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COMPARISO'" OF DOE-2 COMPUTER PROGRAM
SIMULATIONS TO METERED DATA FOR SEVEN
COMMERCIAL BUILDINGS

by

Stephen C. Diamond
Bruce D. Hunn

ABSTRACT

As part of the lQE-2 Verification Project being conducted by the
Los Atamos Scientifi. Laboratory, seven existing commercial b ildings were
simulated wusing the DOE-2 conputer program. These buildings included a
restaurant, single-floor office building, retai! store, hospital, multifiloor
office building, schocl, and solar-heated and -cooled buildirg.

This comparison test required each building to be simulated by a separate
contractor or national laboratory. Predictions of the DOL-2 computer program
were then compared to the utility company monthly metered data. Results of
these comparisons for gas/fuel oil use, electric energy use, and total encray
use are reported,

IRTRODUCTION
The DOL-?2  formerly DOL-1) Verification Project beqgan in 1978 with the

] by the Los Alamos Scientitic

preparation of a veritication program plan
Laboratory (LASL).  This plan outlined the tasks to be compleled and identi
ticd relevant work being conducted outside the LASL project.  The methodology
adopted for irplementing this project was then pruaunlvd.?

Work on Phase | of the DOL 2 Veritication Project, which involves compar
isons  of  one year  reterence run o simulation vesults  with measured  monthly
cnergy consumpt ion data, iy nearly complete.  An overview of Lhe Phase | owork
has  heen ;W\”nwlcwl‘ and o comprehensive intoerim rvpnrld detailing all of
the TASE BUE 2 veradication work to date, as woll as velevant outside projects
pertaining to  the DO 2 computer progeam, will be published in the near
tuture,  Only the Phase 1T reference run comparisons  are reported  in Lhe

present papor,
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APPROACH

Compiete verification or validation of a computer program as large,
cophisticated, and detailed as DOE-? is a most difficult task. Even if the
program is regirded as verified at some acceptable level, questions may still
arise concerning the validity of results obtained by users who are not famil-
iar with the limitations of the program. Therefore, it is necessary to define
first what is meant by the term "verification" as it applies to the DOE-2 pro-
gram, and then to determine how the results of this project can best be
applied by the user. Verification, in this case, is defined as the substanti-
ation of energy-use predictions obtained using the DOE-Z2 program by estab-
lishing the level of accuricy of the program within quantified limits.

The DOE-2 program is an interactive set of simulations of real systens.
‘hese real systems comprise a building structure; heating, ventilating, and
air-conditioning (HVAC) systems and plant equipment; and the building's site
and microenvironment. In modeliny these real systems, assumptions (approxi-
mat ions) must be made (for example, ignoring negligible second-ordar effects).
To obtain a completely correct model would require infinite detail, and would
thus be impos<ible.  Therefore, the verification of the real-system simula-
tions of DOL-2 centers on determining the range of applicability (limitations)
of the model and the level of accuracy within this range.

Thus, the primary purpose of verifying DOE-2 s to give users confidence
that. DUL ? can accurately predict the encrgy consumption and thermal behavior
of now bailding designg, design alternatives, or retrot it alternatives.  User
cont idence that DOE 2 can accurately predicl  the pertormance of  building
designs is especially important in the implementation ot the Building bkneryy
Perd ormance btundurdn.h While o comparison of  empiricdl versus simulatod
data is necessary to develop user confiagence in the validily ot Lhe program,
Lhe  compararron should be made on the basis of  the measured data of  most
signif ceance Lo the  building designerfanalyst in the context of  bhuilding
cnerqy  pertormance,  burthermore,  the  comparison should  be made with  the
limitations o Lthe  program taken  into  account, The  approach  used  herve
involves comparisons of  simuiated versus ulbility measored data, on oa menthly
and anmual basin, data that retlect Lhe actual cneryy  consumplion ob the
building as seen by the building owner ov operator. Also, Lhese comparisons
vef lect the tact that the simglated vesuglts are aftected by the judqement ol

the user in translating the buiiding construction and operating data into



DOE-2 input. PBecause the user in this reference-run exercise has the most
accurate and complete building information th.* is feasible to be obtained,
this judgement has been left entirelv up to the reference-run contractor.
This implies that the simulated results are unceriain to the extent of the
accuracy of the judgement made in translating the building data intc DOE-2
input. This uncertainty must be considered in analyzing the comparisons.

PARTICIPANT ScLECTION

The reference-run part of the DOE-2 Verification Project invoived compar-
isons made to existing building energy consumption data in an uncontrolled

environnment. This manner of test, although net yielding an accuracy level
directly applicable to any building or system except those tested, provides
users with a good indication of the program's usefulness and accuracy as a
design/analysis tool.

LASL selected seven buiiding Lypes representative ot the most often con-
structed commercial buildings. The following vuilding types were selected.

® Restaurant
Single-floor of fice building
Retail store
Hospital
Multit loor oftice building
School

Solar-heated and --coolud building
Contractors were selected tor the tirst five building types by response to a
compelitive bid Request For Proposal (RFP): simulations or the solar building
and  the school were done by LASL and lawrence Berkeley Laboratory  (LBLY,
respectively,  Selection was made on the bast . of contractor,building pairvs.
That is, ecach contractor submitting o proposal was regouired Lo propose an
existing building thal it one ot the building categories,  Selection was
based on the technical capabiliboes of toe conbractor, the appropriatencas of
the candidate building and ity metered dalo, and the proposed cost ol Lhe
eftort,

AU o minimum, monthly utility melered data were reguived, but preference
was qgiven for available encrgy consumpt ion data taken ol more trequent  time

mtervals o tor submeterved datas Because of budget  innitalions, proposals,



incorporating owner- or operator-measured data were not selected. All con-
tractors selected presented utility-metered data.

SELECTED BUILDINGS
The following buildings were chosen for the comparisons.

Restaurant

A large family restaurant in Downers Grove, I1linois, was selected. The
building has a gross floor area of approximately 1,970 m2 (21,200 ftz) and
consists of complete cooking and food-storage facilities, a main dining room,
a private dining room, cocktail lounge, and mancgement offices. The building
envelope is hollow-core concrete block with vermiculite-fill insulation. All
windows are double-glazed and nonoperable. Occupancy varies from a low of 400
to a maximum of 1400 people per dav. The restaurant is open for busiress from
11:00 a.m. to 11:30 p.m. Sunday through Thursday, from 11:00 a.m. on Friday to
12:30 a.m. on Saturday, and from 11:00 a.m. on Saturday to 1:30 a.m. on
Sunday. Lighting is a combination of fluorescent and 1incandescent; the
majority of the lights are operated "' hours per day.

Tne main thermal loads of the building are the process loads consisting
primarily of cooking and dishwashing. The highert equipment load, 185 kW
(630,500 Btu/h), occurs in the kitchen area during the evening on weekends.
Approximately 85 per cent of this thermal load is exhausted. Energy use tfor
hot water reaches a peak of 293 kW (1.0 x 106 Btu/h) on weekends.

The building HVAC system consists of two constant-volume, variable-
temperature, multizone air systems with radiative (hot water) heating around
the building perimet .. Reheat coils are provided in individual zones for
humidity control. Sixteecn exhaust fans are provided for the kitchen, dining
rooms, employce locker rooms, and toilets. The plant equipment includes two
gas-fired boilers rated at 660 kW (2.2 x 100 BLu/h) each and two recipro.
cating electric chillers rated at 280 kW (80 tonu) each.

Single-Floor Office Building

A single-floor bank office building, located in Santa Crusz, California,
was selected. Tae  single-floor  structuwre  of  approximately 600 m?
(6,500 £t7) qross floor ared has a very small mechanical room/penthouse.
Construction is essentially insulated fyame walls, built-up roof, and

concrele slab floor. Al windows are 1.3 «m (1/2-in.) solar-gray glass.



Maximum occupancy is approximately 120 people, and the maximum internal equip-
ment load is estimated to be 18.2 kW. Three thermostatically controlled zones
are served by a constant volume reheat system, with plant equipment consisting
of a 70 kW (240,00C Btu/h) hot water boiler and a 91 kW (26-ton) direct-
expansion reciprocating chiller. The office 1s open for business from 8:00
a.m. to 5:00 p.m., Monday through Friday.

Retail Store

A privately owned retail clothing store located in Albuquerijue,

New Mexico, was used. The store has an approximate gross floor area of
3,027 m2 (32,580 ft2) with an open-air parking lot located beneath a 1large
portion of the structure. The building exterior is precast concrete except
for the store front that is face brick with a very small glass area. The
interior is an open arrangem2nt with access primarily through two main doors.
Occupancy varies from a maximum of approximately 300 people on "regular" days
to a maximum of approximately 1300 people on preholiday and sale days.
Thermal loads within the building include lighting (iat ~ primarily floures-
cent, with some incandescent lighting used for displays. The store 1is open
for business on Monday, Wednesday, and Friduy from 10:00 a.m. to 9:00 p.m.;
Tuesday, Thursday, and Saturday from 10:C0 a.m. to 5:30 p.m.; and is closed on
Sunday.

The main mechanical system servicing ihe abuve-ground spaces is a multi-
zone air system with six zone air-handling units. The plant equipment con -
sists ot a gas-fired. hot water boiler rated at 850 kW (2.9 x 10% Btu/h), a
direct expansion chiller ra*ed at 300 kW (86 tons), and an indoor wel cooling
tower. The small underground area is heated by th: o two-pipe fan coil units
and is cooled by two packaged electric chillers rated at 26 (7.5) and 14 kW
(4 tons) each.

Hospital

A 46,140 m? (500,000 ft?) central hospital localed in Chattanoouga,
Tenne . sec, was selected for this test.  The structure, built in cight phases
starting in 1938, has scveral wings wilh ane to five floory in each., The
large building size required the use of 90 zones tor a detarled simulation,
Approximately 10 different wall constructions and 4 different root sections
were used.  The building has 13 ditterent lighting proftiles and 17 ditferent
base load., as weil as a high outside air requirement. Operation is on a

24 hour per day schedule,



The HVAC system is as complex as the structure itself. It consists of 4
variable air volume systems, 4 variable air volume with reheat systems, 10
constani volume single-zone systems, and 6 four-pipe fan coil systems.
Multifloor Office Building

A three-story structure, housing the main offices of a large restaurant

chain, was selected. The building is located in Dayton, Ghio, and has a gross
floor area of approximately 5,980 m? (64,406 ft2). A distinguishing
feature i< an exterior, sloped, north-facing, silver-tone glass, curtain
wall. With the exception of a glassed-in entrance way, the remaining portion
of the envelope is .umposed entirely of gray granite block. The mecnanical
system consists of two iarge ana one small constant-volume reheat systems
servicing approvimately 46 zones on the three floors. The plant equipment
consists of two oil-fired chillers ratea at 492 kW (l1.68 x 10® Btu/h), two
equivalent-capacity electric bnilers, two 534-kW (152-ton) centrifunal
chillers, and a 440-liter (1l15.9al) aomestic hot water (DHW) heater using
three 18-k!!/ electric heaters. A separate computer room, operating 24 hours
per day, has two 74-kW (?l-ton) room air-conditioners, each of which includes
a 5.6-kW (7-1/2-np) fan, e 14-kW, two-stage electric reheat coil, and a 7-kW
electric humidifier. The computer rooni equinment ioad is estimated to be 59
kKW (200,000 Btu/n). Peak occupancy for the buildirg is 200 people on a work
schecule ot 8:00 a.m. on Monday through 2:00 p.m. on Saturdday. Internai
equipment loads (exclusive of the computei room) are estimatea to be ZU kW
max imum.

School

An elementary school in Kennewick, Washington, that was part of the

Lawrence Berkeley Laboratory (LBL) school energy conservation program, was
simulated. The three wing, single-story building houses 20 regula. class

rooms, a library, a multipurpose room, a serving kitchen, and an administra-
tion area, and has dan  approximate gross floor arca of 3,690 m? (40,000
ft?). The structu=e has masonry walls and a stecl deck root with a H0 per
cent window {ylass) arca. Lighting is of the incandescernt type throughout.

The HVAC system has unit ventilators in three zones heated by a 1600 kW

(5.4 x JUh Btu/h) gas tired boiler.  Occupancy is trom 8:00 a.m. Lo 3:4%
p.m., Monday through triday; the school year starts in early September and

ends in mid June.



Solar-Heated and -Cooled Building

The National Security Resources and Study Center (NSRSC) located in
Los Alamos, New Mexico, was used for this building type. This solar-heated
and -cooled structure encompasses approximately 5,800 m2 (62,500 ft2) ot
gross floor area. Solar energy is collected by a 716 m? (7,705 ft2) array
of oil-couled flat-plate collectors.

The HVAC system is principally a two-zone (perimeter and interior) vari-
able air volume system with separate supply and return fans and cooling coils
for each zone. Hot water coils for heating are provided in the perimeter zone
only.

The air-handling system features recirculation of inside air. A
heat-pipe h2at-recovery unit in the perimeter zone system serve two func-
tions: it preheats outside air in the heating mode and alsu sprays the
exhaust 1ir to precool outside air in the cooling mode. All light fixtures
are cooled by the return air. The main air supply units each have a cooling
coil, an air washer, and a supply fan.

The flat-plate solar collector array forms the roof of the mechanical
room that houses a heat exchanger, two storage tanks, and twu water chillers
\a 300-kW (85-ton) lithium-bromide absorption chiller and a 270--kW (77-ton)
Rankine cycle unmit), eirther of which can be used for comparative studies of
solar adir-conditioning. Space heating, DHW heating, and space cooling are
provided by the solar system. Both hot- and chilled-water storage is useu.
The solar energy system is backed up by auxilidry steam heat exchangers that
generate hot water directly for space heating or to power the chillers.  DHW
is heated in a 380-liter (100.-gal) tank connected to the solar hot water tank,

and augmented by an electrically heated, 150 liter (40-gal) tank downstream,

The srlecled contractors simulated their respective buildings for a
one -year period using the Db 7,00 computer pvaqvunn.ﬁ tach contractor cor
ducted the reference -run simulation, using all information available through
intimate knowledge of the building's construction and actual operation, either
his information or that of the ownerjoperatov, The purpose  was to reduce the
uncortainty in prograr anput by using, wheve possable, historical knowledye

instead of assumptions,



Comparisons were then made between DOE-2 energy-use predictions at the
building boundary and the metered energy-use date (electricity and gas/fuel
0i) consumption) for the building. Weather data used were obtained from the
National Climatic Center (NCC) 1n Asheville, North Carolina, in magnetic tape
format. Data were obtained for the year corresponding to the utility-metered
data and the reference-run simulation. The closest recording static: (maximum
distance was 24 km (15 miles) was selected. Three-hour weather data on the
NCC tapes were converted to the l-hour DOE-2 weather file format by editing: a
linear interpolation algorithm that filled in the missing hours was used.

RESULTS

Comparisons of MNOE-2 predictions and measured building energy use data
for the seven buildings are presented below. Monthly results are first pre-
sented graphically and in a summary table, followed by presentation of annual
results in a summary table. Because of space limitations, not all of the
results are shown here. However, the fu!l results are presented in Ref. 4.
Restau ant

Results for the restaurant are presented in Figs. 1-3 as monthly data for
gas, electric energy, and total energy (gas plus electric energy) consumption,
respectively. These resulls, as broken down by fuel, electric energy, and
total eneryy, are representative, although generally better than, results tor
the other six buillding types. Ffor the restaurant, the simulated data are
quite close to the measured data for all three energy categories four neariy
all months of the test year. There appears to be no consistent trend ot
underprediction or overprediction; the deviations are random. Table 1 shows
that the composite standard deviation for all months is at most 10.3 per cent
(electric energy) for the restaurant; the standard deviation for total encragy
is 7.0 per cent and 9.9 per cent for gas/fuel o1l use. The largest variation
in any single month, 20 per cent, is in electric energy corsumption.
dingle-Floor Office Builaing

Figure 4 is a plot of the monthly total enerqgy consumplion results
(predicted--versus—measurcd) for the single-floor ottice building. The under-
prediction and overprediction dppedar to bhe rdandom, with the larges' vari-
ations occurring in the third and fourth months. As shown i~ Table 1, the

standard deviation for electric energy use (?/7.8 per cent) is yieacver than



that for gas/fuel o1l use (18.6 per cent). A standard deviation of 15 per
cent for totil energy consumption is also shown.
Retail Store

Monthly t-.al energy consumptions results for the retail store are
plotted in Fig. 5. The ungerprediction of the metered data for the majority
of months results from a consistent underprediction of both gas ana electric
energy consumption during tpe last half of the test year. NO reason for this
occurrence has been determined. Ine largest composite standard deviation
(35.0 per cent for gas consumption, Tabie 1; for any of the seven buildings
occurred for the retail store. Table 1 also shows that the comparison results
for electric energy (8.7 per cent standard deviation) were considerably better
than tnat for gas, resulting in a 724.0 per cent monthly stanaard deviation for
total energy.

Note that a spike in the metered data on Fig. 5 occurs in month 4 that
appears out of character with the metered data for the cther montns.  This
results from a spine 1n the metered gas consumption data for that moenth,
Studies of the weather cata and the building operation for that period give nn
‘ndicztinn of the cause of tnis abnormality: the remainder of the rurve
appears completely normal. The most probabie cause for Lthis occurrence 15 a
billing error that wac< not corrected in the following period: however, this
has not bezn confirmed. No other expidanation has been determined.

Hospital

Figure 6 shows the monthly total energy consumption resuits for the
hospitdl. Note that both gas and fucl oil were used during the last three
months of the year. Bulk delivery of the fuel oil onr a nonmonthly schedule
precluded accurate measured monthiy consumption ddata fur the last threv montns
shown in Fig. 6. The underprediction of the metered data for 9 of the 17
months results from an underprediction of tne gas/fuel oil consumption tor the
same 9 months and an underprediction of the electric envrgy consumption for
all 12 mcaths, The hospitai is the only one of the seven buildings, except
the solar building, for which either fuel or electric energy consumption is
consistently underpredicted throughout the test year. As shown an Jable 1,
the standard deviation for elect 1c energy (17.4 per cent) is greater than
that for gas/tuel oil (17.5 per cent), resulting in a totdl energy standard

deviation of 11.9 per cent.



Multifloor Office Building

Because of random bulk o0il deliveries, no monthly oil consumpticn data
are a.ailable for the multifloor office building. Therefore, no monthly
plots are shown for fuel or total energy consumption. Monthly electric energy
consumption results are presented in Fig. 7 where good agreement between pre-
dicted and metered data is indicated. The underprediction and overprediction
appear to be random. Table 1 shows that the standard deviation in electric
energy consumption is 9.8 per cent.

School

Figure 8 shows the monthly total energy consumption results for the
school. As is indicated in iable 1, considerable deviations between monthly
simulated and metered data occurred in the gas/fuel oil (33.3 per cent
standard deviation) and electric energy (29.6 per cent standard deviation)
categories. The monthly data exhibited random underprediction and over-
prediction by DOE-2 in both categories. Therefore, because of compensating
deviations, the total energy corsumption comparison (Fig. 8) has a standard
deviation of 22.1 per cent.

Soidr-Heatea and -Cooled Building

Plots of montniy comp.risons of solar energy delivered to load, auxiliary
heating cenergy (steam) used to supplement the solar systein, electric energy,
and total energy consumption for the solar building appear in Ref. 4, but aro
not shown here. Monthly deviations for auxiliary heating energy randomly con-
sist of underpredictions and overpredictions by DOE-?. However, the devia-
tions for electric energy consumption result from consistent underprediction
of measured data by DOE-2 for all months of the test year. Because electric
energy use is a dominant portion of total energy use, the measured total
energy data are wunaerpredicted by DOt-2 for all but one month in the year.
The maximum monthly variation is 20 per cent and tne standard deviation for
total encrgy use is 13.8 per cent (Table 1).

Because evaporative cooling in the solar building could not be modeled by
DOE-2.0A, a LASL-modified version of the program was used in this exercise.
Likewise. the active solar system simulator used was a test version that was
not officially in DOE-2.0A. Consequently, there are significant uncertainties
in the results reported here for the solar building. Nevertheless, the com-
posite standard deviations shown in Table 1 for the solar building are quite

similar Lo the summary results tor the other six buildings.
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ANNUAL RESULTS
Table 2 is a summation of the annual results obtained by cciparing DOE-2

simulations to metered utility data for the seven buildings. The maximum dif-
ference for gas/fuel oil consumption was 19 p2r cent for the retail store and
the minimum was 1 per cent for the restaurant. The variation in prediction
discrepancies for electric energy consumption was less, with mirimums of 1 per
cent for the multitloor office building ana tne school and a maximum of 15 per
cent for the solar building. Four of the seven buildings had prediction dis-
crepancies of 6 per cent or less. The prediction of total annual energy con-
sumption (energy budget) varied the least, with a minimum of 1 per cent for
the restaurant and a maximum of 12 per cent for the retail store and the solar
builaing.

A statistical analysis of the annual results for the set of seven
buildings shows (Table 2) that the standard deviation between sim.idated and
metered data for gas/fuel o0il, electric eneray, and totdl energy consumption
is 11.0. Y.2, and 7.9 per cent, respectively.

There is a tendency for DOE-2 to underpredict both annual gas/fuel oil
and electric energy consumption: however, the trend does not hcid tor al! the

buildirgs considered. Tn2 energy budgets are underpredicted for all but one
of the buildings.

SUMMARY DISCUSSION OF RESULTS

When the montnly standard deviations between predicted and medsurec datd

for gas/fuel o1l and for electric energy are compared to the monthiy standard
deviations for total energy (Table 1), the latter are often considerably
smailer than the former. This results from compensating deviations. That 1s,
the gas consumption mdy be overpredicted in a given month, while the electric
energy consumption s underpredicted. This can result in a quite small
deviation in total energy consumption.

The absolute difference between predicted and measured data for individ-
ual months ranged firom 14 to 45 per cent for gas/fuel o'l, where tne 45 per
cent difference was a single-month occurrence for the retail store. Absolute
ditferences for individual months ranged from 13 to 37 per cent tor elec
tricity. The 37 per cenl difference was a single-month occurrence tor Lhe
schuol. Comparable ditferences for monthly total energy use were in Lhe

range of 15 to 23 per cent. Despite the occurrence of rather large

N



differences for a few individua! months, statistical analysis of all monthly
results (Figs. 1-6 and Table 1} show composite standard deviations for the
seven buildings of 26.3, 18.7, and 16.7 per cent, respectively. This provides
a good measure of the overall accuracy of DOE-2 in predicting monthly energy
use.

Comparisons of predicted-versus-measured energy use on a monthiy basis
(rable 1) show significantly higher deviations than the annual comparisons
(Table 2). Probable causes of this phenomenon include the following.

¢ Underpredictions in some months tend to compensate for overpredictions

in other months, resulting in an improved annual comparison.

e Standard schedules for parameters such as occupants, light: equipment,
and DHW are used in 1he simulations. Effects of the variations in
these schedules for the actual test year tend to average out, matching
the standard schedules in the long-term annual results, but not in the
shorter-term monthly results.

o Short-term differences in weather between the building site and the
weather data moniloring station appear in the monthly results, out tend
to be averaged out in the annual results.

e Anomalies in the utility data used for the comparisons cause higher
monthly differences. For exawple, a small error in reading a gas meler
could result in an overbilling one month and underbilling the next
month that is not readily detected. Also, the date of measure (meter
reading) and the date of prediction (end of calendar month) generally

do not coincide. In these cases, the utility date were interpolated

for the end of the month, resulting in small errcors in the monthly
rosults,  Again, this phenomenon tends to average oul in the annual
results.

12



CONCLUSTONS

Comparisons of DOE-2 simuiations with measured utility data for a set of

seven existing commercial buildings of varicus types in a variety of climate

zones indicate the following conclusions.

1.

For the set of seven buildings tested, tnere is a standard deviation of
less than 8 per- cent and a maximum difference of 12 per cent between
predicted and measured data for arnual total energy use (energy budgets).

For the set of seven buildings tested, the difference between predicted
ar | measured data for annual gas/fuel oil and electric energy use res:lits
in a standard deviation of 11.0 per cent and 9.2 per cent, respectively.
The range of ditferences is 1-19 per cent and 1-15 per cent, respectively.

The composite standard deviation for the se¢u of seven buildings on a
monthly basis is 16.7 per cent for total energy use, 26.3 per cent for
gas/fuel oil use, and 18.7 per cent for electric energy use. The range of
differences is 2-24 per cent, 10-35 per cent, and 9-30 per cent,
respectively.

The annual and monthly standard deviations reported in conclusions 1-3
above represent the expected accuracy ot DOL-2 in prodicting cnergy use
results under favorable conditions where the user has historical knowledge

of the construction and operation of the building.
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TABLE 1

SUMMARY OF REFERENCE-RUN RESULTS (MONTHLY)
DOE-2 PREDICTIONS VERSUS MEASURED DATA

Gas/Fuel Cil Electricity Total Energy
Standard Deviation* Standard Deviation Standard Deviation
of all Months of all Months of all Months
(%) (%) (%)
Restaurant 9.9 10.3 7.0
Single-Floor Office 18 5 27.8 15.0
Retail Store 35.0 8.7 24.0
Haspital 12.5 17.4 11.9
Multifloor Office bl 9.8 *a
School 33.3 29.6 22.1
NSRSC (Solar) 34.8 15.1 13.8
Total for Set of 26.3 18.7 16.7

Seven Buildings

o 172 : s
* Standard deviation = V/r!- v ('pred":te--d - Heasureé) .
P no Measured

** Mconthly data not available.



TABLE 2

SUMMARY OF PEFEPENCE-RUN RESULTS (ANNUAL)
DOE-2 PREDICTICNS VERSUS MEASURED DATA

Predicted Measured
Gas/Fuel 01 Electricity Total Energy Energy Budget Energy Budget
(1) (2) rx M), m.yr (Btu/ft2.yr) MI/m?.yr (Btu/ft2.yr)
Restaurant -1 -2 <-1 7959 (7G61,300) 8037 (708,200)
Singie-fFloor Office +4 +12 +8 1585 (139,700) 1467 (129,300)
Retafl Store -19 -4 -12 1710 (150,600) 1949 (171,700)
Hospital -4 -14 -7 4813 (424,100} 5171 (455,700)
Multifloor Office -14 <-1 -4 1328 (117,000) 1376 (121,300)
School +5 <-1 +4 1075 ( 94,700) 1033 ( 91,008)
NSOSC (Solar) +15 -15 -12 492 ( 43,400) 562 ( 49,500)

Standard ZeJietior 1%} 11.0 9.2 7.9
for Set o€ 3even
8uildings
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