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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Measured Commercial Load Shapes and Energy-Use Intensities
and Validation of the LBL End-use Disaggregation Algorithm

H. Akbari, L. Rainer, K. Heinemeier, J. Huang, and E Franconi

Abstract

The Southern California Edison Company (SCE) has conducted an extensive metering pro-
ject in which electricity end use in 53 commercial buildings in Southern California has been
measured. The building types monitored include offices, retail stores, groceries, restaurants, and
warehouses. One year (June 1989 through May 1990) of the SCE measured hourly end-use data
are reviewed in this report. Annual whole-building and end-use energy use intensities (EUIs)
and monthly load shapes (LSs) have been calculated for the different building types based on the

" monitored data. This report compares the monitored buildings’ EUIs and LSs to EUIs and LSs

determined using whole-building load data and the End-Use Disaggregation Algorithm (EDA).
Two sets of EDA determined EUIs and LSs are compared to the monitored data values. The

- data sets represent: 1) average buildings in the SCE service territory and 2) specific buildings

that were monitored.

The EDA model was developed at Lawrence Berkeley Laboratory (LBL). It uses charac- .
teristics of the whole-building electric load and disaggregates it into major end-use components.
The EDA based EUI and LS values presented in this study for average buildings have been
determined in a previous study conducted by LBL and jointly sponsored by the California
Energy Commission (CEC) and Southern California Edison. The average building types are the
same as the monitored building types. The average buildings are based on the average charac-
teristics of buildings found in SCE’s service area. The data indicate that the EDA estimates and
the measured average end use EUIs and LSs for all the building types reviewed, except the gro-
cery, statistically compare well. The LBL LSs developed for non-standard days (weekends and
holidays) show some questionable characteristics. These LSs were found to differ from those in
the limited sample of end-use metered buildings.

The measured data from two of the end-use metered buildings (an office and a retall store)
have been used to validate the LB EDA model. The characteristics of the buildings and their

‘measured whole-building loads were used with EDA to estimate their end use loads. In the retail

store analysis, the EDA estimates of hourly end-use compare remarkably well with the moni-
tored end-use data (average error of less than 5% during daytime operation). For the office
building, the model gives a .consistent bias of about 30% in over estimating the HVAC electric
load at the expense of under estimating the miscellaneous load. This can be attributed to the
presence of inconsistencies between the office audit information and its measured end-use data.
A three-fold difference between the auditor’s estimate for miscellaneous energy use (EDA input)
and the metered amount has been found. The validation, however, indicates great promise for
the application of EDA to whole-building load data for obtaining reliable end-use data.
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ChaptervI: Introduction and Purpose

~ Reliable end-usé electric load shape data are essential for accurate load forecasting. Meter-
ing projects to obtain the needed data are very expenéive and, conséquently, difficult to justify.
Analytical techniques to obtain these data are promising alternatives to fnetering because they
are far less costly. Nevertheless, valid_atidn of theseAtechniqpes must rely ultimately on end-use

metered data.

In 1988, the Southern California Edison Company (SCE) and the California Energy Com-
mission (CEC) jointly sponsored a unique project at the Lawrence Berkeley Laboratory (LBL).
The project was to develop an analytical technique to estimate typical commercial sector load

shapes (LSs) and end-use energy use intensities (EUis) using whole-building load research data,

individual building audit data, and mail survey data from many buildings (Akbari et al. 1989).

The building types and end uses addressed in the SCE/CEC project are summarized in Table L1
These categories are the same as those used in SCE’s energy forecasting model. For the project,
LBL developed a disaggregation method and determined EUIs and LSs for each building type in
three SCE climate zones. The climate zones are represénted by Los Angeles, Burbank, and Nor-

ton Air Force Base weather. .

- The development of a disaggregation method is significant because such an analytical tech-
nique promises to be far less expensive than end-use metering for obtaining end-use LSs and

EUIs. The LBL project was unique because it produced a new method for performing this type

- of analysis. The method is based on a combination of engineering analysis, building perfor-

mance computer simulations and reconciliation with measured whole-building electric load data
(Akbari et al. 1988). The pfoject was also unique because it represented a conve_rgence of SCE
and CEC energy demand forecasting research efforts with the end result of a common set of data
for use in future forecasts. |

An important missing pieée of the project was the absence of high quality)end-u_se metered
data to validate the technique. Although validation was envisioned in the scope of the initial -
effort, the needed data were not yet available. Now that the SCE metering projects are mature,

we can use existing data to refine and validate the LSs and EUIs developed by LBL.



Table I.1 Building types apd'end uses addressed in the previous SCE/CEC study.

End use

Building type

Space

heating cooling

Space Ventilation

Lighting
- Indoor Outdoor heating

' Water Refrigeration Cooking,

Office
'Equipment

Misc.
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Office

Small office

Large office
Retail store

Large retail store

Small retail store
Grocery store
Restaurant

Sit-down restaurant

Fast food restaurant
Warehouse

Refrig. warehouse

"|10  Non-refrig. warehouse
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A comparison of data collected in the SCE end-use metering project (Table 1.2) and end-
~ use data required for the forecasting model (Table 1.1) indicates that some further disaggregation
of the 'monitored data is required to make them useful for the model. For instance, the metered
end-use data for HVAC should be further disaggregated to Heating, Ventilation, and Air-
Conditioning loads. One of the purposes of this project is td compare the metered end-use data
with our previous estimates of EUIs and LSs resulting from the SCE/CEC-sponsored project
and, accordingly, refine the EUIs and LSs. -

In the first part of this report, we compare the EUIs and LS for the 53 SCE blrildings to
EUIs and LS predicted by the -diséggregation algorithm for the average building population. The
-average EUIs and LS were developed in the 1989 LBL study. We discuss the metered end-use
data obtained from SCE and review them for completeness. We briefly review the characteris-
tics of the buildings that have been submetered and compare their characteristics to those which
represent the population of commercial buildings in the SCE service territory. The objective of
this comparison is to assess the feasibility for making generalized ﬁndings from the limited SCE
submetered building sample and relating these findings to the building population. We discuss
using the end-use >met.ered data to assess the estimates of ‘EUIs and LSs resulting from the previ-
ous LBL project. The assessment was initially planned to be carried out for the building
categories bf office, retail, and grocery. But in addition, we have been able to analyze data for

restaurant and warehouse buildings.

In the second part of this report, we apply the EDA to two individual buildings in the SCE
metering sample , an office building and a retarl building. We compare the measured EUIs and
LS and the EDA-developed EUIs and LS for each building. The comparison allows for the
refinement and validation of the EDA methodology. | |

The report concludes with a summary of the project’s major findings. The possible uses for '

the end-use data in further validation and refinement of EDA are discussed.



Table 1.2 Summary of SCE's metered end-use data

- ‘ g # of # of Measurements - |

Building Type | Buildings Channels | Total Lighting HVAC Refrig. Plug Cooking' Exhaust OutTemp. |
Office 12 8 X X X X ‘ X

Retail 10 4 X X X X
Grocery 16 8 X X X X X
.Restaurant 12 8 X X X X X X X

Full Service
| FastFood ,

Warehouse 3 4 X - X
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Chapter II: Analysis of Measured End-Use Data

Input Data |

The SCE end-use monitoring project hasvcolle'lcfed short-interval (15-minutes to hohrly)
data for up to six end uses for five building types in 53 buildings. The building types monitored
include offices, retail stores, grocery stores, restaurants, and warehouses. Only electricity con-
sumption data are collected The end uses momtored include total building electricity use,
HVAC, lighting, refrigeration, cookmg, plug load, and exhaust fan. In addition to electricity use
data, outdoor temperature was also collected for some buildings. Table 1.2 provides a summary
of monitored building types, number of buildings, end uses, and the number of monitored chan-

nels per building. A detailed review of these data is reported in SCE (1989 and 1990).

To limit metering costs, the SCE project has been gelective in monitoring end uses. A
minimum of two end uses, total building and lighting energy use, has been collected for all
building types. Total HVAC energy have been collected for all building types but the
warehouses. Piug load and refrigeration load have been collected for offices and groceries,
respectively. For restaurants, refrigeration, cooking, and exhaust fan end uses ha{le also been

monitored.

The buildings selected for the SCE end-use metering projects were a subset of the 375
buildings that had detailed on-site survey data collected for them duﬁng 1985-1986 (CEC 1986).
The data Were used in the 1989 LBL project for defining average building charaéteristics in ihe
SCE service territory. We received the on-site survey data for the building set in electronic
form, the files were formatted for use with Statistical Analysis Software (SAS). In the electronic
data éét, information regarding the building identiﬁcaﬁon (i.e. address) was rem.o'ved before the -

data were transferred to LBL. As part of the end-use metering projeét SCE collected updated

| building and system information for the 53 bu1ld1ngs -Hard copies of the updated data along

with the hourly end-use data were provided to LBL for use in this study.

We received one year of metered data (June 1, 1989 through May 31, 1990) for most of the

‘building types. In addition to the monitored end-use data, we received a year of outside dry bulb

temperature data, revised and updated. information on the conditioned and unconditioned floor
areas for each building, and the suggested floor area weighting factors. The weighing factors are
used for estimating the population EUIs and LSs from the sample buildings’ EUIs and LSs. The
SCE weighting factors are derived from the fraction of floor area, byib'uilding type, that are



represented by the monitored buildings in each of the SCE’s four planning regions.

Since our analysis required data starting on January 1, we wrapped the metered values and
_created one complete calendar year of data such that January 1 to May 31 of 1990 appears at the
beginning of the data stream, followed .by June 1 to December 31 of 1989. For buildings in
which mbnitoring_ started later than June 1, 1989, the wrapping of data caused discontinuities to

appear in the plots. However, it did not affect our analysis.

For quick visual check of the data, we have generated three dimensional plots of the hourly>

data. A sample of these 3-D-plots for an office building (Ofﬁée # 5) with HVAC, lighting,
receptacles, and total building metered electricity use is shown in Figure II.1. Similar plots

“have been generated for each of the metered buildings and are presented in Appendix A.

Note that the HVAC Ielectric'ity use for Office #5 is primarily driven by schedules. Besides

daily operational schedules of the HVAC system, two levels of HVAC use corresponding to
June through November 1989 and December 1989 to May 1990 periods are observed. In fact,
the observed HVAC energy use, during January and February 1990, seems to be different from

the other two periods. The same variation is also observed in the plug energy use, with

apparently a few weeks of significant variations from ‘normal’ schedulés during the months of

March and A'pril 1990. The lighting energy use apparently follows a uniform daily schedule

during ‘the year.

As we will discuss in the following sections, the total building electricity use is key input

data to the EDA algorithm. The disaggregation of total ‘electricity use data'into-end-use con-

*

sumption is based on the two principle hypotheses of EDA, namely:

1. the total building electric load carries the true signature of all the major building end uses

and

2. . the temperature dependence of the total building electricity use is caused solely by HVAC

7
energy use.

Metered end-use data provide a means for validating these hypotheses. Using the SCE sub-
-metered data however, Vresulted in two immediate problems. Fi_r_st, not all building end uses are
monitored; the total building electricity use is usually larger than the summation of all the end

uses.! Second, the definition of the metered end uses are not consistent. For instance, the plug

1 As discusscd in the appendix, two buildings have total building energy use less than the summation of
all thc monitored cnd uscs. ' :
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energy use may include task lighting or weather dependent end uses such as electric space

heaters or fans.

Despite the above-mentioned problems, it is still possible to observe the characteristics of
the HVAC load in the whole-building hourly electricity use. HVAC electric loads are character-
ized by opérating schedules and climate conditions. For the two buildings 'evxamined, the periods
of daily schedule changes that are observed for both the wholé-building and the HVAC electri- -
city use are; June through November 1989, December; 1989 th;ough February 1990, and March _'
through May 1990. We will discuss and present the temperature dependency' of the HVAC and

whole-building-load in a subsequent section.



EUI Analysis and Comparison with Forecasting Models

EUIs were developed for all monitored end uses using total building load data from the
sample of monitored buildings. In determining the annual EUIs, we summed the energy use for
~all the hours that were monitored. In those cases where a year of data was not available, the
estimated EUIs were prorated based on the ratio of 8760 to the hours of available data. For
example, the sum of the energy use for all valid, metered hours of Office #6 (this building has
8,575 hours of valid data) is muitiplied by the ratio of 8,760 over 8,575 in order to estimate the

~ . building’s EUIs. Such a simple proration, in general, will yield an acceptable amount of accu-

racy for EUISs, provided that the number of hours of missing data is only a small fraction (less
than 25%) of all the data. The prorated EUIs are then used to develop weighted and unweighted
average EUIs for each building type. ‘

Hourly data are not valid and not included in the analysis if
e the data are labeled missing (indicated by *.” in the SAS file),
e the data are labeled questionably (indicated by negative numbers in the SAS file),

e  or the data collection for a building started later than June 1, 1989 (shown as missing
data). . _

In the following sections, we present a summary table of EUIs including the estimated
average EUIs for each building type. We compare the end use intensity values with each other
and with the EUIs estimated in the 1989 LBL study.



Office buildings
There are 12 office buildings in the data sample with total floor areas ranging from 2,400 to
160,000 ft?> and total electric EUIs rahging from 3.4 to 59 kWh/ft?> year. We partitidned the

- . offices into two categories; small and large. SCE has also partioned their commercial customers

into small and large building categories. We used the same criteria as SCE for partitioning. The

size partitions are based on 15 minute-interval whole-building Load Research Data (LRD) col-

lected by SCE; all those offices with annual electricity use _o f over 400,000~kWh/year are con-

sidered large and those with annual . electricity use less than 400,000 kWh/year are considered

- small. With this partitioning criteria, offices 1, 4, 5, and 12 are in the large office group and

offices 3 and 6 through 10 are in the small office group.

Upon examination of the electricity use data, we found that office #2 is actually a ware-
house (EUI=3.4 kWh / ft? year) and office #11 has an activity which uses a large of amount
energy (EUI=59 kWh/ ft?, such as a printing shop) that should be dealt with separately. For
these reasoris, in calculating the average EUIs, we did not use data from these two buildings.

Note that the total building EUI, excluding office #2 and #11, ranges from 7.7 to 26.8 W/ft? year.

Table IL1 presents the summary data for all offices. The metered data summary includes the '.

hours of valid and bad data, the estimated EUls based on the conditioned and total building floor

~ area, and the weighted and unweighted EUISs.

Figure 11.2 'compares the total electricity use for the twelve offices with the office total

~ energy use developec_l using EDA by LBL in the 1989 study. The comparison is favorable for
small office buildings but for large office buildings the LBL data is about 20% larger than the
-average of the monitored large offices.” Knowing that the LBL values have been developed from
SCE’s building-cléés billing data and 1985 on-site building survey data, the difference between

the average EUIs can probably be attributed to the small sample size of the monitored offices.

Figure I1.3 compares the measured HVAC EUIs for large and small offices with the LBL
EUI values. The LBL study provides data for three climate regions. However, the limited sam-
ple size of the monitored building does not allow a comparison at a regional climate zone level.
Hence, we took the EUls developed for the Burbank climate zone from the LBL study as an

avérage of the entire SCE service area for all of our comparisons of HVAC EUIs.

10



End Use Intensities for Office Buildings

‘Table I1.1

End Use Intensities

o : Total Conditioned (kWh/tt2-yr)

Bldg Bidg - | Observations | Floor Floor pertot percond.
Type Num EndUse [Vaiid Bad | Area Area firarea firarea
OFFLGE 1 HVAC 8760 0 | 19800 19800 9.130 9.130
OFF LGE 1 \Lighting 8760 0 | 19800 19800 |12.064 12.064
OFFLGE 1 Receptacle|{8760 0 | 19800 - 19800 0.549 0.549
OFFLGE 1 Total 8760 0 | 19800 19800 |26.798 26.798
OFF * 2 HVAC 8760 0 | 58632 9462 0.392 2.433
OFF * 2 Lighting |[8760 0 | 58632 9462 2299 14248
OFF * 2 Receptacle {8760 0 | 58632 9462 0.378 2.344
OFF * 2 Total 8760 0 | 58632 9462 3385 21.040
OFFSML 3 HVAC 8759 -1 28880 28880 |.3.243 3.243
OFFSML 3 Lighting 8760 0 | 28880 28880 2.338 2.338
OFF SML 3 Receptacle{8760 0 | 28880 28880 3.919 3.919
OFFSML 3 Total 8759 1 28880 28880 |11.338 11.338
OFFLGE 4 HVAC  |7738 1022 | 51500 51500 2513 2513
OFFLGE - 4 Lighting 8549 211 | 51500 51500 3.430 3.430
OFF LGE 4 Receptacle|8549 211 | 51500 51500 2.405 2.405
OFFLGE 4 Total 8548 212 | 51500 51500 [17.274 17.274
|OFFLGE S5 HVAC ~ |8757 3 |117600 101136 5.961 6.932
OFFLGE 5 Lighting 8757 3 |117600 101136 4.419 5.139
OFFLGE 5 Receptacle|8757 3 [117600 101136 2.149 2.499
OFFLGE § Total 8757 3 (117600 101136 |17.127 19916
OFFSML 6 HVAC 8575 185 | 46125 37420 4.007 4.939
OFFSML 6 Lighting (8575 185 | 46125 37420 2.964 3.654
OFF SML 6 Receptacle|8575 185 | 46125 37420 1.219 1.503
OFFSML 6 Total 8575 185 | 46125 37420 | 7.714 9.509
OFFSML 7 HVAC - 7751 1009 | 21300 21300 8.646 8.646
OFFSML 7 Lighting |7751 1009 | 21300 21300 8.968 8.968
OFF SML 7 Receptacle|7751 1009 | 21300 21300 3.202 3.202
OFFSML - 7 Total - |7751 1009 | 21300 = 21300 [21.846 21.846
OFFSML 8 HVAC 6694 1442 | 32800 32800 2.079 2.079
OFF SML 8 Lighting 7617 543 | 32800 32800 5.260 5.260
OFF SML - 8 Receptacle{7617 519 | 32800 32800 2,807 2.907
OFFSML 8 Total 7617 519 | 32800 32800 [14.185 14.185
OFFSML 9 HVAC. 7920 216 | .19150 16852 5.259 5.976
OFFSML 9 Lighting {7920 240 | 19150 16852 6.145 6.983
OFF SML 9 Receptacle{7920 216 | 19150 16852 0.540 0.614

OFFSML 9 Total 7920 216 | 19150 16852 {21.673 - 24.629 -
OFF SML 10 HVAC 7536 264 2396 - 2396 4.466 4.466
OFF SML 10 Lighting 7536 264 2396 - 2396 7.900 7.900
OFFSML 10 Total ~ |7535 2396 2396 [15.073 15.073

11




Table I1. 1-(continued)
End Use Intensities for Office Buildings

End Use Intensities
: Total Conditioned| - (kWh/t?yr)
Bldg Bldg , Observations | Floor Floor pertot  percond.
Type Num EndUse |Valid Bad Area “Area - |[flrarea fir area
OFF * 11 HVAC 6781 - 1019 (15900 15900 18.903 .= 18.903
'|OFF * 11 Lighting - |6740° 1060 115800 15900 [10.743 10.743
|OFF * 11 Receptacle|7560 240 (15900 15900 3.116  3.116
|OFF * 11 Total 7560 240 |15900. 15900 |[59.462 59.462
‘|OFF LGE 12 HVAC 5784 0 {81914 50787 5316 8573
OFFLGE 12 Lighting 5784 0 (81914 50787 2.922 4712
OFF LGE 12 Receptacle|{5544 - 264 81914 50787 0.971 1.566
OFF LGE . 12 Total 5543 241 81914 50787 {11332 18.277
Weighted Averages : ' L
OFF SML HVAC 6.002 7.554
OFF SML Lighting 5.515 6.408
OFF SML Receptacle 1.310 1.630
OFF SML Total . 17.085  20.549
OFF LGE HVAC 5.818 6.186 .
OFF LGE Lighting 5.924 6.220
OFF LGE Receptacle 2.280 2.382
OFF LGE Total 15518 16.346
UnWeighted Averages :. S
OFF SML HVAC 5.730 6.787
OFF SML Lighting 5709 = 6.336
OFF SML Receptacle 1518 1.755
{OFF SML Total 118.133  20.566
OFF LGE HVAC 4.617 4.892
OFF LGE Lighting .5596 5851
OFF LGE Receptacle 1964 2.024
|OFF LGE Total 15305 = 16.097

* Buildings 2 and 11 were anomalous and not used in calculating average EUl's.

12




€1

Energy Use Intensity (kWh/ft*-year)

60

- Figure 1I.2

~ Office Total Energy U‘sg Intenslty (kWh/ft*-year)

504
40+

304

z'oJ

B , 77A
LBL EUIs for Small Off

/)
Z

10

~NNNRNE

Z

y

Legend
¥ total floor area

[ conditioned floor area
BB average

LBL EUls for Large Offices

Z
CO
20

—w

o]
//,
%%% 1 O]

ek

!

A
AL A

Fwi. avg

Small vaflces (less than 500 Mw'h/year)j Large Offices (more than 500 MWh/year)
‘ (* Office 11 not used in averaging) . (* Office 2 not used in averaging)




12!

- Energy Use Intensity (kWh/ft’-year)

Figure 11.3

Office HVAC Energy Use Intensity (kWh/ft’-year)

- -
O,
L

LBL EUls for Small Offices

-
(=]
]

- Legend

" total floor area

[ conditioned floor area
B8 average

NOR

BUR

Nz -

'LBL EUls for Large Offices

EDIN NN

” 7/
*7 ZE 27 .
|77, 78
- 7Y //// LAX/ //
207 Ve ) e
é%é%é% Uhs é * %Z%A%ng
310640740 84b 9 iofrmilodfs]  P1ALTIb41lSTrRlF 1S

Small Offices (less than 500 MWh/year)
(* Office 11 not used in averaging)

Large Offices {(more than 500 MWh/ye‘ar)
(* Office 2 not used in averaging) -




The HVAC EUIs }developed for the small office building compare well with the monitored .
- data. The comparison for the large office buildings is not as close, yet still acceptable.

K Figure IL4 shows the lighting EUISs for both small and large office buildings. The agree-
ment between the measured and the LBL values for small offices is good, but the EUTs for large -
ofﬁces are signiﬁcantly different. Further analysis of the data showed that while the characteris-
 tic office building in the LBL study has significant nighttime lighting, the nightt'ime'lighﬁng' is
very small for the monitored buildings. Also, the LBL data include the nighttime outdoor 1ight-
ing in the lighting end-use value. We cannot tell whether the monitored buildings included out-
door lighting in the lighting channel. |

Figure ILS compares the ‘plug’ end-use data of the monitored buiidings with the ‘miscel-
laneous’ end-use data estimated in the LBL study. The differences between these data are due to
' the different definition of these end uses. Note that the LBL EUIs for miscellaneous end uses do.
)not include lighting, HVAC, refrigeratidn, cooking and water heating loads; but for the moni-
tored buildings, the plug loads may include these end uses.
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Retail buildings .

There are 10 retail buildings in the submetered building sample with total floor areas rang-
~ing from 14,500 to 66,800 f? and with total electric EUIs rangirig from 10.4 to 34.2
: kWh/ftzyear As in the ofﬁce category, we partitioned the bulldmgs in two categories of small
and large retails, using the same criteria that SCE uses in their partioning. All the retail buildings

with annual electricity use of over 400,000 kWh/year are considered large and those with annual

electricity use less than 400,000 kWh/year are conside'red'small.' With this partitioning criteria,
buildings 1, 3, 4, and 9 are in the small retail group and buildings 2, 5 through 8, and 10 are in
' the large retail group. | o ’ | '

Table IL2 presents the summary data for all retail buildingS including the numbér of miss-
ing or *bad’ data, estimated EUIs based on the conditioned and total building floor area, and
weighted and unweighted end-use EUIs. | ‘

Figure IL.6 compares the total building EUIS for large and small retail buildings with the

LBL estimates for retail buildings. For both sizes of retail buildings, the LBL whole-building

'EUl is about 15 to 20 percent lower than the monitored buildings. Knowing that the LBL vélues |

are based on SCE’s building-class sales data and 1985 on-site building survey data, the differ-
ence between the average total building EUISs can be probably traced to the small sample size of
the monitored retail buildings. ' |

| Figure IL7 compares the HVAC EUIs for large and small retail. The LBL study predicted
EUIs for three climate regions. However, the limited sample size of the monitored building does
not allow a comparison at a regional climate zone level. Hence, we took LBL values developed

for the Burbank climate region as an average of the entire SCE service area for all of our com-
parisons of HVAC EUIs

The LBL estimate for HVAC EUI for small retail bu11d1ngs is about 20% lower than aver-
. age value of the the monitored data. The comparison of the large retail building HYAC EUIs is
very close. ' o | B

Figure IL.8 shows the lighting EUIs for both small and large retail buildings. The agree-

ment for small retail is good, but the LBL EUTISs for large retail are about 20% lower than the .

monitored data.
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Table 11.2
End Use Intensities for Retail Buildings

End Use intensities
Total Conditioned (kWhvft2-yr)
Bldg Bldg ‘ Observations | Floor Floor pertot percond.
Type Num EndUse |Valid Bad Area . Area firarea firarea
RTLSML 1t HVAC |8608 152 |23396 23396 4415 4.415
IRTLSML 1 Lighting |8608 ~ 152 |23396 23396 8319 - 8319
RTLSML 1 Total 8608 152 123396 @ 23396 13.049 13.049
IRTLLGE 2 HVAC |8760 0 [25500 25500 8.188 8.188
RTLLGE 2 Lighting |8760 0 25500 25500 |24.208 24.208
RTLLGE 2 Total |8760 0 |25500 25500 34.262 34.262
RTLSML 3 HVAC (6683 1837 |26900. 26900 3.801 - 3.801
RTLSML 3 Lighting |8377: 143 26900 26900 4.596 4.596
RTLSML 3 Total 8382 138 |26900 26900 10.405 10.405
RTLSML ° 4 HVAC (8625 135 (19162 19162 7.536 7.536
RTLSML 4 Lighting |8625 135 |19162 19162 8.235 8.235
RTLSML 4 Total 8625 135 {19162 19162 16.285 16.285
RTLLGE § HVAC (8709 51 |20640 19402 9.704 - 10.324
RTLLGE 5 |Lighting {7128 1632 {20640 19402 14493 15.417
RTLLGE 5 Total 8709 51 120640 19402 24888 26476
RTLLGE 6 HVAC (8760 0 166800 66800 5.664 5.664
RTLLGE 6 Lighting |8760 0 |66800 66800 8.594 8.594
RTLLGE 6 Total 8760 0 166800 66800 20.989 20.989
RTLLGE 7 HVAC 8759 | 1 |37500 37500 2.841 2.841
RTLLGE 7 Lighting (8759 1 137500 37500 4455 4455
RTLLGE 7 Total 8759 1 37500 - 37500 10.694  10.694
RTLLGE 8 HVAC [8537 223 |29350 29350 | 7.010 @ 7.010
RTLLGE 8 Lighting |8760 0 |29350 29350 13.851 13.851
RTLLGE 8 Total 8760 0 (29350 29350 22632 22.632
RTLSML. 9 HVAC (8757 3 {14500 14500 11.305 11.305
RTLSML 9 Lighting {8757 3 114500 14500 | 5.565 5.565
RTLSML 9 Total 8757 3 }14500 14500 17.197  17.197
RTLLGE 10 HVAC 7536 600 |30000 30000 6.970 ° 6.970
RTLLGE 10 Lighting {7536 600 {30000 30000 11.086 11.086
RTLLGE 10 Total 7536 600 }30000 30000 20432 20.432
Weighted Averages : : .

" |RTL SML HVAC 6.871 6.871
RTL SML Lighting - 6.688 6.688
RTL SML Total "114.334 14.334
RTLLGE HVAC 6.489 6.629
RTLLGE Lighting 12.571 12.780
RTLLGE - Total ] 22288 22647
UnWeighted Averages : v
RTL SML HVAC - 6.764 6.764
RTL SML Lighting | 6.679 6.679
RTL SML Total 14.234 14.234
RTLLGE HVAC 6.730 6.833
RTLLGE Lighting 12.781  12.935

- |RTLLGE Total 22316 22581
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Figure 1.6
Retail thal_ Energy Use Intensity (kWh/ft*-year)
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~ Figure 1.7
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Figure 11.8

Retall Lighting Energy Use Intensity (kWh/ft*-year)
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Grocery buildings

Thére are 14 grocery buildings in our sample with floor areas ranging from 12,000 to over '
61,000 ft? and with total electric EUIs ranging»'frorrll 36 to 89 kWh/ftéyear. Although SCE does
not partition gfoceries by énergy use, these groceries are large, having supermarket characteris-
| tics. Table I1.3 presents the summary data for the groceries. The summary includes the amount
of valid and 1nvahd hourly data, the EUIs based on the conditioned and total building floor area,

and the weighted and unweighted end-use EUISs.

Figure I1.9 compares the total building EUISs for grocery buildings with the LBL estimates.
'_I‘hg SCE monitored groceries are supermarkets, whereas those used in the previous LBL study
are mostly smaller "mom and pop" neighborhbod grocery stores that differ signiﬁcanﬂy in both
operation and equipment. Since most large supermarkets are open 24-hours a day, it is expected
that the LBL estimates, based on 16 to 18 hours of operation, be on the average about 30% lower

than the monitored buildings. Figure I1.9, indeed, agrees with this hypothesis.

- Figure IL.10 compares the HVAC EUls for grocery buildings. Although the LBL study
~provided data for three climate regions, we use the Burbank data as an avérage value represent-
ing the entire SCE service area for this comparison. The LBL HVAC EUISs for grocery buildings
is about 20 to 30% lower than the EUIs based on the monitored HVAC data and thc total build-
ing floor area and the conditioned floor area. However, if adjustments are made for the different
hours of operation between the on-site survey sample (data used by LBL) and that of the rfloni-

tored buildings, this difference will be reduced significantly.

Figure I1.11 compares the lighting EUIs for grocery. buildings. The LBL lighting EUISs for
grocery buildings is about 10 to 20% lower than the monitored data. The difference can be
traced to the different hours of operation and the different lighting systems in large and small

groceries.

Figure I1.12 shows the refrigeration EUIs for bgrocery buildings. The agreement between -
the LBL study and the monitored data is fairly good. This is consistent with our other findings

since the refrigeration EUIs of groceries are insensitive to operating hours.
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Table I1.3
End Use Intensities for Grocery Buildings

| End Use intensities
Total Conditioned (kWh/it3yr) -
Bidg Blidg . | Observations | Floor Floor pertot  percond.
Type Num EndUse | Valid Bad Area Area |firarea firarea
'GRY 1 HVAC 7342 1418 | 26440 22738 2.920 3.394
GRY 1 Lighting | 7342 1418 | 26440 22738 19.553 22.737
GRY 1 Refrig 7342 1418 | 26440 22738 < | 26.312 30.595
GRY 1 Total 7342 - 1418 | 26440 22738 | 57.611 66.991
- |GRY 2 HVAC 8450 310 | 23200 20416 1.773 2.015
|GRY 2 Lighting | 8104 656 | 23200 20416 20.912  23.763
GRY 2  Refrig 8489 271 {23200 20416 23.814 27.061
GRY 2 Total 6559 < 2201 |23200 20416 74.043 84.139
- |GRY 3 HVAC 8473 287 | 15923 12420 1.313 1.683
GRY - 3 Lighting | 8474 286 15923 . 12420 15.705 20.135
GRY 3 Refrig |8493 267 | 15923 12420 - 32.651 41.860
GRY 3 Total 8134 626 | 15923 12420 81.050 103.910
GRY . 4 HVAC . |8760 0 |30427 = 24950 3.477 4.240
GRY 4 Lighting | 8760 0 }30427 24950 12.825 15.640
GRY 4 . Refrig ‘8760 0 130427 24950 26.210 31.963
GRY 4 Total 8760 0 |30427 = 24950 52.080  63.513 -
GRY 5 HVAC |8744 16 | 25565 19429 2.628 3.458
GRY 5 Lighting | 8744 16 |[25565 ~ 19429 | 12.476 16.417
GRY 5 Refrig |8635 125 |25565 19429 | 18.240 24.000
GRY 5 Total 8635 125 | 25565 19429 40.329 53.066
GRY 6. HVAC {8189 ' 571 [55000 53350 2.021 2.083
GRY 6 Lighting |8743 17 |55000 53350 7.116 7.336
GRY 6 Refrig 8743 17 | 55000 53350 10.171 - 10.486
GRY 6 Total 8742 18 | 55000 53350 27.856 28.717
GRY 7 HVAC |8742 18 | 22632 19916 5.572 6.332
1GRY 7 Lighting | 8742 18 | 22632 19916 20.912 23.763
GRY 7 - Refrg 8742 18 {22632 19916 . | 31.934 36.289
GRY 7 Total 8741 19 | 22632 19916 89.160  101.319
GRY 8 HVAC |8759 1 23400 18486 2.484 3.145
GRY 8 Lighting | 8760 0 |23400° 18486 16.425 20.791
GRY 8 Refrig 8759 1 |23400 18486 35.398 44 807
GRY . 8 Total |8759 1 | 23400 18486 60.280  76.317
GRY 9 HVAC |[8759 1 | 24400 20008 2.559 3.120
GRY 9 Lighting | 8759 1 | 24400 20008 | 16.693 20.357
GRY 9 - Refrig 8543 217 | 24400 20008 27.034 32.969
GRY 9 Total |8759 1 (24400 20008 60.603 73.906
GRY 10 HVAC |8735 25 |20720 14090 3.198  4.702
GRY 10 Lighting { 8760 0 {20720 14090 15.575 22904
GRY 10 Refrig |8760 0 {20720 14090 23.402 34414
GRY 10 Total 8759 1 {20720 14090 70.818 104.140
|GRY 1t HVAC |7679 457 121400 16050 1.082 1.443
GRY 11 Lighting { 7679 457 | 21400 16050 7517 10.023
GRY 11 Refrig 7679 457 {21400 16050 17.065 22.754
GRY 11 Total 7679 481 | 21400 16050 35.928 47.904
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Table 11.3 (continued) ,
End Use Intensities for Grocery Buildings

End Use Intensities

Total Conditioned (KWH/ft2-yr)

B8idg Bidg Observations | Floor Floor |pertot percond.
Type Num EndUse |[Valid Bad | Area Area firarea firarea
GRY--. 12 HVAC 7768 368 {12000 9000 1.620 2.159
GRY 12 Lighting 7907 228 12000 9000 | 3.432 4576
GRY 12  Refrig 7908 252 {12000 9000 23.674 31.565
GRY 12 Total 7907 229 |12000 9000 41845  55.793
GRY 13 HVAC 5757 27 |61616 43747 5.714 8.048
GRY 13 Lighting 5758 26 (61616 43747 18.999  26.759
GRY 13  Refrig 5169 639 |[61616- 43747 |12.671 17.847
GRY 13 Total 5171 613 |61616 43747 55.808 78.604
GRY 14 HVAC 5760 24 151072 51072 3.399 3.399
GRY 14  Lighting 5760 24 |51072 51072 23978 23978
GRY 14 Refrig {5760 48 [51072 51072 22508 22508
GRY 14 Total 5760 24 |51072 51072 64.581  64.581
Weighted Averages : - ‘
GRY HVAC 2.936 3.586
GRY Lighting 15.762 19.262
GRY Refrig 25629  31.598
GRY Total 62.884  77.381
Unweighted Averages : ‘ _
GRY HVAC 2.840 3.516
GRY Lighting 15.151 18.513
GRY Retrig 23.649  29.223

Total . 58.000 71.636

GRY
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Figure 1.9

Grocery Total Energy Use Intensity (kWh/ft*-year)
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Figure 11.10

‘Grocery HVAC Energy Use Intensity (kWh/ft-year)
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| Figure  ||.1 1
Grocery nghting Energy Use Intensity (kWh/_ftz-year) |

..........

..........

......

Legend ,
- condlitioned floor area

‘ total floor area
£EH average

N

NN

N
////Wm/

./u

| WV/////////////////

| /////E
///////////5
. //////////// 3_
,////////////////////M‘

] 1) i
o n O 0 o 5 0 5 (=]
< (2] [\2] N N \ ; -

\ cmu?ut\cgv: Kiisuaiul asn ABisu3g

28 .

Grocery Bulldings



Fi\gure H.12

Grocery Refrigeration Energy Use IhtenSIty (kWh/ftz-year)
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Restaurant buildings

~ Of the 14 restaurants monitored in the SCE service area, 10 are sit-down restaurants and 4
are fast food. The fast food restaurants monitored are comparable'in size and in whole-building
electric EUIs. The floor areas are in a narrow range of 3,650 to 5,780 ft? and the total electric
. EUIs range from 63 to 132 kWhy/ft?year. The variation in size of the 10 sit-down restaurants is
slightly larger. Their nﬂo.or areas range from 7,250 to 23,5000 ft? and the whole-building EUls
range from 24 to 58 kWh/ft?year. 7 ' ' '

Tables I1.4 and IL.S present the summary _-data for the 14 sit-down and fast-food restau-
- rants. Included in the summary are the number of hours of valid and bad data, estimated EUIs
based on the conditioned and total building floor area, and weighted and unweighted end-use
EUL. | | '

Figure I1.13 compares the totai building EUISs for fast food and sit-down restaurants with
the LBL estimates. The LBL study predicted EUIs and LSs for the combined group of fast food
and sit-down restaurants. Although, thé on-site survey data distinguishes between the fast food
and sit-down restaurants, the load research data combines both restaurant types together. Henée, :
the LBL study only provides performance data for the combined group. As is to be expected,
the fast-food restaurants. are more energy intensive than the sit-down restaurants. The LBL total
buildiﬁg electric EUI estim_ate for the combined. group is between the monitored values for the.

fast-food and sit-down restaurants.

Figure I1.14 compares the HVAC EUIS for fast-food_ana sit-down restaurants in the moni-
tored bui“lding set. The LBL average EUI for restaurants is also included. Although the LBL
study developed EUTIs for three climate regions, the limited sample size of the monitored festau-
rants does not allov_v a comparison at a regional climate zone level. Hence, _we. take Burbank data
from the LBL study as an average for the restaurants in the SCE service area for all of our com-
v‘ parisons of HVAC EUIs. Again, the LBL HVAC EUI is between the EUIs for the fast-food and
sit-down restaurants. An interesting observation from thé monitored data is that the HVAC sys-
tern_sv for the fast food restaurants are about four times as energy intensive as the sit-down restau-

rants.

Figure IL.15 shows the lighting EUIs for both fast-food and sit-down restaurants. Again
the LBL EUI is between that of the fast food and sit-down restaurants and the lighting EUI for

the fast food restaurants, on the average, is about twice that of the sit-down restaurants.
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Table 11.4
End Use Intensities for Sit-down Restaurant Buildings

31

End Use Intensities
, Total Conditioned (kWhvite-yr)
Bldg Bldg Observations | Floor Floor pertot percond.
Type Num End Use Valid Bad Area Area firarea fir area
RSTSD 1 HVAC 8136 624 7550 7324 15.862 16.351
RSTSD 1 [Lighting 8136 624 7550 7324 8.751 9.021
RSTSD 1 Cooking 7557 1203 7550 7324 0.433 0.447
RSTSD 1 Exhaust-fan|8708 52 7550 7324 2.460 2.536
RSTSD - 1 Raefrg 8700 60 7550 7324 4.396 4531
|RSTSD 1 Total 8699 . 61 7550 . 7324 56.859 58.613
RSTSD 2 HVAC 8760 0 |11122 11122 3.368 3.368
|RSTSD 2 Lighting 8759 1 111122 11122 4.963 4.963
RST SD ~ 2 Cooking 7926 834 11122 11122 4026  4.026
RSTSD 2 Exhaustfan{8134 626 |11122 11122 1.489 1.489
RSTSD 2 Refrig 8134 626 (11122 11122 4.411 4.411
RSTSD 2 Total 8759 1 {11122 11122 33.504 33.504
IRSTSD 3 HVAC 8708 . 52 11020 11020 7.731 7.731
RSTSD 3 Lighting 8708 52 11020 11020 12.801 12.801
RSTSD 3 Cooking 8006 754 (11020 11020 7.858 7.858
RSTSD 3 Exhaust-fan|7761 999 |11020 11020 0.457 0.457
RSTSD 3 Refrig 7797 963 {11020 11020 1.471 1.471
RSTSD 3 Total 8048 712 (11020 11020 46.158 46.158
RSTSD 4 HVAC 8690 70 15430 15430 5.332 5.332
RSTSD 4 Lighting 8690 70 115430 15430 6.686 6.686
RSTSD 4 Cooking 8759 1 ]15430 15430 2.121 2.121
RSTSD 4 Exhaust-fan}8759 1 |15430 15430 2.843 2.843
RSTSD 4 . Refrig 8759 1 |15430 15430 8.365 8.365
RSTSD 4 Total 18759 1 {15430 15430 33.721 33.721
RSTSD 5 HVAC 8756 4 8834 8569 - | 8.536 8.280
RSTSD S5 |Lighting |8758 2 8834 8569 12117 - 11.753
RSTSD 5 Cooking 8758 .2 8834 8569 16.894 16.387
RSTSD 5 Exhaust-fan|8758 2 8834 8569 2.559 2.482
RSTSD 5 Refrig 8758 2 8834 8569 8.624 8.365
RSTSD 5 Total 8758 2 8834 ~ 8569 |58.416 56.664
RSTSD 8 HVAC 8654 106 8300 ~ 8051 8811 ~ 9.084
RSTSD 8 Lighting 6073 2687 8300 8051 3.328 3.431
RSTSD 8 Cooking 8653 107 8300 8051 12577 12.966
RSTSD 8- Exhaustfani{8640 = 120 8300 - 8051 0.627 0.646
RSTSD 8 Refrg 8635 = 125 8300 8051 2936 3.027
RSTSD 8 Total 8653 107 8300 8051 41578 42.864
RSTSD 9 HVAC 6072 2688 6308 5993 10.480 11.031
RSTSD 9 - Lighting 6332 2428 6308 5993 8.724 9.182
RSTSD 9 Cooking - (6280 2480 6308 5993 10.116  10.648
RSTSD 9 Exhaust-fan|6281 2167 6308 5993 1.853 1.950
RSTSD 9 Refrig 6332 2428 6308 5993 5.257 5.533
|[RSTSD 9 Total 16279 2481 6308 5993 47.936 50.456




: _ Table 11.4 (continued) _
End Use Intensities for Sit-down Restaurant Buildings

End Use Intensities
_ : Total Conditioned (kWhvit2-yr)
Bidg Bldg - | Observations | Floor Floor pertot - percond.

.| Type Num EndUse Valid Bad | Area Area firarea flr area
[RSTSD 10 -HVAC 6853 1907 | 9083 9083 9.177 9.177

RSTSD 10 Lighting 6859 1901 9083 9083 9.358 9.358
RSTSD . 10 Cooking |7339 1421 9083 9083 | 5.622 = 65.622
RSTSD 10 Exhaust-fan}7339 1421 9083 9083 1.710 1.710

RSTSD 10 Refrig 17339 1421 9083 9083 6.913 6.913
RSTSD 10 Total 8237 523 | 9083 9083 {53.792 53.792
RSTSD 12 HVAC 18707 53 | 7254 7181 | 6.092 6.154

RSTSD 12 Lighting (8707 53 | 7254 7181 | 2714 2742
RSTSD 12 Cooking |8577 183 | 7254 7181 | 7.477  7.553
RSTSD 12 Exhaustfan|8576 184 | 7254 ~ 7181 | 0750  0.758

RSTSD 12 Refrig 8577 183 | 7254 7181 7251 . 7325
RSTSD 12 Total 8577 183 | 7254 7181 26974  27.248
RSTSD 14 HVAC 7776 312 (23519 22813 - | 5.893 6.075

|RSTSD 14 Lighting 7776~ 312 |23519 22813 6.127 6.316
RSTSD 14 Cooking 7734 354 |23519 22813 2315 2.385
RSTSD 14 Exhaustfan|{7733 379 |23519 22813 0.566 0.584

RSTSD 14 Refrig 7734 354 {23519 22813 | 2431 - 2506
RSTSD 14 Total 7734 354  |23519 22813 23.850 24.588
Weighted Averages : ' S
RSTSD  HVAC 7.888  8.057
RST SD Lighting ' - 7.261 7.375
RST SD Cooking , - 7499 - 7.658
RST SD Exhaust-fan - 1.421 1.445
- |RST SD Refrig ' _ 5.121 5.199
|RSTSD Total - 40.727  41.474
Unweighted Averages : . | . . ' '
RST SD HVAC ' 8.128 8.284
RST SD Lighting 7.557 7.662
RST SD Cooking ‘ 6.944 7.052
RST SD Exhaust-fan ‘ 1.531 1.553
IRST SD Refrig B 5205  5.271

RSTSD Total A A - 142279 42936
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o Table 11.5
End Use Intensities for Fast Food Restaurant Buildings

p)

End Use Intensities
Total Conditioned (kWhit2-yr)
Bldg Bldg | Observations | Floor Floor pertot percond.
Type Num End Use Valid Bad |[Area Area flr area flr area
‘IRSTFF 6 HVAC 8753 7 3650 3504 34.582 36.023
RSTFF 6 Lighting 8752 - 8 {3650 3504 19813 20.638
RSTFF 6 Cooking 7103 1657 |3650 3504 34.768 36.217
RSTFF 6 Exhaustfan|7103 1657 |3650 . 3504 3387 . 3.528
RSTFF 6 Refrig 8755 5 |3650 3504 14.404 15.004
RSTFF 6 Total - 7103 1657 {3650 3504 - |131.911 137408
RSTFF 7 HVAC 8759 1 15780 3468 22.189 36.981
RSTFF 7 Lighting 8758 -2 |5780 3468 10.499 17.499
RSTFF 7 Cooking 8760 "0 15780 3468 12.131 20.219
RSTFF - 7 Exhaust-fan|{8760 0 |5780 3468 2916 4860
RSTFF 7 Relrig 8760 g {5780 3468 6.693 11.156
RSTFF 7 .Total 8760 0 {5780 3468 63.668 106.113
RSTFF 11 HVAC  |8755 5 |4025 3824 36.157 38.057
RSTFF 11 Lighting 8755 5 [4025 3824 27.120 28.545
IRSTFF 11 Cooking 8659 101 {4025 3824 34.903 36.738
RSTFF 11 Exhaust-fan|8755 S5 |4025 3824 T 4.421 4.653
RSTFF 11 Reirg 8755 5 14025 3824 12.614 13.277
RSTFF 11 Total 8755 5 14025 3824 115,102  121.152
RSTFF 13 HVAC 7293 1131 | 4800 2208 36.960 80.348
RSTFF 13 Lighting 7374 1050 |4800 2208 19.527 42.451
RSTFF 13 Cooking 6680 1744 [4800 2208 21345 46.403
RSTFF 13 Exhaustfan{7913 @ 511 [4800 2208 4712 10.243
RSTFF 13 Retrig 7817 607 4800 2208 8.413 18.289
RSTFF 13 Total 7913 511 | 4800 2208 98.136 213.340
Weighted Averages :. .
RST FF . HVAC _ 32.749. 51.434
RST FF Lighting . , 19.232 29.020
RST FF Cooking 24870 35.843
RST FF Exhaust-fan ‘ 13962 - 6.348
RST FF Refrig 10.118 14,742
RSTFF Total ' : 100.117 151,048
Unweighted Averages : _ N v
RST FF HVAC ‘ 32.472 47.852
RST FF Lighting _ ; ' 19.240  27.283
RSTFF - Cooking . ' _ 25.787 34.894
RST FF Exhaust-fan T ' , 3.859 5.821
RST FF ~ Refrig : : ' ) { 10.531 14.432

|RST FF - Total ’ ' 102.204  144.503 -
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Figure 11.13

Restaurant Total Energy Use Intensity (kWh/ftz-year)_
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Figure 1.14

Restaurant HVAQV Energy Use Intensity '(kWh/f‘tz-y'ear)

.........

_..r

\\

/////////////

80.35 —i>

Legend
[ conditloned floor area

. &7 total tloor area

A\

AN

AN

N

/7//////////7”

EH average

. LBL EUI for Restaurants

V/

A B

........

D

60

1 ]
o Q
w0 b g

o

(=]

o ) . O
b=

cmo?_«:_\cgé_»:m:o“:_ asn ABisu3g

: - 35,

Fast-foods Restaurants

Sit-down Restaurants



Figure 11.15
Restaurantv-Lighting Ehergy Use Intensity (kW_h/ftz-year)
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Figure I1.16 compares the electric cboking EUIs of the monitored buildings with the LBL
data. The LBL electric cooking EUIs are consistently smaller than monitored fast food and sit-
down restaurants. The basic difference arises from the LBL study assumption of mostly gas
c_:obking in restaurants. ' '

Figures I1.17 and I1.18 show the refrigeration and exhaust fan EUIs and compére them
with the LBL data. The LBL refrigeration EUI is higher than both the fast food and sit-down
restaurants. LBL has used the on-site survey data to estimate the refrigeration EUI for restau-

rants. The LBL ‘miscellaneous’ EUI is comparable to the monitored restaurants’ exhaust fan -
EUIs.

37



8¢

Energy Use Intensity (kWh/ft’-year)

50 1

40

30

20~

10

Figure I1.16

Restaurant Codking Energy Use Intensity (kWh/ft’-year)

‘Legend

[ conditioned floor area
77 total floor area
EEB average

¥
?

LBL EUI for Restaurants

V / 111

;/// ,/é////% o o
TAV/A 27 ol 2] it of
2113 St Bl IR R

S

y

y A >

y y ) y A A

' <« At F4:|: 1094~ AV 5,12’ 14 4
s fiad e L Al c e

'Sit-down Restaurants:

Fast-foods Restaurants




F.igure .17

Restaurant Refrigeration Energy Use Intensity (kWh/ft*-year)
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Figure 11.18

Restaurant Exhaust Fan Energy Use Intensity (kWh/ft_’-year)
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Warehouse buildings

Only three non-refrigerated warehouses have been monitored. Their floor areas raﬁge from
41,000 to 300,000 ft2 and their total electric EUISs range from 2.5 to 8.9 kWh/ft’year. Table IL6 -
presents the summary data for the three warehouses including the amount of valid and missing
data, the estimated EUISs based on the conditioned afld total building ﬂoor area, and the weighted

and unweighted end-use EUIs.

Since, the sample of monitored buildings is very limited, not much can be concluded about

the EUI comparison for the warehouses. Figures 11.19, I1.20, and I1.21 show the total building

EUIs, HVAC EUlIs, and lighting EUIs, respectively, for all monitored warehouses. In the
figures, the values are compared with the LBL estimates. Although the sample size is v'ery‘ lim-

ited, there is a good comparison between the monitored and LBL whole-building electric EUIs.
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Table 11.6

End Use Intensities for Warehouse Buildings

, End Use intensities

Total Conditioned (kWHit2-yr)
Bldg Bldg Observations | Floor Floor pertot percond.
Type Num EndUse . |Valid Bad | Area  Area firarea firarea
WHS 1 Lighting 8375 385 [300000 - 39000 2.818 21.676
WHS 1 Total 8375 385 {300000 39000 5.080 . 39.074
WHS 2 HVAC 8759 1 | 41400 8280 - | 0.696 3.481
WHS 2 Lighting 8759 . 1 | 41400 8280 0.864 4318
WHS 2 Equipment |8758 2 | 41400 8280 | 6.766  33.829
WHS 2 Total 18709 3 | 41400 8280 | 8.950 44.748
WHS 3 Lighting 7175 1273. | 110000 28600 1.473 5.664
WHS 3 Total 7175 1249 (110000 28600 | 2.537 9.758
Weighted Averages : :
WHS HVAC. 0.696 3.481
WHS Lighting - 1.718 . 10.553
WHS Equipment 6.766.  33.829
WHS Total 5.522 31.193
Unweighted Averages :

. IWHS HVAC 0.696 3.481
WHS Lighting 1.718 10.553
WHS Equipment 1 6.766  33.829
WHS . Total 5.522 31.193
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Flgure 11.20
Warehouse HVAC and Equlpment Energy Use Intenslty (kWh/ft -year)
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Statistical Comparison

To further compare the EUIs from the menitored buildings to those of the LBL estimates,
we performed two sets of statistical tests: the t-test (student test) and the u-test, a non-parametric
test. The t-test is statistical check used when the population distribtltion is approximately normal
~but the stari;lard deviation is unknown. A non-parametric test is used when the distribution of

the population is not known.

Table I1.7 shows the result of the statistical comparlson for all of the burldmgs The
~ hypothesis being tested is that the monitored building’s mean EUI is not significantly dlfferent,
within a 95% confidence limit frorrl the population mean (it is assumed that the LBL data
presents the population of commercral buildings in SCE serwce area) The first column of Table
I1.7 shows the range of EUIs for the monitored building sample, column 2 is the standard devia-
tion of the sample; column 3 i is the sample mean; column 4 is the population mean (LBL EUIs);
colu'mn. 5 is the ‘t’-value for normal distribution, column | 7 is the ‘u-"-v_alue for the non-
pa_ranretric test. Columns 6 and 8 indicate the statistical significance of the sample set based on
 the criteria stated above using the two types of tests. The t and u values are found using the fol-
lowing equations: . | |

t=(sample mean-population mean)/(sample std. dev/\/ n)

- u=(sample mean—population mean)/sample range v
For a more detailed discussion of the statlstlcal tests, refer to a standard statistics textbook, such
as Lipson and Narendra (1973).

‘Judging from the results of the non-parametric test one can conclude that, except for gro-
ceries and restaurants, there is no significant differen;:e between the EUIs estimated from the
monitored buildings and the LBL EUls. For groceries, the lighting and refrigeration EUIs are
not statisticalfy different. For restaurants, the HVAC, lighting, and total EUISs are also not statist-
ically different from each other. However, the HVAC EUISs and total building EUI for the gro-
cery buildings are significantly different. The results of the statistical comparisons using the t-
test is somewhat different from the non-parametric test, as shown in Table I1.7 . For those
instances in which the two tests reached the samie conclusion, there is a higher confidence in the
eonclusion. Likewise, the results can be viewed with iower confidence if both tests don’t accept

or reject the hypothesis.
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Table 11.7

~ Monitored Building Mean EUl Compared to Population Mean

Building Type (N) Range Standard  Sample  Poplulation Hypotheses Hypotheses
End Use : ? Deviation = Mean Mean Accepted Accepted
Large Office (4) ' , : v
HVAC 6.62 122 -7.56 5.90 2.721 yes . 0.251 yes
LIGHT 9.14 2.17 5.55 10.66 -4.707 no -0.559 yes
MISC 8.84 1.66 '5.89 3.21 3224 no 0.304 yes
TOTAL 15.47 3.50 17.14 19.88 -1.562 yes -0.177 yes
Smalt Office (6) ' ,
HVAC 6.57 1.00 6.19 7.02 -2.033 yes -0.127 yes
LIGHT 6.63 1.26 592 6.71 -1.535 yes 0.119 yes
MISC 9.53 1.22 3.78 .3.59 0.373 yes - 0019 yes
TOTAL 14.14 2.88 - 15.52 16.82 -1.109 yes : -0.092 yes
Large Retail (6) o .
HVAC 748 124 6.71 7.56 -1.668 - yes <0113 yes
LIGHT 20.74 3.38 12.89 10.58 1.674 yes - 0.111 ‘yes
OTHER 6.24 1.04 3.30 1.67 3.862 no 0.262 yes
TOTAL ' 24.93 3.89 2.77 18.22 2.861 no 0.182 yes
Small Retail (4) ‘
HVAC 7.89 1.85 7.61 6.50 1.202 yes 0.141 yes
LIGHT 3.76 095 6.74 6.07 1.425 yes 0.179 yes
OTHER 1.72 041 0.79 194 . - -5.591 no -0.666 yes
TOTAL 7.20 1.64 14.60 12.25 -2.857 yes 0.326 yes
Grocery (14) :
HVAC 6.61 047 3.59 2.14 11.520 no 0219 no
- LIGHT 20.55 1.37 15.76 - 13.97 ,4.89%4 no 0.087 yes
REFRIG 25.23 2.12 2563  23.17 4.328 no 0.097 yes
OTHER .2540 2388 18.56 2.04 21454 no 0.650 no
TOTAL 61.30 521 62.88 40.27 16.229 no 0.369 no
Restaurant (14) _ _ v
HVAC 64.93 5.12 19.23 19.74 -0.375 yes -40.008 yes
LIGHT 24.41 1.84 10.85 1203 -2.398 ‘no 0.048 yes
REFRIG 12.93 0.92 6.62 10.78 -16.924 " no -0.322 no
COOKING 34.47 2.65 1271 446 . 11.658 no 0239 no
EXHAUST 4.25 038 218 - 0.00 21.513 no 0514 no
OTHER 25.07 1.72 10.83 492 12.844 no 0.236 no
TOTAL 108.06 . 822 58.54 5191 3.019 no - 0.061 yes
‘Warehouse (4) ‘ , o
HVAC: 1.05 037 295 1.78 4476 yes 1.119 yes
LIGHT 1.96 044 1.86 - 3.55 -1.764 no -0.861 no
MISC 668 155 2.85 1.14 2.216 yes 0.257 yes
TOTAL - 641 - 142 499 5.02 -0.039 yes -0.004 yes
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We also looked at the question of the statistical differenceg of the end-use EUIs iri terms of
the percentage of the whole-building electric EUL The results are shown in Table IL8. For the
non-parametric test, the comparison is somewhat less favorable than the results of the previous
comparison. The percentage of lighting EUIs for the large office and grocéry, HVAC EUI for
1arge retail, and the refrigeration EUI for the grocery are significantly different from that of the

~ corresponding LBL percentages.

R - J— —

" In summary, in the absence of a statistically representative data, one can conclude that the
monitored data are not statistically different from a good portion of the LBL derived end-use
EUIS. | \
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Table 1.8 _
End Use EUls as Percentage of Whole Building Load

Building Type (N) Range Standard - . Sample  Poplulation Hypotheses Hypotheses
End Use 8¢ Deviaion  Mean Mean Accepted - Accepted
Large Office (4) - = ‘ '
HVAC 0.611 0.131 0499 0.297 3.082 yes 0.331 - “yes
LIGHT 0.251 0.052 0.297 0.536 -9.259 no -0.950 no
MISC 0444 0.083 0.347 0.161 - 4457 no 0.418 yes
Small Office (6) - ' ' : .
.HVAC 0.49%4 0.071 0.440 0417 0.785 yes 0.046 yes -
LIGHT 0.318 0.028 0377 0.399 -1.956 _yes -0.070 yes
MISC - 0412 0.066 0.227 0.213 © -0.487 yes 0.032 yes
Large Retail (6) Co
HVAC 0.176 0.030 0.295 0415 -9.804 no -0.678 no
LIGHT 0.295 0.054 0.526 0.581 -2.499 yes -0.186 yes
OTHER 0.294 0.062 0.185 0.092 3.694 no 0316 - yes
Small Retaif (4) : . ' _
HVAC 0.298 0072 0498 0.531 -0.900 yes 0.109 yes
LIGHT 0317 0.066 0471 0.496 -0.745 yes - 0077 yes
OTHER 0.176 0.042 0.066 0.158 4.384 'no -0.523 yes
Grocery (14) ' _
HVAC 0.124 0007 0059 0.053 3491 no 0.050 yes
LIGHT 0289  0.014 0.253. 0.347 -24.439 no 0324 no
REFRIG 0.360 0.026 0416 1 0.575 -23.169 no- -0.443 no
OTHER 0.305 0.028 0.282 0.051 30413 " no 0.759 no -
Restaurant (14) : _ »
HVAC 0.593 0.042 0.279 0.380 -9.087 no -0.171 no
LIGHT 0.197, 0.015 0.179 0.232 -12.881 no -0.267 no
REFRIG 0.237 0.019 0.127 0.208 -15422 no <0339 no
COOKING 0.296 0.022 10201 0.086 19401 - no 0.391 no
EXHAUST 0.074 0.005 0.038 0.000 25813 no 0.505 no
OTHER 0.456 0.032 - 0219 0.095 14494 no 0.272 no .
Warehouse (4) , :
HVAC 0.326 0.115 - 0552 0.355 2420 yes 0.605 yes
LIGHT 0.580 0130 0477 0.707 -3.560 no 0397 yes
MISC 0.617 0.128 - 0474 0.227 - 3.847 no 0.401 yes -
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Load-shape Analysis and Comparison with Forecasting Models

We used the same procedure discussed in the previous sections to develop average monthly
load shapes by end use for each building type and to compare them with the LBL results. Th.e
load shapes a}e grouped by weekdays and weekend days. The results are shown in Figures
I1.22a,b through 28a,b. All ‘a’ figures correspond to the SCE monitored data and ‘b’ figures -
correspond to load-shape data from the EBL study. The following is a key to the list of figures.

Figure Code Building Type

Fig. 11.22a OFFLG  large office measured data
Fig. I1.22b 'OFFLG large ofﬁée EDA results
Fig. II.23a ~ OFFSM  small office measu;ed.data
Fig.1.23b . OFFSM  small office EDA results
Fig. I1.24a RTLLG large retail measured data
‘Fig.1124b ~ RTLLG large retail EDA results
Fig.11.25a  RTLSM  small retail measured data
Fig.11.25b -~ RTLSM . small retail EDA results o
~ Fig. I1.26a GRY grocery (or food 'stbre) measured data
Fig.IL26b  GRY food store EDA results
Fig.I1.27a.1  RSTSD sit-down restaurant measured data
Fig.11.27a.2 RSTFF fast-food restaurant measured data
Fig. I1.27a RST combined restaurant (63% sit-down, 37% fast food)
Fig. I1.27b RST restaurant EDA results
Fig.I1.28a ~ WHS warehouse measured data
Fig.11.28b  WHS warehouse EDA results

Since the 1989 LBL study focused on developing load shapes for a standard weekday, we will

only concentrate on the comparison of the LSs for the standard weekday.
Large Office (Figures II;22a&b)

The average mohthly whole-building electric load shapes developed in the LBL study and

those produced from the monitored data compare well qualitatively. Significant differences
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Figure 11.22a (continued)
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Figure 11.22b
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Figure 11.22b (continued)
Large Office EDA Results
~ Solid Imes for winter months, dashed lines for summer months
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Figure 11.23a
- Small Office Monitored Data
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Figure 11.23a (continued)
Small Office Monitored Data |
Solid lines for winter months, dashed lines for summer months
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Figure 11.23b (continued)'
Small Office EDA Results

\Solid lines for winter months, dashed lines for summer months
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~ Figure I1.24a
' Large Retail Monitored Data
| Solid lines for winter months, dashed lines for summer months
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Figure 11.24b

Large Retail EDA Results
Solid lines for winter months, dashed lines for summer months |
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Solid lines for winter months, dashed lines for summer months

Figure 11.24b (continued)
Large Retail EDA Results
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Flgure I1.25a
Small Retail Monitored Data
Solid lines for winter months, dashed lines for summer months
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Figure 11.25b
Small Retail EDA Results
Solid lines for winter months, dashed lines for summer months
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Figure 11.25b (continued)
| Small Retail EDA Results |
Solid lines for winter months, daShed lines for summer months
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Flgure I1.26a

Grocery Monitored Data
Solid lines for winter months, dashed lines for summer months
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Figure 11.26a (continued)
Grocery Monitored Data |
Solid lines for winter months, dashed lines for summer months
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Figure 11.26b
Grocery EDA Results |
Solid lines for winter months, dashed lines for summer months
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Figure 11.26b (continued)
Grocery EDA Results |
Solld lines for winter months, dashed lines for summer months

GRY EDOA Totol on Weekdays

[} H 8 12 16 20 2

1

68

End Use lntansiig {wotts/sf)

GRY EDA Totol on Weekends

Hour of doy

24



End Use Intensity lwotts/sf}

End Use Intensity l(wotts/sl)

€nd Use Intensity lwotts/sf)

Figure 11.27a.1 e
Sit-Down Restaurant Monitored Data
Solid lines for winter months, dashed lines for summer months
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Figure 11.27a.1 (continued)
Sit-Down Restaurant Monitored Data
Solid lines for winter months, dashed lines for summer months
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Figure 11.27a.2

‘Fast-food Restaurant Monitored Data
~ Solid lines for winter months, dashed lines for summer months
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Figure 11.27a.2 (continued)
Fast-food Restaurant Monitored Data
Solid lines for winter months, dashed lines for summer months |
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Figure 11.27a

- ' Combined Restaurant Monitored Data
Solid lines for winter months, dashed lines for summer months
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Figure I1.27a (continued)

- Combined Restaurant Monitored Data
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Figure 11.27b

Réstaurant EDA Results

Solld lines for wmter ‘months, dashed lines for summer months
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Figure 11.27b (continued)
- Restaurant EDA Results .
Solid lines for winter months, dashed lines for summer months
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Figure 11.27b (continued)
. Restaurant EDA Resuits
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Figure 11.28a
- Warehouse Monitored Data
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Figure 11.28a (continued)
Warehouse Monitored Data |
Solid lines for winter months, dashed lines for summer months
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Figure 11.28b
Warehouse EDA Results
Solid hnes for winter months, dashed lines for summer months
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Figure 11.28b (continued)
| Warehouse EDA Results | |
Solid lines for winter months, dashed lines for summer months
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between the monthly load shapés in the monitored data graphs, can be attributed to some months
~ having different building data sets. Some months are based on data from more buildings than
other months. Since the monitoring did not start for all the buildings at the same time, more data

were available for the later months than the earlier ones.

The major differences between the monitored and LBL LSs are in the maximum daytime
intensity (monitored: 4.2 W/ft?, LBL: 3.7 _W/ftz) and evening shoulder hours (monitored: shorter
- hours of evening usage, LBL: longer hours of evening usage). It should be noted that the LBL

: whole-bbuildirig LSs are averages based on the SCE load research data.

The HVAC and plug (miscellaneous) LSs for weekdays compare well, but the lighting LSs |
of the LBL study show a secondary peak during the evening' hours. Thus the lighting end use
accounts for the total electric load-shape differences in the evening hours that occur in the load

research data and the monitored data.
Small Office (Figures 11.23a&b)

| The comments on 1arge office buildiﬁgs also applies to the small office load shapes.
Large Retail (Figures 11.24a&b) |

' Averége monthly whole-building electric load shapes from the LBL study and the moni-
tored data are significantly different, particularly during the nighttime hours. This difference
directly contributes to significant differences in load shapes for all end uses, especially HVAC
and lighting. | | | | |
Small Retail (Figures 11.25a&b)

Average monthly whole-building electric load shapes from the LBL study and the moni-
tored data are somewhat different during the nighttime hours. This difference directly contri-
butes to significant differences in all end uses, especially HVAC and lighting LSs. The HVAC
LSs for the monitored data shows a higher level of activity during the night. Also, the lighting

LSs of thé monitored data do not show a secondary peak during the evening shoulder hours.
Grocery (Figures 11.26a&b)

Average monthly whole-building electric load shapes from the LBL sfudy and the moni-
tored data are significantly different particularly during the nighttime hours. The main reason
- for this difference is the difference between the types of buildings in the LBL study and SCE
monitoring program. Recall that the grocery stores in the LBL work are fairly small, averaging

about 6,000 ft? in floor area and operating mainly during the day, while the monitored buildings
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are larger and appear to operate 24-hours a day} Furthermore, the peak, whole-building electric
use intensity determined in the LBL study is about 4 kWh/ft?year versus 9 kWhy/ft?year for the
monitored buildings. These differences contribute directly to the significant differences in all -

end uses, especially HVAC and lightihg LSs.
Restaurant (Figures 11.27a.1, 11.27a.2, I1.27a&b)

The SCE monitoring project has provided data for both sit-down and faSt-fbod restaurants.
But the LBL study, which uses SCE LRD based data, only provides LSs for the combined group
of res'tau'rants. From the monitored data, we have déveloped LSs for both sit-down (Figure
27a.1) and fast-food (Figure 27a.2) restaurants and combined them together (the' mixture of res-
taurants are. two-thirds sit-down and one-third fast food to be consistent wi,th‘the LBL study).
(Figure 27a).

A qﬁalitative comparison between the whole-building load shapes reveals the same load
shape for these two sources. But the load shapes for the end uses are, in general, different. The
HVAC load shapes are different in the early morning hours and in the number of peaks which
occur during the day. The lighting LSs (including outdoor lighting) of the LBL study show two
peaks during morning and evenirig hours, but the monitored data show flat profiles during the
day with sharp nighttime peaks. We are not sure whether the monitored lighting includes out-
door lighting. | | |

The monitored data LSs shows much mbfe'electric cooking than the LBL LSs. This, how-
ever, is a saturation effect and can be dealt with by separately modeling the EUIs and LSs for
+ restaurant electric cooking. The r'efr.igeration‘LS of LBL study is flat but the monitored data

show small peaks during the day.
Warehouse (Figures 11.28a&b)

There are only three buildings in the sample of the monitored data. The average LSs for
~ these buildings are plotted and compared with the EDA result. In general, the comparison
“between the whole-building LSs and HVAC LSs are fairly good. But the equipment and lighting
LSs are signiﬁca‘ntly different in their shape and maximum intensities. For instance, the average
maximum equipment intensity for the monitored building’s' is about 1.7W/ft_2, ‘while\ the

corresponding figure for LBL study is only _().3W/ft2.
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Summary

In summary, for standard weekdays and for most building types, the whole-building and
" HVAC load shapes developed in the LBL study and those calculated from the monitored data
compare well. There are some differences in the lighting LSs that are caused mainly by the dif-
ferent operating schédule_s of -the buiidings in the two data sets. The weekend load shapes
developed in the LBL study show some physically suspect characteristics and have not beén
given additional consideration at this time. The budget limitatioﬂs, of this study did .not permit
their reexamination. Since weekend load shapes are of secondary importance for forecasting

models, we have concentrated on the development of the weekday loads. '
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Chapter III: . EDA Validation

EDA Methodology

The End-Use Disaggrégation Algorithm (EDA) developed at LBL is an integrated method
for the estimation of EUIs and LSs, which relies eyfplicitly on measured whole-building hourly -
load to reconcile preliminary engineering estimates. The end-use disaggregation is a two step
~ process. First, we develop preliminary end-use EUIs and LSs for the building of interest using
the integrated on-site survey .data, the non-HVAC EUI/LS and DOE-2 Input Generator (NEL-
DIG), and the DOE-2 building energy analysis program. NELDIG performs two functions: 1) it
estimates preliminary LSs and annual EUIs for non-HVAC end uses and 2) it prepares building
_input data for Simulations. For a éroup of buildings, NELDIG prepares prototypical buildihg
characteristics by averaging‘building characteristics of sample buildiﬁgs The buiiding is then

sxmulated using DOE-2, to obtain preliminary EUIs and LSs for the HVAC end uses.

Second, using the m1t1a1 building loads by end use from the first step and the measured
whole-bu1ld1ng hourly loads we apply the End-use Disaggregation Algorithm (EDA) to obtain
~ adjusted, reconciled end-use load profiles for the building. The corresponding EUIs are simply

. the integration of the hourly profiles for the entire year.

EDA is a deterministic model that primarily utilizes the statistical characteristics of the
measured, hourly, whole-building load and its inferred dependence on temperature. Simulation
is only used to supply information that is not evident from the load/temperature relationship. In
the EDA, the sum of the end uses is constrained, at hourly intervals, to be equal to the measured
wholé-building load. This constraint proVides a reality check that is not always possible with
pure simulation. In addition, the load/temperature relationship helps to characterize the HVAC
end use, providing an additional constraint on the remaihing end uses and_prevénting some of the
errors possible with simple proration. Finally, EDA also attempts to deal with the fluctuations of

hourly loads by incorporating observed statistical variation.-

The primary component 6f the EDA is regressioh of hourly loads with climatic variables.
If the weather dependency of the building loéd changes with season, we use two season-specific
(summer and winter) sets of weather regression coefficients. The weather regressiori eq'uations'
are used to separate the load predicted by the regression into a temﬁerature-dependent part and a
temperature-independént part. We assume the temperature-dependent load is attributable to

HVAC equipment. The temperature-independent load is the sum of loads such as lighting,
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ventilation, and miscellaneous equipment, as well as temperature—indeper.ldent’cooling at base
weather"conditions\. Because the regreséion will provide no information about how to break
- down the temperature-independent load, we simply prorate it according to the loads predicted by
simulation. The actual load at a particular.hour on a particularv day will probably not lie on the
best-ﬁt regression line, so the difference between the actual load and the regreséed load is split

between the two parts of the load.

A flow chart of the EDA and its data requirements are shown schematlcally in Figure IIL1.
- For each building, the inputs to the EDA are:

e the actual hourly whole-bulldmg load during a glven period of time;
e the actual measured outside weather conditions during this same penod of time;

e  statistics from the regression of load with the selected weather variables, calculated .

- separately for summer and winter and
° the results of simulating the building at the base weather condmon ,

Using these data, EDA d1saggregates the whole-building hourly load into end uses. The
output of the EDA is hourly load profile estimated for all end uses described in the initial condi-
tions. The hourly end-use load profiles can be used to develop end-use load shapes by type of
day, month, season, or for the entire year. A detailed description of the EDA and a comparison

of its performance versus pure simulation is reported in Akbari et al. (1988).

.\ EDA can be used for analysis of measured hourly data for both prototypical and individual
buildings. EDA has been applied to SCE data and average end-use data have been calculated for .
each of the SCE planning regions (Akbari et al 1989,1990). For the validation purposes in this
analysi's, we apply the EDA to two bﬁildings from SCE’s end-use tnetering project.' We develop
- hourly end-use load profiles for each of the selected build_ings and cempare the results with the
metered end-use data.

!

Validation

The buildings we have selected for the validation are an office and a retail store. These
buildings were selected because of their continuous data sets (little or no missing data), complete |

on-site surveys, and reasonable load shapes (no apparent changes in occupancy or operation).

In the remainder of this chapter, we discuss the process of validation for the two selected

buildings. For each building, we first present a brief description of the building followed by a
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discussion of the DOE-Zsimu_lation input and results. Then, we discuss the hourly correlations
of the who’lé-buildihg load with respect to Weather_ parameters, particularly drybulb temperature
and relative humidity. The audit information, DOE-2 results, and the temperaturé correlations
are used in the EDA to de?elop end-use load profiles. Finally, the EDA output is compared with -
the monitored data with particular empﬁasis on the strengths and weaknesses of the model.
Office building # 5
Building Description

This 117,600 ft? building is a six story multi-tenant office bﬁilt in 1971 in the coastal region
of SCE’s service area (SCE 1990, 1989). About 86% of the building floor area is conditioned
office space and 14% basement parking. Natural gas is used for heating and hot water. Ali other
systems are electric. | ‘ o v

The building is occupied b)" 435 people and operated Monday through Friday from 7 a.m.
'to 6 p.m. All the interior lights are fluorescent with installed intensity of 1.9 w/it? (based on
.conditioned floor area, 1.6 W/ft? based on gross floor area). The lights are controlled by local
swi_tches and have typical operating hours of 7 a.m. to 6 p:m. The outdoor lighfing is fluorescent
and has an installed intensity of about 0.04 W/ft? (based on the gross total building floor area),
operated from 6 p.m; to 6 a.m., Monday through Friday, and controlled by the ehergy ménage-
ment system. The installed inténsity of other building loads (personal computers, typewriters,
copiers, water coblers, air COmpressor, ¢€levators, and water pumps), as estiméted by the auditor,

is about 0.65 W/ft? (based on the total building floor area).

The building h/as three multi-zone HVAC systems. Heating is provided by forced air fur-
naces with total capacity of 1.6 "MBtu/h and cooling by two hermetic reciprocating compressors
with total capacity of 190 tons. Total electricity load for HVAC systems is 250 kW. The heat-
‘ing and cooling set point is 74°F from 7 a.m. to 6 p.m,, VMonday thrbugh Fridéy, operated and
controlled manually. | |
DOE-2 Simulation
~ We used information pfovided to us by the hardcopy of the 1989 audit and the 1985 on-site
sufvey data to simulate the energy use of the building with DOE—Z. The audit data provide infor-
mation on the operation, schedules, equipment type, and equipment energy use for the building.
The audit does not provide information on the architectural and construction characteristics of

_ the building.
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We simulated the building, using a square floor plan in 6 stories with a total conditioned
floor area of 101,000 ft? and total gross floor area of 117,000 ft>. The building was simulated
with a forced air gas furnace, two central reciprocating chillers with cooling towers, and three
multizone air handling units. The total heating capacity was 1.6 MBtu/h and the total cooling=
capacity was 190 tons. Each air handling unit (AHU) served two floors of the building; each
floor was simulated With tWo zones: a perimeter and a core zone. The internal load of the build-
ing was calculated using the methodology discussed in Akbari et al. (1989). The HVAC -

schedule of the building was modified, using the cha:racteristics- of the whole-building load.

We did not have the complete actual weather data to simulate HVAC energy use for 1989-
1990. Instead, we used the following alternative. The building was simulated using the .Los’
Angeles WYEC (Weather Year for Energy Calculations)_ weather tape and the resulting hourly B
- HVAC energy use was regressed against the WYEC drybulb temperature. The resulting correla- |
tions were then used in conjunction with actual 1989-1990 hourly drybulb temperatures to esti-

mate the hourly cooling energy use for the period of June 1, 1989 to May 31, 1990.

The simulated annual HVAC, indoor lighting, and plug loads are 8.36, 4.62, and 0.99
kWh/ft?, respectively. The simulated whole¥bui1ding energy use only accounts for 14.0 kWh/ft?
- compared to 17.1 kWh/ft? as measured for. this office building. Also, the shape of the simulated
whole-building'lqad is significantly different from that of the measured load, both during the
peak day and during an average day. Simulation indicated that, in contrast to measured data, _
building electricity use peaks during the early morning hours, mainly due to the high start up
cooling demands. EDA will adopt the characteristics of the measured whole-buiiding load in the

reconciliation process (shown in Figure II1.2).

It is’ also interesting to note that the hourly plot of the simulated HVAC electricity use
wversus drybulb temperature dees not indicate a base temperéture (i.e. a temperature below which
there is no temperature dependency) (See Figure IIL3). This is consistent with the observed
characteristics of the measured data which are discuseed in the next section. The regression
results of the simulafed hourly' HVAC load against the WYEC drybulb temperatures -are
presented in Table IIL1. Usirig these correlations and the measured drybulb temperatures, we
calculated the new estimate of the simulated HVAC electricity use for the actual year of 1989-.
1990. For a typical summer day, Figure I1.4 compares the new estimate of simulated HVAC
electricity use for the 1989-1990 temperature data with the ‘original DOE-2 results based on

simulations with WYEC weather data. This process reduced the simulated annual HVAC
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Table ITL1

Regressiori results of the simulated weekday hourly HVAC loadk v
-against dry-bulb temperature for Office #5

Coefficients |  Statistics
| 60°Base  Dry Bulb Temp 2 Sig. of
Hour (WIft?) (W/tY°F) R® Esa N
1 0.000 0.000 1 0.00 0.000 9% |
2 0.000 0.000 0.00 - 0.000 94
3 0.000 0.000 0.00 0.000 90
4. 0.000 0.000 0.00 0.000 85
5 1334 0.028 043 0.000 84
6 1.225 0.017 053 0.000 90
7 -1.219 0.012 0.51 0.000 102
8 1.295 0.011 1 051 0.000 123
9 1.287 v 0.012 0.58 0000 156
10 1.285 - 0.012 | 0.64 0.000 189
11 1.292 . .0.013 0.61 0.000 210
12 1.306 0.012 059 0.000 218
13 1.321 0.012 . 0.65 0.000 - 224
‘14 1.342 0.013 0.71 0.000 224
15 1.363 0.013 0.73  0.000 223
| 16 1.382 - . 0014 0.73  0.000 =~ 205 |
17 1.391 0.015 0.69 0.000 172
18 1.398 0.015 059 0.000 150
19° 1.333 0.015 0.58 0.000 139
20 1.296 0.012 0.54 0.000 131
21 0.000 0.000 1 000 0.000 123
22 0.000 0.000 | 000 -0.000 112"
23 0.000 0.000 000 0.000 110
24 0.000 0.000 0.00 0000 105
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Figure 111.2
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HVAC Load (W/sqft) — 0to 2.5

_ Figure HL.3 _
Hourly plots of simulated weekday HVAC electricity use versus outside temperature for Office #5
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energy use from 8.36 to 7.99 kWh/ft2.
Load/Temperature. Regreséidns |

Figures II1.5-I11.7 show thé yearly, summer, and winter plots of hourly whole-building
load égainst the ambient drybulb temperatures. The summer and winter period are defined as
May 1 to October 31 and November 1 to April 30, respectively. These figures indicate a few
interesting points that warrant further discussion. The hours that the building is shut down,
judged by'the lowest level of energy use of 0.7 W/ft?, are between 11 p.m. to 3 a.m. This
“indirectly cbntradiéts the building audit which indicate the hours of operation are from 7 a.m. to
6 p.m. In fact, judging from the whole-building hourly load, the normal hours of operation of
the b'uilding are between 9 a.m. and 5 p.m. Hours 4 a.m. to 8 a.m. and 6 p.m. to 10 p.m. are

mormng and evening shoulder hours, respectively.

It is also interesting to note that neither of the plots indicate a deﬁmte and 1dent1ﬁable base
temperature for any hours of the day, except the period between 11 p.m. to 3 a.m. As we will
discvussvlater, this has introduced some difficulties in idéhtifying a clear base cooling load for the
building. Of the 0.7 W/{t nighttime load, only about (‘).04W/ft2 is for outdoor lighting (based on
on-site survey data). The rest is for nighttﬁnc indoor lighting (including emergency lighting) -

and other miscellaneous equipment (identified or not identified in the audit).

We regressed the whole-building hourly load in summer and winter against drybulb tem- _
perature. Table IIL2 shows the summary of regression statistics. The table indicates that for
both summer and winter significant cortelations for most hours of the day exist. Sig_niﬁcént
correlations exist for summer from 10 am. to 7 p-m. and 10 p.'m'. to 3 a.m., however a closer
review of the table indicates that the nighttime correlations are statistical artifacts and indeed the
correlation coefficients are fairly weak during the nighttime hours. In the winter, significant

correlatlons exist from 5 a.m. to 9 p.m.

The R? values for both the summer and winter regressions are generally poor, in the range
of 0.14 to 0.23 for the summer and 0.13 to 0.41 for winter. One reason that the winter time R2
are better than the summer time R? is the wider range of temperature variation dunng the winter.
Other probable reasons are further discussed in Chapter IV in the review of the characteristics of
the measured end-use data. The poor statistics of the whole-building load indicate that tempera-
ture variations can only describe a small portion of the variation in the whole-building load.
These poor statistics may be the result of the manual operatxon of the HVAC system, mdlcatmg

-a poor temperature control of th¢ HVAC system.
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, . Figure IIl.5 : - -
Hourly plots of measured weekday whole-building load versus outdoor temperature for the entire year for Office #5
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Figure 111.6

Hourly plots of measured weekday whole-building load versus outdoor temperature for the summer for Office #5
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Total Load _(W/sqft) -~ 0to5

Hourly plots of measured weekday whole- bmldlng load versus outdoor temperature for winter for Office #5

3

Flgure 1.7

Outside Temperature (F) — 30 to 110

Iy » [’ s
1 — Hour | 2 |3 | 4 15 |6
p i P! ) )
+ o
+ . .
1 3 2 s ‘! 1 "M
[ .u LA , ﬁiﬁ? 4t
S ) ' [ . 12 1 'lo “ I '
e Sy e e TV VA o il 4 .’ ’ “3%30 i tH o”&‘ a0 oot
A . i . . - 3 A
“"w » L] " "0 ”0 108§ " » *® w 1 » 10 i (1] » » " Ll »” 100 i " 40 ® A} " » 190 1 ® » “ " " ” (LIRS °» » w® " " ” 100 1¢
7 I8 I R R B
[ S Y s :
Y oﬁ‘p" ﬁ'g’. ' ﬁ% N UK
B}
¢ ) "Q‘ ) t\h' . i r’.o ' i ?3" e ) ',5;*::“
[ R ‘f\: gt . + ‘ ¢
14 ﬁ 00 ..0‘0 g +
N '; rg : e 0 +
.0.' e R 4 ' ",
KEN :,. [ A ’r R 1 H 8 1
wibh ¢ il | ,
ey : ' ' ) ' 1
+ ) 3 ! A )
" “‘ » " 1] » LU} @ 0 (13 " " » 100 136 40 *» (] 1" [[] L] [T ) 49 i) @ " » » 0 1@ .(. » «“ " " » 100 Yo [0 » ®w " ” % 109 118
B ... 114 .. .15 .16 R VA | 18
N e . rr\m ) o4 e . :
by Dl 1 : Yoo byt
:1 '..n ". ‘0 ! ’\ A » "o ,] "$l LI .‘¢.‘o . N
AL ! 1w * ! LR : h‘ L O (N ! " ‘4 4 !
+ . . . . R * 4 y ¢
o 1 1 i 1
1 1 ' ) '
I A I ! . . A .
. (1] » “w " L1 »” 10 ) “" 0 40 " " » 1% 13 " 0 ® " " » 1o 1@ “" 0 “ " L[] »° 0 e “ » L] T " » e 1 . 4 » “ "% " » LU 1)
{19 T 20 I 21 [ 22 [ 23 T 24
' ’-- & ft N . ) 3 3 3
AN ' ot 4 : A
[} L ¢ oY f *
’ Q 2" { . ' + -
o 1 dt 1 oM [l 3 1
afth e T t A )
. v:..‘ ety R I A Y
1 ¥ : ' 1 : 1 -
N A RS AL
X7 A A A -} -
40 t ] L] " " ” 1% 0 " ] “ k(] 1] » 10 1 0" 1) k(] 490 » ¢ 18 40 » K4 " ”n » 100 1= L[} 0 “° 1° L 1] [ 168 1xB " 0 » k(] (1] » 109 e



86

against dry-bulb temperature for Summer and Winter for Office #5

| Table 2
Regression results of the measured weekday hourly whole-building load

. Summer Winter |
~ Coefficients Statistics Coefficients _ Statistics
60°Base Dry Bulb Temp 2 Sig. of 60°Base DryBulbbTemp |- oo  Sig. of
Hour | “owmz)y  (wifi2eF) % Fstat. N | wmy  wieR) R Fsta. N

1 0.722 0.007 0.19 0.000 124 0.790 0.004 0.02 0098 121
2 | 0.706 0.004 0.15 0.000 122 0.756 0.004 0.04 - 0.029 121
3 0.699 0.002 0.12 0.000 121 0.701 - 0.000 0.00 0989 121
4 0.748 -0.000 0.00 00912 119 0.766 0.004 0.03 0.047 121
5 1.382 0.014 002 0.136 118 1.199 0.020 0.12 . 0.000 121
6 1.921 0.024 007 0004 116 1.616 0.029 0.19 0.000 120
7 2.383 0.004 0.00 0542 116 2.112 - 0.043 0.39 0.000 121
8 3.168 0.005 0.0t 0.351 120 2.706 -~ 0.054 042 0.000 121
9 3.547 0.016 - 0.06 0.005 126 3.277 0.042 | 0.37 0.000 121
10 3.635 0.023 0.17 0.000 126 || 3.472 0.031 0.29 0.000 121
11 3.670 0.023 0.23 0.000 128 3.467 -0.029 0.27 0.000 121.
12 3.673 0.019 0.19 0.000 128 3412 0.027 - 026 0.000 121
13 3.671 0.016 0.15 0.000 128 3.385 0.024 0.24 0.000 121
14 3.718 0.013 0.14 - 0.000 128 3.425 ~ 0.021 0.21 0.000 121
15 3.750 0.012 0.14 0.000 128 - 3.452 0.021 0.21 0.000 121
16 3.591 0.013 0.13 0.000- 128 3.442 0.021 0.21 0.000 121
17 3.102 0.016 0.13 0.000 128 3.221 0.017 0.13 0.000 121
18 2.629 0.024 020 0.000 128 2.719 0.019 0.15 0.000 121
19 2.319 0.025 0.15 0.000 128 | 2335 0.022 - 0.24 0.000 121
20 2.134 0.017 0.07 0.002 128 2.095 0.024 0.30 0.000 121
21 1.548 J -0.015  0.05 0.009 128 1.690 0.023 0.20 0.000 121
22 0.851 0.006 0.10 0.000 127 1.162 . 0.014 0.05 0.016 121
23 0.806 0.007 0.10 0.000 128 0.804- -0.001 0.01 0.304 121
24 0.759 0.010 0.17 0.000 127 0.787 -0.001 0.00 0.561 121




In order to improve the statistics, we regressed the whole-building load agéiﬂst both
drybulb temperature and relative humidity. The addition of relative humidity to the summer and
winter regressions did not significantly improve the R? (Table IIL.3). Regressions of the load”
against relative humidity alone indicated no correlation between these variables (Table I11.4).
Hence, for the remainder of this analysis, we only considered the variation of the whole-building

" load against the drybulb temperature (Table II1.2).

To further investigate methods of improving the sfatistics of the load temperature correla;
tions, we regressed the load against drybulb temperature using data for the entire year; see Table
IIL5. The R? of the regresSions improved signiﬁcanily, particularly during the morning hours.
Of special attention is the robustness of the base load at 60°F which for most part of the normal
hours of the day is about 3.5 W/ft?> (10 a.m. to 4 p.m.). We also regressed the total daily electri-
~ city use against the average daily drybulb and relative humidity. The results indicated that daily ,
whole-bhilding load is sensitive to drybulb temperature and not sensitive to relative humidity
(Table IIL.6). The statistics for the daily correlations are much better than the hourly ones. The
averagé daily electricity use at 60°F ambient temperature is about 54 Wh/ft? and the daily elec-
- tricity use increases by about 0.55 Whyft? per degree F. We will discuss the daily regressions in

further detail in Chapter IV.
EDA Output and Comparison with Monitored End Uses

We performed a series of successive EDA runs to estimate the EUIs and LSs for the office
building. The results of the runs as well as the summary of the monitored data and the DOE-2

simulations are summarlzed in Table I11.7.

For comparing the EDA run results with measured data, we used the same end-use
categories that are represented in the submetered data. The monitored data include channels for
the HVAC end ﬁses, indoor lighting, plug loads, and whole-building electricity use. Note that of
the total 17.12 kWh/f't2 annual electricity use, the end-use mo_nitored data account for 13.50
kWHh/ft?, leaving some 3.62 kWh/ft> unaccounted for. For this reason, we combined the plug
load and unaccounted for loads into the single class of miscellaneous load and used the miscel-
laneous Ioad in the comparison. The first row of data in Table III.7 summarizes the measured
end-use EUIs. |

The second row of data indicates the annual electricity use of interior lighting and miscel-
laneous end uses as obtained from analysis of on-site survey information, and HVAC electricity

use (using WYEC weather tapes) simulated usirig DOE-2. Although, at this stage we have not
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Table Iil.3

Regression results of the measured weekday hourly whole-building load
against dry-bulb temperature and relative humidity for Summer and Winter for Office #5

Summer ' B Winter -
Coefficients Statistics Coefficients Statistics

Hour 60° Base Relative Humidity Dry Bulb Temp R2 Sig. of N 60° Base Relative Humidity Dry Bulb Temp Rz" Sig. of N
(Wit (WIFt3/°F) (W/t3/°F) F-Stat. — || (W/t?) (W/F3/°F) ~ - (WIft2/°F) F-Stat. '

1 | 0.694 0.001 0.006 0.21 0.000 124| 0.790 " -0.000 0.004 0.02 0.256 121
2 | 0.690 0.000 10.003 0.17 0.000 122| 0.759 -0.001 0.004 0.05 0.061 121
3 | 0.686 0.000 0.002 = |0.15 0.000 121| 0.700 0.000 0.000 . }{0.00 0.964 121
4 | 0.633 0.003 -0.005 = |0.05 0.051 119| 0.765 - 0.000 0.004 0.03 0.134 121
5 1.365 0.001 0.013 0.02 0.327 118| 1.137 0.006 0.023 0.22 0.000 121
6 | 2.327 -0.012 0.038 0.18 0.000 116 1.547 0.006 0.032 0.30 0.000 120
7 | 2.600 -0.007 0.011 0.07 0.012 116{ 2.092 - 0.002 0.045 0.40 0.000 121
8 | 3.371 -0.007 0.011 0.11 0.001 120} 2.685 0.002 0.055 0.42 0.000 121
9| 3.703 -0.005 0.017 . |0.13 0.000 126{ 3.260 0.003 0.044  |0.39 0.000 121
10 | 3.745 -0.004 0.023 0.22 0.000 126) 3.471 - 0.002 0.032 0.30 0.000 121
11 | 3.713 -0.002 0.022 0.24 0.000 128§ 3.472 0.003 0.032 0.29 0.000 121
12 | 3.701 -0.001 0.019 °  |0.20 0.000 128 3.420 0.004 0.030 0.28 0.000 121
13 | 3.684 -0.001 0.016 0.15 0.000 128§ 3.395. 0.004 0.028 |0.28 0.000 121
14| 3.714 - 0.000 0.013 0.14 0.000 128} 3.430 0.003 0.024 0.23 0.000 121
15 | 3.737 0.001 0.012 0.14 0.000 128} 3.457 0.004 0.026 0.24 0.000 121
16 | 3.609 -0.001 0.013 0.13 0.000 128| 3.441 0.003 0.024  [0.22 0.000 121
17 | 3.144 -0.002 0.016 0.15 0.000 128| 3.222 -0.000 0.016 0.13 0.000 121
18 | 2.774 -0.006 0.022 0.29 0.000 128| 2.715 0.002 0.021 - [0.16 0.000 121
19 | 2.562 -0.009 0.021 0.30 0.000 128| 2.324 0.003 0.026 - -{0.28 0.000 121
20 | 2.312 -0.007 0.018 0.18 0.000 128| 2.082 0.003 0.028 0.36 0.000. 121
21 | 1.691 -0.005 -0.010 0.13 0.000 128} 1.689 0.000 0.024 0.20 0.000 121
22 | 0.840 0.000 0.006 0.10 0.001 127} 1.172 -0.002 0.011 0.06 0.021 121
23 | 0.779 0.001 0.006 = |0.12 0.000- 128} 0.803 0.000 -0.000 0.04 0.117 121
24 | 0.738 0.001 0.009 127| 0.788 0.000 -0.000 0.00 121

{017

0.000

0.812
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Table lil.4 .
Regression results of the measured weekday hourly whole-building load
against relative humidity for Summer and Winter for Office #5

Summer , Winter .
_ Coefficients : Statistics Coefficients Statistics
Hour | 60° Base Relative Humidity R2 Sig. of N 60° Base Relative Humidity R2 Sig. of N
- (Wit3) (W/Ht2/°F) F-Stat. (W/ft3) (WIt2/°F) ' F-Stat.

1 0.686 0.002 0.10 0.000 124 0.774 -0.000_ 0.00 0636 121 |
2 | 0.684 - 0.001 0.08 0.002 122 0.740 -0.001 -0.02 0.176 121

3 0.682 0.001 0.09 0.001 121 0.700 -0.000 0.00 0796 121

4 0.648 0.003 0.04 0030 119 0.735 --0.000 000 0894 121

5 1.320 0.002 000 0470 118 0.967 0.005 0.07 0.003 121
-6 | 2175 -0.006 0.03 0.048 116 1.294 - 0.005 0.06 0.007 120

7 2.569 -0.005 005 0.014 116 1.728 -0.000 0.00 0837 121

8 3.369 -0.006 0.08 0.002 120 2.256 -0.001 000 0626 121

9 3.767 -0.005 0.06 0005 126 2.993 -0.001 1000 0748 121}
10 .}  3.900 - -0.005 0.06 0.004 126 3.359 -0.001 - 0.00 0548 121
11 3.908 -0.003 003 0.070 128 || - 3.456 . -0.001 0.00 0757 121
12 3.879 -0.002 0.0t 0227 128 3.464 -0.001 0.00 0.707 121
13 3.835 -0.001 0.00  0.671 128 3.469 -0.001 000 0636 121
14 3.852 0.000 0.00 0772 128 || 3.508 -0.002 0.01 - 0340 121
15 | 3.868 0.001 0.00 0550 128 || 3.546 --0.001 ,0.00 0517 121
16 3.748 -0.001 001 0276 128 3.524 -0.002 001 0252 121
17 | 3310 -0.003 0.02 0.095 128 3.272 . -0.004 0.04 0.037 121
18 2.995 -0.007 0.13 0.000 128 2.760 -0.002 001 0259 121
19 | 2744 --0.010 020 0000 128. 2.348 -0.000 0.00 0805 121
20 | 2408 -0.006 0.10 0.000 128 2.077 - -0.000 0.00 0927 121
21 | 1.671 -0.006 0.10 0.000 128 1.668 - -0.003 0.03 0.0564 121
22 0.842 0.001 0.04 0.033 127 1.154 -0.004 0.04 0.028 121
K 0.777 - 0.002 0.07 0.002 128 0.803° - 0.001 0.03 0.040 121
24 0.725 0.002 0.08 0.002 127 0.789 0.000 000 0.632 121




" Table IIL5

Regression results of the measured weekday hourly whole-building load |
against dry-bulb temperature for the entire year for Office #5

Coefficients Statistics
60°Base  Dry Bulb Temp 2 Sig. of

Hour |~ wm2) (W/£t%/°F) R®  pSa N
1 - 0.758 0.002 001 0.163 246
2 0726 0.002 001 0064 244
3 0.703 0.000 001 0.098 243
4 0.747 0002 | 001 0.105 241
5 1.306 . 0.026 { 020 - 0.000 240
6 1.805 0.041 038 0.000 237
7 2.225 0.047 1 051 0000 238
8 2.898 0.062 . 060 0.000 242 |
9 3.362 0.046 { 053 0000 248 |
10 | 3.527 . 0.034 043 0.000 248
11 3.529 - 0.033 041 0.000 250
12 3.483 - 0.031 1 037 0.000 250
13 - 3.462 0.028 033 0.000 250
14 § 3.503 . 0025 030 0.000 250
15 13.529 0.025 1 029 0.000 250
16 3.473 0.021 025 0.000 250
17 3.183 0.013 0.10 0.000 250
18 2.700 - 0019 0.18 0.000 250
19 2.335 10.023 | 025 0.000 250

20 | 2.099 0023 [ 026 0.000 250
21 1.558 . 0.004 001 0.158 250
22 1.000 -0.001 000 0.666 249
23 0.820 0.002 | 002 0.018 250

24 0.791 0.001 0.01 0.108 249
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Table IIL.6

Regressmn results of the measured weekday daily whole-building load
against dry-bulb temperture for Office #5

103

Coefficients . Statistics
60°Base  Relative Hum1d1ty Dry Bulb Temp 2 Sig.of

Season | ~y/n2) (Wlft JoF) (W/EI°F) R®  EsSa N
Summer | 55.455 | g 0.320 0.16 0000 110
Winter | 53.080 ] 0.557 038 0000 121

| Year 53.634 - 0.573 048 0000 232
Year 53.892 ; 0.550 0.58 0000 230
Summer | 58.649 -0.062 i 005 0014 110
Winter | 51.565 0.017 ] 000 0568 121
Summer | 57.791 0113 0.436 032 0000 110

| Winter | 52.941 0.054 - 0.606 040 0000 121
Year, 53.325 0.021 0.562 048 0000 232

| Year 53.636 0.018 0.541 059 0000 230
Excluding two outliers.




_ Table IIL7
Comparison of the EDA lestimated EUIs with measured EUIs

for Office #5
EUI (kWh/ft¥/yr)
Run HVAC. Indoor Plugs Miscellaneous  Total
Lighting - (Including Plugs)

‘ Monitored | 693 442 215 5.78 17.12

DOE-2 estimate with WYEC weather | 836  4.62 0.99 - 13.97
DOE-2 with 1989 weather | 7.99 462 099 . 13.60 |

EDA with cooling based on regression of totalload | 7.73 5.63 3.73 17.09

EDA with cooling based on DOE-2 estimates 5.69 6.87 438 16.94
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used the monitored data in the EDA analysis, note that there is a significant difference of miscel/-
laneous electricity use between the monitored data and on-site survey informaﬁon. In the third
row of the table we have estimated the _1989 HVAC electricity use from the DOE-2 simulation
results of vthe second row. The hourly information on the third row is used as the initial condi-
tion for EDA. Figure IIL.8 shows the simulated DOE-2 end-use load shape for the building
peak day. In thesev_simulations,'based on the analysis of the measured whole-building load, we
have extended the hours of operation of HVAC systems from 7 a.m. to 6 p.m.' to 5 a.m. to 8 p.m.
‘Note that the simulated peak cooling load occur at 5 a.m. to cool down the building from the last

night accumulated heat.

The results of applying EDA to the DOE-2 simulated initial condi;ions are summarized in
rows 4 and 5. In the EDA process' we have used the annual regressions of whole-building hourly
loads. Row 4 prevides end-use EUIs with all end uses at all hours having equal weight. Com-
paring the results with the momtored data indicate that the 11ght1ng and HVAC EUIs are over-
estimated by about 27% and 12%, respectively. The miscellaneous EUI is underestimated by
5%. The majority of the discrepancy for the lighting and miscellaneous EUIs initiate from a ill-
defined, initial condition miscellaneous end use. Recall that EDA relies enti_iely on the initial
- condition information in apportioning loads between non-HVAC (i.e., lighting and miscellane-
ous) end uses. In an attempt to improve the EUIs for light{ng and miscellaneous, we reneated_-
the EDA calculation using varying vs;eight for different end uses (row 5). We used higher
weights for lighting based on the assumption that the on-site survey information are probably
more accurate for the interior lighting than miscellaneous end uses. The weighting only slightly
modified the resulting EUIs and LSs. We also performed another EDA run, using the DOE-2
simulation results as HVAC initial conditions (row 5). The fesult was an underestimation of
HVAC and miscellaneous EUIs by 18% and 24% respectfully. The lighting EUI was over
estimated by 55 % o |

In order to gain insight into the differences between the EDA’resnl;s and the monitored
data, in Figures IIL.9 and'III.10, we compare the average hourly energy use lead shapes of the
mOnitered data with those estimated by EDA. Figui'e 1I1.9 cerresponds to EDA simulations with
cooling based on regression of total load and Figure III.10 is for EDA simulations with cooling
based on DOE-2 estimates. The differences between the EDA estlmates and measured data are
plotted in Flgures I1.11 and ITL12.
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 Figure 1.9
‘ Measured and EDA load shapes for Office #5
Initial EDA HVAC estimates are based on regression of measured whole-building load
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Load (watts/ft’)

2.5

Figure .10

" Measured and EDA load shapes for Office #5
Initial EDA HVAC estimates are based on DOE-2 simulation
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Figure IIl.11

Differences between EDA estimated and measured loads for Office #5
Initial EDA HVAC estimates are based on regression of measured whole-building load
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Differences between EDA estimated and measured loads for Office #5

Figure I11.12

Initial EDA HVAC estimates are based on simulation estimates -
Dashed line shows min/max range; bold line extends from 25% to 75% quartile; mean values connected
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In inspecting these figures, two points become evident. First, during the night, estimatés of
electricity use by EDA for all end uses agree very well with those of the measured data. This is
no surprise, since the initial conditions for air-conditioning electricity use during the night is
zero. When the HVAC energy equals zero, EDA allocates the difference ‘Bétween the measured
and estimated whole-building load to the end uses, namely miscellaneous and indoor lighting.»
During the day, when the air conditioning is an end use, most of the differences between the

. measured Whole-bixilding load and the simulated initial conditions is allocated to the lighting and
 air conditioning. In fact, there is a consistent positive bias in EDA’s estimates of air condition-
ing at the expense of miscellaneous end use. The EDA-estimated miscellaneous end-use inten-
sity drops from the nighttime levels of approximately 0.6 W/ft2 to daytlme levels of approxi-
mately 0.1 W/ft2. |

Clearly, the EDA-estimated end-use load shape for the miscellaneous end use is in contrad-
iction with the audit information (see Figure II1.8). The audit estimates for the miscellaneous
end use electricity consumption is about 0.2 W/it?, during the day, and 0.15 W/ft*> during the
night. There are two ways to adjust this inconsistency in miscellaneous load shape: either by
reducing the nighttime level miscellaneous load (resulting in an increase in nighttime lighting
and HVAC usage) or by increasing the daytime level (resuliing in a decrease in'daytime lighting
and HVAC usage). Without comparison with the measured data, it is hard to decide what to do.
The measured data however indicate that the nighttime miscellaneous electricity use is probably
correct and the daytime use should be increased. If we assume that the nighttime miscellaneous
electricity use is indeed a lower estimate of the hourly electricity use for this end use, we can

develop a new set of initial conditions for EDA simulatibns and repeat the calculation.
Retail building # 1 |
Building Description | |

This 23,396 ft? bhilding is a one story one-tenant retail v.store built in 1960 and located in
Tustin (inland valley south of Los Angeles) (SCE 1990,1989). The entire store is conditioned
(both heated and coovled)-; about 89% of the building is uséd for retail space and 11% as condi-
tioned storage area. All bhilding_systerris_ are electric.

The maximum occupancy of the building is 6 staff and 10 customers. The store is operated
Monday through Saturday from 9:00 a.m. to 9:30 p.m. and Sunday from 10:00 a.m. to 7:00 p.m. |

Most interior lights (94% by mstalled capacity) are fluorescent but there are some incandescent

lights as well (6%). The total installed lighting intensity is 2.09 W/ft?, operated by central
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switches with the same hours of operation as the store. The outdoor lighting is fluorescent and
mercury vapor with an intensity of -about 0.14 W/t opefated from 6 p.m. to 6 a.m., every day.
The audit of the building also indicates that the outdoor lighting is controilcd by ..photocells. For
our simulations, we rely .on the fixed hours of outdoor lighting operatiori. The installed intensity
of other building loads (refrigerator, drinking fountain, instantaneous domestic hot water heaters,

-cash register, microwave oven, coffee pot, etc.) is estimated at 0.37 W/,

- The building has six single-zone heat-pump units. The total heating and cooling capacities
are 816,kBtu/h and 65 tons, respectively. The total electricity load for all HVAC equipment is
about 122 kW. All heat-pump units have économizcrs; The heating and cooling set point is
66°F and 72°F, respectively. The systems are operated during business hours and controlled by

. time clocks.
DOE-2 Simulation

We used information provided to us by .the hardcopy of the audit (SCE»1989)_ and the 1985
- on-site survey data to simulate the energy use of the building with DOE-2. Like the ofﬁoe build-
ing, the audit data provided information on the operation, schedule, equipment type, and equip-
~ ment energy use for the building. The audit did not provide information on the architectural and

construction characteristics of the building. -

We simulated the building, with a square floor plan'and a total conditioned floor area of
23,396 ft2. The building was simulated with six single-zone heat{pump units. The internal load

of the building was calculated using the rrfethodol'ogy' discussed in Akbari et al. (1989).

The DOE-2 simulations were performed using the Los Angeles WYEC weather tape and
the resulting hourly HVAC energy use was regressed against the WYEC drybulb temperature.

" * The resulting correlations were then used in conjunction with actual 1989-1990 hourly drybulb

temperatures to estimate the -houriy cooling energy. use for the period of June 1, 1989 to May 31,
1990. . |

The simulated annual HVAC, lighting, and other miscellaneous loads are 2.76‘, 6.91, ‘al;d
0.28 kWh/ft?, respectively. Note that the simulated whole-building energy use of 9.95 kWh/ft?
is within 10% of the 9.06 kWh/ft?> measured energy use for this office building. EDA will adopt
the characteristics of the measured whole-building load in the reconciliation process (See Figure
1I1.13). '

Contrary to the office building, the hourly plot of the simulated HVAC electricity use does .

indicate a base load (See Figure II1.14). This is consistent with the observed characteristics of
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Figure 111.13

| Measured whole-building average load for Retail #1 by day of week
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HVAC Load (W/sqft) — 0 to 2.5

Figure lIl.14

Hourly plots of simulated weekday HVAC electricity use versus outsidé temperature for Retail #1
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the measured data as are discussed in the next section. The regression results of the simulated
hourly HVAC load against the WYEC drybulb temperatures are presented in Table IIL.8. Using
these correlations and the measured drybulb temperatures, we calculated new estimates of the
HVAC electricity end use. Fora typical summer day, Figure IIL.15 compares the new estimate |
of simulated HVAC electricity use for the 1989-1990 temperature data with the original DOE-2
results, using WYEC weather data. This process modified the simulated-annual HVAC energy
use from 2.76 to 3.67 kWh/ft?.

Load/Temperature Regressions

Figures IIL16-111.18 show the yearly, summer, and winter plots of hourly whole-buildmg
load agamst the ambient drybulb temperatures The summer and winter period are defined as
May 1 to October 31 and November 1 to April 30, respectlvely These figures indicate a few.
~ interesting points that warrant further discussions. Judgmg from the observed load data, the nor-
mal hours of operation are 9 a.m. to 9 p.m. (consistent with the audit information). There are
some occasional activities during the early morning hours of 7 and 8 a.m. and late evening hours
of 10 and 11 p.m. The building load during the nighttime hours (12 p.m. to 6 a.m. ) is almost flat
at 0.2 W/ft2,

- The summer data does not show a clear base load, but both the winter data and-the annual
~ data indicate a flat baserload for temperature conditions approximately below 65°F. The base
load ilaries by hour of day; for normal operating conditions it is between 2.0 to 2.2 W/ft?. The
“audit of the building does not indicate any electricity use during the night. But the measured
data indicate electricity use of about 0.2 W/ft? which is probably for the nighttime emergency

indoor lighting and other miscellaneous equipment (identified or not identified in the audit).

We regressed the whole-building hourly load against drybulb temperature. Table IIL9
shows the summary of regression statistics of the whole-building load versus drybulb tempera-
ture, for the entire year (summer and winter included). The table indicates that Signiﬁcant corre-
* lations for most hours of the day (8 a.m. to 10 p.m.) exist. The base load electricity use at 60°F
varies between 1.9 to 2.2 W/ft?, and the regression coefficients for drybulb temperature mostly
are between 0.04 to 0.05 W/{t*/F. During hour 9 a.m., the drybulb temperature sensitivity of the
hourly load is higher by 30%; this may be only a statistical fluke. |

The regression R? values for all hours are in general better than those for the office building

and are in the range of 0.3 to 0.7. To try to improve the statistics, we regressed the whole- .
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Table ITI1.8
Regressxon results of the smulated weekday hourly HVAC load agamst dry-bulb

temperature for Retail #1
Coefficients Statistics

60°Base Dry Bulb Temp 2 Sig.of . _

Hour | "Wy  wierp) | X FSm N
1 0.000 ©0.000 000 0000 - 96
2- | . 0.000 ~0.000 0.00 0.000 94
3 0000 - 0.000 0.00 = 0.000 90
4 0.000 0.000 0.00 0.000 85

5 0.000 0000 [ 000 0000 84

6 0.000 0.000 1000 0000 90

7 0.000 0.000 000 0000 102
8 0.000 0000 | 000 0000 123}
9 0.000 0.000 0.00 0000 156
10 -0.107 . 0049 0.68 0000 189
11 | -0.008 0.048 071 0.000 210
12 0.067 0.047 0.72 - 0000 218
13 | 0.150 - 0.046 1077 0000 224
14 0.246 . 0.0406 082 0000 224
15 - 0.341 0.045 0.84 0000 223
16 0.430 0.044 0.84 0.000 205
17 0.487 0.045 085 0000 172
18 | " 0.557 - 0.042 078 0.000 150
.19 0.581 - 0.040 075 0000 139
20 .0.591 - 0.036 072 0000 131
21 | 0596 - 0.033 076 ~ 0000 123
22 .0.000 0.000 000 0000 112
23 0.000 0.000 000 0000 110

24 0.000. 0.000 0.00- 0000 105].
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Table IIL9

Regression results of the measured weekday hourli whole-building load
against dry-bulb temperature for the entire year for Retail #1

Coefficients Statistics

60°Base DryBulbTemp { 2  Sig.of
Hour |~ wit?) wrery | X psae N
1 0.193 - - 0.003 001 0315 109
2 0169 0.004 0.03 - 0.104 99
3 0.182 0.001 0.00  0.727 90
4 0.161 0.004 .0.03  0.107 80
5 0.184 0.001 0.00 0.723 78
6 0.243 0.007 ° | 001 0319 75
7 0.492 © 0003 [ 000 081 75
8 1.590 0.054 | 019 0.000 86
9 2.180 0.069 040 . 0000 121
10 2.147 - 0.046 1031 0000 149
11 2.185 - 0.039 .0.33 0000 190
12 2126 0.042 0.37- 0000 201
13 2.018 - 0.045 044 0000 211
14 1.974 0.046 - 048 0000 221
15 1922 0.046 046 0000 223
16 | 1908 0.047 047 0000 224
17 1936  0.046 049 0000 223
18 2.006 - 0.051 076 0.000 214
19 2.043 0.050 0.63 0000 201
20 2.114 0.050 0.58 0.000 186
21 | '1.983 0.062 1053 0000 170
22 0.803 0.036 - 0.08 0.000 157
23 | 0279 - 0004 001 0314 142
24 0.224 - 0.002. 0.00 0551 123
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Slmulated HVAC load usmg WYEC and 'Iocal temperature data for a typlcal summer day for Retail #1
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Flgure .16
Hourly plots of measured weekday whole-building load versus outdoor temperature for the entire year for

Retall #1
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: - Frgure m.17
Hourly plots of measured weekday whole- bulldmg load versus outdoor temperature for summer for
 Retail #1
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Hourly plots of measured weekday whole-building load versus
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Building load simultaneously against both drybulb temperature and relative humidity. The addi-
tion of the relative humidity did not sign‘iﬁéantly improve the R? (see Table II1.10). Regres-
sions of the load against relative humidity alérie indicated no correlation between these variables
either (Table II1.11). Hence, for the remainder of this analysis, we only considered the variation

of the whole-building load against the d'fybulb temperature..

A closer inspection of the hourly data indicated that the operation of the building' between
days 19 to 96 (January 19 to April 7) is significantly different from the rest of the year. For this
period, the whole-building hourly load is fairly constant and does not vary with outside tempera- -
ture, even on hot'days. Clearly, on these days thewHVAC systems had not operated. Once; thése v
data were filtered out of the regressions, the R? significantly improved (see Table IIL12a).
Regression of the hourly loads for the days 19 to 96, except for a few hours in tﬁe evening (6
p.m. to 9 p.m.), indeed showed no correlation to the drybulb tempefature (see Table III.12b).

For the EDA analysis, we used regression results from Table I11.12a. .

We also régressed the total daily eleétricity use against the average daily drybulb and rela-
tive humidity. The results indicated that daily whole-building load is sensitive to drybulb tem-
perature and not sensitive to relative humidity (Table II1.13). The statistics for Day 19 through
96 are excluded from the data set. The daily correlations are much better than the hourly ones.
The average daily electricity- use at 60°F ambient temperature is about 33 W/ft? and the daily
electricity use increases by about 1 W/t F. We will discuss the daily regressions in further
defail in Chapter IV. |

EDA Output and Comparison with Monitored End Uses

We performed a series of successive EDA simulations to estimate the energy use intensities
and LSs for this retail store. The results of the EDA runs as well as the sximmary of the moni-

tored data and the DOE-2 simulations are summérized in Table II1.14.

To establish a common reference for comparing these data we rely on the level of end-us’e‘
disaggregation provided by the monitored data (row 1). The monitored data include channels for
the HVAC and indoor lighting end uses and whole-building electricity use. Note that of the total
9.06 kWh/ft? annuél electr'icity use, the monitored end uses account for 8.85 kWh/ft? leaving
0.21 kWh/ft? unaccounted for. We assumed the unaccounted for load may be classified as mis-

cellaneous load.

The second row of data indicates the annual electricity use for the interior lighting and the

- miscellaneous end uses as obtained from the analysis of on-site survey information and HVAC
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Table I11.10

Regression results of the measured weekday hoﬁrly whole-building load
against dry-bulb temperature and relative humidity for the entire year for Retail #1

Coefficients Statistics
60°Base  Relative Humidity = Dry Bulb Temp 2 Sig.of :
Hour |~ wi2) (W/E/F) - wikrry | X Estar N
1 | 0302 -0.004 - -0.003 020 . 0.000 109
2 0.231 . - -0.002 * 0.000 013 0002 99
3 0.252 ~ -0.003 -0.002 021 0000 90
4 0.224 . -0.002 0.001 0.19  0.000 80
5 0.270 -0.003 -0.002 0.13  0.005 78
6 0.375 -0.005 -0.011 0.14 0004 75
7 |. 0587 , -0.004 -0.005 001 0616 75
8 1.451 0.007 0.057 ‘023 0.000 86
9 1.809 0.017 0.089 0.58 0.000 121
10 1.846 0.015 0.065 0.51 0.000 149
11 2.068 0.010 0.048 043 0000 190
12 | 2028 0.013 0.051 049 0.000 201
13 1.975 0.014 0.055 0.56 -0.000 211
14 1.987 0.015 0.054 059 0000 221
15 1.952 0.014 0.053 0.56 0.000 223
16 | 1922 0.014 0.054 056 0.000 224
17 1.927 0.012 0.053 059 0000 223
18 1.975 0.006 0.056 079 0.000 214
19 1.972 0.007 0.058 0.68 0.000 201
20 | 1997 0.009 0.060 * 0.66 0000 186
21 1.836 0.009 0.073 0.59 0000 170
22 .| 0943 -0.007 0.027 0.10 0000 157
23 0.430 -0.008 -0.004 023 0.000 142
24 0.358 ° -0.006 -0.005 020 0.000 123
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Table I11.11

Regressmn results of the measured weekday hourly whole-building load

agamst relative humidity for the entire year for Retail #1

Coefficients y Statistics
60° Base Relative Humldlty 2 Sig.of
Hour |~ wi?) owrerry o | 8 Fsa N
1 0.284 - -0.004 020 0.000 - 109
2 0.234 -0.002 0.13  0.000 99
3 0.239 - -0.003 0.20 0.000 920
4 0228 -0.002 0.19 0000 80
5 0.258 . -0.003 - -1 013  0.001 78
6 0.312 -0.004 -0.10  0.005 75
_7 | 0561 , -0.004 0.01 0.351 75
8 | 1774 T 7T0004 0.0 0271 ——86-
9 2.485 ' 0.006  0.03 0.075 121
10 2.438 0.005 0.02  0.071 149
11 2.533 0.002 001 0251 190
12 2.634 0.003 001 0223 201
13 2.687 0.003 .0.01 0.301 211
14 2.726 0.003 001 0222 221
15 2.728 0.004 001 0.178 223
16 2.691 - 0.003 0.00 0342 224’
17 2.633 0.002 | 0.000 0418 223
18 | 2.658 -0.006 004 0.005 214
19 | 2598 -0.004 002 " 0.047 201
20 2.558 -0.002 | 001  0.243 186
21 2430 -0.002 001 0.284 170
22 1.139 -0.011 0.07 0.001 157
23 0.405 -0.007 022 0.000 142
24 0.325 -0.005 0.19 0.000 123
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Table II1.12a

Regression results of the measured weekday hourly whole-building load
against dry-bulb temperature excluding days 19-96 for Retail #1

Coefficients . Statistics

: 60° Base  Dry Bulb Temp 2 Sig.of

Hour |~ 2) (WARFF) R®  psa N
1 0.166 0.000 0.00 0.797 99
2 0.166 0.000 1000 0775 94
3 0.167 0.000 0.00 0935 85
4 0.166 -0.000 0.00 0.946 78
5 0.186 -0.002 0.00 0.584 76
6 0.232. -0.007 002 0.286 73
7 | 0473 -0.003 000 0848 73
8 1.594 0.056 022  0.000 83
9 2.160 0.083 0.62 0000 - 115
10 2.180 0054 | 052 0000 134
11 2.208 0 0.047 055 0000 162
12 | 2167 0.047 0.59 0000 170
13 2.130 0.047 0.65 0.000 175
14 | 2096 1 0.047 071 0000 180
15 2.024 0.049 0.73 0000 180

16 1.990 0.051 0.76 0000 180
17 | 1974 10.052 0.77 0000 179
18 1.983 0.053 073 0000 173 |
19 12,033 0.053 0.59 0.000 165
20 2.123 0.052 0.55. 0.000 - 157
21 1954 0.070 0.55 0.000 147
22 0.628 0.051 0.16 0.000 138
23 0.261 -0.002 000 0571 127
24 0.186 ©0.000 0.00 0965 109
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Table IL.12b
Regression results of the measured weekday hourly wholé-building load

against dry-bulb temperature for days 19-96 for Retail #1

Coefficients . | - .. Statistics
| 60°Base DryBulb Temp | o2  Sig. of
Hour \ “wmey  owmzrm | ® Esa N
1 0.448 0046 077 0.002 8
2 0.342 - 0.046 062  0.212 3
3 1 0370 - 0.045 | 044 0337 3
4 0.000 0.000 0.00 0.000 0
5 0.000 0.000 0.00 0.000 0
6 0.000 - 0.000 0.00 - 0.000 0
7 0.000 0.000 0.00 0.000 0
8 1.891 -0.124 1.00 0000 1
9 1.667 -0.007 047 0.201 4
10 1.673 -0.000 000 0997 13
11 2045 -0.017 019 0025 25
12 -2.054 -0.012 008 0.135 28
13 1.890 -0.003 001 0561 33
14 1.846 0.000 - 000 0.963 38
15 1.849 0.001 0.00 0.866 40
16 1.840 v 0.001. 0.00 0.817 41
17 1.857 0.006 005 0149 41
18 2.049 0.047 | 0.85 0000 38
19 2047 0.043 083 0.000 33
20 12,027 0.043 078 0000 - 26
21 1.969 0.045 065 0000 20
22 1.930 -0.021 009 0245 16
23 0.488 0049 | 080 0000 13
24 0.517 0.036 079 0.000 12
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Table III.13
Regression results of the measured weekday daily whole-building load
against dry-bulb temperature and relative humidity for Retail #1

Coefficients Statistics

‘ Season 60° Base Relative Humidity - Dry Bulb Temp R2 Sig. of N
Wit2) (WA2/°F) (WAt/°F) ~ F-Stat .

Summer | 31.773 - 1.110 0.77 0000 115

Winter | 33.355 - 0441 043  0.000 47

Winter! | 34.544 - 0.518 044 0000 28

| Year 32.491 - 0.956 0.69 0000 162
Year! 32.708 - - 1.014 075 0000 143

| Summer | 42.652 0.144 . 0.06 0010 115
Winter 35.248 0.075 - 0.14 0010 47

| Winter! | 36.280 -0.079 R 027 0004 28
Year 39.573 0.027 - 0.00 0449 162

Year! 40.846 -0.082 - 0.03 0040 143

Summer | 29.594 0.115 1217 0.80. 0000 115

Winter 33.463 0.017 0.414 043 0000 47

Winter' | 35.021 -0.053 0.434 055 0000 28

Year 31.465 0.079 1.012 072 0000 162

Year! 32.298 0.028 1.032 076 0000 143

Day 19 through 96 are excluded from the data set.
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Table IT1.14

Comparison of the EDA estimated EUIs with measured EUISs for Retail #1 '

Run EUI (kWh/At*/yr) >
HVAC Lighting Miscellaneous Total
Monitored 3.20 5.65 0.21 9.06
Doe-2 estimate 2.76 6.91 0.28 9.95
Doe-2 with 1989 weather 3.67 6.91 0.28 10.86
EDA with cooling based on regression of total load | 2.94 5.87 0.25 9.06
EDA with cooling based on Doe-2 estimates 293 5.90 'O._22 9.05
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electricity use simulated using DOE-2 (using WYEC weather tapes).  Although at this'stage we
have not used the monitored data for further EDA analysis, note that the audit overestimates the
lightiné EUI by 22% and underestimafes t.heHVAC EUI by 14%. the the HVAC EUI are cal-
‘c’ulated for the actual 1989 weather, the simulation overestimates the HVAC EUI by 15% (see
row 3 of Table I11.14). The hourly information on the third row is used as the initial condition
for EDA. Figure ITI1.19 shows the simulated DOE-2 end-use load shape for the building peak
day. In these simulations, based on the analysis of the measured whole-building load, we

adjusted the hours of operation of the HVAC system.

The results of the EDA application, using the DOE-2 siniulated initial conditions, are sum-
marized in rows 4 and 5. In the EDA process we used the annual ‘regressions of whole-building
hourly loads. Row 4 provides end-use EUIs with all end uses at all hours having an equal
weight. Comparing the results with the monitored data indicate that the lighting EUI is over-
estiinated only by 4% and the HVAC EUI is underestimated by 8%. In an attempt to improve

“the EUIs even further, we repeated the EDA calculation using varying weight for different end
uses (row 5). We used higher weights for lighting based on the assumption that the on-site sur-
vey information are probably more accurate for the interior lighting than miscellaneoﬁs end uses.

The weighting only slightly modified the resulting EUIs and LSs.

In order to gain insight into the differences between the EDA results and the monitored.
data, Figure I11.20 compares the ailerage daily energy use load shapes of the monitored data
with those estimated by EDA. This figure corresponds to EDA simulations with cooling based
on regression of total load, Row 4 of Table II.14. The differences betwéen the EDA estimates

and measured data are plotted in Figure II1.21.

The results are very promising. In inspecting thvesevﬁgures it is\clear that during both night-
time and daytime hours, EDA’s estimates of electricity use fbr all end uses agree very well with
ihose of the measured data. This is no surprise, since our initial conditions for all end uses were
within 20% of measured data. The maximum average differences between the hourly measured
load and EDA estimates are 0.._2, 0.15; 0.02 W/ft2, for HVAC, lighting and miscellaneous end
uses, respectively. Maximum differences between the measured end-use data and the EDA esti-

mates occur when there is a mismatch between the-actual and the assumed schedules.

| For the retail stdre; the EDA'esvtimate_s_v of hourly énd-use data compare remarkably well
with those of the monitored data. This indicates great promise for applying the EDA analysis to

'Whol'e-building load for obtaining reliable end-use data.
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~ Figure 11.19 |
Simulated peak day load for Retail #1
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Measured and EDA load shapes for Retail #1
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| - Figure 11.21 | ‘
Differences between EDA estimated and measured loads for Retail #1

Dashed line shows min/max range; bold line extends from 25% to 75% quartile; mean values connected

Initial EDA HVAC estimates are based on regression of measured whole-building load
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Chapter IV: Conclusion and Reconimendation

In Chapter III, we compared the hourly end-use loads estimated by LBL/EDA model with
the corresponding measured data. Before we make an attempt to recommend methods for
improving the performance of the EDA, we will first review its strengths and weaknesses.
Recall that EDA has three major components; analysis of hourly load-temperature regressions,
estimation of the coﬁlponents of the non-temperature dependent load, and the review of the
'hourly end-use loads for "permissible” hourly end-use load variation. In this chapter, we will
discuss the EDA assumptions for each of these components and verify them using measured

data. We conclude the chapter with recommendations for i improving EDA

Load-Temperature Regressions

The principle EDA assumpiion is that all of the weather (in this report temperature) depenQ
dency of the whole-building load is due to the HVAC system. In other words, among all the end
uses in a commercial building, only the HVAC load is sensitive to the outdoor temperature.
Although, this assumption seems plausible in a large number of commercial buildings, particu- -
larly in offices, retail stores, schools, and colleges, there are other building types characterized
by non-HVAC end uses such as refrigeration whose loads are also weather dependexit. ‘Restau-
rants, supermarkets, and refrigerated warehouses are exémples of commercial buildings where -

HVAC is not the only weather-dependent load.

For the buildings we have studied in this report, the HVAC, lightiﬁg, and plug loads consti-
tute vthe ma‘jority‘of the whole-building load and the contribuiion of the refrigeration load (which
may be limited to a few residential refrigerators in each building) is fairly minimal. So for those
_ cases where no signiﬁcant refrigeration occurs, we can check our first hypothesis with the avail-

able end-use data.

~ Recall that the regressions of the hourly whole-building load‘ against the outdoor tempera- |
ture’ provide two pieces of 'inforfnation; the weathér-dependehcy of the hourly load (estimated by
the regression coefficients) and the significance of the estimated correlations. The weather-
dependency of the hourly whole-building load provides an estimate -of the weather-dependency
. of the HVAC loads. The significance of the correlations identifies the operating schedules of the

HVAC systems: if there is no significant correlation, the HVAC system is assumed to be off. _
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Is the temperature dependency of the whole-building load the same a.§ that of the HVAC load?

Tables IV.1a, IV.1b, and IV.2 summarize the hourly statistics of the-drybulb temperature
regression for. the office and retail store. The summary statistics for the office building are
presented separately for summer and winter periods, which have heen defined by the HVAC
seasonality. Table IV.1a shows low Rz'valu_es and thus fairly weak temperatufe correlation for
the whole-bﬁilding'load when compared to the values for the HVAC load. This indicates that
there is less scatter in the HVAC regression than in the whole-building regression. Also, the
drybulb temperature regression coefficients for the whole-building load are significantly smaller

than those for the HVAC load, 1nd1catmg that the HVAC load is more temperature dependent.

For the ofﬁce in the winter and for the retail store, the R? values and the drybulb tempera-
ture regression coefficients for the whole-bulldmg load compare very well with those for the
'HVAC load (see Tables IV.1b and IV.2). For the office building in winter, the temperature
regression coefficients for the loads compare well, b‘ut the whole-building load correlations are
~weaker than those for the HVAC _load. As shown for the retail store in Table IV.2, the R? and
regression coefficients for hours with signiﬁcant correlations are very close, generally within a
few percentage p.oints of each other. Also; it is reassuring to note that the regressions do no indi-

cate any temperature-dependency for the lighting and pllig loads.

A closer look at the measured end-use data for the office building indicates that about 10%
of the daytime whole-building load has not been sub-metered. This load is indicated by the
"Other" category in Tables IV.la and IV.1b. The Other load is calculated from the whole-
building load by subtracting the HVAC, Lighting, and Plug loads. For the. summer period, the -
hourly Other ioad has negative regression coefficients, indicating a decrease in the Other load as
drybulb temperature increases. The unmonitored Other load may be caused by the electr1c1ty
used in the air d1str1butlon reheat boxes. The Other load does not show significant correlation
~ during the winter. Once the HVAC load is adjusted by including the Other load, the hourly
regression coefficients compare very well with those of the whole-building load. If the
weather-dependency of the Other load is, indeed, accurate and it accounts for some unmeasured
part of the HVAC lead, the HVAC load should be corrected for such unmeasured load. In those
cases where some'part of the HVAC load is not monitored, one may argue that the weather
dependency . of the HVAC load determined from the regression of the whole-building load

4

represents the true characteristics of the HVAC load. .
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Table IV.1a

Whole-bulldmg and end-use regression statistics for summer for Office #5

J

Load(W/ft?)= a+b(T-60)

" Total

HVAC Light Plug
_ a b ‘R?  Sig. a b R?  Sig. a b R?  Sig. a b - R? Sig

Hour N [(W/ft?) (W/ft%/°F) (W/ft2) (W/ft3/°F) | (W/ft?) (W/E%/°F) (W/ft2) (W/ft3/°F)
1 124( 0722 0007 019 0.000{-0.000 0.000 0.0 0.526| 0.106 - 0000 0.00 0.050} 0.199- 0.001 0.23 0.000
2 12210706 -~ 0.004 0.15 0.000}{ 0.000 -0.000 0.00 0.846| 0.094  0.000 -0.00 0.000| 0.199 0.001 021 0.000
3 121 0.699 0.002 - 0.12 0.000|-0.000 -0.000 0.01 0.326] 0.092 0.000 -0.00 0.010( 0.198 0.001  0.23 0.000
4  119| 0748  -0.000 0.00 0.912| 0.058 -0.002 0.00 0.592| 0.092 0.000 -0.00 0.010| 0.196 0.001 023 0.000
'S5 118| 1.382 0014 002 0136 0728  0.023 .0.05 0.011| 0.090  0.000 -0.00 0.010{ 0.195 0.001  0.26 -0.000
6 116 1.921  0.024 0.07 0.004| 1.137  0.039 0.8 0.000| 0.146  0.000  0.01 0.160{ 0.200 0.002 0.26 0.000
7 116 2.383 0.004 0.00 0542 1191 0016 0.06 0.008| 0.379  0.000  0.01 0.100( 0.252 0.003 0.16 0.000
8 120] 3.168  0.005 0.01 0351} 1337 0.012- 0.04 0.025| 0966  0.000. 0.01 0.070{ 0.356 0.002 0.07 0.002
9 1126|3547 0016 006 0.005| 1.396 0.032 0.19 0.000| 1.300 0.000  0.00 0.000| 0.401 0.001 0.01 0.186
10 126 3.635 0.023 0.17 0.000| 1435 0.039 035 0000| 1.354  0.000 -0.00 0.000| 0.410 -0.000 0.00 0.930
11 128 3.670 -0.023 023 0.000| 1.439 0.038 0.46 0.000| 1.364  0.000 -0.00 0.000| 0410  0.000 0.00 0.779
12 128| 3.673 0.019 019 0.000| 1.420 0035 046 0.000] 1.351  0.000 0.00 0.010| 0.424  -0.000 =~ 0.00 0.862
13 128 3.671 - 0.016 0.15 0.000| 1.403  0.032 ' 0.44 0.000] 1.362 0.000 0.00 0.010| 0.405  0.001 0.02 0.146
14 128} 3.718  0.013 0.14 0.000| 1.463 0031 046 0.000| 1.393 0000  0.00 0.000| 0.407 0.000 0.00 0.734
15 128{3.750 0012 0.14 0.000| 1.544  0.029 045 0.000] 1.396  0.000 ~ -0.00 0.000]| 0.402 - -0.000 0.00 0.906]
16 128 3.591 0013 0.13 0.000| 1576  0.029 042 0.000{ 1.274 0000 -0.00 0.010( 0368  -0.000 0.01 0.331
17 128|302 0016 . 013 0.000{ 1.498  0.033 042 0.000| 0920  0.000 -0.00 0.020| 0.293 0.000 0.00 0.735
18 128 2.629 0.024 020 0.000| 1.329 0.039 038 0.000]| 0563  0.000 -0.00 0.000| 0.241 0.001 0.02 0.082
19 128| 2.319 0.025 0.15 0.000| 1.230 0036 029 0000| 0354  0.000  0.00 0.010| 0.214 0.001  0.08 0.001
20 128 2134 0017 0.07 0.002| 1.124- 0.028 020 0.000| 0293 = 0.000  0.00 0.000| 0.205 0.001 0.07 0.003
21 128] 1.548 -0.015 0.05 0.009| 0611 -0.011 0.04 0.029| 0.241  0.000 -0.00 0.000] 0202  0.001 0.09 0.000
22 1271 0.851 0.006 0.10 0.000(-0.000 -0.000 0.03 0.037] 0213  0.000  0.00 0.000| 0.198 0.001 ~ 0.14 0.000
23 128 0.806 0.007 0.10 0.000| 0.000  0.000 0.00 0.000] 0.179 0.000  0.00 0.010| 0.199 0.001 0.11 0.000
24 127]70.759 0.010 0.17 0.000] 0.000 -0.000 0.00 0.660| 0.135  0.000  0.01 0.050{ 0.199 . 0.002 021 0.000




~ Table IV.1a (Continued) ‘
Whole-building and end-use regression statistics for summer for Office #5 -
Load(W/ft?)= a+b(T-60)- :

G€1

Total - HVAC ' Other

a b R2  Sig. | a b R? = Sig.

Hour N | (W/t®) (W/ft3°F) (W/t2)  (W/Et2°F) ]
1 124 | 0722 0.007 0.19 0000 | 0416 0002 . 0.02 0.156
2 122 | 0.706 0.004 0.15 0.000 | 0.412 -0.002 0.07 0.003
3 . 121 | 0.698 0.002 0.12 0000 | 0409 0002  0.04 0.025
4 119 | 0.689 0.002 0.08 0.001 | 0.401 0.002 0.03 0.051
5 118 | 0.654 -0.010 . 028 0.000 | 0.368 -0.010 0.35 0.000
6 116 | 0.784 ~ -0.015 031 0.000 | 0438 - -0.021 0.44  0.000
7 116 | 1192 . -0.012 0.16 0.000 | 0.562 -0.020 0.34  0.000
8 120 | 1.831 -0.007  0.05 0.010 | 0.509 -0.016 028 0.000
9 126 | 2.150 -0.016 024 0.000 | 0.449 -0.018 024  0.000
10 126 | 2:201 0015 027 0.000 | 0.436 -0.015 0.18 0.000
11 128 | 2.230 -0.016 029 0.000 | 0.456 -0.016 021  0.000
12 128 | 2253 -0.016 . 031 0.000 | 0.478 -0.017 024 0.000
13 128 | 2.268 -0.017 030 0.000 | 0.499 -0.019 026 0.000
14 128 | 2255 0017 028 0.000 | 0455 -0.018 022 0.000
15 128 | 2.206 -0.017 026 0.000 | 0.408 -0.017 020 0.000
16 128 | 2.014 -0.016 0.18 ~ 0.000 | 0.370 -0.012 0.13  0.000
17 128 | 1.604 -0.017 023 0.000 | 0.385 -0.012 -0.12 0.000
18 128 | 1.300 -0.015 024 0.000 | 0.489 -0.014 022  0.000
19 128 | 1.089 -0.010 0.17 0.000 | 0.518 -0.014 0.25 ~ 0.000
20 128 | 1.010 -0.011 0.17 0.000 | 0.511 0012 019 0.000
21 -128 | 0937 -0.004 0.04 0.025 | 0493 = -0.004 0.03  0.046
22 127 | 0851  0.006 0.10 0.000 | 0442  0.003 0.03 0.055
23 128 | 0.806 0.007 0.10 0.000 | 0.428 0.002 001 0.237
24 127 | 0.759 0.010 0.17 0.000 | 0.426 0002 001 0.193
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Table IV.1b

Whole-building and end-use regression statistics for winter for Office #5~
Load(W/ft?)= a+b(T-60)

- Total HVAC Light ~ Plug
a b R> Sig. | a b R? Sig. a b R?  Sig. a b R?  Sig.
Hour N [(W/t?) (W/t%°F) | (W/ft2) (W/E2/°F) (W/2) (W/Et2/°F) (W/ft2) (W/Et2/°F)
1 121 0790 - 0.004 0.2 0.098]| 0.042 0.005 0.04 0.025| 0.128  0.000 -0.00 0.040| 0.184 - 0.000 ° 0.00 0.443
2 121{ 0.756 0.004 0.04 0.029| 0.038 0.004 005 0010( 0111  0.000 -0.00 0.020| 0.182 0001 0.02 0.105
3 121| 0.701 0.000 0.00 0.989-0.000 0.000 0.2 0.156| 0.099 0000 -0.00 0.010{ 0.181  0.001 0.02 0.091
4 1211 0.766 0.004 0.03 0.047{ 0071 0.004 0.03 0067{ 0.094 0000 -0.00 0000| 0.181  0.001 - 0.03 0.071
.5 121 1.199 0.020 0.12 0.000( 0.514 0.018 0.0 0.001| 0.094 0000 -0.00 0.000| 0181  0.001. 0.04 0.037
6 120( 1.616 0.029 0.19 0.000| 0.896 = 0.024 0.16 0.000| 0.094  0.000 -0.00 0.000| 0.180 0.001 0.04 0.039
7 1212112 0.043 039 0.000| 1.145 0.031 045 0.000| 0.187 0000 001 0.120] 0.190 0.001- 0.07 0.004
8 121( 2.706 0.054 042 0000| 1212 0032 046 0.000| 0.606 0000 002 0.190| 0265  0.004  0.18 0.000
9 1213277 0042 037 0.000( 1306 0.029 039 0000| 1.082 0.000 0.01 0.110] 0.333 -~ 0.002 0.07 0.004
10 121| 3472 0031 029 0.000| 1355 0.024 035 0.000| 1.265 - 0.000 0.00 0.000| 0.355  0.001 . 0.02 0.149
11 121 3.467 0.029 027 0.000| 1.336 0.024 033 0.000( 1.290 0.000 000 0.000| 0357 0.001 0.03 0.068
12 1121|3412 0027 026 0000{ 1276 0.022 034 0000 1.301  0.000 0.0 0.000| 0360  0.001  0.03 0.048
13 121 3.385 0.024 024 0.000| 1.256 0.021 0.39 0.000| 1.298 0.000 0.00 0.010| 0.363  0.001 0.02 0.089
14 121 3.425 0.021 021 0.000| 1.315 0018 033 0000| 1.313  0.000 000 0.010| 0354 0001 0.02 0.108
15 1213452 0.021 021 0.000| 1379 0.018 031 0000| 1.322 ~ 0000 0.00 0.000| 0.354  0.001 0.02 0.109
16 121 3442  0.021 021 0.000| 1.416 0019 031 0.000|.1.303 0.000 0.00 0.000| 0.352  0.001 . 0.02 0.105
17 121] 3221 .0.017 0.13 0.000| 1.366 = 0.018 -~ 026 0.000{ 1201  0.000 -0.00 0.020] 0.328  0.000 0.00 0.701]|
18 1212719  0.019 0.5 0000 1.207 0.019 . 026 0.000| 0.907 0.000 -0.00 0.040| 0263  0.000 0.00 0.565
19 121} 2.335 0.022 024 0.000| 1.110° 0.020 029 0.000] 0.594 - 0.000 -0.00 0.020| 0.217  0.001 0.01 0.250
20 121 2.095 0.024 030 0.000| 1.078 0.020 0.31 0.000{ 0.367 0.000 0.00 0.000| 0.195 0.001 0.02 0.099
21 121) 1.690  0.023 020 0.000| 0.754 0.020 - 0.18 0.000| 0.276  0.000 -0.00- 0.000| 0.189  0.001 0.02 0.135
22 121] 1162  0.014 005 0.016] 0307 0014 004 0.025| 0207 0.000 -0.00 0.010| 0.184  0.001 0.01 0.234
23 121] 0.804 -0.001 0.01 0304{ 0.001 0.000 0.00 0.570| 0.183  0.000 -0.00 0.000| 0.184 0.001 0.01 0.216
24 121| 0787 -0.001 0.00 0.561| 0.001 0.000 0.03 0.066| 0.185 ~ 0.000- 0.00 0.000| 0.185 0001 0.02 0.145




8E1

Table IV.1b (Continued)
Whole-building and end-use regression statistics for winter for Office #5
Load(W/ft?)= a+b(T-60)

Total - HVAC Other

| a b ~ R?*  Ssig a b R? - Sig.

Hour N | (W/ft®) (WHY°F) (W/tY)  (W/ft3°F) :
1 121 | 0.748 -0.001 = 001 0314 | 0436 0.001  0.01 0.263|

2 121 | 0718 -0.000 000 0.893 | 0425 0.000 - 0.00 0.636

3 121 | 0700 - 0.000  0.00 0997 | 0420 -0.000 - 0.00 0.802

4 121 | 0.695 0001 001 0248 [ 0420 = 0000 0.00 0.923

5 121 | 0.685 0.002  0.05 0.011 | 0410 0.002  0.03 ~0.070

6 120 | 0720 0005  0.08 0002 | 0.445 0.004  0.06 0.008

7 121 | 0.968 0.012 015 0.000 | 0.590 0.006 ~ 0.07 0.002

8 121 | 1.494 0021 023 0000 | 0623 0001 000 0534

9 121 1971 0013 014 0.000 | 0.558 0.003  0.02 0.092
10 121 | 2117 0.007  0.06 0.006 | 0.499 0.004  0.05 0.010
11 121 | 2131 0.005  0.03 0.048 | 0.486 0.003 002 0.115
12 121 | 2136 0.005  0.03 0.068 | 0475 0002 001 0263
13 121 | 2128 0003 001 0226 | 0.468 0.000  0.00 0.926
14 121 | 2109 0.003 001 0256 | 0.444 0.000  0.00 0.845
15 121 | 2073 0.003 001 0.191 | 0.398 0.001  0.00 0.557
16 121 | 2.026 0.002 - 0.01 0330 | 0373 0001  0.00 0.614
17 . 121 | 1.855 0001 000 0672 [ 0325 0002  0.01 - 0.342
18 121 | 1512 -0.000 000 0915 [ 0.342 0.004 - 0.03 0.054
19 121 | 1225 0.002 001 0243 | 0414 - 0.004 005 0018
20 121 | 1.018 0.004  0.04 0.024 | 0.456 0002 002 0.177
21 121 | 0.936 0.003 003 0.056 | 0471 0.003 002 0.097
22 121 | 0.855 0.001  0.00 0546 | 0.464 0.001 001 0.424
23 121 | 0.804 -0.001  0.01 0.284 | 0.435 -0.001  0.01 0226
121 | 0.787 -0.001  0.00 0.497 -0.002 001 0.184

[\}
1

0.415
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Table 1V.2

Wholé-builﬁing and end-use regressidn statistics for the year excluding days 19-96 for Retail #1

Load(W/ft?)=a+b(T-60)

Total

HVAC Light Total - HVAC - Light
a b R? Sig. a b -R? Sig a b R? Sig. a b R?  sig.
Hour N [(W/ft?) (W/ft*/°F) (W/ft2) (W/Et3/°F) | (W) (W/t3/°F) (W/ft%) (W/ft*/°F)

1 99{0166 0000 0.00 0.797] 0.021.  -0.001 0.04 0.041] 0.112  0.001 0.04 0.058| 0.033- -0.00030 0.07 0.008
2 94|0166 0000 0.00 0.775]| 0.018 -0.003 0.26 0.000| 0.115 0.001 0.02 0.149{ 0.034 -0.00035 0.13 0.000
'3 85[ 0167 0000 0.00 0935|0018 -0.000 026 0.000| 0.117  0.001 0.2 0.237| 0.033 -0.00034 0.13 0.001
4 78| 0166 -0.000 0.00 0946| 0.017 -0.000 0.19 0.000| 0.117  0.000 0.01 0.430| 0.033 -0.00028 0.08 0.011
5 76| 0.186  -0.002 0.00 0.584| 0.017 -0.000 0.18 0.000{ 0.137  -0.001° 0.00 0.701| 0.033 -0.00030 0.10 0.006
6 73]0232 -0007 002 0286|0022 0000 0.00 0960| 0.175 -0.006 0.02 0.297| 0.035 -0.00052 0.13 0.002
7 73] 0473 - -0.003 0.00 0.848] 0.154 -0.006 0.01 0.304| 0290  0.003 0.00 0.789| 0.030 = -0.00010 0.00 0.632
8 - 83| 1594 0056 022 0.000] 0363  0.033 0.16°0.000| 1.199 - 0.023 0.06 0.020| 0.031 -0.00028 0.03 0.099
9 1115|2160 0083 0.62 0.000] 0.505  0.083 0.63 0.000| 1.629  0.001 0.01 0339 0.026 -0.00053 0.39 0.000
10. 134| 2.180  0.054 0.52 0.000| 0.519  0.054 0.54 0.000 | 1.635 0.000  0.00 0.930| 0.026 -0.00028 0.22 0.000
11 162 2.208 0.047 0.55 0.000| 0.544  0.047 0.57 0.000| 1.638 -0.000 0.00 0.782| 0.025 -0.00026 0.22 0.000
12 170 2.167 0.047 ~ 0.59 0.000 | 0.501 0.048 0.60 0.000| 1.641 - -0.000 0.00 0.531| 0.026 . -0.00026 0.23 0.000
13 175) 2130 = 0.047 0.65 0.000| 0458  0.047 0.65 0.000| 1.646  -0.000 0.01 0.122| 0.025 -0.00025 0.27 0.000|
14 180| 2.096  0.047 0.71 0.000 | 0.421 0.048 072 0.000| 1.649 ~ -0.001 0.02 0.045| 0.026 -0.00030 0.45 0.000|
15 180 2.024  0.049 0.73 0.000] 0345 0050 0.73 0.00| 1.653  -0.001 0.03 0.030| 0.027 -0.00030 0.40 0.000
16 180 1990 0051 0.76 0.000| 0310  0.052 0.76 0.000| 1.653  -0.001 0.02 0.049 | 0.027 -0.00030 0.45 0.000
17 179 1.974 0052 0.77 0.000| 0288  0.053 . 0.78 0.000| 1.653.. -0.001 0.02 0.052| 0.033 -0.00049 0.31 0.000
18- 173 | 1.983 ~ 0.053 0.73 0.000| 0268  0.055 0.75 0.000| 1.651 = -0.001 0.00 0.448| 0.064 -0.00175 0.30 0.000
19 165 2.033 0.053 0.59 0.000| 0.321 0.055 0.71 0.000] 1.637 = -0.000 0.00 0.810| 0.074 -0.00219 0.40 0.000
20 157 2.123 0.052 0.55 0.000] 0.411 0.053 0.68 0.000] 1.631 -0.001 0.00 0.814| 0.080 -0.00045 0.41 0.000
21 147] 1954 0070 055 0.000| 0374  0.064 0.63 0.000| 1.500  0.006 0.03 0.055| 0.079 -0.00032 0.17 0.000
22 138] 0628  0.051° 0.16 0.000| 0.146  0.051 032 0.000| 0402  0.001 0.00 0.942| 0.080 -0.00070 0.15 0.000
23 127 0261  -0.002 0.00 0.571| 0.028 -0.001 0.01 0.238| 0.166 -0.002 0.00 0.464| 0.067 0.00101 0.06 0.004
24 109| 0.186  0.000 0.00 -0.965| 0.022 -0.001 0.02 0.133| 0.126  0.001 0.00 0.770| 0.038 -0.00015 0.01 0.426




~ We do not understand why there is not vany apparent weather dependency for the Other end
use during the winter.. Also, it is not clear. why the Other end use is showing higher -nighttime
intensities during the winter. We are not yet aware of endvuses, other than HVAC, with a strong
temperature correlation. Future studies determining the weather dependency of all end uses,
using measured and synthetic data, must be conducted to better answer these questions and vali-

date these assumptions.

Assuming that the Other load is an unmeasured HVAC load, our hypothesis has not been
contradicted. Thus, given the uncertainties in the measured data, the anaiysis of the measured -
~ end-use data for these two buildings generally 1nd1cate that the temperature dependency of the
| whole-building load is the same as that of the HVAC load.

Is the significance of the whole- butldmg-load temperature vcorrelation a valid indicator for the

operatmg schedules of the HVAC systems ?

The regression of the hourly whole- bu1ld1ng load against the dry-bulb temperature in addi-v
" tion ,to the regression coefficients, provides information about the sxgnlﬁcance of the correlation.
The significance of a correlation is given as the probability that the obtained correlation is the
result of statistical errors. A significance of 0.0001 indicates that a probabihty of 99.99% exists

that the correlatlon is vahd

One of the uncertainties in the analysis of building energy use is usually the schedules of
operation of the building and its systems. Scheduling information is usually obtained from the
on-site survey of the building. Yet the analysis of the measured building data usually indicates a

significant difference between actual and surveyed schedules.

For example, the whole -building load and the HVAC load for the office building show
significant correlations with outdoor temperature during the hours 9 to 20 (the hours where
correlation coefficients are clearly non-zero). The HVAC loa_ds during the shoulder hours of 6,
7, 8, and 21 do not show significant temperature correlations for either‘ load. All other end uses '
do not show any Si_gnificant temperature dependency except the Other end use. It shows

significant correlations between the hours of 5 to 20.

For the office during the winter, the hours of the significant temperature correlations for
whole-building load and HVAC load are the same. The retail store data also show that the hours

of signiﬁcant coirelatidns for the whole-building load and the HVAC load are the same.

The regression of the hourly whole-building load against outdoor temperature provides a

fairly accurate tool to estimate, on the average, the temperature—dependency'of the HVAC load.
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It also provides an indicator for modifying the audit estimates for the operating hours of the
HVAC systems. During the shoulder hours, outdoor temperature alone will not provide an accu-
rate estimate of the hours of HVAC operation. For these shoulder hours, other indicators should

be developed.
Can we improve the load-temperature regressions statistics?

Although the regressions of the hourly whole-building load provide strong statisticq,l covrre-b
lations, the R? values are in general low. ‘For the office building the R%s vary from 0.12to 0.42;
the lower Rs usually correspond to shoulder hours. There are in general two ways to improve
the load-temperature statistics; by performing regression analyses on a selected period of the
yéar (winter vs summer vs yearly regressions) and by performing regression analyses on data for

larger time intervals (using daily or weekly data).

_ In general, the R? vaiues for the entire year are better than those for summer and for winter.
Two factors explain the better yearly regression statistics; more data points and a larger, seasonal
temperature range. In some cases, however, the changes in the seasonal operations of a building
- may result in different correlations between HVAC energy use and outdoor temperature. In such
cases, one needs to review both seasonal and annual statistics of the data before deciding on the

type of correlations to be used for EDA simulations.

Integrating hourly data into daily data will substantially imprdve the regression statistics.
* Table 1116 and 11113 (of Chapter III) show the statistics of the daily, whole-building load for
standard- day operations regressed against a_Qerage daily drybulb and wetbulb temperature. As

expected, the annual R? improved significantly. The R? for the office building during the sum-
| mer did not improve as much as the others. This is mainly due to the smallef range of average
déily temperature whichvoccur during the summer and the fact that the air conditioner operation
exhibited little tér_nperature dependence since it was operating near full capacity during the sum-

mer.

Hence, one way to improve the EDA prediction may be to estimate the weather dependency
of the whole-building load at the daily level. With the daily load defined, an algorithm can be
developed; based on hourly temperatures and the operating schedules of the HVAC system, to
distribute the daily load into hourly loads. The details of such an algorithm have yet to be

designed.
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Components of the Non-Temperature-Dependent Load

Once the temperature-dependent part of the load is separated from the whole-building load,
the remaining components include non-temperature-dependent HVAC, lighting, equipment, mis-
cellaneous, refrigeration, and possibly other loads. We rely on three sources of data to disaggre-

gate the non-temperature-dependent base load into its components:

1. audit eétirriatés of the building and equipment energy intensity, characteristics, and opera-
tion; ' ' '

2. DOE-2 simulation of the building; and

- 3. simplified engineering analysis.

In vthe following section, we discuss the various methods for base-load disaggregation in further

detail. N

How can we estimate the air-conditioning load at a base temperature from the analysis of the

whole-building load?

We cannot accurately estimate the baseload, air-conditiohing electricity use from the
analysis of the whole-building load alone. In order to analyze the base load, We need to under-
stand the contribution of each HVAC >system componént to the H,VAC éle;:tricity use. During
- cooling, the two major components contributing to the HVAC energy use are the compressor and
the Ventilation fan. Assuming that we have separated the weather-dependent part of the whole-
building load, we need to find correlations between the base-temperature HVAC load and the

~ other loads in the building.

DOE-2 simulations of the building and its systems provide an estimate of the HVAC elec-
tricity use at a base terhperéture. Simulations require extensive information on the building and
its HVAC system. Instead of DOE-2 simulations, one may also rely on simplified default values
for the air-conditioning and ventilation electricity use. The fraction of the energy used by the
HVAC system is primarily a function of HVAC type and its operation schedules. In order to
develop default tables for estimating the HVAC contribution at the base temperature, one would

need to review and analyze significant quantities of measured end-use data and condense the
| results of the analysis into simplified default values. The same rules also appiy to estimating thé
electricity use for other end uses such as lighting and equipment.b Currently, this information is

supplied by the audit.
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Tables IV.3a, IV.3b, and IV.4 show the hourly ele_ctficity use by end use at the base 60°F
temperature as a fraction of whole-building electricity use for the ofﬁée and the retail building.
For the office building during the hours 9 to 16, the HVAC electricity use is 38% to 44% of the
whole-\building electricity use at the base temperature 60°F. In the retail 'Siore, the HVAC con-
tribution to the whole-building electricity use at base temperature is 20%.to 25% (hours 9 to 14).
- These tables indicate that the whole-building-load temperature regressions alone cannot provide
- a good estimate of the air-conditioning load at the base temperature. One must rely on other

sources (DOE-2 simulations or hourly rules-of-thumbs) for estimating the air-conditioping elec-

-~ tricity use at the base temperature.
Can we estimate the non-HVAC end uses from the analysis of whole-building data?

In a majority éf buﬂding types, chiilerS and air-hahd_ling systems are usually opcrated
together during cooling. Hence, their presénce car; be identified from the regressions of the’
whole-building load. If the whole-building enérgy use data sh_owéd some hours Witi’l no

significant correlation to temperature (usually nighttime hours), it can be assumed that the

energy use for those hours are for non-HVAC end uses.

"Permissible" Hourly End-use Load Variations -

One key factor in estimating end-use load shapes is the hour to hour variation of the end
use load during normal operation of the b:uilding and systems. Even though abrupt hourly varia-
tions of the end-use loads are possible during the normal operation of the building, we expect
these variations to be fairly smooth and , hence constraint our estimates to be smooth. In orderv
to test this hypothesis, we performed statistical analyses for the normalized ;:Vhole—buildihg load
and normalized erid-usevloads. The hourly loads for each déy were normalized by dividing them
by the maximum hourly value for that day. The variation of the mean hourly end;use values
over the day were compared as well as the standard deviation of the values for a particular hour

of day over the analysis period. The results are presented in Tables IV.5 and IV.6.

For the retail store, the mean lighting electricity use between the hour's 9 to 20 varies from
0.98 to 0.99 of the maximum daily use . “This corresponds to about 1% variation in the hourly
lighting load. The standard deviétion of the normalized hbﬁrly load for hours 9 to 18 is about
'4%; for hours 19 and 20, it is 10%. The mean HVAC eiectricity use varies between 0.64 to 0.93
during hours 9 to 20. The maximum hourly variation of the load is about 15% (changes between

hours 10 to 11 and 19 to 20). The standard deviations for HVAC energy use are much larget
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Sﬁmmary statisitics by end use for summer (May 1 to October 31) for Office #5
Total(W/ft?)=a+b(T-60); End-use(W/ft?)=a(a’)+b(T-60)

Table IV.3a

Total HVAC ‘Light Plug
a b a’ b a’ b a’ b
Hour N | (W/t®) (W/t°F) (W/ft¥/°F) © (W/tY°F) (W/ft3/°F)
1 124 0722 0.007 | -0.000 0.000 | 0.147  0.000 | 0.276 0.001 -
2 122 | 0.706 0.004 0.000  -0.000. | 0133  0.000 | 0.282 0.001
3. 121 | 0.699 0.002 |-0.000 -0.000 |0132 0000 | 0283 0.001
4 119 | 0.748 -0.000 0.078  -0.002 | 0123  0.000 | 0.262 0.001
5 118 | 1.382 0.014 0.527 0.023 | 0065 0000 |0141  0.001
6 116 | 1921  0.024 | 0592 - 0.039 {0076  0.000 | 0.104 0.002
7 116 | 2.383 0.004 0.500 0.016 | 0.159  0.000 . | 0.106 0.003
8 120 | 3.168 0005 | 0422 0012 |0305 0000 |[0.112 0.002
9 126 | 3.547 0.016 0.394 0032 | 0367 0000 |0.113 0.001
10. 126 | 3.635 0.023 0395 0039 |0372 0000 |0.113  -0.000
11 128 | 3.670 0.023 0.392 0.038 |0372 0000 |0.112.  0.000
12 128 | 3.673 0019 | 0387 - 0.035 |0368 0.000 | 0115  -0.000
13 128 | 3.671 0.016 0.382 0032 | 0371 0000 | 0110 0.001"
14 128 | 3.718 0.013 0.393 0.031 | 0375 0000 | 0.109 0.000
15 128 | 3.750 0.012 | 0412 0029 |0372 0000 | 0107 -0.000
16. 128 | 3.591 1 0.013 0.439 0029 | 0355 0000 |0102 -0.000
17 128 | 3.102 0.016 0.483 0.033 | 0297 0000 | 0.094 0.000
18 128 | 2.629 0.024 0.506 0039 | 0214 . 0000 | 0.092 0.001
19 128 | 2319 0.025 0.530 0.036 | 0.153 - 0.000 | 0.092 0.001
20 128 | 2.134 0.017 0.527 0.028 | 0.137 0.000 | 009  0.001
21 128 | 1.548 -0.015 | 0395  -0.011 | 0156  0.000 | 0.130 0.001
22 127 | 0.851 0.006 |-0.000  -0.000 | 0250 ~ 0.000 | 0233 0.001
23 128 | 0.806 . 0.007 0.000  0.000 | 0222  0.000 | 0.247 0.001
24 0.759 0.010 0.000 -0.000 | 0178  0.000 | 0.262

127 |

0.002
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Table IV.3b

Summary statisitics by end use for winter (Nov 1 to April Y30) for Office #5
_ Total(W/ft?)=a+b(T-60); End-use(W/ft?)=a(a’)+b(T-60)

HVAC

_ Total . Light Plug
. a b a’ b a’ b a b
Hour N | (W/t®) (W/Ht3°F) (W/ft%/°F) (W/ft¥/°F) (W/Ht3/°F)
1 121 | 0.790 0.004 0.053 0.005 0.162 - 0.000 | 0.233 0.000
2 121 | 0.756 0.004 0.050  0.004 0.147  0.000 | 0.241 0.001
3 121 | 0.701 0.000 | -0.000 0.000 | 0.141 0.000 | 0258  0.001
4 121 | 0.766 0.004 | 0.093 0.004 | 0.123 0.000 {0236 . 0.001
5 121 | 1.199 0.020 0.429 0.018 0.078  0.000 | 0.151 0.001
6 120 | 1.616 0.029 0.554 - 0.024 0.058  0.000 | 0.111 0.001
7 121 | 2112 0.043 | 0.542  0.031 0.089 0.000 | 0.09  0.001
8 121 | 2706 0.054 0.448 0.032 | 0224 0.000 | 0.098 0.004
9 121 | 3277 0.042 0.399 - 0.029 0.330 0.000 | 0102  0.002
10 121 | 3472 0.031 0.390 0.024 | 0.364 0.000 | 0102 0.001
11 121 | 3.467 0.029 0.385 0024 |0372 0000 | 0103 0.001
12 121 | 3.412 0.027 | 0.374 0.022 | 0.381 0.000 0.106  0.001 -
13 121 | 3.385 0.024 0.371 0.021 0.383 0.000 0.107 0.001
14 121 | 3.425 0.021 0.384 0.018 0.383  0.000 | 0.103 0.001
15 121 | 3.452 0.021 0.399 0.018 0.383 0.000 | 0.103 0.001
16 121 | 3.442  0.021 0.411 0.019 0.379 0.000 | 0.102 0.001
17 121 | 3.221 0.017 0424  0.018 | 0.373 0.000 | 0.102 -0.000
18 121 | 2.719 0.019 0.444.  0.019 0.334  0.000 | 0.097 0.000
19 121 | 2335.  0.022 0.475 0020 | 0254 0000 | 0.093 0.001
20 121 | 2.095 0.024 0.515 0.020 | 0.175 0.000 | 0.093 0.001
21 121 { 1.690 0.023 | 0.446 0.020 | 0.163  0.000 0112  0.001
22 121} 1162 0.014 0.264 0.014 0.178 ~ 0.000 | 0.158 0.001
23 121 | 0.804 -0.001 0.001 0.000 .| 0228  0.000 | 0229 0.001
24 121 | 0.787 0.001 0.000 0.235 0.000 | 0.235 0.001

~-0.001
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TaBle IVv4

Yearly surhmary statisti_cs-b_y end use excluding days 19-96 for Retail #1
Total(W/ft?)=a+b*(T-60); End-use(W/ft?)=a*a’+b*(T-60)

0.000

Total HVAC ~ Light Total - HVAC - Light

: o a b a’ ; b a’ b a’ b '

Hour N (W/ft?) (W/Et3/°F) . | (W/ft}/°F) (W/ft2/°F) (W/ft¥/°F)
1 99 - 0.166 0.000 0.127 -0.001 0.675 0.001 0.199 -0.000
2 94 0.166 0.000 0.108 -0.003 0.693 0.001 0.205 -0.000

3 85 0.167 - 0.000 0.108 -0.000 - 0.701 0.001 0.198 -0.000
4 78 0.166 -0.000 $0.102 -0.000 0.705 0.000 0.199 -0.000
5 76 0.186 0002 | 0091 -0.000 0.737 -0.001 0.177 -0.000
6 73 0232 -0.007 0.095 0.000 0.754 -0.006 0.151 -0.001
7 73 0.473 -0.003 0326 - -0.006 0613 0.003 0.063 -0.000
8 83 1.594 0.056 0.228 0.033 1 0.752 0.023 0.019 -0.000
9 115 2.160 0.083 0.234 0.083 0.754 0.001 0.012 -0.001
10 134 2.180 0.054 0.238 0.054 0.750 70.000 0.012 -0.000
11 162 2.208 0.047 0.246 0.047 0.742 -0.000 - 0.011 -0.000
12 170 2.167 0.047 0.231 0.048 0.757 -0.000 0.012 . -0.000
13 175 2.130 0.047 0.215 0.047 0.773 -0.000 - 0.012 -0.000
14 180 2.096 0.047 - 0.201 0.048 0.787 -0.001 0.012 - -0.000
15 180 2.024 0.049 0.170 0.050 0.817 -0.001 0.013 -0.000
16 180 1.990 0.051 10.156 0.052 0.831 -0.001 0.014 -0.000
17 179 1.974 0.052 0.146 0.053 0.837 -0.001 0.017 -0.000
18 173 1.983 0.053 0.135 - 0.055 0833 -0.001 0.032 -0.002
19 165 2.033 0.053 0.158 - 0.055 0.805 -0.000 0.036 -0.002
20 157 2.123 0.052 0.194 0.053 - 0.768 -0.001 0.038 -0.000
21 147 1.954 -0.070 - 0.191 0.064 0.768 0.006 - 0.040 -0.000

22 138 0.628 0.051 0.232 0.051 0.640 0.001 0.127 -0.001
23 127 0.261 -0.002 0.107 -0.001 0.636 -0.002 0.257 0.001
24 109 0.186 0.118 -0.001 0.677 0.001° 0.204 -0.000




Ay

Normalized, weekday, hourly

Table IV.5

end-use loads for the year for Office #5

Min

Total

Max

Mean Std. Dev.

Min

HVAC

Max

Mean

Std. Dev.

Min Max Mean Std. Dev.

Light

Min

. Plug
Mean Std. Dev.

-Max

120
106
101
97

91

93

90
106
134
156
192
205
213
219
220

- 220

215
204

187

178
165
154
147
134

0.166

0.164

0.163
0.163
0.180
0.229
0.387
0.538
0.775
0.821
0.689
0.708
0.779
0.812
0.824
0.866
0.701

0.631

0.452
0.402
0.271
0.185
0.172
0.171

0.511
0.529

0.206

0.522
0.644
0.653
0.754
0.918
0.998
1.000
1.000
1,000
1,000
1.000

1.000-

1.000

0.978°

1.000
0.761
0.710
0.691
0.587
0.295
0.328

0.196
0.189
0.180

0.196

0.363
0.500
0.601

0.797

0.914

0.959

0.973
0.970
0.967
0.977
0.985
0.961
0.860

0.738

0.641
0.570
0.394
0.244
0.212

0.204

0.040
0.042
0.008

0.061

0.106
0.091
0.069
0.071
0.057

0.042
- 0.040
.0.041

0.032
0.025
0.022

- 0.030

0.058
0.058
0.060
0.052
0.073
0.072

0.022

0.022

0.000
0.000
0.000
0.000
0.000
0.006
0.259
0.480
0.511
0.572
0.000
0.000
0.000
0.584
0.000
0.000
0.000
0.000
0.374
0.325
0.062
0.000
0.000
0.000

0.734

0.754
0.001
0.777
0.962
0.970
0.958
0.964
0.988
1.000
1.000
1.000
1.000
1.000
1.000

1.000

1.000
0.997
0.980
0.977
0.951
0.811
0.024
0.025

0.006
0.007
0.000
0.040
0.417
0.644
0.647
0.718
0.808
0.883
0.911
0.896
0.891

0.929 .

0.965
0.980
0.944
0.855
0.773
0.682
0.337
0.045
0.000
0.000

0.067
0.073
0.000
0.129
0.232
0.192
0.126
0.123
0.132
0.110
0.111
0.126
0.105
0.064
0.081
10.075
0.094
0.149
- 0.138
0.120
0.163
- 0.159
0.002
10.002

0.044 0.435
0.042 0.432
0.043 0.168
0.043 0.235
0.042 0.130

'10.047 0.207

0.047 0.463
0.174 0.821
0.655 0.996
0.849 1.000
0.550 1.000
0.780 1.000
0.788 1.000
0.901 1.000
0.768 1.000
0.664 1.000
0.389 1.000
0.201 1.000
0.115 0.635
0.090 0.432
0.060 0.339
0.054 0.344
0.045 0.433

(0.044 0.479

0.089
0.068
0.061
0.062
0.061

0.107

0.262
0.672
0.907
0.951
0.957
0.963
0.969
0.983

0.983:

0.916
0.723
0.491
0.315
0.227
0.173
0.154
0.137
0.116

0.060 .

0.044
0.023
0.028
0.021
0.040
0.069
0.123
0.067
0.032
0.041
0.029

- 0.027

0.019

0.029

0.072
0.163
0.169
0.113

0.070

0.056
0.052
0.068

0.076-

0.411
0.415
0.401
0.410
0.397
0.396
0.437
0.510
0.729
0.596
0.573
0.606
0.831
0.847
0.790
0.696
0.578
0.463
0.417
0.409
0.409
0.407
0.413

0.409

0.929
0.914

0.577

0.580
0.547
0.563
0.756
0.976

1.000

1.000
1.000
1.000
1.000

1.000.

1.000
1.000
0.997
1.000
0.714
0.636
0.609
0.571
0.615
0.569

0.478
0.474
0.467
0.465
0.461
0.473
0.591
0.827
0.934
0.947

0.953.

0.977

0.969

0.955
0.945
0.893
0.763
0.622
0.535
0.497
0.485
0.476
0.477
0.477

0.053
0.054
0.034
0.033
0.033
0.034
0.068
0.086
0.055
0.045
0.043
0.035
0.031
0.035
0.045
0.079
0.121
0.093
0.057
0.042
0.036
0.032
0.035
0.033
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Table IV.6
Weekday, normallzed hourly end-use loads for the year excludmg days 19-96 for Retail #1

Total | HVAC S _ Light -
Hour N Min  Max Mean  Std.Dev. .| Min Max Mean Std. Dev. | Min Max Mean Std. Dev.
1 99 | 003 008 0.05 -0.01 001. 0.10 0.01 0.01 004 009 0.07 0.01
2 94 ] 003 008 0.05 0.01 0.01 0.03 0.01 001 | 004 009 0.07 0.01
3 85 | 003 008 0.05 0.01 0.01 003 001 0.01 004 009 0.07 0.01
4 78 | 003 008 0.05 0.01 0.01 0.03 0.01 0.01 004 009 007 0.01
5 76 | 003 032 0.06 0.03 0.01 0.02 0.01 . 000 | 004 061 008 0.06
6 73 | 0.03 0.49 0.06 006 | 001 0.19 0.01 0.02 0.04 0.95 0.09 0.11
7 73 | 003 056 0.14 0.12 . 0.01 042 - 008 010 | 004 098 0.18 0.22
8 83 | 023  08S 0.57 0.12 001 082 033 0.18 0.06 1.00 0.79 021
9 115 | 050 1.00 0.83 0.09 - 0.02 1.00 ~ .0.63 0.20 0.64 1.00 0.99 0.04
10 134 | 056 098 0.84 0.07 002 096 0.64 0.15 0.63 1.00 0.99 0.03
11 162 | 059 ~ 100 0.89 0.07 0.02 1.00 0.74 0.16 0.64 1.00 0.99 0.03
12 170 | 0.66 1.00 0.93 0.06 002 100 0.82 0.15 0.72 1.00 0.99 0.02.
13 175 | 064 1.00 0.95 0.05 017 100 089 0.13 096 100 099 0.01
14 180 | 0.79 1.00 .097 004 043 1.00 093 0.10 097  1.00 099 0.01
15 180 | 0.66 1.00 0.97 0.04 021 100 0.93 0.11 0.97 100 099 001
16 180 | 0.74 1.00 097 0.04 0.42 1.00 091 0:11 0.97 1.00 0.99 0.01
17 179 | 078 100 0.94 - 0.05 045  1.00 0.85 0.12 0.98 .00 099 0.01
18 173 | 0.62 100 091 0.06 003 100 0.77 0.16 - 043 1.00 0.99 0.04
19 165 | 032 1.00 0.88 0.09 004 097 0.70 0.16 0.08 1.00 0.98 0.10
20 157 | 0.29 1.00 0.86 0.09 003 095 0.64 0.14 008 100 098 0.10
21 147 | 020 1.00 0.80 0.10 007 096 0.56 0.17 008 ~ 100 0.93 0.12 .
22 138 | 007 080 0.29 0.19 0.01 0.74 0.28 .0.24 004 100 0.24 0.26
23 127 | 004 052 0.08 0.06 0.01 0.40 002 - 004 004 095 0.09 0.10
109 | 003 042 0.06 0.01 0.15 ~ 002 0.02 004 079 008 0.07

0.04




than the other end uses, typically 10 to 15% during daytime and up to 25% during the early
morning and early evening hours. ‘The mean Whple-building load for hours 9 to 20 varies

" between 0.83 to 0.97 with typical standard dev.iation's from 4% to 9%.

For the office building, the mean lighting load between the hours 9 to 16 varies from 0.92
to '0.98 (about an 8% variation) with standard deviations rzinging from 2 to 7%. The normalized
plug load for the same hours varies from-0.89 to 0.98 (about 11% variation) with slightly larger
standard deviations. The mean values for the HVAC system has about the same variation as the
: liéhting and plug loads but with standard deviations in the range of 7% to 13%. Also, the office
whole-building load for the same hours, is fairly flat; varying only from 0.91 to 0.98 with fairly

small standard deviations.

This analysis of the two buildings indicates that most \iariations in the whole-building
hourly load are typlcally caused by HVAC systems. Furthermore, the operatlons of the hghtmg,

plug, and other end uses, on the average, seem to be fairly smooth.

We use this information in EDA to smooth out any abnormal variations in the estimated
_hourly, non-HVAC, end-use loads. These variations mainly occur during the shoulder hours,
when there is a mismatch between the auditor’s estimate of the operation of the building and that

indicated by the measured whole-building load.
' Recommendation

With the above background information, we see three general directions for improving the
performance of EDA. The first improvement concerns integrating the hourly and daily regres- -
sions. Using the daily" regressions en_ab]esb us to obtain more robust estimates of the
temperature-dependent HVAC electricity use by the day. Then with the help of the hoﬁrly
regreséions, we can distribute the daily 'electricify use to hours of the day. We have yet to design

such an algorithm.

- A second area for i 1mprov1ng ‘the performance of EDA concerns the initial estimates of the
non-temperature dependent end uses (both HVAC and non-HVAC end uses). Currently, we rely
on simulations based on audit information for estimating the non-temperature dependent end
uses. Our analysis has indicated that both simulations and auditor’s estimates can be grossly dif- -
~ ferent from what measured data suggest.- Utilities have collected end-use data that ‘can be
| analyzed to provide information on the contribution of non-temperature dependent end uses to
the whole-building load. To improve our estiﬁlafes of the non-temperature-dependent end uses,

we recommend analysis of all available measured end-use data and condensing the results of the
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analysis into look-up tables that can be used as initial estimates in EDA applications.

Flnally, EDA, in 1ts present form, cannot be apphed to bu11d1ngs that have extensive refri-
geration, load-shaping technologles (thermal energy storage system and daylighting), coincident
electric cooling and heating loads, erratic load shapes, or unreliable schedules. Although
.extendmg EDA to some of these applications may be fairly straightforward, completmg such a

task should be considered in future EDA development. =
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Appendix A

~ 3-D Plots of Metered Data

For a quick visual check of the- SCE monitored data for the 53 commercial buildings, we
- have generated three dimensional plots of the hourly data. The total building metered electricity
and the monitored end uses are shown. Since monitoring started in June of 1989 and ended in
~ May of 1990, there may appg’ar to be discontinuities in the data since we have wrapped the

values to create one complete calender year.
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