3.1. Points 25-29

represent the optional microclimate data set which wits collected only at site 101. Sensors tc) collect this data

were selected to conl'oma to the accuracy specifications of ORNL/CON-196. Table 3.2 lists the ,;ensors used

and lhc associated data points.

3.2 SITE DATA ACQUISITION OPERATION

Enerlog FDAS-10 field data acquisition systems were used at each site to collect tile datil. The data

acquisition system initiated scans of the transducer outputs every three seconds. Data acquisition sc)l'lwarc

made conversions to engineering units, computed total or average values at 15-minute intervals and stored lhc

15-minute data strings in internal memory. Data transmission to The Fleming Group's (TFG) central facility

wits conducted daily over the homeowner's existing phone line. At an early morning hour, convenient to the

homeowner, the internal phone sharing module of file FDAS-10 connected the phone line to the data

acquisition unit for a specific period of time or "window". A lnicrocon]puter at TFG's central facilily

,mtomalically initiated calls during this open "window" I() ali tile sites and tile previous 24 hours of data were

Iransmitted tct the micro computer. Checks were included in lhc transmission process to ensure dati_, were

Iransmilled willlOut error. If transmission errors were detected, lhc dala were retransmilled until error-free ii]la

were received. Once data transmission wits compleled, tile lelephtmc link was disconnected and tile normal

homeowner lelephone line restored. Placing tile call, lr:tnsmitling lhc d:fl;t, and resloring lhc lines took al)out

five minutes. Data Iransfcrre¢l to the central nlicroci'_nipuler was SlOl'ed on hard disks and Ihen automalically

Iransferred lo The Fleming Group's (TFG)nlinicolnpulcr for veriJicalioJl and uploading ii]lo lhc dalabasc.

3.3 DATA VERIFICATION AND UPLOAD

Once stored at tile central lllinicomputcr, every poinl Iroln eacll data stling was checked for re]son]bir

range. For every point not witllin range, a nlessage was written lo an error file. Also, groups of poinls witllin

e;|cll string were checked l_r Ihcir expected rclali_msllip Ic_one illlOlllCl'. !1 Illis rclaliol/sllip was llc_l true, ali

error nlessage was wrillen. A cI;,tlli lcclu3ician cllccked Illcse IllCSS_lge lilcs daily and lUlllcd II/rill over I_ ali

engineer itrl;,l.lysl lor invcsligalion. Error codes were also gCllCrille(I I_)r slOlilge iii lhc clalitl)ilse ;.Is ii I)Cl'lll_ll/cIll

I'CC()I'{!lille! as illl inclicalilm of good and bail lllilil. Allcr d',lla veFilicalitm, lilt llilla \vclc stillcd i)ll illilSS slorg.tgc
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disks using a database management syslem, ready tc) be accessed by lhc dalabase manager for gene,'alion of

repo_ls and other analysis.

Table 3.1 Data Point List

OUTPUT DATALOGGER

POINT POINT INPUT SENSOR ENGIN . FILTER

NAME # DESCRIPTION CHANNEL TYPE UNITS /MASK

] De_;.r _-ipt. i...,1L " I. t .> !._:_

Site _ ' Siv_, Numbel l_,t,_'l,,:,l

Yea r 3 Yeo t- [_ t eg_ r

Day 4 Jtll,I AN [)AY lilteget

Hc, ur/MiIl [, HOUR (24) /MIN ._,[ '.,ay l:,t<..g<:_

TAMB .' tMnbient Air Tom[,. .:;}.i] "Fhel-mi.'_t_,_,l [.,._,g.F'

TROOMI 7 Room Ali Tem|>, Z,_q,._,] .::E.: Thel. mi:::,'_,::, D._:g. F'

TRCOM2 b Room Ai t Tem[.,. ";,:,1,,.: ' ..;Ii.. Thel m I :- t. _ t [.,_,g. F

q'Rk.._M _ '¢ R,c,,.:,ra Ai t Teml.,, Z,.:,zle :. .i::t£4 Th_:l m_ .: ;...t :_,-.:g . i*'

RHI-:,I)OM 1 t) }<,-.,,_,m Eei ._,t_ l '2.5 It'.lm i "1_ '.': DE ) I L'.<I' :

F;WII 1 C 1 1 '.11. I1--' ] ; ] _ [J :]:3" S[.<_[[' h; [ _l.'[. [ ] '." [. ,_.-: HUI.. i F_l 1 ._,:: r:Wt.
KWH 3'I' 1 ' T,.:,': .a i H,.;,U ::'.,::' E [':.:'.'[- I__ ..: U:::;..' I'IUZ :._, .i F L, 1 :.c t:t';,",

"2Flq' l':. 'r,.;.ta: }'t':.,kl:-:;,_: :_;ct.: _1-;.-: }:'] }:'kil.:..' _}-"

:2Oh':ll'_ti l'i F:,.mTlm.:.: .;,_.l_d::rl:3:.tt,.: } ulft i. .'-i 1",-_:I_. 1.1;:,.
"_'lF:r. 1 _, }-:Lal,'I'lm_ _ ;',:. z 2:4_.:tit. 1 ..q_el .. ,.

BATTIM l ,._. h.L_l(I'im., L,..,j,JocI ..q, I__. kwl : . ', [: .. ] ,L . t ;.I. :..

:i;2.}-'.t.. 17 }<ul/!'igue ,3c_.,; H...,L ;'/.:*t.:.-* H,J_c_tu_. .:F;/ .2[.'. / .: _. :.ii:,.

':,2,l_,i[C}, I'5 ..2).<.1_.<__ ¢2...I_<[_I_:5,<*t..: I:LIII_I. !;.;t al k.:.

.::lC)' 1':' :'_,'.? ].C'::: /_.] ! "."..,Ii_Jl t i ..,1_1 It.ilL ai k::.

["'i< I'_ L.: l',' ..::_ -,i .'I'll; :':_t * '. ".j-.:: '" _"1'I ' ",' _'...... j. , .

• *" Additional Points are for Weather station Site only. *'*

t' ii.:..:,lL .., i-.: : . ' . K ' "1 :

:."c;}'I, ..:: ',;sz. ; ! . : ! ',:,.: 2]i i'.
WL,[i _ . ',','::,'i ! .:. '. :. .F;.. . _,..:. : '.: :d"
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Table 3.2 Data Acquisition Sensors

Parameter Sensor Location

Operational Status Low-Voltage Relays Air Condiiioner Unit

Condensale Pump

Air Temperature Precision Thernlistors Outdoor Air Telnperalure

Indoor Room Tempera-
lure

Relalive Humidity Relative Humidity Trans- Indoor RH
miller

Electric Consumption Digilal Power Monitor Air Conditionir, g Electric
Consumption: Total
House Eleclric

Gas Consumption to Pulse Counler Allached lo Total House Gas Con-

Billing Utility Utility Billing Meter sumption

Solar Radiation Silicon Photodiode Pyra- Wealher Slalion
nometer

Windspeed and Direclion Anemometer and Vane Wcalher Station

DHW Status Oplical Flame Dclccl Domestic Hot Water
Sensor Healer
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4. PERFORMANCE RESULTS AND ANALYSIS

4.1 DIRECT DATA COMPARISON

Data were collected lor the pre-relx'ofit period belween Augusl 27 and No\,enlbcr 2, 1987. The entire

19,',t,,',Icoolingseasonfrom MaY IllroughOctober ,,vanmonitoredforlhcl'_sl-.retrolill)erio¢l.The ¢lalacaptured

_luring lhc prc-rctrofil period rcprc,',;cnls the end of tile cooling season in Auslixl. Scplcmbcr slill provides

illslancesof peak cooling,rodtile.s,/stemsareconsistenllycoiitrolledIomainlairltiledesiredindoorconditions.

In October,lhc need for aircondiIioningbecomes more sporadicand ilsopcraIionmc_rcdcpcndcnl on the

v,'llim._of lhcoccupanl.ThcreIorc,dircclcomparison ofairconditionerperformance bclween lhclwo period.,,;

can only he made u.,,;in_,tilernonIIlof SeI_LclnI)cr.

"l'ablc 4.1 summarizc,_ tilt weather cc)lltlilions Ic_x lhc tn_llths conlprisi_lg tile 19_7 and 198_ cooling

sc;l_ns. "lllexc (,l_.ili.|were con_pilccl l nml Ille nl_)xllllly sull_.ll_anics I_l_\'itlccI h\' N()A,,\ lakcll iii llic Naliollal

\Vc;Htler Service Slalioll al II_c Ausli_ Mu_icipal Airl)Orl. July a_l Augusl ;_rc gc_wrally lhc peaks of lhc

c_lin_,g xeanox_; h_v,,cvcr, Scplc_lbcr i_a,_a .xullicicnl co_li_g rcquirc_llCXll I(_ _blain_ a rC',LIIsliC piclurc o1 the

Table 4.1 Austin Weather Conditions for 1987 and 1988 Cooling Seasons

National Weather Service Data

Long Term Maximum

Average Average Daily Average High Days

Degree Degree Monthly Average High for Above

Month Days Days Temp. Temp. Temp. Month 90 oF
(OF) (OF) (OF) (OF)

...... - ....... • . -.. - : .. _ • .. - -:_. -_:- _.-....:_..-._u.-::__c_.:_

i ,
.... . ,, . i,_ _;. ._ :t.--: -i'." .-.;i," >-,_ ."<..... _'7 ].'i_

!'::',.... . _ !-i _ " .'i ".', "...." '_(, ,.__:';

, ', _ ,_, , : ,_:..,, i ' ; , . , '. .... , ! . _ _. 1, ,.'>

1987 2633 2620 79 .0 89 88.6 99 91

!._._'.."' ,":4 .i: '. ._ :"., ". ' ,,.. i ._!] _;

i z:, ,i ', ;, ..... ,. :-._. _!i. _': _:"/ "" ]
• . . _ ... , ....... : ,_ :,! '._

-'- '"' ' ' ' : _', i': "' ' : _ .... " 't _ ',
• , i , [ ,

• [, ' [[t;_ _ '_ -i ', ",.: . , ;'"' ' " . f '/

1988 2633 2810 80.2 91 91. i 105 112
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Scptenlber of 1988, with an average temperature of 82.2°F and 516 cooling degree days, was wanuer

than September of 1987 which had an average lemperalure of 78.8°F and 421 cooling degree days. Larger

air conditioning loads were, therefore, experienced during lhc post-retrofit period. Direct conlparison of tile

two months is fulaher skewed by nlissing data. Nonetheless, Tables 4.2 and 4.3 summarize the air conditioner

pcrfonnance data from the twelve sites for the Seplenlber lUonths of the pre- and post-retrofit tx_riods. Table

4.4 lists lhc percentage change be:wecs tile two periods by site for a numi_er of interesting perfornlance

criteria. Where necessary, when deriving Illese percentages, lhc data values where scaled proportionately to

assume a complete dala set tbr the month. Despite an 18% increase in tile runt:nac of tile air conditioners, air

conditioner electric consumption decreased 24%. Total house electric consumption only decreased on average

by 3%. Again, these values are sonlewhat clouded by differing weather conditions and incomplete data sets.

Clearer indications of tile effectiveness of lhc retrofit lie in lhc reductions in the average and peak air

conditioner power requirements of the siles. Based on September dal;.I, tile average air conditioner power

retluirenlcnt was reduced by 36% and lhc average peak denland went down 38%. lt is interesting to noto I1,11

the percentage of the total house electric constmlption used by tile air conditioners went from 52% It)4()_)_

after tile retrofit.

While this ctwnparison is informalive, lhc conditions under whicll lhc data were collected were dilfcrent

,rod the results are not easily comp,lred. Analysis of file :Ilia indicales, llowever, that air conditioner energy

consurn[_tion can be characlerized as a Iu_clit_ o1 lhc outdoor air temperature. By using the collecled data

lo tlelermir'le perlorn'_arlce cll,iraclerislics, ener_,y_,savin,,s_, can be predicled using,_slmldartlized wealher dala sels.

The following sections explore tills possibility.

4.2 PEAK DEMAND SAVINGS

Air conditioner FX)wer COllsullll)lioil ',lt tile individual sites is well defined as a lunctiol_ of the outdoor

:til" temperature for bolll lhc I'_re- zt:iLlix+.',;I-rclrolit periods. "!'11ctwo ii,trrow hands of [xe:ills rising slowly \vittl

tile ()uld(x)r air lcllll)er,tlutc iii Fi#urc 4. I rcl)rcselll lilt :tit ct)ll(lilionler i)ower COilSUml')lionl It)r the pre- ;.llltl

p(_sl-relr()lil peri()cls at silt I(N. "l'lw. I)C)wer cc)nsUlnl)li(m characlerislics sl_()\,,'n_in tills figure arc rel)rescnl:_livc

t)l ali II_c sites.

l_easl-Stlu;trc rc_zrcssio_ curve film tl_i(ul#ll III:.'dala Ix_i_lls accurately rcl)rcse_l II_e air ctmditit_cr I'Ve\vet

c_m._u_l)lion. A _t.'_.:{_(I t_rtlcr _{_th.;I xv;_ u._c(I rclali_# ztir c{_tdiliolwr t)(_\,,;cr It_ ould(_or air It_zml)Cralt_rt.',,

(()A'I')
kW = zt + h*f)A'I' _- c*()A'l'/X2

where zt, b, a_(I c arc regrcsni_l_ c{_cllicic_ltn. (;u'_lt.'rltlly, IIIc lils wcrc tlt_ilc #_t_{I willl IIIc _ctliz_ l,t-._tlu;trctl

v:tlue for lhc t}rc-rclr{_lil I)eri(,,d t}cir_# ().$2 ',u_(I t{_r 111¢l-_sl-rctrolil I_¢ri{_l, ().St). "l'lw use t_l
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Table 4.2 Summary Of Monitored Air Conditioner Data

September, 1987 (Pre) and September, 1988 (Post)

Average Pounds

% Data Indoor a/c a/c Conden- Peak

Site Collected Temp. Cycles Runtime sate a/c Total Demand
(°F) (Hrs) kWh kwh kW

i01 Pre 80.6 82.3 ii 106.2 547.0 503 1258 5.2

Post 71.6 83.9 15 11.6 61.5 34 536 2.8

102 Pre 84.7 80.7 614 121.1 518.3 436 811 4.4

Post 73.7 80.4 1132 168.1 463.6 350 761 2.2

103 Pre 83.3 79.3 1431 191.5 526.1 672 1047 3.8

Post 78.4 81.5 358 183 .2 - 363 761 2.2

104 Pre 78.6 80.3 661 143.0 19.5 605 992 4.7

Post 76.9 79.6 771 179.0 449.4 446 1128 2.7

105 Pre 7].6 82.5 519 119.4 523.1 610 1047 5.3

Post 99.9 83.4 1<)50 191.1 - 586 1255 3.3

1()6 Pre 90.4 81.1 651 153.7 584.6 619 1067 5.0

Post 78.4 81.1 563 188.7 523.1 462 843 2.6

108 Pre 64.9 85.'2 88 i01.0 1.0 319 682 3.7
I

Post 78.3 81.3 580 153. 5 457.0 324 906 2.3

109 Pre 83.0 80.9 405 249. L 813.0 984 1734 4.4

PostL i00.0 82 .5 567 261.9 1130.0 880 2485 3 .'/

ii0 Pre 89.8 82.3 245 ]04.7 225.5 337 701 3.4

Post 76.9 83.5 _ 05 125.8 210.8 2 52 569 1.9

111 Pre 84.9 80.4 917 i[.84.8 1213.0 639 1194 3.8

Post 78.2 79.0 ]01!0 251.9 641.2 447 i082 2.]

llJ P__e 8a 9 80 7 11°° 9° 3 8' _),_ ] o "7'75 9 675 120 °J • • _ .• _J .

Post: 70.9 8 _. {, 4 90 143.0 4@2.4 393 1073 2. _{

i14 F'_.e 74 .6 ....... ].90 91 .'7 415.8 351 1"294 _.&_
Post: 74.9 ......... 4_2 18'7.r-) 611.0 596 1324 3. 3

NOTE: a/c = Air Conditioner
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Table 4.3 Air Conditioner Performance Data (Calculated Values)

September, 1987 (Pre) and September, 1988(Post)

Nominal Average Average a/c to

a/c Size Cycle Time a/c Power Total House

Site (Tons) (Minute/Cycle) (kWh/h) (%)

I01 Pre 3.5 57.9 4.74 40

Post 2.5 46.4 2.93 6

102 Pre 2.5 ii.8 3.60 54

Post 2.0 8.9 2.08 46

103 Pre 2.5 8.0 3.53 64

Post 2.0 30.7 1 .98 48

104 Pre 3.0 13.0 4.23 61

Post 2 .5 13 .9 2 .49 40

105 Pre 3.5 13.8 5.11 58

Post 3.0 i0.9 3.07 47

106 Pre 3.0 14.2 4.03 58

Post 2.5 20.1 2.45 55

108 Pre 2.5 68.9 3.16 47

Post 2.0 15.9 2. ii 36

109 Pre 3.0 36.9 3.95 57

Post 3. 0 27.7 3.36 35

ii0 Pre 2.0 25.6 3.22 48

Post 2.0 24.7 2. O0 44

iii Pre 2.5 12.1 3.46 54

Post 2.0 14 .8 1.77 41

]13 Pre %.0 '9.7 3.51 56
Post 2.5 17. _:i 2.75 37

114 Pre _. 0 2'_.,i 3.813 27
Post _. £, :!_._i 3. 18 45

Aggregate Pre 52
Post 40

NOTE: a/c = Air Conditioner
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Table 4.4 Percentage Decrease in Air Conditioner Performance

Between September 1987 and September 1988

Air a/c House Average
Conditioner Electric Electric a/c Peak

Site Runtime Consumption Consumption Power Demand

(%) (%) (%) (%) (%)

i01 87.7 92.4 52.0 38.1 46.9

102 -59.5 7.7 -7.8 42.2 50.0

103 -1.6 42.6 22.8 43.5 43.2

104 -27.9 24.7 -16.2 41.1 42.6

105 -14.7 31.1 14.1 40.0 38.1

106 -41.6 13.9 8.9 39.2 48.8

108 -26.0 15.8 -i0.i 33.2 38.4

109 12.7 25.8 -18.9 14.9 15.5

ii0 -40.3 12.7 5.2 37.8 43.5

iii -48.0 24.1 1.6 48.7 45.3

113 5.7 26.2 -13.2 21.7 25.3
114 -103.7 -69.1 -1.9 17.0 13.2

Aggregate -18.1 24.1 3.0 35.7 38.0

Note: a/c = Air Conditioner

these curve fits is quile accurate in predicting lhc peak demand al each site. Table 4.5 COlupares tile predicted

power consumplion al 100°F outside air lcmpcralurc using lhc curve fits and the actual measured peak demand

from lhc dala.

Table 4.5 Individual Site Air Conditioner Peak Demand (kW)

@ 100°F Outside Air Temperature

Pre-Retrofit Post-Retrofit % Demand

Site Data Regression Data Regression Savings

i01 5.2 5.0 2 .8 2 .7 46

102 4 4 3.9 2.3 2 2 44
]03 3 8 3 8 2.2 2 1 45

104 4 7 4 6 2 7 2 6 44

105 5 13 5 3 3 4 13 3 138
106 5 0 4 9 2 6 2 6 4'7

16)8 4 9 3 7 "2 4 2 13 38

]09 4 4 4 4 3 7 3 6 18

110 3 4 3 _ 2 0 1 9 42
Ili :'_ 8 ?_.'_, ..:', _') -° 1 413
1.1. :3 5 8 3.8 _ ] 1! 9 24

I]4 _.,8 3.<,_ ?, '., _ ]. 18
...........................................................................................................................................................................................................................

Average 37
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The only time tile regression is not consistent with tile data is at site 108 during the pre-retrofit period.

The air conditioner data shows considerable scatter at 108 not consistent with the results from ali the other

sites (see Appendix A).

The final column in Table 4.5 indicates the percentage reduction in peak demand at each of the

individual sites. The retrofits fall into two distinct groups. Nine of the sites, or 75% of the sample, ha(I

substantial reductions in the peak demand ranging from 38% to 47%. At ali of these sites, the replacement

air conditioners were smaller than the original units. Sites 109 and 114, which were not downsized, had

smaller reductions of about 18%. At site 113, the reduction was 24%. While the unit at site 113 was

downsized, the original was only 2 years old and more efficient than the much older original units at the other

sites. Taken as a whole, the twelve sites have an average peak power reduction of 38%. The average demand

savings amo.mted to 1.59 kW per site. lt is more meaningful to relate the demand savings to the size of the

air conditioner or to the size of the house. The magnitude of the deinand savings will depend on the size of

the air conditioner, and the capacity of the air conditioner required is often relaie(i to lhc conditioned area of

the house. When nonnalized to the nominal pre-retrofit size of the air conditioner and Io the square footage

of the condilioned area, the average peak demand reductions are 0.57 kW/ion an(! 1.12 W/lt e, respectively.

While this discussion has concentrated on the overall reduction in peak (lelnand, the reductions are

similar across the whole range of outdoor air lemperatures encountere(I (luring the cooling season. Figure 4.2

plots the average power requirement per square foot of the c()ndili(med area as a function of ouldoor air

temperature for both the pre- and post-retrofit periods. The (lemarl(I savings range from 1.04 W/ft e to 1.12

W/ft:. As indicated in Table 4.6, this represents reductions of 38% I() 41c_ ' throughoul t11otemperature range

of interest.

Table 4.6 Average Air Conditioner Demand Savings Normalized
to Conditioned Area

Temperature (°F) Demand Savings (W/sq.ft.) % Savings

70 ] . ()4 41

75 ] .06 41
80 1. U9 40
89 1.10 40
90 ] . 11 39
95 1 . 1 :! :39

.i00 I. ] :_ 3 8
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4.3 AIR CONDITIONER DIVERSITY

While the individual homeowner is seeing an average reduction in peak demand of 1.12 W/ft 2 at 10()°F

outside air temperature, the utility will only see a similar reduction in its demand peak ii ali air conditioners

are running full out at that time. Since air conditioners are often oversized and will cycle on and off even

during peak conditions, it is rare that ali the air conditioners being used would be cycled on simultaneously.

There will also be some air conditioners which are not being used at the time. The diversity factor is used

to describe the-fraction of air conditioners operating at any one time.

The diversity factor is defined as having a value of one when the air conditioner power consumption

at each site equals the maximuna over the entire lnonitoring period for the site. The diversity factor al any one

time will be less than one, and is the fraclion of the actual power consumption relalive to the power

consumption that would occur if ali units were running full out for the entire time period.

Figure 4.3 shows the maximum aggregate 15-minute diversity factor for each day (luring the pre- mid

post-periods as a function of the daily average telnperature. No significgmt change is noticeable between the

retrofit periods. During peak periods of peak days, the diversity factor is around 0.9.

When the diversity factor over the whole day is plotted as a function of daily average telnperature, as

in Figure 4.4, an idea of what fraction of a day the air conditioner operates can be obtained. Daily diversity,

panicuhtrly for the post-relroIit period, is strongly linear wilh average temperatures above 70°F. On peak days

when the average temperature is around 9()°F, the air conditioners are on for an average of half the day. Again

there is no significant difference apparenl between lhc two relrol]t periods.

4.4 AIR CONDITIONER ELECTRIC ENERGY CONSUMPTION

4.4.1 Daily Average Temperature Analysis

Since the aggregalc diversity Iaclc_r did ll{_l cllan_c signilic;.mlly bclwcen II1¢ pre- and posl-rclrofil

periods, lhc reduclicm holed in lilt air CC_lldilic_l_crp_wcr I'CqLl[rClllClllS sl_{_uld als_ lye SCCll in lhc allllual 'air

conditiolicrelectric consulnpli_m. Dirccl c(mll)aris{ms belwccll Illc two pcri(_dsc;uul(_l bc nladc since _lll\' ;t

small p{_rli(m _I lhc prc-rclrofit period was inollit{_rcd, lt{_wcvcr, Illc d'ala sinews Illal wllcll ',tvcragc_l _vcr :til

ltlc silos, lhc daily aircol_ditiollcr electric COllSUlnpli(m is a liI_car luncli_m oflc_pcralurc. I"igurc 4.5 sllt_\vs

It_c daily average air condilioncr clcclric corlsun_pli_n n{}r_nalizcd by co_(lili{mcd area as a luncli{n_ of d'ail 3

avera-c oul(Ioor air lcmperalurc. Linear rcercssio_s lhrouut_ II_csc
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data points are significant. Table 4.7 lists the various correlation coel'licients and tile corresponding R-squared

values. The R-squared values range from 0.87 to 0.92.

Table 4.7 Average Daily Electric Consumption Regression Results

Model: Whlhr-ft 2 = a + b*Temp
a b R 2

Pre-Retrofit -4. 429 0. 0658 0. 866

Post-Retrofit -2. 796 0. 04104 0. 923

Model: KWh/hr-ton = a + b*Temp
a b R 2

Pre-Retrofit -2. 426 0. 03573 0. 873

Post-Retrofit -I. 484 0. 02170 0. 922

These re_ressionscan be used toestimatetheaverm,econsumption over an entirecoolinuseason.The

Typical Meterological Year (TMY) wealher data sel lhr Auslin was used in a simple bin analysis. The results

are in Table 4.8. In the TMY data set, there are 173 days with an average temperature greater than 70°F. The

average air conditioner energy consumption from lhc pre-retrol]t period would have been 3400 Wh/l't 2

compared to 1981 Wh/fl 2 for the average IX)st-retrofit air conditioner. This results in an annual cooling savings

of 42%.

Table 4.8 Predicted Annual Energy Consumption Based

on Bin Method Analysis

Daily Retrofit TMY Retrofit

Ave Temp. Wh/hr-ft 2 Occur. Wh/ft _- Energy

Bin Pre- Post- (Days) Pre- Post- Savings
(OF) (%0)

72.5 0.5415 O. 1794 40 _'2'7 .8 172.2 47.5
77.5 0.6705 O. %846 39 627 .6 360.0 4"2.6

82 .5 0. 9995 0 .5898 72 ]7 o7 ..1 ]illi9.2 4 I. 0

87 ....._ 1 3_;)85 0.079 __ _°{1_ 637.7 i_81.6 40..')
92.5 ] .6575 1.000° 2 79.6 4S.O 39.%'

173 3399.8 1981.0 41.7
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4.4.2 PRinceton Scorekeeping Method

The PRinceton Scorekceping Mcthod (PRISM) ix a widely uscd regression analysis method which

detemlines the effectiveness of retrofit procedures using readily obtained utility billing inf()mlation. _ Brielly,

PRISM utilizes monthly meter readings and daily average temperature values to correlate average energy

consumption to a heating/cooling degree (lay with a variable base temperature. The basic regression model

is

E = a + b*DD(t)

where

E = energy consumption during billing cycle
a = non-weather sensitive consumption level
b = energy requirement pcr degree clay
DD(t) = number of degree days during the billing period based on lhc relercnce

temperature t
t = floating reference temperature fr(ml which degree clays are calculated.

The parametcrs a, b and t are detennined from lhc regression analysis. PRISM chooses the base

reference temperature, t, such that lhc corvelalion coefficient, Re, lhr the model ix maximized. Having

detennined the parameter estimates, PRISM calculates an estimate for the annual energy consumption of a

typical year by using lhc average number of degree days occurring over at least a len-year historical period.

PRISM methodology has proven to be effective when used to evaluate the effect of retrofit procedures

on heating energy consumption. PRISM effectiveness with cooling energy retrofits ix less well documented.

For this analysis, electric billing information lvom tile years 1987 and 1988 was used. The air

conditioner replacements were ali pcrlormcd by April 1988. lt is assumed lhat Ille ;tit conditioners contrii)ulecl

only marginally to tile house electric consumption in 1988 before the leplacement. Thevefove, the entire year

of 1988 is considered the post-relrofil period. This allows lhc comparison _._Ilw_ 12-111onlllperiods. "l'lle daily

average temperatures used are th,,::e recorded by lhc Nalional Wealt_er Service at tile Auslin, Texas liltHlicipal

airport. Daily average telnperatures for tilt years 1977 lhrough 1986 made up lhc normalization txzriod.

Table 4.9 is the suJlllnarizcd t'RISM {)ulpul l_)r Ilte original 14 llomes in tile study. "l'lle values in

parentheses are tile slaml,_r(I crr{)rs ()1 IIIc ;,tssc)cialc{Ieslilllalcs. (icl(elally, tile R-squ',ti-e values sll{}\_.

_M.F. Fels, Ed., Enerev and Buildinus, 9, /1-2), 1986
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Table 4.9 Prism Summary Output

*''''*'*''''''''''''" PRISM--Cooling Only (CO) ************************************************************************

PRE RAW

UNIT OR CONS TREF BASE LEVEL COOL SLOPE COOLING PART NAC

II) POST TIME PERIOD (kWh) R'2 (F) (kWh/Day) (kWh/CDD) (kWh/Year) (kWh/Year)
......................................................................................................................

HI01 PRE 12/08/86-12/07/87 12820 0.944 83.5( 0.6) 25.23( 2.09) 28.526( 5.994) 4727.( 436.) 13944.( 648.)

HI01 POST 12/07/87-12/05/88 11518 0.373 70,4(13.7) 24.72( 5.81) 1.258( 1.177) 2345.(1557.) 11374.(1196.)

if!O, PRE 12/10/86-12/09/87 8300 0.980 70.6( 1.2) 13.00( 0.83) 2.080( 0.204) 3785.( 216.) 8534.( 195.)

HI02 POST 12/09/87-12/07/88 8194 0,967 66.8( 2.2) 13,46( 1.09) 1.182( 0.143) 3035.( 315,) 7952.( 189,)

HI03 PRE 12/10/86-12/09/87 10469 0.915 63.6( 4,1) 12.38( 2.91) 1.880( 0,401) 6172.( 911.) 10692.( 553.)

HI03 POST 12/09/87-12/06/88 8207 0,936 72,4( 2,3) 12.10( 1.70) 2.348( 0.449) 3558.( 438.) 7977.( 383.)

HI04 PRE 12/08/86-12/07/87 12413 0.947 73.3( 2.0) 20.57( 2.04) 3.981( 0,788) 5413.( 526.) 12924.( 503.)

HI04 POST 12/07/87-12/05/88 11405 0,883 69,0( 4.0) 22.70( 2.11) 1.352( 0.325) 2871.( 554.) 11161.( 403.)

H105 PRE 12/08/86-12/07/87 11679 0,981 70.8( 1.1) 14.23( 1.49) 3.878( 0,365) 6917.( 391.) 12116,( 349.)

HI05 POST 12/07/87-12/05/88 10568 0,985 70.7( 1.2) 16.29( 1.02) 2,382( 0,206) 4316,( 272,) 10264.( 209.)

HI06 PRE 12/08/86-12/07/87 7143 0.916 79.7( 1,4) IC.65( 1.84) 7.764( 2,170) 3878.( 430.) 7767.( 541.)

1!106 POST 12/07/87-12/05/88 7889 0.977 72.5( 1.4) 11.04( 1.04) 2.403( 0.269) 3601.( 271.) 7635.( 236.)

HI07 PRE 12/09/86-12/08/87 12703 0.705 83.3( 1.7) 30.07( 2.53) 13.009( 7,437) 2241.( 526.) 13224.( 790.)

HI07 POST 12/08/87-12/06/88 12395 0.874 82.0( 1.4) 28.51( 1.44) 6.698( 2.499) 1840,( 252,) 12253,( 436.)

HI08 PRE 12/10/86-!2/09/87 11395 0.962 81,9( 0,5) 24.38( 0.91) 11.031( 1.700) 3128.( 214.) 12033.( 281,)

HI08 POST 12/09/87-12/07/88 11013 0.860 78.0( 3.2) 25.83( 1.14) 2.137( 1.007) 1494.( 279.) 10927.( 305.)

HI09 PRE 12/08/86-12/37/87 20462 0.983 76.0( 1,1) 36.51( 1.74) 8.538( 1.230) 8183,( 403.) 21519.( 464.)

HI09 POST 12/07/87-12/05/88 17582 0.959 7-3.3( 2.0) 30.89( 2.36) 4.327( 0.720) 5904.( 609.) 17189.( 532.)

H110 PRE 12/10/86-12/09/87 6813 C.928 80.5( !.3) 1!._4( 1.28) 7,574( 2.373) 3188.( 298.) 7369.( 397.)

H110 P_ST 12/09/87-12/07/88 6656 0,965 76.8( 1.6) 13.16( 0.64) 2.049( 0.415) 1752.( 162.) 6560.( 160.)

H111 PRE 12/08/86-12/07/87 12381 G,99[ 67.6( 1.0) 17,42( 0.93) 2.611( 0.177) 6254.( 267.) 12615.( 202.)

H111 POST 12/07/87-12/05/88 11970 0.975 6[.I( 2.8) 17.66( 1.62) 1.242( 0.125) 5152.( 526.) 11604.( 222.)

H112 PRE 12/09/86-12/08/87 15565 0,917 74.7( 2.7) 23.37( 3.95) 6.872( 2.001) 7896.(1018.) 16433,( 971.)

H112 POST 12/08/87-12/06/88 12700 G.884 71,8( 3.5) 25.05( 2.26) 2,050( 0,553) 3322.( 604,) 12472.( 486.)

H113 PRE 12/09/86-12/08/87 11262 _.954 70,3( 1.7) 17.36( 1.55) 2.783( 0.379) 5207.( 407.) 11548.( 362.)

H113 POST 12/08/87-12/06/88 11110 C,90& 67.0( 3.8) 16.66( 2,91) 1.826( 0.381) 4611.( 799.) 10695.( 526.)

H114 PRE 12/08/86-12/07/87 16228 0.959 79.8( 0.9) 30.41( 1.97) 12,329( 2.324) 6090.( 461.) 17196.( 579.)

H114 POST 12/07/87-12/05/88 18327 C.775 7-3.1(5.2) 37.10( 4.68) 3.246( 1.430) 4509.(1208.) 18059.(I057.)
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strong correlations, with most being atx)ve 0.9. Considerable variation in the reference temt_raturcs bctwcc_i

the pre- and post-retrofit periods exists. While the normalized annual consumplion estimate (NAC) is

relatively insensitive to the choice of reference temperature, the base level and cooling slope paratuelers vary

significantly with changes in the reference temperature. Often changes in the base reference temperature have

been attributed to a change in the thermostatic set point. However, lhc indoor temperature data collected from

lhc monitoring does not indicate substantial changes between the two periods in lhc temperatures maintained.

lt is more likely that uncertainty in the reference temperature is due to inconsistency in the ho|neowners use

of their air conditioners. Meaningful relationships predicting air conditioner energy use on a site by site basis

were difficult to develop directly from the monitored data.

Estimates of the total house energy use appear to be more reliable than the eslimates of the cooling use.

Table 4.10 shows the energy savings for the !0 houses with pre- and post-retrofit R-square values above 0.85.

Taken as a group, there was only a 5% decrease in total electrical energy consumption between 1987 and 1988.

However, 1988 was substantially wamler than 1987, and PRISM suggests that the nonnalized annual

consumption decreased by an average of 12% due to the air conditioner replacements. The average decrease

in predicted cooling energy consumption was 31%. This compares to lhc 40% reduction in air conditioner

energy estimated in the previous section. The standard errors of lhc NAC and tile cooling component for these

10 houses averaged 3.3% and 10.1% of the estimates, respectively.

Table 4.10 Percentage Decreases in Electrical Energy Use Between
1987 and 1988 Using PRISM Analysis

Ac tua i PR ISM PR ISM
Annual Annual Normal ized

Electric Air Conditioner Annual
Site Consumpt ion Consumpt ion Consumpt ion

].02 1 3% ]9.8% 6.8%
10_ Ol 6 4° 4 o_:: ,::1
104 8 ] 47.0 1:3._3
105 9 5 :SV.6 15.3
1(36 --10 4 7.] t 7
10_8 3 4 Li,_").2 9 _"_
]09 14.] 27.9 20 i
ii0 2.3 45.0 ii 0
111 3. 3; %7.6 8 0
i]3 i. _ 11.4 "/ 4

Average 5.4% 30.8% Ii. 8%



• 29

Peak Day

Tile City of Austin was primarily interested in the Appliance Retrofit Rebate Prognun as a means to

reduce its system wide peak generation requirement. A comparison of peak days between the two seasons

illustrates the effectiveness of the retrofits in reducing the electrical energy requirement. During the summer,

the utility peaks predominantly between 4 p.m. and 5 p.m. in 1987, the system peak occurred on August l llh

and was 1391 MW. The 1988 peak occurred on August 23rd and wits 1395 MW. Since pre-retrofit

monitoring did'not begin until late August, a direct comparison of the peak days cannot be made. However,

the September peaks were collected and are presented here.

The September 1987 peak occurred Ixztween 4 and 5 p.m. on the 16lh and was 1291 MW. Tile

September 1988 peak occurred at the same hour on tile 15lh with a magnilude of 1272 MW. A series of plols

is presented which compares the weather condilions and electrical energy consumption as monilored over tile

24 hours of these peak days. Superimposed on some of these plots are similar data for August 23, 1988, lhc

1988 system peak. This provides a comparison of how the September peak compares with the system peak.

The values shown on these plots represent averages over ali of the monitored sites.

Figure 4.6 depicts tile measured outdoor air temperature conditions on the peak days. The Sepleml_er

days had similar temperature profiles. Both days also had intemliltenl cloud cover. As would be expected,

lhc August peak day was wanner. Indoor condilions, shown in Figure 4.7, were kept al similar levels on ali

tile days. Indoor temperatures were maintained around 8()°F throughout tile project.

Aggregale air condilioner electrical energy COllSUlllplion normalized by house square footage is

presented in Figure 4.8. Substantial rcductiollS are i-toted between Ille pre- and post-relrofil periods. During

tile systelll peak hour, pre-retrofit air condiliotler clcclric energy averaged 1.08 Wli/hr - fl e. For tile post-

relrofit period, this was reduced to ().7() Wh/hr - ft 2. This is a 36_)_ decrease il_ air conditioner electric

consumptionduring the period the system is peaking. The Seplemher peak is al')oul t)()c)_,of tile Atlgusl peak

{_10.78 Wh/hr- I)2.

Reductions in lhc total house electrical energy requircmcnl are also achieved. Figure 4.9 shows average

l_}litl electrical usages during tile peak Ilour of 3.04 Wlffhr - Ile durillg tile pre-relrofil period and 2.3() Wlffllr -

lt" for the post-retrofit period. "l'tlis is a 24c,4 decrease in tile total house eleclric,tl energy requirement. Again,

Iltc August peak is higher ;,tl 2.58 Wh/hr - II2.
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No significanl difference in air condilioncr runlinlcs is noliccal_lc bclwccn lhc lwo periods. 'l't_c

divcrsily faclor profiles in Figure 4.10 arc silnilar for lhc ScpIcml'_cr days. During lhc peak llours lhc

maximum diversily factor is 0.79 li)r bolh days. The air condilioners will operale longer on lhc warmer

August days as indicated by the higher di',,ersily faclor of 0.85.
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5.0 CONCLUSIONS

The following conclusions can be made from tile data analysis.

The air conditioner retrofits pcrlbmmd in Austin were effective in reducing annual air conditioner

electric consun}ption and peak electric delnand. On an average, 38% reductions in peak demand and average

;fir conditioner energy consulnption were lound due to the retrofit. When normalized to tlm house conditioned

area, average demand savings were 1.12W/ft 2, and estimated annual energy savings were 1.419 kWh/ft 2.

Individual air condilioner power requirements are a well defined function of outdoor temperature. In

the absence of detailed data, estimates of Ihe peak demand reduction can be made from the nlanulacturer's

specifications.

Conclusive relationships between air conditioner electric consumption and variation in weati_er

conditions were hard to develop for individual sites. At sites where the air conditioners were allowed tct run,

patterns were more evident than at sites where manual operation of the thennostat and turning the unit on al'_(I

off occurred.

However, when laken as an aggregate, air conditioner energy consumption is strongly linear ;ts ;t

function of the ouldoor lenlperaturc. The most successful relationship which emerged was daily air conditioner

electric consumption as a lunclion of the daily average temperalure.

No noticeable differences in the diversity of air conditioner usage were found. During peak 15- minute

periods, the diversity factor reaches 0.9.

Analysis of the retrofit effccl using PRISM yields estimates of lhc reduction in normalized anllual

consumption (NAC) ;.i.ladal]llU;.i.Icooling consUlnpliorl of 12eh mid 3()_)_. The 3()t)_ reduction in the coolillg

energy eslimale is less tilan lhc 38e_4.estilnalcd using a daily average tcmpcralure regression will_ dircclly

monitored cooling consum plion.
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APPENDIX A

AIR CONDITIONER POWER CONSUMPTION PLOTS
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OPERA TIONAL SUMMARIES
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 8128187 - 11102187
DATABASE PERIODS RECORDED: 5102 (79.3_ OF TIME INTERVAL)

SITE: 1

HOUSE SQUARE FEET: 1742.00
A/C NOMINAL TONS: 3.50
NUMBEROF OCCUPANTS: 6

SITE POI,,IFRQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.42 1.97 0.12 KWH 2131.67
CENTRAL A/C KWH/15 MIM 0.13 1.30 0.00 KWH 674.57

i ,

NORMALIZED SITE POMER QUANTITIES

15-M]NUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE WH/FT2 0.2398 1.1309 0.0689 WH/FT2 1223.696
TOTAL HOUSE KWH/TON 0.1194 0.5629 0.0000 KWH/TON 609.050
CENTRAL A/C WH/FT2 0.0759 0.7463 0.0000 WH/FT2 387.239
CENTRAL A/C KWH/TON 0.0378 0.3714 0.0000 KWH/TON 192.734

OTHER SITE DATA

UNITS AVE MAX MIM UNITS TOTAL

CENTRAL A/C RUNT]ME 15 MIN 14.65 15.00 0.15 HR 146.06
CENTRAL A/C CYCLES CYC/15 MIN 0.00 2.00 0.00 CYCLES 17.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.14 2.93 0.00 LBS 710.53

TOTAL HOUSE GAS CF/15 MIN 0.95 14.00 0.00 CF 4844.00
OUTDOOR TEMP. DEG. F 73,97 99,70 47.34 ....
INDOOR TEMP. DEG. F 80.96 90.70 73.10 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 6.99 16.70 -29.84 ....

INDOOR RH % 47.08 77.00 25.00 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 5/01/88 - 10131/88
DATABASE PERIODS RECORDED: 13656 (77.3_ OF TIME INTERVAL)

SITE: 1

HOUSE SQUARE FEI:T: 1742.00
A/C NOMINAL TOILS: 2.50
NUMBER OF OCCUPANTS: 6

, i,,,

SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE O_R INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.42 1.54 0.04 KWH 5736.46
CENTRAL A/C KWH/15 MIN 0.15 0.72 0.00 KWH 1981.44

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE WH/FT2 0.2411 0.8858 0.0212 WH/FT2 3293.029
TOTAL HOUSE KWH/TON 0.1680 0.6172 0.0000 KWH/TON 2294.580

CENTRAL A/C WH/FT2 0.0833 0.4133 0.0000 WH/FT2 1137.462
CENTRAL A/C KWH/TON 0.0580 0.2880 0.0000 KWH/TON 792.592

OTHER SITE DATA

UNITS AVE MAX MIM UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 8.00 15.00 0.00 HR 778.41
CENTRAL A/C CYCLES CYC/15 MIN 0.11 2.00 0.00 CYCLES 1527.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.23 2.93 0.00 LBS 3092.00
TOTAL HOUSE GAS CF/15 MIN 0.77 14.00 0.00 CF 10509.00
OUTDOOR TEMP. DEG. F 81.07 111.90 52.93 ....
INDOOR TEMP. DEG. F 80,83 94.10 69,00 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 0.25 26.30 -25.61 ....
]NDOOR RH % 50.74 80.80 17.00 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED |NTERVAL: 9/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 3878 (66,2_ OF TIME INTERVAL)

SITE: 1

HOUSE SQUARE FEET: 1742.00
A/C NOMINAL TONS: 2.50
NUMBER OF OCCUPANTS: 6

SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.23 1.12 0.06 KWH 909.42
CENTRAL A/C KWH/15 MIN 0.01 0.69 0.00 KWH 47.69

NORMALIZED SITE POWER QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.1346 0.6435 0.0344 WH/FT2 522.053
TOTAL HOUSE KWH/TON 0.0938 0.4484 0.0000 KWH/TON 363.767
CENTRAL A/C WH/FT2 0.0071 0.3944 0.0000 WH/FT2 27.376
CENTRAL A/C KWH/TON 0.0049 0.2748 0.0000 KWH/TON 19.076

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 0.68 15.00 0.00 HR 11.58
CENTRAL A/C CYCLES CYC/15 MIN 0.00 1.00 0.00 CYCLES 15.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.02 1.95 0.00 LBS 61.49

TOTAL HOUSE GAS CF/15 MIN 0.57 14.00 0.00 CF 2211.00
OUTDOOR TEMP. DEG. F 76.84 101.50 52.93 ....
INDOOR TEMP. DEG. F 82.32 90.70 69.00 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 5.48 17.50 -25.61 ....
INDOOR RH % 50.92 80.80 17.00 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 8126187 - 11102187
DATABASE PERIODS RECORDED: 4751 (71.7% OF TIME INTERVAL)

SITE: 2

HOUSE SQUARE FEET: 1007.00
A/C NOMINAL TOMS: 2.50
NUMBEROF OCCUPANTS: 3

,,ui

SITE PC_ER QUANTITIES

15-MINUTE DENANO USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.27 2.43 0.00 KWH 1295.28
CENTRAL A/C KWH/15 MIN 0.12 1.09 0.00 KWH 587.11

i

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE WH/FT2 0.2708 2.4131 0.0000 WHIFT2 1286.277
TOTAL HOUSE KWH/TON 0.1091 0.9720 0.0000 KWH/TON 518.113
CENTRAL A/C WH/FT2 0.1227 1.0824 0.0000 WH/FT2 58].029
CENTRAL A/C KWH/TON 0.0494 0.4360 0.0000 KWH/TON 234.844

OTHER SITE DATA

UNITS AVE MAX MIM UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 2.06 15.00 0.00 HR 163.09
CENTRAL A/C CYCLES CYC/15 MIN 0.17 2.00 0.00 CYCLES 830.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.15 1.95 0.00 LBS 703.70
TOTAL HOUSE GAS CF/15 MIN 0.61 8.00 0.00 CF 2890.00
OUTDOORTEMP. DEG. F 74.62 97.70 48.12 ....
INDOOR TEMP. DEG. F 79.26 84.40 68.25 ....
OUTDOORMINUS INDOOR TEMP. DEG. F 4.64 16.80 -22.84 ....
INDOOR RH _ 42.99 73.00 12.00 ....

.,
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 5/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 15891 (90.0_ OF TIME INTERVAL)

SITE: 2

HOUSE SQUARE FEET: 1007.00
AIC NOMINAL TONS: 2.00
NUMBEROF OCCUPANTS: 3

i iii ,

SITE POWERQUANTIT!E_

15-M|NUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE KWH/IS MIN 0.33 2.17 0.00 KWH 5217.71
CENTRAL AIC KWH/15 MIH 0.14 0.58 0.00 KWH 2222.03

NORMALIZED SITE POMER QUANTITIES

IS-MINUTE DEMAND USAGE OVER INTERVAL

UNITS AVE MAX NIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.3261 2.1519 0.0000 WH/FT2 5181.455
TOTAL HOUSE KWH/TON 0.1642 1.0835 0.0000 KWH/TON 2608.856
CENTRAL AIC WH/FT2 0.1389 0.5750 0.0000 WH/FT2 2206.584
CENTRAL A/C KWH/TON 0.0699 0.2895 0.0000 KWH/TON 1111.015

OTHER SITE DATA

UNITS AVE MAX NIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 4.15 15.00 0.00 HR 1098.25
CENTRAL A/C CYCLES CYC/15 MIN 0.49 4.00 0.00 CYCLES 7782.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.19 2.93 0.00 LBS 3039.35
TOTAL HOUSE GAS CF/15 MIN 0.49 10.00 0.00 CF 7720.61
OUTDOOR TEMP. DEG, F 80.84 104,90 52.86 ....
INDOOR TEMP. DEG. F 79.70 85,20 71.10 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 1.14 24.00 -21.38 ....
INDOOR RH % 42.92 71.70 29.30 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 9101188 - 10131188
DATABASE PERIODS RECORDED: 4179 (71.4_ OF TIME INTERVAL)

SITE: 2

HOUSE SQUARE FEET: 1007.00
A/C NOMINAL TOILS: 2.00
NUMBEROF OCCUPANTS: 3

SITE POi,ER QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE KWH/15 M|N 0.30 2.17 0.00 KWH 1245.43
CENTRAL A/C KWH/15 MIN 0,12 0.55 0.00 KWH 480.81

NORMALIZED SITE POMERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE WH/FT2 0.2959 2.1519 0.0000 WH/FT2 1236.772
TOTAL HOUSE KWH/TON 0.1490 1.0835 0.0000 KWH/TON 622,715
CENTRAL A/C _/H/FT2 0.1143 0,5492 0.0000 WH/FT2 477.468
CENTRAL A/C KWH/TON 0.0575 0.2765 0.0000 KWH/TON 240.405

OTHER SITE DATA

UNITS AVE MAX MIM UNITS TOTAL

CENTRAL AiC RUNT[HE 15 MIN 3.32 15.00 0.00 HR 231.57
CENTRAL A/C CYCLES CYC/15 MIN 0,39 2.00 0.00 CYCLES 1623.00
CENTRAL A/C CONDENSATE LBS/15 MZN 0.16 1.95 0.00 LBS 666.66
TOTAL HOUSE GAS CF/15 MIN 0.53 8.00 0.00 CF 2229.28
OUTDOOR TEMP. DEG. F 77.76 98.70 52.86 ....
INDOOR TEMP. DEG. F 79.60 85,20 71.50 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 1.84 18,10 -21.35 ....
INDOOR RH % 41.03 60.80 29.70 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED iNTERVAL: 8/26/87 - 11/0Z/87
DATABASE PERIODS RECORDED: 5253 (79.3% OF TIME INTERVAL)

SITE: 3

HOUSE SQUARE FEET: 1106.00
A/C NOMINAL TONS: 2.50
NUMBEROF OCCUPANTS: 2

SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN C-]8 1.53 0.03 KWH 2008,72
CENTRAL A/C KWH/15 M[N 0.22 0.95 0.00 KWH 1171,07

NORMALIZED S]IE PO_R QUANTiTiES

15-MINUTE DEMAND USAGE OVER iNTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.3458 1.3834 0.0271 WH/FT2 1816.215
TOTAL HOUSE KWH/TON 0.1530 0.6120 0,0000 KWH/TON 803,495
CENTRAL A/C WH/FT2 0.2016 0.8590 0.0000 WH/FT2 1058.819
CENTRAL A/C KWH/TON 0.0892 0.3300 0.0000 KWH/TON 468.422

OTHER SiTE DATA

UNITS AVE MAX MiN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 3.84 15.00 0.00 HR 336.11

CENTRAL A/C CYCLES CYC/15 MIN 0.48 2.00 0,00 CYCLES 2525,00
CENTRAL A/C CONDENSATE LBS/15 MIN 0,16 0.98 0.00 LBS 866.70
TOTAL HOUSE GAS CF/15 MIN 1.02 13.00 0.00 CF 5340.00
OUTDOOR TEMP. DEG. F 73.46 99.00 46.12 ....
INDOOR TEMP. DEG. F 78.62 88.50 72.30 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 5.16 20.10 -26.52 ....
INDOOR RH % 46.72 72.00 25.00 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 5/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 14582 (82.6_ OF TIME INTERVAL)

SITE: 3

HOUSE SQUARE FEET: 1106.00
A/C NOMINAL TONS: 2.00
NUMBEROF OCCUPANTS: 2

SITE POI,ER QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.34 1.35 0.03 KWH 4960.75
CENTRAL A/C KWH/15 M[N 0.17 0.56 0.00 KWH 2414.72

NORMALIZED SITE POWER QUANTYTIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX M[N UN[]S USAGE

TOTAL HOUSE WH/FT2 0.3077 1.2179 0.0253 WH/FT2 4485.279
TOTAL HOUSE KWH/TON 0.1702 0.6735 0.0000 KWH/TON 2480.375
CENTRAL A/C WH/FT2 0.1497 0.5108 0.0000 WH/FT2 2183.293
CENTRAL A/C KWH/TON 0.0828 0.2825 0.0000 KWH/TON 1207.358

OTHER SITE DATA

UNITS AVE MAX MIM UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 4.98 15.00 0.00 HR 1209.23
CENTRAL A/C CYCLES CYC/15 MIN 0.16 2.00 0.00 CYCLES 2338.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.07 1.95 0.00 LBS 1081.42
TOTAL HOUSE GAS CF/15 MIN 0.68 11.00 0.00 CF 9853.00
OUTDOOR TEMP. DEG. F 79.05 106.30 50.30 ....
INDOOR TEMP. DEG. F 80.51 88,30 73,90 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 1.47 25.60 -25.15 ....
INDOOR RH % 48.13 73.90 31.70 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 9/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 4765 (81.4% OF TIME INTERVAL)

SITE: 3

HOUSE SQUARE FEET: 1106. O0
A/C NOMINAL TONS: 2.00
NUMBEROF OCCUPANTS: 2

SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 M]N 0,26 1.35 0.03 KWH 1240.59
CENTRAL A/C KWH/15 M]N 0.11 0.54 0.00 KWH 535.02

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.2355 1.2179 0.0253 WH/FT2 1121.699
TOTAL HOUSE KWH/TON 0.1302 0.6735 0.0000 KWH/TON 620.297
CENTRAL A/C WH/FT2 0,1015 0,4846 0.0000 WH/FT2 483.772
CENTRAL A/C KWH/TON 0,0561 0.2680 0.0000 KWH/TON 267.511

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNT[ME 15 M]N 3.29 15.00 0.00 HR 261.63
CENTRAL A/C CYCLES CYC/15 M]N 0.11 1.00 0.00 CYCLES 532.00
CENTRAL A/C CONDENSATE LBS/15 M[N 0.00 0.00 0.00 LBS 0.00
TOTAL HOUSE GAS CF/15 M]N 0.55 11.00 0.00 CF 2634.00
OUTDOOR TEMP. DEG. F 75.56 99.00 50.30 ....
INDOOR TEMP. DEG. F 80.90 88.30 73.90 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 5.33 19.40 -25.15 ....
[NDOOR RH % 44.25 61.80 31.70 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 8/26/87 - 11/02/87
DATABASE PERIODS RECORDED: 5356 (80.9_ OF TIME INTERVAL)

SITE: 4

HOUSE SQUARE FEET: 1417.00
A/C NOMINAL TOMS: 3.00
NUMBER OF OCCUPANTS: 1

SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.39 1.38 0.00 KWH 2064.14
CENTRAL A/C KWH/15 MIN 0.20 1.18 0.00 KWH 1092.24

NORMALIZED SITE _..A,IERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX NIM UNITS USAGE

TOTAL HOUSE WH/FT2 0.2721 0.9760 0.0000 WH/FT2 1456.706
TOTAL HOUSE KWH/TON 0.1285 0.4610 0.0000 KWH/TON 688.049

CENTRAL A/C WH/FT2 0.1439 0.8327 0.0000 WH/FT2 770.808
CENTRAL A/C KWH/TON 0.0680 0.3933 0.0000 KWH/TON 364.080

OTHER SITE DATA

UNITS AVE MAX MIM UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 2.93 15.00 0.00 HR 261.64
CENTRAL A/C CYCLES CYC/15 MIN 0.24 2.00 0.00 CYCLES 1266.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.03 0.98 0.00 LBS 134.69
TOTAL HOUSE GAS CF/15 MIN 0,51 11.00 0.00 CF 2728.00
OUTDOOR TEMP. DEG. F 74.33 101.40 48.16 ....
INDOOR TEMP. DEG. F 79.22 86.10 73.10 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 4.88 22.30 -26.54 ....
INDOOR RH % 42,46 78.00 29.00 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 5/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 13886 (78.6% OF TIME INTERVAL)

SITE: 4

HOUSE SQUARE FEET: 1417.00
A/C NOMINAL TONS: 2.50
NIJ4BER OF OCCUPANTS: 1

SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.41 2.87 0.01 KWH 5743.04
CENTRAL A/C KWH/15 MIN 0.19 0.69 0.00 KWH 2642.99

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.2919 2.0254 0.0083 WH/FT2 4052.953
TOTAL HOUSE KWH/TON 0.1655 1.1480 0.0000 KWH/TON 2297.216
CENTRAL A/C WH/FT2 0.1343 0.4869 0.0000 WH/FT2 1865.197
CENTRAL A/C KWH/TON 0.0761 0.2790 0.0000 KWH/TON 1057.194

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 4.54 15.00 0.00 HR 1050.29
CENTRAL A/C CYCLES CYC/15 MIN 0.33 2.00 0.00 CYCLES 4526.44
CENTRAL A/C CONDENSATE LBS/15 MIN 0.18 3.90 0.00 LBS 2525.34
TOTAL HOUSE GAS CF/15 MIN 0.51 14.00 0.00 CF 7081.35
OUTDOOR TEMP. DEG. F 81.30 109.80 52.41 ....
INDOOR TEMP. DEG. F 79.65 84.10 73.30 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 1.65 28.00 -22.92 ....
INDOOR RH % 48.09 71.30 39.30 ....
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AUSTIN OPERATIONAL SUMMARY

NONITORED INTERVAL: 9/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 3885 (_.3% OF TIME INTERVAL)

SITE: 4

HOUSE SQUARE FEET: 1417. O0
A/C MONXMALTOMS: 2.50
NUMBEROF OCCUPANTS: 1

SITE POMERQUANTITIES

15-NINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX NIM UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.45 2.87 0.01 KWH 1752.90
CENTRAL A/C KWH/15 MIN 0.16 0.69 0.00 KWH 603.22

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DENAND USAGE OVER INTERVAL
UNITS AVE MAX NIM UNITS USAGE

TOTAL HOUSE WH/FT2 0.3186 2.0254 0.0083 WH/FT2 1237.052
TOTAL HOUSE KWH/TON 0.1806 1.1480 0.0000 KWH/TON 701.159
CENTRAL A/C WH/FT2 0.1096 0.4864 0.0000 WH/FT2 425.693
CENTRAL A/C KWH/TON 0.0621 0.2790 0.0000 KWH/TON 241.288

OTHER SITE DATA

UNITS AVE MAX NIN UNITS TOTAL

CENTRAL A/C RUNT]ME 15 MIN 3.71 15.00 0.00 HR 240.28
CENTRAL A/C CYCLES CYC/15 MIN 0.28 1.00 0.00 CYCLES 1095.44
CENTRAL A/C CONDENSATE LBS/15 M]N 0.15 0.98 0.00 LBS 591.90
TOTAL HOUSE GAS CF/15 MXN 0.41 10.00 0.00 CF 1578.35
OUTDOOR TEMP. DEG. F 76.98 99.70 52.41 ....
INDOOR TEMP. DEG. F 79.51 84.10 73.30 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 2.53 22.00 -22,92 ....
INDOOR RH _ 47.09 68.50 39,30 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 8/26/87 - 11/01/87
DATABASE PERIODS RECORDED: 5245 (80.3% OF TIME INTERVAL)

SITE: 5

HOUSE SQUARE FEET: 1851. O0
AIC NOMINAL TONS: 3.5(I
NUMBEROF OCCUPANTS: 2

SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
U'_ITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.38 2.61 0.03 KWH 1978.45
CENTRAL A/C KWH/15 MIN 0.18 1.32 0.00 KWH 945.17

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.2038 1.4100 0.0162 WH/FT2 1068.858
TOTAL HOUSE KWH/TON 0.1078 0.7457 0.0000 KWH/TON 565.269
CENTRAL A/C WH/FT2 0.0974 0.7131 0.0000 WH/FT2 510.627
CENTRAL A/C KWH/TON 0.0515 0,3771 0.0000 KWH/TON 270.048

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 2.13 15.00 0.00 HR 186.32
CENTRAL A/C CYCLES CYC/15 MIN 0.15 2.00 0.00 CYCLES 796.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.15 1.95 0.00 LBS 768.11
TOTAL HOUSE GAS CF/15 MIN 0.76 23.00 0.00 CF 3978.00
OUTDOOR TEMP. DEG. F 73.45 101.20 48.53 ....
INDOOR TEMP. DEG. F 81,15 88.10 75.40 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 7.70 19.70 -29.83 ....
INDOOR RH % 42,82 67.00 32.00 ....



B'14

AUSTIN OPERATIONAL SUMMARY

NONITORED INTERVAL: 5/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 16758 (94.9% OF TIME INTERVAL)

SITE: 5

HOUSE SQUARE FEET: 1851.00
A/C NONIMAL TOMS: 3.00
NUMBEROF OCCUPANTS: 2

ii

SITE POMERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX NIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.45 2.01 0.03 KWH 7463.15
CENTRAL A/C KWH/15 MIN 0.21 0.87 0.00 KWH 3441.24

NORMALIZED SITE POMER QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNI TS AVE MAX NI N UNI TS USAGE

TOTAL HOUSE WH/FT2 0.2406 1.0854 0.0146 WH/FT2 4031.949
TOTAL HOUSE KWH/TON 0.1484 0.6697 0.0000 KWH/TON 2487.719
CENTRAL A/C WH/FT2 0.1109 0.4673 0.0000 WH/FT2 1859.125
CENTRAL A/C KWH/TON 0.0684 0.2883 0.0000 KWH/TON 1147.036

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 3.79 15.00 0.00 HR 1057.76
CENTRAL A/C CYCLES CYC/15 MIN 0.36 2.00 0.00 CYCLES 6017.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.12 1.95 0.00 LBS 2087.64
TOTAL HOUSE GAS CF/15 MIN 0.58 10.00 0.00 CF 9781.00
OUTDOOR TEMP. DEG. F 80.78 106.10 51,84 ....
INDOOR TEMP. DEG. F 83.09 87.70 75.60 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F - 2.32 22.10 -24.88 ....
INDOOR RH % 47,46 67.00 17.20 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 9/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 5142 (87.8_ OF TIME INTERVAL)

SITE: 5

HOUSE SQUARE FEET: 1851.00
A/C NOMINAL TOMS: 3.00
NUMBEROF OCCUPANTS: 2

SITE POMER QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.37 1.89 0.03 KWH 1888.18
CENTRAL A/C KWH/15 MIN 0.14 0.82 0.00 KWH 740.09

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE WH/FT2 0.1984 1.0200 0.0146 WH/FT2 1020.088
TOTAL HOUSE KWH/TON 0.1224 0.6293 0.0000 KWH/TON 629.393
CENTRAL A/C WH/FT2 0.0778 0.4430 0.0000 WH/FT2 399.840
CENTRAL A/C KWH/TON 0.0480 0.2733 0.0000 KWH/TON 246.693

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 2.79 15.00 0.00 HR 238.88
CENTRAL A/C CYCLES CYC/15 MIN 0.27 2.00 0.00 CYCLES 1390.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.00 0.00 0.00 LBS 0.00
TOTAL HOUSE GAS CF/15 MIN 0.59 10.00 0.00 CF 3022.00
OUTDOOR TEMP. DEG. F 76.72 100.10 51.84 ....

INDOOR TEMP. DEG. F 82.50 87.00 75.60 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 5.78 16.80 -24.88 ....
INDOOR RH % 45.73 64.70 17.20 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 8/27/87 - 11/02/87
DATABASE PERIODS RECORDED: 5773 (88.4_ OF TIME INTERVAL)

SITE: 6

HOUSE SQUARE FEET: 1722.00
A/C NOMINAL TOMS: 3.00
NUMBEROF OCCUPANTS: 2

SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.25 1.70 0.01 KWH 1446.25
CENTRAL A/C KWH/15 MIN 0.12 1.24 0.00 KWH 667.52

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER ]NTERVAL
UNITS AVE MAX NIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.1455 0.9857 0.0060 WH/FT2 839.860
TOTAL HOUSE KWH/TON 0.0835 0.5658 0.0000 KWH/TON 482.087

CENTRAL A/C WH/FT2 0.0671 0.7201 0.0000 WH/FT2 387.642
CENTRAL A/C KWH/TON 0.0385 0.4133 0.0000 KWH/TON 222.507

OTHER SITE DATA

UNITS AVE MAX NIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 1.71 15.00 0.00 HR 164.36

CENTRAL A/C CYCLES CYC/15 MIN 0.12 1.00 0.00 CYCLES 717.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.11 1.95 0.00 LBS 631.47
TOTAL HOUSE GAS CF/15 MIN 0.28 8.00 0.00 CF 1644.00
OUTDOOR TEMP. DEG. F 73.29 97.20 49,85 ....
INDOOR TEMP, DEG. F 80.35 86.10 71,60 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 7.06 15.30 -23.49 ....

]NDOOR RH % 44.78 78.00 20.00 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 5/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 14960 (84.7% OF TIME INTERVAL)

SITE: 6

HOUSE SQUARE FEET: 1722.00
A/C NON]NAL TONS: 2.50
NUMBEROF OCCUPANTS: 2

SITE POMER QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE NAX MIM UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.33 2.48 0.01 KWH 4975.30
CENTRAL A/C KWH/15 MIN 0.17 0.68 0.00 KWH 2568.06

NORMALIZED SITE I:_R QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.1932 1.4420 0.0054 WH/FT2 2889.244
TOTAL HOUSE KWH/TON 0.1330 0.9932 0.0000 KWH/TON 1990.114
CENTRAL A/C WH/FT2 0.0997 0.3920 0.0012 WH/FT2 1491.382
CENTRAL A/C KWH/TON 0.0687 0.2700 0.0000 KWH/TON 1027.312

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 4.16 15.00 0.00 HR 1037.89
CENTRAL A/C CYCLES CYC/15 MIN 0.10 6.00 0.00 CYCLES 1546.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.22 3.90 0.00 LBS 3223.78

TOTAL HOUSE GAS CF/15 MIN 0.21 6.00 0.00 CF 3145.00
OUTDOOR TEMP. DEG. F 78.87 103.80 53.76 ....
INDOOR TEMP. DEG. F 81.65 89.90 74.20 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 2.78 21.70 -23.95 ....
INDOOR RH % 51.79 84.50 18.30 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 9/01/88 - 10/31/88
DATABASE PERIODS REI_DED: 4887 (83.5_ OF TIME INTERVAL)

SITE: 6

HOUSE SQUARE FEET: 1722.00
AiC NOMINAL TOMS: 2.50
NUNBER OF OCCI.IPAMTS: 2

SITE POMER Q(JANTITIES

15-M ] NUTE DEMAND USAGE OVER ]NTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0,28 1.28 0.01 KWH 1384.14
CENTRAL A/C KWH/15 MIN 0.13 0.64 0.00 KWH 654.67

NORMALIZED SITE POMERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE NH/FT2 O. 1645 0.7439 0.0069 WH/FT2 803,799
TOTAL HOUSE KWH/TON 0.1133 0.5124 0.0000 KWH/TON 553.657
CENTRAL A/C WH/FT2 0.0778 0.3722 0.0012 WH/FT2 380,191
CENTRAL A/C KWH/TON 0.0536 0.2564 0.0000 KWH/TON 261.880

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 3.25 15.00 0.00 HR 264.77
CENTRAL A/C CYCLES CYC/15 MIN 0.16 2,00 0.00 CYCLES 802.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.15 1.95 0.00 LBS 734.93
TOTAL HOUSE GAS CF/15 MIN 0.21 6.00 0.00 CF 1043.00
OUTDOOR TEMP. DEG. F 75.07 98.70 53.76 ....
INDOOR TEMP. DEG. F 80.63 87.30 75.10 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F - 5,56 18.00 -23.95 ....
INDOOR RH % 49.47 76.50 33.60 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 8/27/88 - I_ ]2/87
DATABASE PERIODS RECORDED: 5786 (88.6 _F TIME INTERVAL)

SITE: 7

HOUSE SQUARE FEET: 1535.00
A/C NOMINAL TOWS: 2.50
NUMBER OF OCCUPANTS: 5

SITE POWERQUANTITIES

1S-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/IS MIN 0.46 2.43 0.08 KWH 2633.13
CENTRAL A/C KWH/15 MIN 0,13 1.01 0.00 KWH 733.71

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.2976 1,5831 0.0521 WH/FT2 1715.437
TOTAL HOUSE KWH/TON 0.1827 0.9720 0,0000 KWH/TON 1053.279
CENTRAL A/C WH/FT2 0.0826 0,6580 0.0000 WH/FT2 477.948
CENTRAL A/C KWH/TON 0.0507 0.4040 0.0000 KWH/TON 293.472

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 4.30 15.00 0.00 HR 414.46
CENYRAL A/C CYCLES CYC/15 MIN 0.10 10.00 0.00 CYCLES 571.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.15 1.95 0.00 LBS 853.02
TOTAL HOUSE GAS CF/15 MIN 0.59 12.00 0.00 CF 3412,00
OUTDOOR TEMP. DEG. F 73.11 97.50 47.35 ....
INDOOR TEMP, DEG, F 82.96 89.90 75.80 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 9.85 15.50 -30.06 ....

INDOOR RH % 41.98 55.00 27.00 ....
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AUSTIN OPERATIONAL SUMMARY

NONITORED INTERVAL: 8/27/87 - 11/02/87
DATABASE PERIODS RECORDED: 4615 (70._/, OF TIME INTERVAL)

SITE: 8

HOUSE SQUARE FEET: 1295.00
A/C N(_INAL TONS: 2.50
NUMBER OF OCCUPANTS: 4

SITE POWERQUANTITIES

15-MINUTE DENAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.29 2.39 0.04 KWH 1338.27
CENTRAL A/C KWH/15 MIN 0.09 1.23 0.00 KWH 401.43

NORNALIZED SITE POMERQUANTITIES

15-MINUTE DEl(AND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.2241 1.8456 0.0309 WH/FT2 1033.412
TOTAL HOUSE KWH/TON 0.1161 0.9560 0.0000 KWH/TON 535.314
CENTRAL A/C WH/FT2 0,0672 0.9498 0.0000 WH/FT2 309.985
CENTRAL A/C KWH/TON 0.0348 0.4920 0.0000 KWH/TON 160.572

OTHER SITE DATA

UNITS AVE flAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 1.63 15.00 0.00 HR 125.62
CENTRAL A/C CYCLES CYC/15 MIN 0.03 2.00 0.00 CYCLES 120.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0,00 2.93 0.00 LBS 9.76
TOTAL HOUSE GAS CF/15 MIN 0.92 87.00 0.00 CF 4234.00
OUTDOOR TEMP. DEG. F 72.47 99.20 45.07 ....

INDOOR TEMP, DEG. F 82.77 95.10 71.00 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F -10.29 11,60 -27.23 ....
INDOOR RH % 39.84 61.00 0.00 ....
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AUSTIN OPERATIONAL SUMMARY

_DNITORED INTERVAL: 5/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 12119 (68.6_ OF TIME INTERVAL)

SITE: 8

HOUSE SQUARE FEET: 1295.00
A/C NQNINAL TONS: 2.00
NUNBER OF OCCUPAN:S: 4

SITE POWERQUANTITIES

15-NINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.40 2.19 0.04 KWH 4828.53
CENTRAL A/C KWH/15 MIN 0.14 0.62 0.00 KWH 1650.15

,

NORNALIZED SITE POMER QUANTITIES

15-MINUTE DENAND USAGE OVER INTERVAL
UNITS AVE MA)( NIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.3077 1.6910 0.0340 WH/FT2 3728.599
TOTAL HOUSE KWH/TON 0.1992 1.0950 0.0000 KWH/TON 2414.265
CENTRAL A/C WH/FT2 0.1052 0.4772 0.0015 WH/FT2 1274.252
CENTRAL A/C KWH/TON 0.0681 0.3090 0.0000 KWH/TON 825.075

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 3.80 15.00 0.00 HR 767.97
CENTRAL A/C CYCLES CYC/15 MIN 0.23 3.00 0.00 CYCLES 2771.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.20 1.95 0.00 LBS 2413.63
TOTAL HOUSE GAS CF/15 MIN 0.57 8.00 0.00 CF 6886.00
OUTDOOR TEMP. DEG. F 80.31 105.90 49.68 ....
INDOOR TEMP. DEG. F 81.86 95.30 70.90 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 1.55 24.60 -24,72 ....
INDOOR RH % 44.11 59.50 23.10 ....



B-22

AUSTIN OPERATIONAL SUI,_MARY

MONITORED INTERVAL: 9/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 5232 (89.3% OF TIME INTERVAL)

SITE: 8

HOUSE SQUARE FEET: 1295.00
AIC NOMIMAL TOMS: 2.00
NUMBEROF OCCUPANTS: 4

SITE _R QUANTITIES

15-MINUTE DEK_ND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.33 2.19 0.05 KWH 1728.27
CENTRAL A/C KWH/15 MIN 0.07 0.57 0.00 KWH 347.41

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE WH/FT2 0.2551 1.6910 0.0363 WH/FT2 1334.574
TOTAL HOUSE KWH/TON 0.1652 1.0950 0.0000 KWH/TON 864.137

CENTRAL A/C WH/FT2 0.0513 0.4394 0.0015 WH/FT2 268.275
CENTRAL A/C KWH/TON 0.0332 0.2845 0.0000 KWH/TON 173.703

OTHER SITE DATA

UNITS AVE MAX MIX UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 1.83 15.00 0.00 HR 159.78
CENTRAL A/C CYCLES CYC/15 MIN 0.11 1.00 0.00 CYCLES 594.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.09 1.95 0.00 LBS 490.93
TOTAL HOUSE GAS CF/15 MIN 0.59 8.00 0.00 CF 3073.00
OUTDOOR TEMP, DEG. F 74.50 98.10 49.68 ....
INDOOR TEMP. DEG. F 81.63 89.70 70.90 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 7.12 16.00 -24.72 ....
INDOOR RH % 42.58 59.10 23.10 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 8/27/87 - 11/02/87
DATABASE PERIODS RECORDED: 5228 (80.1_ OF TIME INTERVAL)

SITE: 9

HOUSE SQUARE FEET: 2126.00
A/C NOMINAL TONS: 3.00
NUMBEROF OCCUPANTS: 5

SITE I_R QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.60 2.86 0.11 KWH 3119.46
CENTRAL A/C KWH/15 MIN 0.23 1.09 0.00 KWH 1224.38

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE _ MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.2807 1.3472 0.0539 WH/FT2 1467.270
TOTAL HOUSE KWH/TON 0.1989 0.9548 0.0000 KWH/TON 1039.806
CENTRAL A/C WH/FT2 0.1102 0.5127 0.0000 WH/FT2 575.909
CENTRAL A/C KWH/TON 0.0781 0.3633 0.0000 KWH/TON 408.126

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNT]ME 15 MIN 3.58 15.00 0.00 HR 311.53
CENTRAL A/C CYCLES CYC/15 MIN 0.10 1.00 0.00 CYCLES 544.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.20 2°93 0.00 LBS I036,53
TOTAL HOUSE GAS CF/15 MIN 1.34 36.00 0.00 CF 7017,00
OUTDOOR TEMP. DEG. F 73.84 99.70 48.83 ....

INDOOR TEMP. DEG. F 80.48 88.70 73.10 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 6.64 18.10 -25.92 ....
INDOOR RH % 40.65 76.00 18.00 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 5/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 12976 (73.5% OF TIME INTERVAL)

SITE: 9

HOUSE SQUARE FEET: 2126.00

AIC NOMINAL TONS: 3.00
NUMBEROF OCCUPANTS: 5

SITE POWER QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.81 2.71 0.02 KWH 10508.18
CENTRAL A/C KWH/15 MIN 0.24 0.95 0.00 KWH 3125.28

NORMALIZED SITE POt_R QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX NIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.3809 1.2748 0,0078 WH/FT2 4942.711
TOTAL HOUSE KWH/TON 0,2699 0.9034 0.0000 KWH/TON 3502.736
CENTRAL A/C WH/FT2 0.1133 0.4459 0.0000 WH/FT2 1469.995
CENTRAL A/C KWH/TON 0.0803 0.3160 0.0000 KWH/TON 1041.750

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 5.20 15.00 0.00 HR 1124o04
CENTRAL A/C CYCLES CYC/15 MIN 0.12 1.00 0.00 CYCLES 1499.00
CENTRAL A/C CONDENSATE L8S/15 MIN 0.30 2.93 0.00 LBS 3954.82
TOTAL HOUSE GAS CF/15 MIN 1,26 38.00 0.00 CF 16286.00
OUTDOOR TEMP. DEG. F 78.98 107.90 52.66 ....
INDOOR TEMP. DEG. F 81.49 91.20 68.72 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 2,52 24.50 -23.60 ....
INDOOR RH % 44.93 80.40 29.20 ....

....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 9/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 5856 (100.0% OF TIME INTERVAL)

SITE: 9

HOUSE SQUARE FEET: 2126.00

A/C NOMINAL TONS: 3.00
NUMBEROF OCCUPANTS: 5

SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE KWH/15 MIM 0.68 2.55 0.20 KWH 3963.02
CENTRAL A/C KWH/15 MIM 0.17 0.93 0.00 KWH 976.27

NORMALIZED SITE POMER QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX NIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.3183 1.1982 0.0958 WH/FT2 1864.078
TOTAL HOUSE KWH/TON 0.2256 0.8491 0.0000 KWH/TON 1321.009
CENTRAL A/C WH/FT2 0.0784 0.4351 0.0000 WH/FT2 459.176
CENTRAL A/C KWH/TON 0.0556 0.3083 0.0000 KWH/TON 325.389

OTHER SITE DATA

UNITS AVE MAX MIM UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIM 2.88 15.00 0.00 HR 281.51

CENTRAL A/C CYCLES CYC/15 MIM 0.10 1.00 0.00 CYCLES 595.00
CENTRAL A/C CONDENSATE LBS/15 MIM 0.21 1.95 0.00 LBS 1248.31
TOTAL HOUSE GAS CF/15 M]N 1.19 34.00 0.00 CF 6955.00
OUTDOOR TEMP. DEG. F 76,21 98,50 52.66 ....
INDOOR TEMP. DEG. F 81.44 91.20 73.40 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F - 5.23 15.00 -23.60 ....
]NDOOR RH % 43,99 76.50 29.50 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 8127/87 - 11.02/87
DATABASE PERIODS RECORDED: 5968 (91.4% OF TIME INTERVAL)

SITE: 10

HOUSE SQUARE FEET: 1153.00
A/C NOMINAL TONS: 2.00
NUMBEROF OCCUPANTS: 1

SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS US____AGE

TOTAL HOUSE KWH/15 MIN 0.19 1.24 0.01 KWH 1154.42
CENTRAL A/C KWH/15 MIN 0.06 0.85 0.00 KWH 387.12

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.1678 1.0755 0.0087 WH/FT2 1001.212
TOTAL HOUSE KWH/TON 0.0968 0.6200 0.0000 KWH/TON 577.211
CENTRAL A/C WH/FT2 0.0563 0.7372 0.0000 WH/FT2 335.750
CENTRAL A/C KWH/TON 0.0324 0.4250 0.0000 KWH/TON 193.560

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 1.51 15.00 0.00 HR 150.10

CENTRAL A/C CYCLES CYC/15 MIN 0.05 2.00 0.00 CYCLES 289.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.05 0.98 0.00 LBS 269.38
TOTAL HOUSE GAS CF/15 MIN 0.39 9.00 0.00 CF 2306.00
OUTDOOR TEMP. DEG. F 74,30 106.20 46.21 ....

INDOOR TEMP. DEG. F 80.67 87.50 71.50 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 6.36 21.80 -27.84 ....
INDOOR RH % 42.86 61.00 9.00 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 5/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 15468 (87.6_ OF TIME INTERVAL)

SITE: 10

HOUSE SQUARE FEET: 1153. O0
A/C NOMINAL TONS: 2.00
NUMBEROF OCCUPANTS: 1

SITE POWER QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.25 2.02 0.02 KWH 3814.01
CENTRAL A/C KWH/15 MIN 0.10 0.50 0.00 KWH 1503.68

NORMALIZED SITE I_R QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.2149 1.7511 0.0191 WH/FT2 3307.917
TOTAL HOUSE KWH/TON 0.1239 1.0095 0.0000 KWH/TON 1907.005
CENTRAL A/C WH/FT2 0.0843 0.4345 0.0000 WH/FT2 1304.059
CENTRAL A/C KWH/TON 0.0486 0,2505 0.0000 KWH/TON 751.841

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 2.83 15.00 0.00 HR 729.24

CENTRAL A/C CYCLES CYC/15 MIN 0.12 2.00 0.00 CYCLES 1822.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.09 0.98 0.00 LBS 1355.66
TOTAL HOUSE GAS CF/15 MIN 0.38 12.00 0.00 CF 5948.00
DHW GAS CF/15 MIN 0.41 15.00 0.00 CF 6273.19
OUTDOOR TEMP. DEG. F 80.70 111.50 50.28 ....
INDOOR TEMP. DEG. F 83,01 92.70 74.40 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F - 2.32 23.40 -24.97 ....
INDOOR RH % 45.68 67.40 33.30 ....

'+t+ +_IP



AUSTIN OPERATIONAL SU_'RY

NONITORED INTERVAL: 9101/88 - 10131/88
DATABASE PERIODS RECORDED: 4706 (81.4% OF TIME INTERVAL)

SITE: _iO

HOUSE SQUARE FEET: 1153.00

A/C NOMINAL TOMS: 2.00
NUMBEROF OCCUPANTS: 1

SITE _ G(JANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL

UNITS AVE _ MlN UN|TS USAGE

TOTAL HOUSE KWH/15 MIN 0.20 1.67 0.03 KWH 957.71
CENTRAL A/C KWH/15 MIN 0.07 0.48 0.00 KWH 319.29

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE _ MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.1749 1.4501 0,0217 WH/FT2 830.623
TOTAL HOUSE KWH/TON 0.1008 0.8360 0.0000 KWH/TON 478.856
CENTRAL A/C WH/FT2 0.0581 0.4189 0.0000 WH/FT2 276.939
CENTRAL A/C KWH/TON 0.0335 0.2415 0.0000 KWH/TON 159.644

OTHER SITE DATA

UNITS AVE M/U( MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 1.82 15.00 0.00 HR 144.82
CENTRAL A/C CYCLES CYC/15 MIN 0,08 1.00 0.00 CYCLES 362.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.05 0.98 0.00 LBS 243.02

TOTAL HOUSE GAS CF/15 MIN 0.37 12.00 0.00 CF 1773.00
OUTDOOR TEMP. DEG. F 76.76 104.10 50.28 ....
INDOOR TEMP. DEG. F 82.47 88.70 74.90 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 5.71 17.10 -24.97 ....
INDOOR RH % 43.41 58.20 33.30 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 8/28/87 - 11/02/87
DATABASE PERIODS RECORDED: 5162 (80.3% OF TIME INTERVAL)

SITE: 11

HOUSE SQUARE FE_T: 1187.00
A/C NOMINAL TOMS: 2.50
NUMBEROF OCCUPAMTS: 3

SITE POWERQUANTITIES

15-MINUTE DENAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.39 1.56 0,03 KWH 2015.70
CENTRAL A/C KWH/15 MIN 0.17 0.95 0.00 KWH 900.15

NORMALIZED SITE POIm'ERQUANTJTIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.3293 1.3142 0.0253 WH/FT2 1698.104
TOTAL HOUSE KWH/TON 0.1564 0.6240 0.0000 KWH/TON 806.288
CENTRAL A/C WH/FT2 0.1469 0.8003 0.0000 WH/FT2 758.338
CENTRAL A/C KWH/TON 0.0698 0.3800 0.0000 KWH/TON 360.060

OTHER SITE DATA

UNITS AVE MAX MIM UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 3.05 15.00 0.00 HR 262.13

CENTRAL A/C CYCLES CYC/15 MIN 0.27 2.00 0.00 CYCLES 1374.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.04 1.95 0.00 LBS 184.46

TOTAL HOUSE GAS CF/15 MIN 1.33 13.00 0.00 CF 6885.00
OUTDOOR TEMP. DEG. F 73.10 99.00 47.22 ....
INDOOR TEMP. DEG. F 79.45 89,00 72,20 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 6.35 19.20 -28.10 ....
INDOOR RH % 45.52 65,00 31.00 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 5/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 12720 (72.0_ OF TIME INTERVAL)

SITE: 11

HOUSE SQUARE FEET: 1187.00
AiC NOMINAL TONS: 2.00
NUMBEROF OCCUPANTS: 3

SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.47 1.31 0.03 KWH 5979.55
CENTRAL A/C KWH/15 MIN 0.20 0.55 0.00 KWH 2574.91

, ,,,

NORMALIZED SITE POMERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE WH/FT2 0.3970 1.1019 0.0278 WH/FT2 5037.542
TOTAL HOUSE KWH/TON 0.2356 0.6540 0.0000 KWH/TON 2989.775
CENTRAL A/C WH/FT2 0.1706 0.4650 0.0000 WH/FT2 2169.234
CENTRAL A/C KWH/TON 0.1012 0.2760 0.0000 KWH/TON 1287.453

,,

OTHER SITE DATA

UNITS AVE MAX MIM UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 6.34 15.00 0.00 HR 1343.50

CENTRAL A/C CYCLES CYC/15 MIN 0.40 2.00 0.00 CYCLES 5150.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.25 1.95 0.00 LBS 3214.02
TOTAL HOUSE GAS CF/15 MIN 1.30 12,00 0.00 CF 1649_.00
OUTDOOR TEMP. DEG. F 80,38 108.10 47.99 ....

INDOOR TEMP, DEG. F 79.04 92,70 74.30 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 1.34 26.60 -27.71 ....

INDOOR RH % 48.59 65,00 39.40 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 9/01/88" 10/31/88
DATABASE PERIODS RECORDED: 5156 (88.0_ OF TIME INTERVAL)

SITE: 11

HOUSE SQUARE FEI:T: 1187, O0
A/C NOMINAL TONS: 2.00
NUMBEROF OCCUPAMTS: 3

SITE POllER OUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX NIM UNITS USAGE

TOTAL HOUSE KWH/IS MIN 0.42 1.20 0.04 KWH 2144.22
CENTRAL A/C KWH/15 MiN 0.15 0.52 0.00 KWH 786.82

NORMALIZED SITE POWERQUANTITIES

1S-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.3512 1.0101 0.0362 WH/FT2 1806.413
TOTAL HOUSE KWH/TON 0.2085 0.5995 0.0000 KWH/TON 1072.109

C_I_i_RALA/C WH/FT2 0.1286 0.4423 0.0000 WH/FT2 662.877
CENIRAL A/C KWH/TON 0.0763 0.2625 0.0000 KWH/TON 393.409

OTHER SITE DATA

UNITS AVE MAX MIM UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 4.81 15.00 0.00 HR 413.37

CENTRAL A/C CYCLES CYC/15 MIN 0.38 2.00 0.00 CYCLES 1974.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.21 1.95 0.00 LBS 1080.44
TOTAL HOUSE GAS CF/15 MIN 1.33 12.00 0.00 CF 6854.00
OUTDOOR TEMP. DEG. F 74.68 99.20 47.99 ....

]NDOOR TEMP. DEG. F 78.72 85.60 74.30 ....
OUTDOOR MINUS [NDOOR TEMP. DEG. F - 4.04 20.10 -27,71 ....
INDOOR RH % 47.36 60.40 39.40 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 8/26/87 - 11/02/87
DATABASE PERIODS RECORDED: 5619 (84.8_ OF TIME INTERVAL)

SITE: 12

HOUSE SQUARE FEET: 1441.00
A/C MONINAL TONS: 3.00
NUMBEROF OCCUPANTS: 6

SITE POWERQUANTITIES

15-NINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE KWH/15 HIN 0.54 1.56 0,00 KWH 3031.53
CENTRAL A/C KWH/15 MIN 0.32 1.26 0.00 KWH 1780.88

NORMALIZED SITE POMERQUANTITIES

15-NINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.3749 1.0859 0.0000 WH/FT2 2103.776
TOTAL HOUSE KWH/TON 0.1801 0.5216 0.0000 KWH/TON 1010.529
CENTRAL A/C WH/FT2 0.2200 0.8744 0.0000 WH/FT2 1235.862
CENTRAL A/C KWH/TON 0.1057 0.4200 0.0000 KWH/TON 593.626

OTHER SITE DATA

UNITS AVE MAX MIM UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 4.68 15.00 0.00 HR 438.22
CENTRAL A/C CYCLES CYC/15 MIN 0.01 2,00 0.00 CYCLES 43.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.29 1.95 0.00 LBS 1611,36
TOTAL HOUSE GAS CF/15 MIN 0.7_ 12,00 0.00 CF 4282.00
OUTDOOR TEMP. DEG. F 73.46 99,20 48.40 ....
INDOOR TEMP. DEG. F 81.23 90.10 71.80 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 7.77 13,40 -28.07 ....
INDOOR RH % 33,96 77.00 19.00 ....
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AUSTIN OPERATIONAL SUMMARY

NONITORED INTERVAL: 8/27/87 - 11/02/87
DATABASE PERIODS RECORDED: 5956 (91.2% OF TIME INTERVAL)

SITE: 13

HOUSE SQUARE FEET: 1419.00
AiC NOMINAL TONS: 3.00
NUMBEROF OCCUPANTS: 2

SITE POI,,'ERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.34 2.06 0.02 KWH 2045.85
CENTRAL A/C KWH/15 MIN 0,15 0.95 0.00 KWH 922.78

NORMALIZED SITE POWERQUANTITIES

15-NINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX NIM UNITS USAGE

TOTAL HOUSE WH/FT2 0.2421 1.4517 0.0141 WH/FT2 1441.736
TOTAl _IOUSE KWH/TON 0.1145 0.6867 0.0000 KWH/TON 681.939
CENTRAL A/C WH/FT2 0.1092 0.6695 0.0000 WH/FT2 650.303
CENTRAL A/C KWH/TON 0.0517 0.3167 0.0000 KWH/TON 307.593

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 2.68 15.00 0.00 HR 265,56
CENTRAL A/C CYCLES CYC/15 MIN 0.31 6.00 0.00 CYCLES 1823,00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.18 1.95 0.00 LBS 1043.35
TOTAL HOUSE GAS CF/15 MIN 0.52 121.00 0.00 CF 3114.00
OUTDOOR TEMP. DEG. F 73.25 98.70 47.46 ....

INDOOR TEMP. DEG. F 79.82 84.60 58.02 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 6.57 16.30 -26.63 ....
INDOOR RH % 41.06 60.00 28.00 ....
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AUSTIN OPERATIONAL SUMMARY

NONITORED INTERVAL: 5/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 13513 (76.5_ OF TIME INTERVAL)

SITE: 13

HOUSE SQUARE FEET: 1419.00
AIC MONIMAL TONS: 2.50
NUMBER OF OCCUPANTS: 2

SITE PCWERQUANTITIES

15-HINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX NIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.43 1.93 0.02 KWH 5771.34
CENTRAL A/C KWH/15 M[N 0.17 0.78 0.00 KWH 2357.32

NORMALIZED SITE POMER QUANTITIES

15-MINUTE 9ENAND US_GE OVER INTERVAL
UNITS AVE NAX NIM UNITS USAGE

TOTAL HOUSE WH/FT2 0.3012 1.3587 0.0141 WH/FT2 4067.166
TOTAL HOUSE KWH/TON 0.1710 0.7712 0.0000 KWH/TON 2308.519
CENTRAL A/C WH/FT2 0.1230 0.5504 0.0000 WH/FT2 1661.113
CENTRAL A/C KWH/TON 0.0698 0.3124 0.0000 KWH/TON 942.900

m ,,, ,_, l i ,--

OTHER SITE DATA

UNITS AVE MA)( NIM UNITS TOTAL

CENTRAL A/C RUNT[ME 15 M[N 3.73 15.00 0.00 HR 838,61
CENTRAL A/C CYCLES CYC/15 M]N n,20 2.00 0.00 CYCLES 2673.48
CENTRAL A/C CONDENSATE LBS/15 M]N 0.19 4.88 0.00 LBS 2588.73
TOTAL HOUSE GAS CF/15 M[N 0.43 9.00 0.00 CF 5807.28
OUTDOORTEMP. DEG. F 79.24 105.90 51.79 ....
INDOOR TEMP. DEG. F 82.94 90.50 73.90 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 3.70 19.40 -23.91 ....
INDOOR RH % 41.80 62.20 30.90 ....
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AUSTIN OPERATIONAL SUMMARY

NONITORED INTERVAL: 9/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 4266 (72.8[ OF TIME INTERVAL)

SITE: 13

HOUSE SQUARE FEET: 1419.00
AiC NOMINAL TOMS: 2.50
NUMBER OF OCCUPANTS: 2

SITE POMER QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX NIM UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.43 1.87 0.02 KWH 1813.72
CENTRAL A/C KWH/15 MIN 0.13 0.71 0.00 KWH 537.45

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.3005 1.3150 0.0141 NH/FT2 1278.171
TOTAL HOUSE KWH/TON 0.1705 0.7464 0.0000 KWH/TON 725.487
CENTRAL A/C WH/FT2 0.0890 0.5032 0.0000 WH/FT2 378.766
CENTRAL A/C KWH/TON 0.0505 0.2856 0.0000 KWH/TON 214.978

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 2.67 15.00 0.00 HR 189.66
CENTRAL A/C CYCLES CYC/15 MIN 0.17 2.00 0.00 CYCLES 725.48
CENTRAL A/C CONDENSATE LBS/15 MIN 0.14 1.95 0.00 LBS 617.21
TOTAL HOUSE GAS CF/15 MIN 0.43 9.00 0.00 CF 1833.28
OUTDOOR TEMP. DEG. F 75,84 99.30 51.79 ....
INDOOR TEMP. DEG, F 81.90 88.40 74.30 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 6.06 15.20 -23.91 ....
INDOOR RH % 41.49 53.00 30.90 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 8/30187 - 11/02/87
DATABASE PERIODS RECORDED: 5381 (86.2% OF TIME INTERVAL)

SITE: 14

HOUSE SQUARE FEET: 1970. O0
A/C NOMINAL TOMS: 3.00
NUMBEROF OCCUPANTS: 2

SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIN UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.43 3.31 0.01 KWH 2314.64
CENTRAL A/C KWH/15 MIN 0.08 0.96 0.01 KWH 425.77

NORMALIZED SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE WH/FT2 0.2194 1.6802 0.0051 WH/FT2 1174.960
TOTAL HOUSE KWH/TON 0.1441 1.1033 0.0000 KWH/TON 771.544
CENTRAL A/C WH/FT2 0.0402 0.4873 0.0051 WH/FT2 216.127
CENTRAL A/C KWH/TON 0.0264 0.3200 0.0000 KWH/TON 141.891

OTHER SITE DATA

UNITS AVE MAX NIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 1.17 15.00 0.00 HR 104.53
CENTRAL A/C CYCLES CYC/15 MIN 0.04 3.00 0.00 CYCLES 239.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.09 1.95 0.00 LBS 464.58
TOTAL HOUSE GAS CF/15 MIN 1.00 21.00 0.00 CF 5390.00
OUTDOOR TEMP. DEG. F 73.30 108.40 47.21 ....
INDOOR TEMP. DEG. F ..........

-.

OUTDOOR MINUS INDOOR TEMP. DEG. F ........

INDOOR RH % 63.53 84.00 37.00 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 5/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 16048 (90.9_ OF TIME INTERVAL)

SITE: 14

HOUSE ,SQUAREFEET: 1970.00
AJC NOMINAL TOMS: 3.00
NUMBEROF OCCUPANTS: 2

SITE PO_R QUANTITIES

15-NINUTE DEMAND USAGE OVER XNTERVAL
UNITS AVE HAX NIM UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.65 2.93 0.03 KWH 10416.65
CENTRAL A/C KWH/15 MIN 0.26 0.87 0.01 KWH 4238.22

NORMALIZED SITE POMER QUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MA)( NIN UNITS USAGE

TOTAL HOUSE WH/FT2 0.3307 1.4875 0.0147 WH/FT2 5287.648
TOTAL HOUSE KWH/TON 0,2172 0.9767 0.0000 KWH/TON 3472,234
CENTRAL A/C WH/FT2 0.1342 0.4422 0.0041 WH/FT2 2151.549
CENTRAL A/C KWH/TON 0.0882 0.2903 0.0000 KWH/TON 1412.855

OTHER SITE DATA

UNITS AVE MAX NIN UNITS TOTAL

CENTRAL A/C RUNT]ME 15 MIN 5.05 15,00 0.00 HR 1350.47
CENTRAL A/C CYCLES CYC/15 MIN 0.15 2.00 0.00 CYCLES 2359.00
CENTRAL A/C CONDENSATE LBS/15 M|N 0.28 2.93 0.00 LBS 4507,31
TOTAL HOUSE GAS CF/15 MIN 0.47 15.00 0.00 CF 7532,00
OUTDOOR TEMP. DEG. F 80.69 119,20 50.55 ....

INDOOR TEMP. DEG. F 79.24 87.10 70.50 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 1.44 37.30 -21.63 ....
INDOOR RH % 61.53 83.70 43,20 ....
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AUSTIN OPERATIONAL SUMMARY

MONITORED INTERVAL: 9/01/88 - 10/31/88
DATABASE PERIODS RECORDED: 5134 (87.7% OF TIME INTERVAL)

SITE: 14

HOUSE SQUARE FEET: 1970.00
A/C NOMINAL TONS: 3.00
NUMBEROF OCCUPANTS: 2

SITE POWERQUANTITIES

15-MINUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE KWH/15 MIN 0.45 2.93 0.03 KWH 2298.90
CENTRAL A/C KWH/15 MIN 0.14 0.87 0.01 KWH 725.34

NORMALIZED SITE POWERQUANTITIES

15-M|NUTE DEMAND USAGE OVER INTERVAL
UNITS AVE MAX MIM UNITS USAGE

TOTAL HOUSE WH/FT2 0.2284 1.4875 0.0147 WH/FT2 1166.957
TOTAL HOUSE KWH/TON 0.1500 0.9767 0.0000 KWH/TON 766.302
CENTRAL A/C WH/FT2 0.0719 0.4422 0.0041 WH/FT2 368,188
CENTRAL A/C KWH/TON 0,0472 0,2903 0.0000 KWH/TON 241.800

OTHER SITE DATA

UNITS AVE MAX MIN UNITS TOTAL

CENTRAL A/C RUNTIME 15 MIN 2.47 15.00 0.00 HR 211.56

CENTRAL A/C CYCLES CYC/15 MIN 0.10 1,00 0.00 CYCLES 522.00
CENTRAL A/C CONDENSATE LBS/15 MIN 0.14 1.95 0.00 LBS 721.27
TOTAL HOUSE GAS CF/15 MIN 0.41 13.00 0.00 CF 2116.00
DHW GAS CF/15 MIN 0.27 15.00 0.00 CF 1405.00
OUTDOOR TEMP. DEG. F 75,50 106.60 50.55 ....
INDOOR TEMP. DEG. F 78.81 85.00 70.50 ....
OUTDOOR MINUS INDOOR TEMP. DEG. F 3.31 27.60 -21.63 ....
INDOOR RH % 62,55 82.20 50.80 ....
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PRISM REGRESSION PLOTS
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House:Hl01 PRE ,alpha= 25.23,beta= 28.53,R2= 0.9444

$

} PERIODS:
i

/
/ A DEC 8 1986 to JAN 7 1987

JAN 8 1987 to FEB 8 1987
/

93.8 + / FEB 9 1987 to MAR 8 1987/

C / D MAR 9 1987 to APR 6 1987

o / E APR 7 1987 to MAY 5 1987

n MAY 6 1987 to JUN 4 1987

"_ G JUN 5 1987 to JUL 6 1987

u 81.6 + H JUL 7 1987 to AUG 4 1987

m | AUG 5 1987 to SEP 2 1987

P J SEP 3 1987 to OCT 4 1987

t OCT 5 1987 to NOV 2 1987

i NOV 3 1987 to DEC 6 1987

o 69.4 +

n

I

K 57.2 +

_J

H

P

er 45.0 ii

d

20.6 -E

v_........... .... .............. 4-.............. ._..........

O.C 0.7 I.5 2.2

Cooling degree-days per aay, base tau : 83.5
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House:Hl01 POST ,a_pha= 24.72,beta= 1.26,R2= 0.3731

H PERIODS:

G A DEC 7 1987 to JAN 6 1988

B JAN 7 1988 to FEB 7 1988

52.7 . C FEB 8 1988 _o MAR 7 1988

C D MAR 8 1988 to APR 5 1988

o E APR 6 1988 to MAY 4 1988

n F MAY 5 1988 to JUN 5 1988

s G JUN 6 1988 to JUL 5 1988

u 46.8 . "$ H JUL 6 1988 to AUG 3 1988

m j I AUG 4 1988 to SEP 1 1988

// J SEP 2 1988 to OCT 3 1988P

t / K OCT 4 1988 to NOV 1 1988
/

i // l NOV 2 1988 to DEC 4 1988
/

0 40.9 • //
n /"

I - F

K 35.1 i

w

H I

B

P

e 29.2 +A

r

d

a J

y 23._ ._

L

17.5 - K

•,-.............. _ .............. _ .............. _ ..........

0.0 _.._ _.i _3.c

Coo ing aegree-aays pen day, base tau = 7],.
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House:Hl02 PRE ,aLpha= 13.00,beta = 2.08,R2= 0.9801

l PERIOOS:

_; A DEC 10 198w5 to JAN 11 1987

" JAN 12 1987 to FEB 10 198740.5 + FEB 11 1987 to MAR 10 1987

C . /H D MAR 11 1987 to APR 8 1987

,: . / E APR 9 1987 to MAY 7 1987
/

n / F MAY 8 1987 to JUN 8 1987
/

s G JUN 9 1987 to JUL 8 1987

u 35.8 + G H JUL 9 1987 to AUG 6 1987

m . ] AUG 7 1987 to SEP 7 1987

p J SEP 8 1987 to OCT 6 1987

t K OCT 7 1987 to NOV 4 1987

i L NOV 5 1987 to DEC 8 1987

o 31.0 +

rl

I O
/

K 26.3 + /

/W

H

F

e 21.5 +

r E

d

a

y 16.8 +

.D

/
i2.0 .A

•I".............. . .............. -_ .............. -_..........

0.0 3.8 7.5 11.3

Cooling degree-aays per eay, base tau = 70.6
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i

House:Hl02 POST ,alpha= 13.46,beta= 1.18,R2= 0.9668

i

//X PERIODS:

/ A DEC 9 1987 to JAN 10 1988

B JAN 11 1988 to FEB 9 1988

33.2 + H C FEB 10 1988 to MAR 9 1988

C D MAR 10 1988 to APR 7 1988

o E APR 8 1988 to MAY 8 1988

n J F MAY 9 1988 to JUN 7 1988

s G JUN 8 1988 to JUL 7 1988

u 29.6 + H JUL 8 1988 to AUG 7 1988

m . I AUG 8 1988 to SEP 6 1988

P J SEP 7 1988 to OCT 5 1988

t K OCT 6 1988 to NOV 3 1988

i L NOV 4 1988 to DEC 6 1988

o 26.0 +

n F

I

K 22.4 +

W

H

P

e 18.8 +

r
• /

• D

d E

a . C L

y 15.2

11.6 +A

.............. . ...... , ....... . .............. . ..........

0.0 5.2 10.5 15.7

CooLing degree-days per oay, base tau = 66.8
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House:Hl03 PRE ,alpha= 12.38,beta= 1.88,R2= 0.9151

H $ PERIODS:

Y'
G // A DEC 10 1986 to JAN 11 1987

/' B JAN 12 1987 to FEB 10 1987

47.8 + // FEB 11 1987 to MAR 10 1987

C / D MAR 11 1987 to APR 8 1987

o // E APR 9 1987 to MAY 7 1987

n F MAY 8 1987 to JUN 8 1987

s G JUN 9 1987 to JUL 8 1987

u 41.7 + J H JUL 9 1987 to Al . 6 1987

m I AUG 7 1987 to SEF 7 1987

P /J J SEP 8 1987 to OCT 6 1987
t K OCT 7,1987 to _lOV 4 1987

i L NOV 5,1987 to DEC 8 1987
o 35.6 +

r_

I

K 29.6 + K E//

/w

/

e 23.5 + F

r

/
/

/

/
y 17.4 * D /

L//
/

i/
•- .............. "_-.. , , .......... _ .............. . ..........

C.C 5.7 11.3 17.C_

Cooling clegree-oays per day, base tau = 63.b
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House:Hl03 POST ,alpha= 12.10,beta= 2.35,R2= 0.9363

H 1% PERIODS:
/
t

A DEC 9 1987 to JAN 7 1988

/ B JAN 8 1988 to FEB 8 1988

41.6 . / C FEB 9 1988 to MAR 8 1988

C / D MAR 9 1988 to APR 6 1988
/

o / E APR 7 1988 to MAY 5 1988
/

n / F MAY 6 1988 to JUN 6 1988
/

s G JUN 7 1988 to JUL (5 1988

u 36.2 + H JUL 7 1988 to AUG 4 1988

m I AUG 5 1988 to SEP 5 1988

P J SEP 6 1988 to OCT 4 1988

t G K OCT 501988 to NOV 2 1988

i L NOV 3,1988 to DEC 5 1988

o 30.8 +

r,

I

K 25.3 +

W

H

P

e 19.9 .

E K

//C'

y 14.5 +B

C

L

_.I +A

. .............. . .............. 4............... . ..........

C.O 3.8 7.7 11.5

Cooting degree-days Der day, bas;e tau : 72.4
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House:Hl04 PRE ,alpha= 20.57,beta= 3.98,R2= 0.9470

$

/
I PERIODS:

A DEC 8 1986 to JAN 7 1987
B JAN 8 1987 to FEB 8 1987

60.5 . _ C FEB 9 1987 to MAR 8 1987

C . G D MAR 9.1987 to APR 6 1987

o . E APR 7 1987 to MAY 5 1987

n F MAY 6 1987 to JUN 4 1987

s G JUN 5 1987 to JUL 6 1987

u 52.8 * H JUL 7 1987 to AUG 4 1987

m i ] AUG 5 1987 to SEP 2 1987

P J SEP 3 1987 to OCT 4 1987

t K OCT 5 1987 to NOV 2 1987

i L NOV 3,1987 to DEC 6 1987
o 45.2

n

I

K 37.6 i

W

H

p K

er 30.0 iA _ F

y 22.4

.B

14.7 -_C

. ...... . .... .. °_r ....... , ...... _ .............. . ..........

0.0 3.3 6.5 _.8

Cooling oegree-oays per _ay, Oase tau = 73.3
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House:Hl04 POST ,alpha= 22.70,beta= 1.35,R2= 0.8829

$

G / I PERIODS:
/

./

J_H A DEC 7,1987 to JAN 6,1988

B JAN 7,1988 to FEB 7,1988

41.9 . C FEB 8,1988 to MAR 7,1988

C D MAR 8,198a to APR 5,1988

o E APR 6,1988 to MAY 4,1988

n F MAY 5,1988 to JUN 5,1988

s _ G JUN 6,1988 to JUL 5,1988

u 38.2 + H JUL 6,1988 to AUG 3,1988

m ! AUG 4,1988 to SEP 1,1988

p J SEP 2,1988 to OCT 3,1988

t K OCT 4,1988 to NOV 1,1988

i / L NOV 2,1988 to DEC 4,1988

o 34.5

n

F

/
K 30.8 .

W L

H

.A

P

e 27.1 .

r /
/

/
y  35L /

• C

.B

.............. _ .............. _ .............. _ ..........

C.O 4.9 9._ 14.7

Cooiin9 oegree-aays per day, base lau : 69.0



C-9
I

House:Hl05 PRE ,alpha= 14.23,beta= 3.88,R2 = 0.9814

I PERIODS:

$ A DEC 8,1986 to JAN 7 1987

,/ B JAN 8 1987 to FEB 8 1987

69.5 + /' FEB 9 1987 to MAR 8 1987

C / MAR 9 1987 to APR 6 1987
_:; E APR 7 1987 to MAY 5 1987

n / F MAY 6 1987 to JUN 4 1987
/

s G JUN 5 1987 to JUL 6 1987

u 60.0 + H JUL 7 1987 to AUG 4 1987

m . H I AUG 5 1987 to SEP 2 1987

p J SEP 3 1987 to OCT 4,1987

t K OCT 5 1987 to NOV 2,1987

i L NOV 3,1987 to DEC 6,1987

o 50.6 +

i

K 41.1 +

W

H

P

e 31.6 +

. E

a • Ky 22.1

12.7

0.0 4.0 7.9 11.9

Cooting degree-aays per aay, base tau = 7_._



C-10

House:Hl05 POST ,alpha= 16.29,beta= 2.38,R2= 0.9854

I $ PERIODS:

,/

// A DEC 7 1987 to JA_4 6 1988
/

B JAN 7 1988 to FEB 7 1988

52.2 + C FEB 8 1988 to MAR 7 1988

C D MAR 8 1988 to APR 5 1988

o / E APR 6 1988 to MAY 4 1988

n ,'H/ F MAY 5 1988 _o JUN 5 1088

/ G JUN 6 1988 to JUL 5 19_,8s

u 46.1 _ // H JUL 6 1988 to AUG 3 1988

m G/ I AUG 4 1988 to SEP 1 1988

p / J SEP 2 1988 to OCT 3 1988

t K OCT 4 1988 to NOV 1 1988

i L NOV 2 1988 to DEC 4 1988

o 40.0 +

N

I

K 34.0

W

H

/

e 27.9 + /

/
y 21.8 -,- /

/

• E /

//
/

15.8 $C

._ .............. . .............. v,.............. . ..........

C._ _..5 _._ 13._.

Cooling aegree-aays per aay, base tau : 70.7



C-II

House:Hl06 PRE ,alpha= 10.65,beta= 7.76,R2= 0.9165

I $ PERIODS:

/ A DEC 8 1986 to JAN 7 1987
/

, JAN 8 1987 to FEB 8 1987/

51.0 . " FEB 9 1987 to MAR 8 1987

C ,/ D MAR 9 1987 to APR 6 1987
/

o / APR 7 1987 to MAY 5 "1987
/

n . / F MAY 6 1987 to JUN 4 1987
/

s / G JUN 5 1987 to JUL b 1987

u 43.9 + // H JUL 7 1987 to AUG 4 1987
/

m / I AUG 5 1987 to SEP 2 1987

p / J SEP 3 1987 to OCT 4 1987

t OCT 5 1987 to NOV 2 1987

i NOV 3 1987 to DEC 6 1987

o 36.8+ / H

n

J

i

K 29.8 +

W

H

P

e 22.7 +

r

/
a

y 15.7 +

8.6 +D

.... ...... ..... + .............. -_.............. + ..........

0.0 I .6 3.2 4.7

Cc ing degree-aays per aay, base tau = 79.7



C-12
i

House:Hl06 POST ,a{pha= 11.04,beta= 2.40,R2= 0.9766

$

•/I PERIODS:
/

/"

/ A DEC 7,1987 to JAN 6 1988

JAN 7,1988 to FEB 7 1988
40.2 . / C FEB 8,1988 to MAR 7 1988

C //H D MAR 8,1988 to APR 5 1988

o G / E APR 6,1988 to MAY 4 1988

n F MAY 5,1988 to JUN 5 1988

s G JUN 6,1988 to JUL 5 1988

u 35.1 + J / H JUL 6,1988 to AUG 3 1988

m I AUG 4,1988 to SEP I,1988

p J SEP 2,1988 to OCT 3,1988

t K OCT 4,1988 to NOV 1,1988

i L NOV 2,1988 to DEC 4,1988

o 30.1 .

n

I

K 25.1 +

W

H

e 20.0 +

r K /
c! / F

y 15.0 *

.AD

10.0 "_E

-e .............. . .............. . .............. .e ..........

0.0 4.C 7.9 11.9

Cooling aegree-aays Der aay, base tau = 72.5



C-13

House:Hl07 PRE ,aLpha= 30.07,beta= 13.01,R2= 0.7050

; ._ PERIODS:
/

// A DEC 9 1986 to JAN 8 1987

// B JAN 9 1987 to FEB 9 1987

61.5 + / C FEB 10 1987 to MAR 9 1987

C / D MAR 10 1987 to APR 7 1987

o APR 8 1987 to MAY 6 1987

n . MAY 7 1987 to JUN 7 1987

s G JUN 8 1987 to JUL 7 1987

u 55.7 + H JUL 8,1987 to AUG 5 1987

m I AUG 6,1987 to SEP 3 1987

P J SEP 4,1987 to OCT 5 1987

t J OCT 6,1987 to NOV 3 1987

J NOV 4,1987 to DEC 7 1987
o 49.8 +

n

I

K 43.9 +

W

H

P

e 38.0 +

r

a G

y 32.1

.B

.C

26.2 +D

-_.............. .i............ ....e ............. . ..........

0.0 0.7 1.5 2.2

Cooling aegree-clays Der day, base tau = 83.3



C-14
i

House:Hl07 POST ,aLpha= 28.51,beta= 6.70,R2= 0.8739

$

_I PERIOOS:
t

/,"

/ A DEC 8, 1987 to JAN 7, 1988

/ B JAN 8,1988 to FEB 8,1988
/

54.9 + , C FEB 9,198,B to MAR 8,1988
/

C / D MAR 9, 1988 to APR 6 1988

o / E APR 7,1988 to MAY 5 1988
n / F MAY 6,1988 to JUN 6 1988

s / G JUN 7,1988 to JUL 6 1988

u 49.8 + H JUL 7,1988 to AUG 4 1988

m ! AUG 5,1988 to SEP 5 1988

p J SEP 6,1988 to OCT 4 1988

t K OCT 5,1988 to NOV 2 1988

i L NOV 3,1988 to DEC 5 1988

o 44.8 +

n

I

K 39.8 +

W

H

P

e 34.8 +

r

a .B G

y 29.8

.C F

24.8 *E

-e .......... ,.... .............. -t .............. . ...... ....

0.0 I.2 2.5 3.7

Cooling degree-days per day, base tau = 82.0



C-15

House:Hl08 PRE ,alpha= 24.38,beta= 11.03,R2= 0.9622

$

I PERIODS:

• A DEC I0,1986 to JAN 11 1987

/' B JAN 12,1987 to FEB 10 1987
55.8 + / C FEB 11 1987 to MAR 10 1987,'

,/

C MAR 11,1987 to APR 8 1987

o /" E APR 9,1987 to MAY 7 1987
/

n /, F MAY 8,1987 to JUN 8 1987

s // G JUN 9,1987 to JUL 8 1987

u 49.8 + ./ H JUL 9,1987 to AUG 6 1987
/

m // I AUG 7,1987 to SEP 7 1987

p . / J SEP 8,1987 to OCT 6 1987

t K OCT 7,1987 to NOV 4 1987

i L NOV 5,1987 to DEC 8 1987

o 43.8 +

v_

, /K 37.8 .

W

H

P

er 31.8 _i_. k

y 25.8

.K

.E

19.7 *F

+ .............. ..., ........ ,... .............. . ..........

0 0 09 18 _ 7• . . _..

Cooling degree-days per day, base tau = 81.9



C-16

House:Hl08 POST ,aLpha= 25.83,beta= 2.14,R2= 0.8597

/
/
/

/' I PERIODS:

H ,/

/ A DEC 9,1987 to JAN 10 1988

B JAN 11,1988 to FEB 9 1988

39.7 + C FEB 10,1988 to MAR 9 1988

C D MAR 10,1988 to APR 7 1988

o E APR 8,1988 to MAY 8 1988

n F MAY 9,1988 to JUN 7 1988
/

s . / G JUN 8,1988 to JUL 7 1988

u 36.7 + / H JUL 8,1988 to AUG 7 1988
m G/ I AUG 8,1988 to SEP 6 1988

p / J SEP 7,1988 to OCT 5 1988

t / K OCT 6,1988 to NOV 3 1988i L NOV 4,1988 to DEC 6 1988

o 33.8 +

N

I

K 309+

W .A

H .B

P

e 27.9 +

r

• L

a

y 25.0 +

.CK

.D

22.1 + E

4, .............. . .............. ._........ • ..... . ..........

0 0 2.2 _ _ 6.6

Cooling aegree-days per aay, base tau = 78.0



C-17

I

House:Hl09 PRE ,aLpha= 36.51,beta= 8.54,R2= 0.9834

$
/"
/

• //I PERIOOS :
/
/ A DEC 8,1986 to JAN 7,1987

/ B JAN 8,1987 to FEB 8,1987• /

104.7 + /_" C FEB 9,1987 to MAR 8,1987

C MAR 9,1987 to APR 6, 1987

e E APR 7, 1987 to MAY 5,1987

n F MAY 6,1987 to JUN 4,1987

s . / G JUN 5,1987 to JUL 6,1987

u 92.3 + H JUL 7, 1987 to AUG 4,1987

m | AUG 5,1987 to SEP 2,1987

p _G J $EP 3,1987 to OCT 4,1987

t K OCT 5,1987 to NOV 2,1987

i L NOV 3,1987 to DEC 6,1987

o 80.0 +

/
/
/

l /
/

K 67.7 + /

w

H

p /

e 55.4 + /r

/

t 14

y 43.1

, K

30.8 +L

+ ...... . ....... + .............. _-.............. -e.. ........

0.0 2.5 5.1 7.6

Cooling degree-aays per aay, base tau = 76.0



C-18

I

House:Hl09 POST ,alpha= 30.89,beta= 4.33,R2= 0.9593

$
/'

/' I PERIODS:
/

• /

/
H A DEC 7,1987 to JAN 6,1988

B JAN 7,1988 to FEB 7,1988
/ C FEB 8,1988 to MAR 7,198880.2 + /

C . /' D MAR 8,1988 to APR 5,1988

o / E APR 6,1988 to MAY 4 1988

n G / F MAY 5,1988 to JUN 5 1988
s / G JUN 6,1988 to JUL 5 1988
u 71.6 . H JUL 6,1988 to AUG 3 1988

m I AUG 4,1988 to SEP 1 1988

p J SEP 2,1988 to OCT 3 1988

t K OCT 4,1988 to NOV 1 1988

i L NOV 2,1988 to DEC 4 1988

o 62.9 +

I

K 54.2 +

W

H

P

e 45.6 + F

r

A

y 36.9

28.3 +D E

+ .......... ...,. ......... • .... + .............. 4- ..........

0.0 3.7 7.5 11.2

Cooling degree-days per aay, base tau = 73.3



C-19

House:Hl10 PRE ,alpha= 11.44,beta= 7.57,R2= 0.9279

I $ PERIODS:

A DEC I0,1986 to JAN 11 1987

/ JAN 12,1987 to FEB 10 1987

40.8 + H C FEB 11,1987 to MAR 10 1987

C . , D MAR 11,1987 to APR 8 1987

o ' APR 9,1987 to MAY 7 1987
/"

n . / F MAY 8,1987 to JUN 8 1987
/

s . /' G JUN 9,1987 to JUL 8 1987

u 35.4 + ,./ H JUL 9,1987 to AUG 6 1987
/

m / I AUG 7,1987 to $EP 7 1987/

P • _ J SEP 8,1987 to OCT 6 1987

t / OCT 7,1987 to NOV 4 1987

i . L NOV 5,1987 to DEC: 8 1987
o 30.1 +

r}

/
/

, /

• °
K 24.7 +

W

H

e 19.3 +

r

/

y 14.0 2

_'CF

6.6 +D

+ ..... • ....... ,. ............. ,+. .¢-

0.0 I.2 2.4 3.5

Coo_ing aegree-aays per day, base _au = 80.5



C-20

I

House:Hl10 POST ,alpha= 13.16,beta= 2.05,R2= 0.9654

$

} PERIODS:

./

/

• / A DEC 9,1987 to JAN 10,1988

// B JAN 11,19&B to FEB 9,1988
29.8 + /H C FEB I0,1988 to MAR 9,1988

C // D MAR 10,1988 to APR 7, 1988
o / E APR 8,1988 to MAY 8,1988

n // F MAY 9,1988 to JUN 7,1988s G JUN 8,1988 to JUL 7,1988
/
/ H JUL 8,1988 to AUG 7, 1988u 26.9 +
/

m . / I AUG 8, 1988 to SEP 6,1988

p _//// J $EP 7,1988 to OCT 5,1988t K OCT 6,1988 to NOV 3,1988

i / L NOV 4,1988 to DEC 6, 1988

/o 23.9 + J

n

I •

K 21.0 +

W

H

P /

e 18.0 + /

/
r

da .A _

y 15.0 +

.B

/
/

,/ E

12._ +C L

4.............. ._r........... ...+ .............. wr..... . ....

0.0 2.5 5.1 7.6

Cooling degree-days per day, base tau = 7b.8



C-21

House:Hl11 PRE ,alpha= 17.42,beta= 2.61,R2= 0.9905

$

,) PERI OOS:
J

/ A DEC 8,1986 to JAN 7,1987o

. HI,/ B JAN 8,1987 to FEB 8,1987

58.5 + _ C FEB 9,1987 to MAR 8,1987

C / D MAR 9,1987 to APR 6, 1987

, E APR 7,1987 to MAY 5,1987

n . F MAY 6,1987 to JUN 4,1987

s . , G JUN 5,1987 to JUL 6,1987

u 51.2 + _ H JUL 7,1987 1:o AUG 4,1987

m _ ! AUG 5,1987 to SEP 2,1987

p / J SEP 3,1987 to OCT 4,1987

t K OCT 5,1987 to NOV 2,1987

i L NOV 3,1987 to DEC 6,1987

o 43.9 +

,- j

I

K 36.6 +

W

H

P

e 29.3 +

r

8

/

y 22.0 ./

IL,.7+A

+ ........... ..,.......,... .... ... ..... • .... ..-e.. ..... ...

0.0 4.8 9.6 14.5

Cooling Qegrec-days per day, base tau : 67.6



C-22

House:Hl11 POST ,atpha= 17.6_,beta= 1.24,R2= 0.9755

i

/
G H / PERIOOS:/

I

A DEC 7,1987 to JAN 6,1988

B JAN 7, 1988 to FEB 7,1988

45. 5 + C FEB 8,1988 to MAR 7,1988

C / D MAR 8,1988 to APR 5,1988

o / E APR 6,1988 to MAY 4,1988

n / j F MAY 5,1988 to JUN 5,1988

s / G JUN 6,1988 to JUL 5,1988

u 40.9 * / H JUL 6,1988 to AUG 3,1988

m . / I AUG 4,1988 to SEP _,1988J SEP 2,1988 to OCT 3,1988
P /
t / K OCT 4,1988 to NOV 1,1988

._ / L NOV 2,1988 to DEC 4,1988

o 36.2 .

n

/i

K 31.6 + /
W

e 27.0 +

r /
/
/

/
/

@ /

y 22._.+ /
/ D

/
17.7 - 2,

0.0 7.3 I_.7 2E.0

Coo'ing oegree-oays per Qay, base tau = 60.1



C-23

House:Hl12 PRE ,alpha= 23.37,beta= 6.87,R2 = 0.9172

PERiOOS:

A DEC 9,1986 to JAN 8,1987

H// B JAN 9, 1987 to FEB 9,1987
84.3 * / FEB 10,1987 to MAR 9,1987

C MAR 10, 1987 to APR 7,1987

, E APR 8,1987 to MAY 6,1987

r_ F MAY 7,1987 to JUN 7,1987

s G JUN 8, 1987 to JUL 7,1987

u 73 6 + H JUL 8,1987 _o AUG 5,1987

m ! AUG 6,1987 to SEP 3,1987

P J SEP 6,1987 to OCT 5,1987

t K OCT 6,1987 to NOV 3,1987

i L NOV 6,1987 tO DEC 7o1987
o 62.9 +

n

I

K 52.3 +

W

H

P

e 41.6 +

/
/

/
C /

y 30.9 + K F

/
/

• /

J
/

gA E

20.2 *B

•_".............. ... ..... -,I.. . ..... ,..................... ..'4"

O.C 2.8 5.6 8.5

Cooling oegree-aays per oay, base tau : 74.7



C-24
I

House:Hl12 POST ,atpha= 25.05,beta= 2.05,R2 = 0.8840

$
I

G /' PERIOOS:

i

I A DEC 8,1987 to JAN 7 1988

B JAN 8 1988 to FEB 8 1988

51.3 _, / C FEB 9 1988 to MAR 8 1988

C • D MAR 9 1988 to APR 6 1988

c E APR 7 1988 to MAY 5 1988

n / H F MAY 6 1988 to JUN 6 1988

s --/ G JUN 7 1988 to JUL 6 1988

u 46.4 . / H JUL 7 1988 to AUG 4,1988
/

m / I AUG 5 1988 to SEP 5,1988/

P / J SEP 6 1988 to OCl 4,1988
I

t / J K OCT 5,1988 to NOV 2,1988

i / L NOV 3,1988 to DEC 5,1988
o 41.4 + /

/
/

/

/
/

K 36.5 + /
/

H

o . //
e 31.6 . /

/
r .A /

,/

(, , /

a .B

y 26.6 .C

/
D k

21.7 * E

...................................

0.[; _,.0 _.0 12.0

Cooling oegree-days per Gay, base tau = 71.8



C-25
I

House:Hl13 PRE ,aLpha= 17.36,beta= 2.78,R2- 0.9644

PERILS:

G /
• / A DEC 9,19_ to JA_ 8,1987

/

B JAN 9,1987 to FEB 9,198753.0 . C FEB I0,1987 to MAR 9,1987

C // D MAR 10,1987 to APR 7.1987
o / E APR 8,1987 to MAY 6,1987

/

n / F MAY 7,1987 to JUN 7,1987

s / H G JUN 8,1987 to JUL 7,1987u 46.7 + H JUL 8,1987 to AUG 5,1987

m ! AUG 6,1987 to $EP _,1987

P J SEP 4,1987 to OCT 5,1987

t K OCT 6,1987 tO NOV _,1987

i L NOV 4,1987 tO DEC 7,1987
o 40.3 *

n

I

K 34.0 .

W

H

P

e 27.6 +

r

A
/

/

y 21.2

L

14.9 .C

. .............. + ..... . ........ ... ...... , ..... _ ...... ....

0.0 4.0 8.C' 12.0

Cooling degree-days per aaY0 Dase tau = 70.3



C-26

I

House:Hl13 POST ,atpha= 16.66,beta= 1.83,R2= 0.9040

I PERIODS:

A DEC 8 1987 to JAN 7 1988

B JAN 8 1988 to FEB 8 1988

53.6 + $" C FEB 9 1988 to MAR 8 1988

/' D MAR 9 1988 to APR 6 1988C /
/

o E APR 7 1988 to MAY 5 1988/t

n / F MAY 6 1988 to JUN 6 1988
/

s ,/ G JUN 7 1988 to JUL 6 1988

u 47.4 + G / H JUL 7 1988 to AUG 4 1988
/

m J / I AUG 5 1988 to SEP 5 1988
/

/ J SEP 6 1988 to OCT 4 1988P
/

t ,/ K OCT 5 1988 tO NOV 2 1988

i / L NOV 3 1988 tO DEC 5 1988

o 41.1 +

n

//

K 34.9 + /

/w

H /_

e 28.6 +

r /

a //

y 22.4 _ /EL

/

16.1 / D

. .............. _ .............. * .............. * ..........

O.C 5.3 10.6 15.9

Cooling degree-bays per Oay, base tau = 67.0



C-27
4

House:Hl14 PRE ,alpha= 30.41,beta= 12.33,R2= 0.9595

/

/'

/ ! PERIOOS:
/

/

A DEC 8,1986 to JAN 7,1987
/ B JAN 8,1987 to FEB 8,1987

89.1 + C FEB 4,1987 to MAR 8,1987

C MAR 9,1987 to APR 6,1987

n E APR 7,1987 to MAY 5,1987

n . F MAY 6,1987 to JUN 4,1987

s S JUN 5,1987 to JUL 6,1987

u 78.3 + H JUL 7,1987 to AUG 4,1987

m . H . ! AUG 5,1987 to SEP 2,1987

p - G J SEP 3,1987 to OCT 4,1987

t , OCT 5,1987 to NOV 2,1987
i L NOV 3,1987 to DEC 6,1987
o 67.6

i

K 56.8

W

H

P

e 46.0

r

L

b

y 35.2 i_
$C

.E

24.5 * F

a,.... ........ ..-I- ........ . ..... . ............. ...........

0.0 I.6 3.1 4.7

Cooling degree-days per day, base tau = 79.8
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