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ABSTRACT 

A comparison has been made of heating and cooling load predictions 
made by three public domain building energy analysis computer programs: 
NBSLD, BLAST 2, and DOE-2.1. DOE-2.1 analyses were made using both 
ASHRAE standard weighting factors (SWF#s), and custom weighting factors 
(CWF's) calculated by the program for the specific thermal model. The 
thermal model used for the comparison is based on a typical, current 
practice single-family detached residence. Assumptions used are 
described in detail, and documentation of the actual program inputs is 
provided. Three different kinds of comparisons were made: First, 
monthly and annual load calculations were compared for six locations 
spanning the range of climates in the continental United States, using 
ASHRAE Test Reference Year weather data. Second. predicted changes in 
annual heating and cooling loads (BLAST 2 and DOE-2.1 (CWF) only) from a 
baseline case, due to selected variations in the input model. were com­
pared for a single climate (Washington, D. C.). Third. hourly heating 
and cooling load predictions were compared for design days that are 
representative of summer, winter. and transitional season weather condi­
tions for a temperate climate. Annual heating load predictions show 
generally good agreement for all climates and consistent predicted 
changes from one climate to another. with the exception of the DOE-2.1 
(SWF) predictions. which show marked underestimates for mild heating 
climates. Both DOE-2.1 (SWF) and (CWF) annual cooling load predictions 
are significantly higher (25% to 35%) than the (almost alike) BLAST 2 
and NBSLD predictions for all climates but one (the exception is 
believed to be coincidental). The quality of agreement between the 
BLAST 2 and DOE-2.1 (CWF) predictions for the load changes from the 
respective baselines was quite good for essentially all of the input 
variations examined. Design day analyses for three typical days shmV' 
acceptable agreement, with the gn~atest differences occurring: in the 
predicted loads for the transitional season design day, when heating and 
cooling loads are smallest. The differences observed are due to differ­
ences in the way DOE-2.1 calculates the ratio of direct to diffuse solar 
radiation. and from the inability of SWF's to accurately represent the 
thermal mass characteristics of the very light structure examined. 
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1 INTRODUCTION 

This report compares and discusses the relative capabilities of 

three computer programs currently used for predicting the energy perfor­

mance of buildings. The three programs are NBSLD (developed by the 

U. S. National Bureau of Standards), BLAST 2 (developed by the U. S. 

Army Cons truc tionEngineering Research Laboratory) , and DOE-2.1 

(developed by the University of California'" s Lawrence Berkeley Labora­

tory). For this effort 9 only load prediction capabilities were com-

pared. The 

Ranch Hodel, 

comparison is 

a 1,200 ft29 

based on one 

single-story, 

building model, the Hastings 

detached residence designed 

according to typical current practices, using reasonable assumptions for 

the effects of occupant behavior. 

Annual cumulative heating and cooling load predictions are compared 

for six climates for the basic house design. Weather data used for the 

annual analyses were ASHRAE TRY data for Hinneapolis 9 Chicago, Washing­

ton, D. C., San Francisco, Phoenix, and Tampa 9 and were obtained from 

standard NOAA weather tapes. l10nthly and annual cumulative heating and 

cooling load predictions are also compared for a limited number of model 

design variations for a single climate, 'tJashington, D. C. Hourly load 

predictions for three design days typical of winter, summet'9 and transi­

tional season weather are also compared. 

Care was taken to insure that equivalen,t thermal interpretations of 

the building model were analyzed by each of the, programs. The overall 

goal was to remove as many judgmental differences (the "human factor") 

as possible in developing the thermal interpretation of the building 

model for each of the programs. Judgmental differences can stem from 

ambiguities in the building model, or program input, or hidden assump­

tions in the programs. Thus, specifications for the building model were 

developed in considerable detail and included thermophysical properties 

of building materials, construction details and geometry, and internal 

loads. In some cases, limitations in one of the programs dictated 

design choices. For example, limitations in NBSLD necessitated a flat 

roof design. The thermal interpretation was input this way into all 

three programs ~ven though the other two do not have such a limitation. 

However, when modeling the dynamic performance of the envelope 
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components, the capabilities of each program were utilized as fully as 

possible, even if this led to differences in the inputs. For example, 

the dynamic heat-storage characteristics of the slab floor were modeled 

in BLAST 2 and NBSLD, but had to be treated as a pure thermal resistance 

in DOE-2.1. The general rule was to accommodate geometrical liY.lita­

tions, but not those related to thermal modeling. 

Although the building model and related assumptions are meant to be 

reasonably realistic, the results should not be interpreted as defini­

tive for each location analyzed. For example, the same ground tempera­

tures (Section 3.3) were used for all six locations in order to save 

time and to decrease the chances of inadvertent input error. vJhile this 

assumption does not affect the validity of the results for comparative 

purposes, it should be understood that, in actuality, ground temperature 

variations would be expected from one location to another, and that 

these variations could have a significant effect on the heating and 

coofing load predictions. 

Subpequent sections of this report contain descriptions of the 

actual versions of the programs that were used, details of the building 

model, and results and comments. Appendices contain complete inputs 

representing the thermal interpretations of the building model for each 

of the programs. 

2 COMPUTER PROGRANS 

All three programs are in the public domain and were developed with 

federal (and in the case of DOE-2.1. some state) support. They are all 

based on engineering algorithms dese ribed in references [1] and 

[2]. NBSLD calculates heating and cooling loads only whereas BLAST 2 and 

DOE-2.1 also siI:mlate HVAC sys tems and plant equipment. 
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2.1 NBSLD 

The standard version of NBSLD as documented in [3] was used for this 

comparison. The specific version used was a reference version resident 

on the NBS computer system~ as maintained by the Thermal Analysis Group 

of the Center for Building Technology, NBS. 

2.2 BLAST 2 

The BLAST version used for this comparison is referred to as BLAST 

2. The specific version used was the standard production version 

resident on the Lawrence Berkeley Laboratory computer system at the time 

the analyses used in this effort were completed. Documentation for this 

program is mostly internal to the actual code. A user~s manual, which 

also gives a general description of program capabilities and use~ is 

cited in reference [4]. 

2.3 DOE-Z.1 

The program version used for this comparison is referred to as DOE-

2.1. The specific version used was the development produc tion version 

resident on the Lawrence Berkeley Laboratory computer system. The 

present version was released in March~ 1980. Documentation for DO£-2.1 

is contained in the reports cited as [5,6]. 

3 INPUT ASSUMPTIONS 

Details of all input assumptions are given in this section. Appen­

dices A, B, and C reproduce complete inputs for NBSLD, BLAbT 2, and 

DO£-2.1, respectively. 
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3.1 The Building Design: The Hastings Ranch Hodel 

The specific house design chosen for this study was that developed 

by S. R. Hastings of the U. S. National Bureau of Standards (NBS), as 

described in [7]. Familiarly called the Hastings Ranch Model, the design 

typifies the characteristics of single~f amily, on~-story, ranch-style 

housing currently being built in the U. S. Details of the construction 

and geometry are shown in the plan and elevation views of Figure 3.1. 

Because of program limitations mentioned above, there are some 

differences between the Hastings Ranch Model and the actual interpreta­

tion of this design for development of program inputs. The specific 

geometrical and thermal interpretation of t'he Hastings Ranch Model actu­

ally used to develop inputs for the analyses is presented in Figure 3.2. 

Among the more significant differences are: 

1) There is no shading of windows by overhangs or other external 

objects. 

2) The use of a flat roof. 

3) The physical separation of stud-wall and cavity-wall sections 

for each external wall. The aggregation of the stud portions of 

the wall into a single element is convenient and, because of the 

one-dimensional treatment of heat conduction by all of the pro­

grams, does not introduce error into the thermophysical 

interpretation. 

4) The horizontal collection of windows (preserving height rela­

tionships) on each external wall. 

Subsequent tables of this section describe the pertinent details of 

building materials ,construction, internal loads, and temperature con­

trol schedules that were assumed. 

The building was modeled as two zones: an unconditioned attic and a 

single conditioned zone representing the occupied part of the house. 

All three programs have the capability of estimating the conductive heat 

flow through the ceiling between these two zones. No internal 

partitions were used in the conditioned space. 



A Comparison 6f NBSLD 9 BLAST 2, and DOE-2.1 

III 

~I~ ~ ~ 
III 

;/i i 
I \ 

I , 
W 
if> 
:::> 

" \, 0 
" '" , '" ,\ V 

\ , Z 
<I: 

'" " 
" ;t 

; 
r~ " \ <1:. 

'I 
l)~ 
Z 

Z 
, 00 

« ;: 
~ i 

« 
:>-

"" , ' li! 
~ 

.. 
~ II • , \ 0-

~ I! Ii ' . z ~ 

j~ 0 
I :,"1'. If ! : ,.'\ 

= 

,b" 

Figure 3.1 Plan view9 section 9 and elevations for the Hastings Ranch 

Model (Source: [8]). 



6 w. L. Carroll 

• p 
& .. "-

WIN 
.. .1 ft2 

.,- ... .. r v 
J'-

PAQU 1.3 ft2 

ATTI 
v' .. '-.. ,.. • 

t 

U WIN 
WALL 

., 
32 ft2 -

,-

1 .4 ... 
" d 

, 

• I 

209 

Figure 3.2 Details of geometry for the thermal interpretation of the 

Hastings Ranch Model. 



A Comparison of NBSLD, BLA.ST 2, and DOE-2.I 7 

The building materials used in the model, and their thermophysical 

properties, are given in Table 3.1. The values chosen came from various 

sources and, although typical f or the materials. should not be con­

sidered definitive. For this effort, the more important consideration 

was that the properties be uniform for each program. 

The building materials noted in Table 3.1 were subsequently used to 

form the different envelope sections, which are usually referred to in 

the program inputs as "constructions". Details of the constructions 

used are given in Table 3.2. Appendices A, B, and C shotv the implemen­

tation of these constructions as inputs to each of the programs. 

Both BLAST 2 and NBSLD treat all envelope constructions of the occu­

pied space dynamically. DOE-2.1 does not do this for the slab floor, 

which could cause significant differences in hourly load predictions, 

particularly during periods of moderate outside temperature. (The way 

each program treats these constructions is shown in Table 3.2.) Uherever 

the calculated response factors could be checked for consistency among 

the three programs. they were found to agree. 
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iTABLE 3. 1 HVLTlPROGRAN COHPARlSON - TBEPj\fOPHYS leAL PROPERTIES OF UATERIALS 

Building Thermal Thermal Dens- Specific Solar Thermal Surface 
Material Resis- Conduc- itya Beata Absorp- Absorp- Rough-

tancea tivitya tivity tivity nessb 

Shingles 0.5 0.9 0.9 3 

Plywood 0.07 34 0.29 

Wood 0.0497 37 0.29 0.9 0.9 4 
Siding 

Sheathing 0.0317 20 0.31 

Insulation 0.0265 2 0.2 

Gypsum 0.0938 50 0.2 0.9 O.~ 5 
Board 

2X4 Studs 0.07 32 0.33 

Carpeting 1.5 0.9 G.9 " "'-

Concrete 1.0 140 0.2 

PolystyrenE 0.0167 2.2 0.29 
~ 

Earth 0.75 100 0.2 

Glazing C 0.038 Od e.9 6 

(a) Physical units: Thermal resistance: ft 2·hr·oF./Btu; Thermal conduc­
tivity: Btu/hr·ft·oF; Density: lb/ft 3 ; Specific Heat: Btu/lb·oF. 
(b) The roughness parameter can take six values ranging from very rough 
(1) to very smooth (6). The values are input as part of the materials 
specification in BLAST 2, and as part of the construction specification 
in DOE-2.1. 
(c) Optical transmittance is .87, which is equivalent to an ASHRAE shad­
ing coefficient of 1.00 for single-pane glass. The thermal resistance 
is equivalent to a V-value of 1.13 when film coefficients are included. 
This value is equivalent to the DOE-2.1 parameter GLASS-CONDUCTANCE '" 
1.39, when the inside film resistance is included. 
(d) In BLAST 2, this value is used only to compute the reabsorption of 
optical radiation reflected from other inside surfaces of the space. 
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TABLE 3.2 HULTIPROCRAM COMPARISON - CONSTRUCTION SPECIFICATIONS 

Constructions Surface Typea Layersb rrhick- U Thermal 
iNBSLD ~LAST ~ ])OE-2.1 ness lValuec lResistancec 

Insulated Wall D D D Wood Siding .0312' 
Sheathing .0417 
Insulation .292 
Gypsum Board .0417 
I-F-Rd .68 

Stud Wall D D D Wood Siding .0312' 
Sheathing .0417 
2X4 Stud .292 
Gypsum Board .0417 
I-F-R .68 

Attic Wall F F F .4 

Roof D D D Shingles !:; 
.J 

Plywood .0417 
I-F-R .68 

Ceiling F F F .049812 

Floor Slab D D F Earth .5 
Polystyrene .0833 
Concrete .333 .102f 

Carpet 1.5 

Door F F F .4<; 

(a) F "" fast (thermal mass effects are not considered); D "" delayed 
(thermal mass effects are considered). 
(b) From outside to inside. DOE-2.1 and BLAST 2 use this convention 
while NBSLD uses the reverse order. 
(c) Physical units: Thermal resistance: hr·oF·ft 2/Btu ; U-Value has 
reciprocal units. 
(d) The inside film resistance (I-F-R) nust be explicitly specified in 
DOE-Z.l. Except 'for the inside surface of roofs. these values are int­
rinsically provided by BLAST 2 and NBSLD, and depend on the surface 
orientation and direction of heat flow in the current hour. DOE-2.1 
values were chosen to match those used in BLAST 2 and NBSLD on the basis 
of orientation for only the convective portion of heat transfer. 
(e) Equivalent to R-19. 
(f) Overall U, representing all four layers shown (DOE-2.1 uses this 
value in load calculations). 
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While NBSLD and BLAST 2 use the detailed heat-balance approach [1] 

f or load calculations, DOE-2.1 uses the ASHRAE weighting-factor method 

[1] in either one of two approaches. In the first approach, DOE-2.1 

er.lploys standard weighting factors (SWF's) built into the program for 

three different building weights, and interpolates or extrapolates 

actual weighting-factor values to be used for the simulation based on 

the building weight specified by the user in the input. For this 

effort, the building weight was based on the weight of the slab floor 

wi thout any furnishings or other contents. In the second approach, 

which is a more exact technique, "custom" weighting factors (CWF's) are 

calculated based on the the actual constructions of the building model. 

DOE-2.1 load predictions based on both approaches are compared and dis­

cussed in Sections 4.1 and 4.5. The parametric variations examined in 

Section 4.2 are based on CWF analyses only. 

3.2 Temperature Schedules and Internal Loads. 

The attic ter:lperature was allowed to float totally unconstrained. 

Schedules were specified for the occupied space which waintained an 

interior temperature in the range of 68 OF to 78 of. Heating loads 

occurred when the lower limit had to be r:laintained and cooling loads 

occurred to maintain the upper limit. If in any hour the temperature 

was between those limits. neither a heating nor a cooling load occurred. 

Heating and cooling loads could occur at any time of the year -- when­

ever temperatures were sufficiently low or high. No night setback was 

incorporated in the baseline case. but was examined as one of several 

variations to the baseline case. which are discussed in Section 4.2. 

Internal loads and infiltration loads were determined based on the 

following assumed maximum values and the schedules shown in Table 3.:3. 

(a) Occupants: Three people, each generating 250 Btu/hr sensible and 

150 Btu/hr latent loads. Based on the hourly schedule values in 

Table 3.3. the annual occupant heat loads are about 5.25 x 106 

Btu/yr. 
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(b) Lighting: 0.52 W/ft 2 , incandescent type, with 33% in the form of 

radiant energy incident on the inside surfaces of the space, and 

the remainder released directly to the air. (The standard 

weightin~ factors used in DOE-2.1 force the radiant fraction to 

be 50%.) With the schedule values in Table 3.3. this amounts to 

about 3.9 Kwh/day. or 4.86 x 106 Btu/yr. 

(c) Equipment: 1.03 W/ft 2 , with 33% in the form of radiant energy 

incident on the inside surfaces of the space. and the remainder 

released direc tly to the air. Using schedule values in Table 

3.3. this amounts to about 16.25 Kwh/day, or 20.26 x 10 6Btu/yr. 

Cd) Infiltration: For the conditioned space, an air exchange rate of 

88 cfm (0.55 air changes per hour (ach») at standard wind (15 

mph) and inside-outside temperature difference (40 OF) condi­

tions. (The NBSLD input assumes a summer value of C.S ach and a 

winter value of .6 ach.) For the attic, an air exchange rate of 

75 cfm (2 ach) at design conditions. In all three programs. the 

air exchange rate due to infiltration is calculated each hour 

and varies with changing wind and temperature conditions. The 

dependence of the air exchange rate on wind and temperature 

difference is specified by the Achenbach-Coblentz equation 

[8]. NBSLD incorporates this relation directly into the program 

code. The coefficients of the terms in the infiltration equa­

tion are controllable by the user in BLAST 2 and DOL-2.1. and 

were set to correspond to those used internally in NBSLD. 
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TABLE 3.3 HULTIPROGRAM COMPARISON - HOURLY INTERNAL LOAD PROFILES 

Hour Occupants Lighting Equipment 
1 1.00 0.00 0.17 
2 1.00 0.00 0.17 
3 1.00 0.00 0.17 
4 1.00 O.GO 0.17 
5 1.00 0.00 0.17 
6 1.00 0.00 0.48 
7 1.00 1.00 0.71 
8 1.00 1.00 0.95 
9 0.40 0.023 0.57 

10 0.40 0.023 0.61 
11 0.40 0.023 0.57 
12 0.40 0.023 0.88 
13 0.40 0.023 0.62 
14 0.40 0.023 0.46 
15 0.40 0.023 0.48 
16 0.69 0.023 0.51 
17 0.69 0.023 0.48 
18 1.00 0.023 0.65 
19 1.00 0.023 0.70 
20 1.00 0.50 0.81 
21 1.00 0.50 1.00 
22 1.00 1.00 0.62 
23 1.00 1.00 0.70 
24 1.00 1.00 0.48 

3.3 Environmental Data 

Weather data used for calculating annual cumulative heating and 

cooling loads consisted of the ASHRAE Test Reference Year (TRY) for the 

six cities shown in Table 3.4. DOE-2.1 and BLAST 2 both have separate 

weather processors which read NOAA-produced TRY tapes. Honthly average 

temperatures and degree days produced as output fron both of these 

weather-processing programs were verified for correspondence. NBSLD 

reads the NOAA-produced tapes directly. Clearness Number values of 1.0 

were used as inputs in DOE-2.1 and BLAST 2. The same values are 

assigned intrinsically in NBSLD for all twelve months. Ground tempera­

tures used in each of the programs and for all climates were 68 OF for 

June through September, and 60 OF for October through Hay. Results of 

the annual analyses are presented and discussed in the next section. 
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TABLE 3.4 NULTIPROCRAH COMPARISON - \1EATHER DATA SUHMARY (TRY) 

Heating Degree Days Cooling Degree Days 
City Year (Base 65 of) (Base 65 o:F) 

Hinneapolis 1970 8405 894 
Chicago 1974 6191 713 
tJashington 1957 4164 1491 
San Francisco 1974 3394 98 
Phoenix 1951 1516 3334 
Tampa 1953 473 3152 

Design-day analyses were accomplished in order to compare hourly 

performance predictions for each of the programs. Three design days, 

intended to be typical winter, midseason, and summer days, were analyzed 

with each of the programs. Washington D. C. was the geographical loca­

tion used in all of these analyses. Table 3.5 summarizes the input 

parameters used for the design-day runs. Results of the design-day ana­

lyses are given in Section 5. 
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TABLE 3.5 tiULT IPROGRA11 COHPARISON - DESIGN-DAY PARAl'lETERS 

Parameter Design Day 

Winter Summer Nidseason 

Honth/Day 1/21 8/21 4/21 
Day Type Weekday Weekday Weekday 
Precipitation Clear Clear Clear 
Cloud Amount G 0 () 

Wind Speed (mph) 7.5 7.5 7.5 
Clearness ~umber 1.0 1.0 1.0 
Nax. Drybulb Temp. (OF) 25 95 75 

Time of Occurrence (hr) 15 15 15 
Nax. Wetbulb Temp. (oF) 19 65 55 

Time of Occurrence (hr) 15 IS- IS 
f1ax. Dewpoint Temp. (OF) 0 43.5 36.5 

Time of Occurrence (OF) 15 IS 15 
Hin. Drybulb Temp. (OF) 14 75 50 

Time of Occurrence (hr) 5 5 5 
Hi n. We t b ul b Temp. (oF) 11 57.7 43.£ 

Time of Occurrence (OF) 5 5 .5 
Nin. Dewpoint Temp. (OF) 0 43.5 36.5 

Time of Occurrence (hr) 5 5 5 

4 NONTHLY AND ANNUAL HEATING AND COOLING REQUIREMENTS 

In this section, each program#s predictions of monthly and annual 

cumulative heating and cooling loads are compared. The basic house 

design was analyzed with all three programs using climate data for all 

six cities described in the preceding section. These results are 

described in Section 4.1. In addition, certain design and use par,ame­

ters were varied, and the changes in cumulative heating and cooling 

loads predicted by BLAST 2 and DOE-2.1 were also compared for one eli·" 

mate only -- Washington, D.C. These results are described in Section 

4.2. 
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4.1 Effect of Climate on Basic House Design 

The resul ts of the monthly and annual load prediction analyses for 

the six climates are presented in Table 4.1 (heating), and Table 4.2 

(cooling). Figures 4.1 and 4.2 summarize the annual results for heating 

and cooling, respectively. (It is not possible to develop a quantita-

tive correlation between predicted loads and climate based on analyses 

for only six climates. Heating and cooling degree-days are used in 

these figures only as a convenient parameter for the abscissae of the 

plots; i.e., in order to arrange the load results in an approximate way 

according to climate severity.) For, DOE-2.1, both standard and custom 

weightin~-factor results are presented. The heating or cooling loads as 

presented here consist of cumulative sums of the hourly heating or cool­

ing loads for the respective time periods. The analyses do not contain 

any systems or equipment simulations. and thus the results cannot be 

interpreted as energy requirements for the building. 

NBSLD and BLAST 2 load, predictions agree well for both heating and 

cooling for all climates. DOE-2.1 predicts consistently lower heating 

loads for both standard and custom weighting-factor results, although 

the custom weighting-factor results show close agreement with both BLAST 

2 and NBSLD. DOE=2.1 also predicts consistently higher cooling loads 

for both standard and custom weighting factors. again with the custom 

weighting-factor results being in closer agreement with NBSLD and BLAST 

2. The agreement is best in a relative sense for the largest loads, 

such as Minneapolis heating or Tampa cooling. The changes predicted in 

both h'eating and cooling loads from one climate to another are, for the 

most part. consistent among all the programs. 

For heating load. the maximum difference in results occurs for t1in­

neapolis, the most severe climate. and is about 5.1 x 106 Btu, or about 

12% of the mean of the three results. It is worth noting that. regard­

less of climate, the order of the value of the prediction is always the 

same: NBSLD highest, BLAST 2 next. DOE-2.1 (CWF) next. and finally DOE-

2.1 (SWF) lowest. The possibility that systematic differences occurred 

in the treatment of internal loads or infiltration was explored and 

ruled out. The observed predictions' for DOE-2.1 (SWF) and (CWF) show 
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the greatest differences (both absolute and relative) when heating loads 

are small, i.e., in mild climates, and in spring and autumn months in 

more severe climates, when monthly loads are small. (What is actually 

important is not that the monthly or annual sums be small, but rather 

that there be many hours when the hourly load is small -~ this occurs 

during mild weather, whether by virtue of cli.mate or of season.) This 

effect is a clear sign that dynamic effects are different, very likely 

because of weighting factor differences; i.e., the use of standard 

weighting factors gives the building characteristics of greater thermal 

mass. The fac t that the standard and custom weighting-factor differ­

ences converge wi th increasingly colder climates also supports this 

explanation, since thermal mass effects become less important as climate 

severity increases. Thus, the observed results are primarily due to 

differences in the dynamic treatment of conduction heat losses and heat 

storage in the building elements. 

For cooling, a comparison of predicted loads shows a different 

situation. As for heating, NBSLD and BLAST 2 show very good agreement 

for both monthly and annual loads. Unlike the predictions for heating 

loads, however, neither program predicts consistently higher or lower 

for all the climates used in the analyses. Both the DOE-2.1 (SWF) and 

(CWF) cooling load predictions are significantly higher than those of 

NBSLD and BLAST 2. (SHF) predictions range up to a maximum difference 

from BLAST 2 and NBSLD results of about· 14 x 106 Btu for Tampa. With 

one exception, DOE~2.1 (GWF) predictions show better agreement with the 

other two programs, but still range from about 3 x 106 Btu larger to a 

maximum of about 8 x 106 Btu larger. The DOE~2.1 (CWF) results are 

expected to agree better with the predictions of BLAST 2 and NBSLD 

because of the more realistic treatment of dynamic thermal mass charac­

teristics of the CWF method. However, this feature does not explain the 

large differences that still remain. The probable reason for this 

disparity stems from the DOE-2.1 approach to determining the ratios of 

direct and diffuse solar radiation. and the effect of clouds on each 

radiation component; however. studies outside of the scope of the 

current effort will be needed to develop definitive conclusions. 
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The exceptional case is for the San Francisco climate, ~vhere DOE-2.1 

(SWF) predicts a lower annual cooling load than the DOE~2.1 (ClvF) pred­

iction and agrees well with· the BLAST 2 and NBSLD predictions. Data 

from Table 4.2 indicate that almost all of the differences occur during 

months of small cooling requirements. For these months, the DOE-2.1 

(SWF) cooling-load predictions are consistently lower than the DOE~2.1 

(CWF) predictions. In the warmest months with the highest cooling 

loads, both (SWF) and (CWF) predictions agree closely. These observa­

tions suggest that the more thermally massive characteristic of the 

(SWF) model overcompensates for the higher direct solar radiation during 

the mild-climate months to produce a lower total cooling load than the 

(CWF) model. Thus, the better agreement of the (SWF) results with the 

BLAST 2 and NBSLD results is probably coincidental. 
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TABLE 4.1 NULTIPROGR.AM COHPARISON - MONTHLY AND ANNUAL HEATING REQUIREMENTS1 FOR HASTINGS RANCH 

Monthly Heating (1 Btu) 
City 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 
HINNEAPOLIS 

NBSLD 12084 8.63 6.37 2.51 073 • 01 O. C • .23 1.58 5.43 9.64 
BLAST 12.29 8014 5.61 2.22 • 55 O. O. o • .19 1.55 5.50 9.19 
DOE-2 3 12.24 7.98 5.32 1.58 • 08 o. o. o. o . .95 5.37 9.32 
DOE-2 (CWF) 3 11.71 7.84 5.48 1.97 .48 o. o. o. .16 1.46 5.31 8.98 

CHICAGO 
NBSLD 6.74 5.83 3.90 1.49 .65 .03 o. O. .18 1.01 3.13 5.53 
BLAST 6.66 5.54 3.67 1.29 • 46 .01 O • o. .12 .94 3.28 5.68 
DOE-2 (SWF)3 6.61 5.36 3.04 • 62 .10 o. o. O. c • .41 2.92 5.63 
DOE-2 (C~JF) 3 6.4& 5.38 3.36 1.16 .39 .01 O. o. .11 .90 3.15 5.53 

WASHINGTON D.C. 
NBSLD 5.15 2.82 2.23 .84 .13 .01 O. O. .03 .68 1.41 3024 
BLAST 4.92 2.59 1.n .63 .08 O. o. o. .02 .57 1.32 3.22 
DOE-2 3 4.71 2032 1.27 .20 O. O. o. O. o. .21 .75 2.79 
DOE-2 (I rF) 3 4.79 2.62 1.84 • 59 • 08 00 o • O • .02 .54 1.28 3.ll 

SAN FRANCISCO 
NBSLD 1.37 .91 .75 .67 .70 .17 .05 .02 .04 .17 .57 1. 21 
BLAST 1.51 .88 .66 .50 • 51 .07 .01 O • .01 .11 .55 1.34 
DOE-2 (Sl-lF) 3 • 96 • 26 .16 o. • 01 o • o • O • O. o. .05 .73 
DOE-2 (I rF) 3 1.44 .84 .63 .49 .52 .08 .01 o. .01 .10 .52 1. 26 

PHOENIX 
NBSLD 1.13 .76 • 37 .07 .04 o • o. O. c. .03 .43 .99 
BLAST 1.10 .50 .26 • 04 • 01 O. G. O • o • .01 .29 .85 
DOE-2 (SWF)3 • 26 .(13 • 01 (\. O • o. O. o. o . O. .01 .11 
DOE-2 (ClJF) 3 1.05 .47 .27 .04 • 01 O. o. O. O • .01 .32 .85 

TAHPA 
NBSLD • 31 .15 .03 .03 o. o. O • o. C. .02 .09 .31 
BLAST .25 .10 • 02 .02 O. O. O • O. O. .01 • C5 .29 
DOE-2 

? o. C. o. o. o. o. o. o. o. o. O. .04 -' 
" DOE-2 j • 25 .10 .02 • 01 O. o. O. G • O • .01 .05 .27 

(l) Cumulative and cooling loads • No simd 'it ioas are iaclude::i • 
(2) Standard internal loads for lights and equipment (see Section 3.2). 
(3) SWF: ASHRAE Standard Weighting Factors; Cl-JF: Custom iJeighting Factors. 
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TABLE 4.2 MULTIPROGRAJ."1 COHPARISON - MONTHLY AND ANNUAL COOLING Sl FOR HASTIKGS RANCH 

Nonthly Cooling (l Bt 

Jan Feb YJ.8.r Apr May June July Aug Sept Oct 
MINNEAPOLIS 

NBSLD o. O. O. .26 .54 2.66 3.77 2.95 1.52 .29 
BLAST o. O. O. .25 .62 2.69 3.63 2.94 1.26 • 27 
DOE-2 3 o. o. o. .36 1.11 4.21 5.30 4.26 1 81 .20 
DOE-2 (I ') 3 o. o. o. .44 1.24 3.62 4.53 3.64 1.71 .38 

CHICAGO 
NBSLD O. O. .02 .21 .26 1.55 3.59 2.66 1.33 .33 
BLAST O. O. o. .22 .31 1. 76 3.58 2.70 1.27 .1S 
DOE-2 (S~JF) 3 o. o. O. .34 .88 3.06 5.19 4.49 1.86 .10 
DOE-2 (I ') 3 O. .01 004 060 1.06 2.68 4.43 3 80 1.80 .42 

WASHINGTON DoC. 
NBSLD o. C. .08 .63 1.19 3.24 3.8 3.06 2049 .28 
BLAST o. o. .06 .81 1.58 3.40 4.01 3.35 2.45 .26 
DOE-2 3 o. o. .04 1.15 2.35 4084 5.88 4.85 3.48 .30 
DOE-2 (CWF)3 o. .03 .24 1.23 2.21 4.18 5.04 i f .13 2.95 .54 

SAl! FRANCISCO 
NBSLD .12 .21 .15 .22 .11 034 058 .87 1.14 .97 
BLAST .07 .1E .12 .28 .18 .55 .80 1.08 1.15 .90 
DOE-2 (SWF)3 .01 .06 .05 .23 .07 .61 1.04 1.27 1.35 1.13 
DOE-2 (I ') 3 . .20 .37 .43 .69 .42 .86 1.16 1.36 1.45 1.29 

PHOENIX 
NBSLD .78 .57 1.32 1.73 3.36 5.03 7.15 6.15 5.55 3.03 
BLAST .59 .58 1.41 1.91 3.71 5.33 7.11 6.14 5.64 3006 
DOE-2 (S~JF) 3 .50 .72 1.99 3.13 5.02 6.66 9.07 7.70 6.95 4.15 
DOE-2 (CWF)3 1.12 1.18 2~13 2.93 4.51 5.84 7.99 6.71 5.98 3.73 

TAMPA 
NBSLD .67 .94 1.71 1.59 3.22 4.12 4.57 4.28 4.02 2.31 
BLAST .71 .97 .92 1.77 3.31 3.88 Lf.20 3.94 3.48 2.27 
DOE-2 3 .85 1.40 2.86 2.76 4.62 6.09 6.44 6.10 5.25 ..5~53 

DOE-2 (I )3 1.10 1.44 2$55 2.4E 4.00 5018 5.50 5.18 4.43 2.88 
---------- -----------------------

(1) Cumulative heating and cooling loads only. No equipnent simulations are included. 
(2) Standard internal loads for lights and equipment (see Section 3.2). 
(3) SHF: ASHRAE Standard Weighting Factors; CWF: Custom lJeight Factors. 
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4.2 Effect of Selected Changes in Design and Use Paraneters 

T~.Jo goals were involved in comparing BLAST 2 and DOE-2.1 predictions 

of annual heating and cooling requirements when selected design and use 

parameters were modified. The first was to better understand. and 

perhaps isolate. the causes for the differences in the results reported 

in the previous sec tion. In addition, in some applications of these 

computer programs, the desired goal is to predict heating and cooling 

load differences caused by changes to the building design. Parameters 

varied were: internal loads; infiltration; temperature settings (includ­

ing effects of night setback); window shading. orientation. and glazing 

type; and insulation levels in floor. ceiling. and walls. These ana­

lyses were accomplished only for Washington, D.C •• except for night set­

back effects which were also examined using Minneapolis weather data. 

The results of these analyses are presented in Tables 4.3 to 4.6. and 

corresponding Figures 4.3 to 4.6. 

Table 4 3 and Figures 4.3a and 4.3b summarize the predicted annual 

heating and cooling requirements for a number of variations of internal 

loads and infiltration rates. The "variation summary" values shown in 

Table 4.3 are symbolic and represent changes relative to the standard 

internal loads and infiltration case (the baseline). Figures 4.3a and 

4.3b show the res~lts for heating and cooling, respectively. in bargraph 

form. These figures also show differences from the appropriate BLAST 2 

or DOE-2.1 (CWF) baseline load for ~ach of the variations. For heating, 

the baseline annual loads differ by only about 2%. The changes from the 

appropriate baseline predicted by BLAST 2 and DOL-2.1 are quite con-

sistent. For variations in infiltration, the predicted changes are 

almost the same for both programs. For internal load variations, BLAST 

2 predicts slightly larger annual load changes than DOE-2. I, and the 

difference in the predicted changes is larger for smaller internal loads 

-- a maximum of about 1 x 106 Btu when the internal loads are zero. 

This indicates that slight differences in the treatment of conduction 

heat losses by the two programs may underlie the differences observed in 

predic ted load changes. The baseline anIlual cooling loads show a much 

greater difference: DOE-2.I (CWF') predicts results about 2S/~ greater 

than BLAST 2. However, the changes from the baseline predicted by each 
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of the programs agree more closely for cooling than for heating. For 

the specific comparison performed for this effort, it was possible to 

specify internal loads and infiltration rates in the program inputs so 

that they predicted essentially the same component of the total annual 

loads from these two sources. All these observations lead to the con~ 

elusion that both programs can be made to predict similar results for 

the effects of internal loads and infiltration on heating and cooling 

loads if equivalent inputs to each of the programs are used. 

[TABLE 4.3 HULT IPROGRAH COMPARISON - EFFECT OF CH1\_NGES IN INTERNAL LOADS 
AND INFILTRATION (tlASHINGTON, D. C.) 

Variation Summary Annual Heating Annual Cooling 
(10 6 Btu) (106 Btu) 

pccu- Light~ Equip- Infil- BLAST 2 DOE-2.1 BLAST 2 DOE-2.1 
lPants ing ment tration (CWF) (CvJF) 

1a 1a 1a 1a 15.21 14.87 15.97 20.74 

1 1 1 0 9.6S 9.17 16.63 21.79 

0 0 0 1 29.08 27.02 6.84 11.06 

0 0 0 0 22.71 20.37 6.80 11.25 

.5 .5 .5 1 21.57 20.46 10.82 15.41 

2 2 2 1 6.69 6.92 29.41 34.39 

1 1 1 .5 12.41 11.99 16.22 21.12 

Ib Ib 1b 1 15.17 14.90 15.79 20.73 

IC IC IC 1 21.42 19.92 21. ,',,4 26.06 

Id 1d Id 1 16.19 14.69 16.44 20.47 

(a) Baseline case. 
(b) The total daily contribution from occupants, lights, and equipment 
remains the same, but is evenly distributed over all hours of the day. 
(c) Similar to b above, except that the total daily contribution is 
evenly distributed over the hours 8 a.m. to ~l p.m •• and is zero at all 
other times. 
(d) Similar to c above, except the contribution appears evenly distri­
buted over the hours 8 p.m. to 4 a.m. 
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BLAST 
DOE-2.1 (CWF) } Baseline 

} Zero Infiltration { 

} Ze ro Int. Loads { 

} Zero Int. Lds., Inf. { 

} 1/2 x Int. Lds. { 

} 2 x Int. Lds 0 { 

} 1/2 x Infiltration { 

} Constant Into Lds. { 

} Day Peak Int. Lds. { 

} Night Peak Int. Lds 0 { 

10 15 20 25 
Annual Heating (106 Btu) 

30 -15 -10 -5 5 10 
Difference from Baseline (106 Btu) 

Figure 4.3a Effect of changes in internal loads and infiltration on annual 
heating loads (Washington, D. C.) 

BLAST 
DOE-201 (CWF) } Baseline 

} Zero Infiltration { 

} Zero Int. Loads { 

} Zero Into Ldso, Info { 

} 1/2 x Into Ldso { 

} 2xIntoLdso { 

} 1/2 x Infiltration { 

} Constant Into Ldso { 

} Day Peak Int. Ldso { 

} Night Peak lnt 0 Lds 0 { 

10 15 20 25 
Annual Cooling (106 Btu) 

30 -15 -10 -5 5 10 15 
Difference from Baseline (106 Btu) 

Figure 4.3b Effect of changes in internal loads and infiltration on annual 
cooling loads (Washington, D. C.) 

15 
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Table 4.4 and Figures 4.Lla and 4.4b show the effects of changing the 

interior temperature setting on predicted annual heating and cooling 

loads. 

TABLE 4.4 HULTIPROGRAM COHPARISON - EFFECT OF INTERIOR TEMPERATURE 
(WASHINGTON, D.C.) 

Annual Heating Annual Cooling 
Temperature (lC6 Btu) (106 Btu) 
Conditions BLAST 2 DOE-2.1 BLAST 2 DOE-2.1 

(OF) (CWF) (C\vF) 

Cooling - Heating 
73 - 73a 25.02 23.76 25.33 30.21 

73 - 73b 17.43 16.45 25.95 31.19 

73 - 73c 41.12 38.12 13.16 18.22 

73 - 73d 32.76 29.99 12.97 18.36 

75.5 - 70.5a 19.66 19.0e 20.18 25.23 

78 - 6£a,e 15.21 14.87 15.97 20.74 

75.5 - 73a 24.64 23.6':' 20.44 25.70 

78 - 73a 24.40 23.22 16. 21 21.25 

73 - 70.5a 19.91 19.53 24.94 30.12 

73 - 68a 15.44 15.34 24.65 29.65 

(a) Std. Int. Loads., InfH., (b) Std. Int. Loads, Zero Infil., (c) Zero 
Int. Lds., Std. Infil., (d) Zero Int. Lds., Infil. 
(e) Baseline case. 

In all cases where the temperature setting changes have a significant 

effect on annual heating loads, BLAST 2 predicts slightly larger changes 

(about 1 x 106 Btu out of a total change of about 10 x 106 Btu) frma the 

baseline than does DOE-2.1 (CWF), and the agreement in predicted changes 

is quite good. The predicted changes for cooling agree even more 

closely with each other. DOE-2.1 (CWF) consistently predicts slightly 

larger changes. The difference in cooling load changes predicted for 

the anomalous 73 of - 73 of case are again the largest of this series of 

variations, but are considerably less than f(Jr heating loads. 



A Comparison of NBSLD, BLAST 2, and DOE-2.1 25 

These results are significant because, at a fixed interior tempera­

ture, the DOE-2.1 simulation does not require use of a special 

temperature-variation algorithm (which is not strictly a part of the 

loads calculation) and thus allows direc t comparison of actual load 

simulation algorithms of the two programs. Table 4.4 presents annual 

heating and cooling results for the fixed 73 OF interior temperature 

case for three additional combinations of internal loads and infiltra­

tion rates, where each is zero, either indiVidually or simultaneously. 

When compared with predictions for the same internal load and infiltra­

tion combinations with 68 0 - 78 0 interior temperature settings shown 

in Table 4.3, the predicted changes from the baseline are seen to be 

quite consistent. This observation seems to indicate that, at least 

within the range of conditions considered in these· analyses, the 

variable-temperature algorithm does not strongly affect load-prediction 

changes caused by changes in internal loads or infiltration rates. 

Since the average inside-outside temperature ~ifference is smaller dur­

ing cooling periods than for heating periods over the course of the year 

for the Washington, D. C. climate, it is possible that the anooaly 

observed for the fixed 73 OF interior temperature case is related to the 

treatment of conduction heat losses and gains. 

BLAST } 7SOF - 680F Baseline DOE-2.1 (eWF) 

} 75.SoF - 70.50 !, { 
} 730F - 73°F { 
} 75.5°1' - 73°F { 
} 7S0!' - 73°F { 
} 130F - 70. SOF { 
1 730F - 68°F { r 

-10 -5 5 10 
Difference from Baseline (106 Btu) 

Figure 4.4a Effect of interior temperature setting on annual heating loads 

(Washington, D. C.). 
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BLAST } nOF - 680F DOE-2.1 (CWF) 

} 75.S0F - 70.5O F { 
} nO!! - nO!! { 
} 75.50F - 73°F { 
} 7SoF - 73°F { 
} nOF - 70.50 F { 
} > nOF - 680F { 

-10 -5 5 10 
Difference from Baseline (106 Btu) 

Figure 4.4b Effect of interior temperature setting on annual cooling loads 
(Washington, D. C.) 

Table 4.5 and Figures 4.5a and 4.5b present results showing the 

effect of night setback on annual heating requirements for Washington. 

D. C., and ~anneapolis. In both cases I the baseline cases assume s tan-

dard internal loads and infiltration. DOE~2.1 (CWF) consistently 

predicts slightly smaller effects for a given amount of setback than 

BLAST 2, and the predicted difference increases both for the more severe 

Minneapolis climate and for increasing levels of setback. The differ­

ences in the predictions could be partly or entirely caused by differ~ 

ences in the treatment of conduction heat losses, which would be greater 

for the more severe> Minneapolis climate. However. it is also possible 

that the DOE-2.1 (GWF) predictions are caused by the more rapid 

levelling-off trend at the greater setback levels than that predicted by 

BLAST 2. 
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TABLE 4.5 MUL T IPROGRAH COHPARISON - EFFECT OF NIGHT SETBACK 

Annual Heating (10° Btu) 
Temperature Washington. D.C. J:1inneapolis 
Conditions 

(OF) BLAST 2 tOE-2.1 BLAST 2 DOE-2.1 
(CWF) (CWF) 

78 - 73 - 738 24.40 23.22 57.76 54.52 

78 - 73 - 68 20.40 19.38 52.87 50.08 

78 - 68 - 68b 15.21 14.87 45.23 43.45 

78 - 6£ - 64 12.51 12.27 41.76 40.28 

78 - 68 - 60 10.56 10.41 38.79 37.56 

78 - 66 - 56 9.31 9.27 36.27 35.26 

(a) Cooling-Heating-Setback temperatures. Night setback is from 11 p.m. 
to 7 a.m. 
(b) Baseline. 

BLAST } DOE-2.1 (GWF) ]SoF - 6BoF - 680F Baseline 

} 7SoF - 680 F - 640 F { 
} 7S0F - 68DF - 600F { 
} 7SoF - 6BoF - 560F { 
} 7S0F - 730F - nOF { 
} ]SoF - 730 y - 680 F { 

-10 -5 
Difference from Baseline (106 Btu) 

10 

Figure 4.5a Effect of night setback on annual heating loads (\vashineton, D. C.) 
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BLAST 1 7S0F - 680F - 68°F Baseline DOE-2o 1 (CWF) r 
} 780F - 680F - 64°F r 

1 
} 7S0F - 680F - 6()oF f 

1 
} 7S0F - 680F - 560 F { 
} 7S0F - 730F - 73°F { 
} 7SOF - 730F - 680 F { 

60 0 5 10 
Annual Heating Difference from Baseline (106 Btu) 

Figure 4.Sb Effect of night setback on annual cooling loads (Minneapolis). 

Resul ts from the last set of analyses in this section, presented in 

Table 4.6 and Figures 4 • .6,a and 4.4b, show the comparative effect of 

selected design changes, e.g., eaves on the north and south to shade 

windows, double glazing, window redistribution (north to south), doubled 

insulation levels in \lJalls, ceiling, and floor. 

From the results shown here, BLAST 2 and DOE~2.1 (CWF) make almost 

the same predictions for all of the design options analyzed. This is 

true for both heating and cooling, even though the annual cooling load 

predictions by the two programs differ for the baseline cases by about 
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TABLE 4.6 HULTIPROGRAl1 COMPARISON - EFFECT OF SELECTED DESIGN CHANGES 
(WASHINGTON, D.C.) 

Design Change 

Baseline 

2 ft. Eaves (N & S) 

4 ft. Eaves (N & S) 

No Windows 

Double-Glazed Windows 
(2G) 

~Jindows N ~ S, 1G 

Windows N ~ 5, 2G 

2 x Wall Insulation 

2 x Ceiling Insulation 

2 x Floor Insulation 

2 x All Insulation, IG 

2 x All Insulation, 2G 

Annual Heating 
(106 Btu) 

BLAST 2 

15.21 

15.30 

15.74 

9.43 

10.48 

14.03 

9.51 

13.31 

13.59 

13.59 

10.09 

5.57 

DOE~2.1 

(CWF) 

14.87 

14.95 

15.36 

10.69 

10.48 

13.03 

8.97 

13.04 

12.56 

12.91 

10.68 

6.51 

Annual Cooling 
006 Btu) 

BLAST 2 

15.97 

14.70 

13.85 

9.15 

15.85 

18.26 

18.10 

15.61 

15.48 

19.00 

18.39 

18.92 

DOE~2. 1 
(CWF) 

20.74 

19.46 

18.44 

9.98 

20.25 

25.09 

24.43 

20.33 

20.06 

23.84 

23.33 

23.36 

Thus, the treatment of changes in conduction heat flow due to changes in 
insulation levels is qui te consistent between the two programs. The 
exceptions occur for those design changes related to solar gains through 
windows. (shading eaves and various window orientation and glazing 
options), for which DOE-2.1 (CWF) predicts lower annual heating loads 
and higher annual cooling loads. In the case of the design variation 
with no windows, there is close agreement between the predicted annual 
cooling loads (although there is not agreement between changes from the 
respective baseline cases). These observed differences are consistent 
with the algorithm differences in DOE-2.l that determine the 
direct/diffuse solar radiation ratio. 
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} Dalf!tltUne 

} 2 ft Eaves (N & S) 

} 4 it Eavam (N to S) 

} No Windows 

} Double Gladng (2G) 

} W1000%1'8 N~S~ lG 

} WAooWlll N=$>S, Ul 

} 2 x Wall luth ~ lC 

} 2 :!! Cel1ing Ina 0 ~ lG 

} 2 x ftlooX' 1080 ~ lG 

} 2 x All Ina ~, lG 

llLAST 
00£-2,) (CHF) } 2 K AU Xnlih t 2G 

5 AnulU!l He!~in2 (106 nltSu) 
20 

Figure 4.6a Effect of selected design changes on annual heating loads 
(Washington, D. C.) 

BLAST } ooE-2.! BeaeHne 
(CIIF) 

} 2 ft Eaves (N ~ S) { 
} 4 ft Eaves (N • S) { 
} No Windows { 
} Double Gladng (2G) { 
} Windows N~S, IG { 
} Windows N~S, 2G { 
} ·2 x Wall Ina., lG { 
} 2 x Catling lOB., IG { 
} 2 K Flook' luu't lG { 
} 2 It All lrlf~q 10 { 
} 2 It AU lmh, 20 { 

2; 

Figure 4.6b Effect of selected design changes on annual cooling loads 
(Washington, D. C.) 
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5 DESIGN~DAY PERFORMANCE 

Design day heating and cooling load predictions are presented in 

Figures 5.1 to 5.3 and Tables 5.1 to 5.3 for the baseline case. In 

addition. Tables 5.1 to 5.3 summarize the hourly peak and daily cumula~ 

tive heating and cooling loads for cases assuming zero infiltration and 

zero internal loads, both individually and together. 

Design~day inputs to the programs were chosen to match maximum and 

minimum temperatures and their time of occurrence. However, each of the 

programs constructs profiles that have slight variations in weather 

parameters at other hours. The resultant differences in the temperature 

profiles constructed by each of the programs are unavoidable without 

actual changes in the algorithms, but since these differences are small, 

they lead to only minor differences in the results. 

Figure 5.1 and Table 5.1 show load predictions for the summer design 

day. Peak~load values are in good agreement for NBSLD and DOE-2.1 (SWF 

and CWF); BLAST 2 is about 6% less for the standard internal load case. 

The DOE-2.1 (SWF) peak load lags one to two hours behind for cases with 

and without internal loads. NBSLD shows a different time of discon­

tinuity because it does not account for daylight savings time. For 

intermediate loads, Figure 5.1 clearly shows that the DOE-2.1 (CvlF) 

predictions agree better with NBSLD and BLAST 2 results than those of 

DOE-2.1 (SVJF). Table 5.1 shows that the daily total loads agree very 

well for NBSLD and BLAST 2. The DOE-2.1 (SVJF) daily total is about 25% 

higher than BLAST 2 and NBSLD; the DOE-2.1 (CVJF) results agree better 

(about 7% higher). Consistent with the monthly and annual results, the 

hourly loads predicted by DOE-2.1 (SVJF) are characteristic of a more 

thermally massive building. Table 5.1 also shows results for various 

assumptions for internal loads and inf il tration. Like the monthly and 

annual results for these same variations, described in Section 4.2. the 

differences in load predictions between the baseline case and each of 

these variations is almost the sarae for each of the programs. Hourly 

data for these variations are not shown graphically. 
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TABLE 5.1 HULTIPROCRAH COHPARISON - Sm1MER DESIGN-DAY SilllHARY 

Heating (l03 Btu) Cooling (l03 Btu) 
Design Day 

NBSLD ~LAST 2 ~OE-2.1 ~OE-2. NBSLD ~LAST 2 ~OE-2 .1 ~OE-2. 1 

( S\lF) (CWF) (SWF) (CWF) 
(Baseline) 

Std. Int. Lds. a 
Daily Total 0 0 0 0 182.8 183.6 229.3 198.7 
Peak Load 0 0 0 0 16.3 15.10 16.30 16.38 
Hour of Peak 12 14 15 14 

Zero Infil. 
Daily Total <=>-.."""'-. 0 0 0 """' ..... """""""" 179.2 222.3 192.1 
Peak Load 0 0 C ] 4.55 15.33 15.74 
Hour of Peak 14 IS 14 

Zero O-L-ELJ 
Daily Total 0 0 0 C llI.7 110.6 146.5 128.3 
Peak Load 0 0 0 0 13.33 12.85 13.44 14.13 
Hour of Peak 13 14 15 14 

Zero O-L-E-ID 

Daily Total 0 0 0 0 100.S 105.8 139.5 121.5 
Peak Load 0 0 0 0 12.27 12.30 12.66 13.50 
Hour of Peak 13 14 15 14 

(a) Standard internal loads for lights and equipment (see Section 3.2). 
(b) 0 - Occupants, L - Lights, E - Equipment, I - Infiltration. 

8 10 12 14 16 18 
NIlSLD 

"o"o .. ~f><iI"''')''"oa ........ " BLAST 
___ """ffi;;> ___ @ 

DOE-2 (SWF) 

_o_~_"'_ DOE-2 (eWF) 

Figure 5.1 Hourly loads for summer design day (Baseline). 

20 22 

I 
I 

i , 
I 

rI 

" " 



A Comparison of NBSLD, BLAST 2, and DOE-2.1 33 

The winter design-day results are presented in Figure 5.2 and Table 

5.2. For the standard internal loads case, the peak heating loads 

predicted by BLAST 2, DOE-2.1 (SWF) and DOE-2.I (CWF) agree quite well, 

both in value and time of occurrence. The NBSLD peak load is about 12% 

higher than the peak load predicted by the other two programs. For 

daily total loads (standard internal loads case), NBSLD is highest, 

DOE~2.I (SWF) is lowest (about 25%), and DOE-2.1 (CWF) and BLAST 2 are 

intermediate. Figure 5.2 shows that this is also the ranking for most 

hours of the day, with the exception of the period from about 7 a.m. to 

noon, where NBSLD and DOE-2.1 (SWF) exchange highest and lowest ranking. 

The DOE-2.1 (S\~F) time lag is present, as it was in the summer data. 

Differences in the thermal mass characteristics clearly show up in the 

data, and are consistent with the summer analyses. Data shown in Table 

5.2 for the same combinations of zero internal loads and infiltration 

discussed above support the previous conclusion that each program treats 

these load components the same. 

Table 5.3 and Figure 5.3 present results for the midseason design 

day. For the standard internal loads case, each of the programs 

predicts both heating and cooling loads during the day, except for DOE-

2.1 (SWF), which predicts no nighttime heating load. Like the results 

for the other design days, NBSLD predicts the largest peak heating load 

and corresponding daily total, and the second lowest peak cooling load 

and lowest daily total. DOE-2.1 (SWF) does the opposite, and the pred­

ictions from these first two programs generally bracket the results from 

BLAST 2 and DOE-2.1 (CWF). Data presented in Table 5.3 for other combi­

nations of internal loads and infiltration support conclusions discussed 

above about the similarity with which each program treats these load 

components. 
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TABLE 5.2 MULTlPROGRAM COMPARISON - WINTER DESIGN-DAY SUMMARY 

Heating (10 3 Btu) Cooling (10 3 Btu) 
Design Day 

NBSLD BLAST ~ POE~2.1 DOE~2 .1 NBSLD ~LAST :; POE-2. ~OE-2. 
(SWF) (CWF) (SWF) (C~vF) 

(Baseline) 
Std. Int. Lds. a 
Daily Total 244.7 211.4 183.2 193.7 0 0 0 0 
Peak Load 17.4 15.51 15.45 15.35 0 0 0 0 
Hour of Peak 5 5 5 5 

Zero Infil. 
Daily Total -=.:="""" 136.9 1 04. 8 121.7 --..-""""'<=> 0 0 0 
Peak Load ll.42 10.62 1l.14 0 0 C 
Hour of Peak 5 6 5 

Zero O-L-ED 
Daily Total 330.1 289.8 265.3 261.5 0 0 0 0 
Peak Load 19.3 17 .18 17.83 17.00 0 0 0 0 
Hour of Peak 6 6 7 6 

Zero O-L-E-Io 
Daily Total 211.1 209.3 le3.8 185.1 0 0 0 0 
Peak Load 13.8 13.22 13.94 12.95 0 0 0 0 
Hour of Peak 6 6 8 7 

(a) Standard internal loads for lights and equipment (see Section 3.2). 
(b) 0 - Occupants, L ~ Lights, E ~ Equipment, I ~ Infiltration. 

NBSLD 

BLAST 

--_______ DOE-2 (SWF) 

_.-._._ DOE-2 (CWF) 

4 6 8 10 12 14 16 18 20 22 

Figure 5.2 Hourly loads for winter design day (Baseline). 
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TABLE 5.3 MULTIPROGRAM COMPARISON - HIDSEASON DESIGN-DAY Sill1MARY 

Heating (103 Btu) Cooling (103 Btu) 
Design Day 

NBSLD !BLAST 2 pOE-2.1 DOE-2.1 NBSLD BLAST L IDOE-2.1 pOE-2. 
(SWF) (CHF) (SWF) (CHF) 

(Baseline) 
Std. Int. Lds. 8 

Daily Total 13.1 5.9 0 5.7 36.4 46.6 52.3 58.84 
Peak Load 3.28 2.09 a 2.06 7.26 7.76 6.86 8.79 
Hour of Peak 5 5 5 13 13 16 13 

Zero Infil. 
Daily Total ."..""",,=a...., 2.0 0 1.7 =""",,,,,,,,,,,,,,,, 53.5 64.8 65.5 
Peak Load 1.10 C .96 8.21 7.66 9.24 
Hour of Peak 5 5 13 16 13 

Zero O-L-ED 
Daily Total 41.2 29.9 0 26.1 13.5 18.9 0 27.6 
Peak Load 5.43 4.30 0 4.39 3.80 4.71 0 5.91 
Hour of Peak 5 6 6 14 14 14 

Zero 0-L-E-1D 
Daily Total 25.6 22.3 0 18.71 18.8 20.7 .23 30.3 
Peak Load 3.83 3.49 a 3.48 4.62 4.87 .23 6.21 
Hour of Peak 5 6 6 13 14 17 14 

(a) Standard internal loads for lights and equipment (see Section 3.2). 
(b) 0 - Occupants. L - Lights. E - Equipment. I - Infiltration. 

NBSLD 

••••••••••• 000 •• 000. BLAST 

________ ~ DOE-2 (SWF) 

_._._._ DOE-2 (CWF) 

Figure 5.3 Hourly loads for midseason design day (Baseline). 
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A general conclusion that can be made on the basis of the design~day 

load predictions is that each of the prograDs produces results that are 

representative of buildings with different thermal mass characteristics. 

NBSLD results represent a building with the smallest thermal mass, DOE-

2.1 (SWF) the largest, while BLAST 2 and DOE~2.1 (CUF) results are 

intermediate and show the best agreement for peak loads, shape of hourly 

profiles, and daily totals. These results are consistent with the 

annual predictions discussed in Section 4.1. 

note that the cooling load differences seen 

It is also significant to 

in the design-day results 

are consistent with the annual results, but the sizes of the differences 

are significantly smaller. A probable reason is that the design-day 

specifications included cloudless days, and thus represented a situation 

where program differences related to the calculation of direc t and dif­

fuse components of solar radiation were minimized. 

6 CONCLUSIONS 

The results presented and discussed above form the basis for a 

number of specific conclusions: 

1. NBSLD, BLAST 2, and DOE-2.1 (CvJF) annual load predictions agree very 

well for all six climates examined. DOE-2.1 (SWF) predictions are 

consistently lower than the other three, and exhib it the greatest 

discrepancy for mild climate conditions. The reason for this 

discrepancy is related to differences in the treatment of thermal 

masS effects (discussed in greater detail below). Each program 

exhibits consistent changes in annual heating load from one climate 

to the next, wi th a small divergence which increases slowly with 

climate severity. There are probably slight differences in the way 

each program calculates heat concuction losses and gains, most 

likely in their treatment of convective film coefficients. 

2. NBSLD and BLAST 2 annual cooling load predictions agree closely for 

all six climates. Both DOE 2.1 (SIJF) and (CUF) predictions are sig~ 

nificantly (about 25% to 35%) higher, although the (CWF) predictions 

show better agreement. The reason for these differences is probably 
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due to the way DOE~2.1 determines the direct/diffuse solar radiation 

ratio from weather data, The algorithm used by DOE~2.1 to determine 

this ratio is not the standard ASHRAE algorithm described in [I]! 

but is modified somewhat, as described in [6]. The predicted 

changes in annual cooling load from one climate to another are 

essentially as consistent as the predicted changes in annual heating 

load. 

3. Trends in monthly loads are similar for all programs, but there are 

greater relative variations from one program to another than for 

annual loads, This is especially true for months when the the loads 

are small. The greatest discrepancies in monthly trends were exhi­

bited by the DOE~2.1 (SWF) load predictions. 

4. The changes in heating and cooling loads predicted by BLAST 2 and 

DOE-2.1 (CWF) for all the parametric variations in the building 

design and use assumptions that were performed for this effort agree 

very well, even though the DOE-2.1 (CWF) baseline annual cooling 

load was 25% higher than that of BLAST 2. The differences that were 

observed could be traced, again, to differences in the 

direct/diffuse solar radiation ratio. Variations involving internal 

loads and infiltration assumptions show that all of the programs 

treat these elements of the total heating or cooling load in the 

Same way. 

5. The results of the design-day calculations for each program show 

good agreement in predicting peak heating and cooling loads! their 

times of occurrence, and the overall shapes of the hourly load 

curves. The biggest discrepancies, exhibited by DOE-2,1 (SWF), are 

characteristic of a more thermally massive building; use of custom 

weighting factors in DOE-2.1 removed most of these differences, The 

shapes of the hourly load curves support the conclusion that each 

program treats the hourly internal load profiles the same, 

Several general conclusions are evident. First~ there is a high 

quali ty of agreement and consistency among the programs in their load 

predictions and the similarities are much more significant than the 

differences that do exist. Further ~ all of the differences can be 
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explained in a straightforward manner. Whether or not the absolute 

values of load predictions agree, the programs (at least, BLAST 2 and 

DOE~2.1 (CWF») predict almost the same changes in these loads as the 

resul t of a wide range of changes in design and occupant behavior. 

Secondly, the level of agreement shows that, with care and attention to 

detail, the same thermal model can be input into each of the programs. 

Finally, the building design chosen for this effort had very little 

thermal mass attributable to the structure, and it is clear that even 

the lightest standard ASHRAE weighting factors attribute too much ther~ 

mal mass to performance of this particular design. The CWFPs calculated 

by DOE~2.1 lead to heating and cooling load predictions that clearly are 

in better agreement with the other two programs than the load predic­

tions based on SWF#s. 
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0.,0.,0.,0.,0.,0.,0. 

,0.,0.,0.,0.,0.,0.,0. 
2,2,189.4,0.,0.,0.,0.9,0., kEAR UALL 
0.,0.,0.,0.,0.,0.,0. 
0.,0.,0., ,0.,0.,0.,0. 
2,3,58.6,0.,0.,0.,0.9,0., STUDS 
0.,0.,0.,0.,0.,0.,0. 
0.,0.,0.,0.,0.,0.,0.,0. 
3,10,32.0,0.,1813,1.0,0. ~INDOUS 
0.,0.,0.,0.,0.,0.,0. 



42 

100. 
10L 
1 
1 
104. 
105. 
106. 
1 
1 
1 
11 0. 
111. 
112. 
11l. 
1 H. 

05 
05 

05 

05 
05 
05 
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0.,0 •• ,0.,0.,0.,0.,0. 
3,10, .0,0.,1.13,1.0,0., 

,0.,0.,0.,0.,0.,0. 
0.,0.,0.,0.,0.,0.,0.,0. 
2 , .06, .,0.,0. 9,0., 
0.,0.,0.,0.,0.,0.,0. 
0.,0.,0.,0.,0.,0.,0.,0. 
2,3,30. , .,0., ,0.9,0., 
0.,0.,0.,0.,0.,0.,0. 
0.,0 .,0.,0.,0.,0., 
5,4,1 .,0., ,0.,0.,0., 
0.,0.,0., ,0.,0.,0. 
0.,0.,0.,0.,0., ,0.,0. 
0.4,0. ,112.,1. .0,1., 
0, 0,0,0 

SLIDING GLASS DOOR 

RIGHT lJl\lL 

STUDS 

SLA~ (NOHIHAl R7.5) 

Rl9 ATTIC 



A Comparison of NBSLD, BLAST 2. and DOE-2.1 

BEGIN INPUT; 
RUN CONTROL: 

NEW ZONES. 

Appendix B. BLAST 2 Input 

REPORTS (WALLS.ZONE). 
5 UNITS (IN=ENGLISH,OUT=ENGLISH); 

DEFINE LOCATION: 
WASH DC=(LAT=38.00,LONG=76.S0,TZ=5); 

END; 
DEFINE DESIGN DAYS: 

10 tJINTER= (HIGH=25,LOW=14, WB=14 ,DATE=21 JAN. 
PRES=40S,CLEARNESS=I.0.WEEKDAY); 

SU~1ER '" (HIGH=95.LOW=75.WB=65,DATE=21 AUG. 
PRES=405,CLEARNESS=1.O,WEEKDAY); 

HlDSEASON (HIGH=7 5,LOVJ=50, IVB=55 ,DATE=21 APR, 
15 PRES=405,CLEARNESS=1.O.WEEKDAY); 

END; 
DEFINE SCHEDULE (OCCUPANTS): 

HONDAY THRU SUNDAY '" 
( 1. O. 1 .0, 1. 0, 1. 0, 1 .0, 1 • 0, 1. O. 1.0, 

20 0.4.0.4,0.4,0.4,0.4,0.4.0.4 •• 69, 
.69,1.0,1.0,1.0,1.0,1.0.1.0,1.0), 

HOLIDAY = SUNDAY; 
END; 
DEFINE SCHEDULE (LIGHTING): 

25 HONDAY THRU SUNDAY '" 
(0.00.0.00.0.00,0.00,0.00.0.00.1.00,1.00 • 

• 023 •• 023 •• 023,.023,.023,.023,.023,.023 • 
• 023,.023,.G23.0.S0.0.50.1.00,1.00.1.00). 

HOLIDAY", SUNDAY; 
30 END; 

DEFINE SCHEDULE (APPLIANCES): 
HONDAY TRRU SUNDAY '" 
( .17, .17, .17 •• 17, .17 •• 48, .71, .95, 
.57, .61, .57 •• 88 •• 62 •• 48, .48 •• 51. 

35 .48 •• 65,.70, .81,1.0 •• 62,.70 •• 48). 
HOLIDAY", SUNDAY; 

END; 
DEFINE SCHEDULE (AIR LEAKAGE): 

HONDAY THRU SUNDAY=(OO TO 24 - 1.0). 
40 HOLIDAY = SUNDAY; 

END; 
DEFINE CONTROLS (THERMOSTAT): 

PROFILES: 

43 

HEATANDCOOL'" (1. AT 68.0.0 AT 68.02.-0 AT 77.98. -1. AT 78.0); 
45 SCHEDULES: 

END; 

HONDAY THRU SUNDAY 
HOLIDAY = SUNDAY; 

DEFINE MATERIALS: 

(00 TO 24 - HEATANDCOOL), 

50 1/2 IN PLYHOOD '" (L=.0417.K=.07.D:=34.CP=.29); 
BUILD PAP-ASPH SHIG := (R=.5,ABS=.9.TABS=.9.MEDIUM ROUGH); 
INSIDE SURF RES'" (R=.6); 
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3/8 IN WOOD SIDING g (L~.03125,K=.0497,D=37,CP=.29, 

ABS=.9,TABS=.9,MEDIU~ SMOOTH); 
55 1/2 IN SHEATHING'" (L=.0417,K=.0317,D"'20,CP=.31); 

3 1/2 IN INSULATION", (L=.292,K=.0265,D=2,CP=.2); 
1/2 IN GYPBOARD "" (L=.0417,K=.0938,D=50,CP=.2, 

ABS=.9,TABS"'.9,SMOOTH); 
2X4 STUD", (L=.292,K=.07,D=32,CP=.33); 

60 CARPET~PADDING'" (R=1.5,ABS=.9,TABS=.9,ROUGH); 
4 IN CONCRETE'" (L=.33,K=1.O,D=140,CP=.2); 
1 IN POLYSTYRENE R5 "" (L=.0833,K::=.01667,D""2.2,CP=.29); 
RESISTANCE19= (R=19); 
6 IN EARTH'" (L=.5,K=.75,D=lOO,CP=.2); 

65 GLAZING"" (R=.038,TRANS=.87,ABS=0,TABS=.9,GLASS,VERY SHOOTH); 
RWALL", (R=1.65,ABS=.9,TABS=.9); 
RDOOR'" (R=1.19,ABS=.9,TABS=.9); 

END; 
DEFINE WINDOWS: 

70 SINGLE PANE (GLAZING); 
END; 
DEFINE DOORS: 

FRONT DOOR '" (RDOOR); 
END; 

75 DEFINE WALLS: 
INSULATED ~JALL 

(3/8 IN WOOD SIDING, 
1/2 IN SHEATHING, 
3 1/2 IN INSULATION, 

80 1/2 IN GYPBOARD); 
STUD WALL := 

(3/8 IN ~VOOD SIDING, 
1/2 IN SHEATHING, 
2X4 STUD, 

85 1/2 IN GYPBOARD); 
UPPER vlALL '" (RWALL); 

END; 
DEFINE ROOF S: 

ASPH SHINGLE ROOF '" 
90 (BUILD PAP-ASPH SHIG, 

1/2 IN PLYWOOD); 
CEILING'" (RESISTANCE19); 

END; 
DEFINE FLOORS: 

95 UPPER FLOOR =(RESISTANGE19); 
SLAB ::= 
(6 IN EARTH, 

1 IN POLYSTYRENE R5, 
4 IN CONCRETE , 

100 CARPET-PADDING); 
END; 
PROJECT "" "MULTI~PROGRAM COMPARISON~HASTINGS RANCH"; 

LOCATION = WASH DC; 
WEATHER TAPE FROM 0 1 JAN 5 7 THRU 31 DEC 57; 

105 GROUND TEMPERATURES = (60.,60.,60.,60.,60.,68., 
68.,68.,68.,60.,60.,60.); 
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DESIGN DAYS", WINTER, MIDSEASON, Sill1J:.1ER; 
BEGIN BUILDING DESCRIPTION; 

NORTH AXIS "" 0; 
110 ATTIC 1 "ATTIC": 

ORIGIN: (0,0,0); 
NORTH AXIS"", 0; 
INFILTRATION = 75, 

AIR LEAKAGE, 
115 WITH COEFFICIENTS (.216,.00719 •• 0002125,0.0); 

EXTERIOR WALLS: 
STARTING AT (0.30.8) FACING (270) 

UPPER WALL (30 BY 1.875). 
STARTING AT (40.0,8) FACING (90) 

120 UPPER WALL (30 BY 1.875); 
ROOF: 

STARTING AT (0.0,9.875) FACING (180) 
ASPH SHINGLE ROOF (40 BY 30); 

ATTIC FLOOR: 
125 STARTING AT (0,30.8) FACING (180) 

UPPER FLOOR (40 BY 30); 
END ZONE; 

ZONE 2 "MAIN OCCUPIED SPACE": 
ORIGIN: (0.0.0); 

130 NORTH AXIS", 0; 
INFILTRATION "" 88. 

AIR LEAKAGE. 
WITH COEFFICIENTS (.216 •• 00719 •• 0002125.0.0); 

LIGHTS"" 2.1297. 
135 LIGHTING. 

33 PERCENT RADIANT. 
o PERCENT RETURN AIR. 
o PERCENT LOST; 

ELECTRIC EQUIPMENT", 4.2185, 
140 APPLIANCES. 

PEOPLE = 3. 
OCCUPANTS, 

33 PERCENT RADIANT. 
o PERCENT LOST; 

145 AT ACTIVITY LEVEL .4. 
o PERCENT RADIANT; 

CONTROLS "" THERMOSTAT, 50 HEATING, 50 COOLING; 
EXTERIOR WALLS: 

STARTING AT (0,0,0) FACING (180) 
150 INSULATED WALL (32.675 BY 8) 

WITH WINDOWS OF TYPE 
SINGLE PANE (6.16 BY 6.5) AT (4,0) 

\HTH WINDOWS OF TYPE 
SINGLE PANE (7.44 BY 4.3) AT (21.2). 

155 STARTING AT (32.675.0.0) FACINC (180) 
STUD WALL (7.325 BY 8). 

STARTING AT (40,0.0) FACING (90) 
INSULATED WALL (26.1325 BY 8). 

STARTING AT (40.26.1325.0) FACING (90) 

45 



46 W. L. Carroll 

160 STUD WALL (3.8675 BY 8), 
STARTING AT (40,30,0) FACING (0) 

INSULATED WALL (32.05 BY 8) 
vnTH WINDOWS OF TYPE 

SINGLE PANE (12.81 BY 4.3) AT (7,2) 
165 HITH DOORS OF TYPE 

FRONT DOOR (3.08 BY 6.5) AT (27,0), 
STARTING AT (7.95,30,0) FACING (0) 

STUD vJAIL (7.95 BY 8), 
STARTING AT (0,30,0) FACING (270) 

170 INSULATED WAIL (26.1325 BY 8), 
STARTING AT (0,3.8675,0) FACING (270) 

STUD WALL (3.8675 BY 8); 
CEILING UNDER ATTIC: 

STARTING AT (0,0,8) FACING (180) 
175 CEILING (40 BY 30); 

SLAB ON GRADE FLOOR: 
STARTING AT (0,30,0) FACING (180) 

SLAB (40 BY 30); 
END ZONE; 

180 END BUILDING DESCRIPTION; 
END INPUT; 
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Appendix C. DOE-2.1 Input 

LIBRARY-INPUT LOADS 
TITLE LINE-1 *HULTI-PROGRAH COHPARISON* 

LINE-2 *HASTINGS RANCH HOUSE* 
LINE-3 *STD INT. LD8.* 

5 LINE-4 *STD INFILTRATION* 
DIAGNOSTIC CAUTIONS 

ABORT ERRORS 
$ CONSTRUCTIONS -$ 

Al/2-IN-PLYWOOD '" MATERIAL 
10 TH '" .0417, DENS'" 34, S-H "" .29, COND .07 

BUILD-PAP-ASPH-SHIG '" MATERIAL 
RES'" .5 

15 INSIDE-SURF-RES "" HATERIAL 
RES'" .6 

A3/8-IN-WOOD-SIDING '" t1ATERIAL 
TH '" .03125, DENS'" 37, S-H '" .29, COND,'" .0497 

20 
Al/2-IN-SHEATHING "" HATERIAL 

TH '" .0417, DENS"" 20, S-H .31, COND .0317 

A3-1/2-IN-INSULATION "" HATERIAL 
25 TH '" .292, DENS"" 2, S-H "" .2, COND "" .0265 

$RES '" 11.02$ 

R-19-INSULATION "" HATERIAL 
TH '" .5035, DENS "" 2, S-H .2, COND 

30 $RES "" 19$ .. 
A1/2-IN-GYPBOARD '" HATERIAL 

'" 

TH "" .0417, DENS '" 50, S-H "" • 2, COND .0938 

35 A2X4-STUD '" HATERIAL 

40 

TH "" .292, DENS'" 32, S-H "" .33, COND .07 

CARPET-PADDING '" HATERIAL 
RES'" 1.5 

A4-IN-CONCRETE "" ~1ATERIAL 
TH "" .33, DENS"" 140, S-H "" .2, COND '" 1.0 

AI-IN-POLYSTYRENE "" 11ATERIAL 

.0265 

45 TH '" .0833, DENS"" 2.2, S-H '" .29, COND .01667 

RESISTANCE19 '" MATERIAL 
RES"" 19 

50 EXT-RESISTANCE "" MATERIAL 
RES"" 13.41 

47 
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UX "" MATERIAL 
TH "" .0524. DENS g 20. S-H .31. COND .0317 

55 
A6-IN~EARTH "" HATERIAL 

TH "" .5. DENS"" 100. S~H 

SINGLE~PANE '" GLASS~TYPE 
60 PANES '" 1 

GLASS~TYPE-CODE '" 1 
G~ "" 1.39 

FRONT-DOOR '" CONSTRUCTION 
65 U '" .49 

ABS "" .9 
RO "" 2 

I-WALL"" LAYERS 

.2, COND .75 

70 MATERIAL'" (A3/8-IN-WOOD-SIDINC 
Al/2-IN-SHEATHING 

A3-1/2-IN~INSULATION 

A1/2-IN-GYPBOARD) 
THICKNESS"" (.03125 •• 0417 •• 292 •• 0417) 

75 
INSULATED~WALL "" CONSTRUCTION 

LAYERS "" I-WALL 
$ U '" • 0709 $ 
ABS "" .9 

80 RO "" 4 

S-WALL '" LAYERS 
HATERIAL '" (A3/8-IN-WOOD~SIDING 

Al/2-IN-SHEATHING 
85 A2X4-STUD 

Al /2-IN-GYPBOARD) 

STUD-WALL "" CONSTRUCTION 
LAYERS '" S~WALL 

90 ABS '" .9 
RO "" 4 

95 

U~WALL "" LAYERS 
MATERIAL "" (UX) 

UPPER-WALL '" CONSTRUCTION 
·$U"" .4$ 
LAYERS '" U-WALL 
ABS "" .9 

·100 RO "" 2 

105 

LROOF "" LAYERS 
MATERIAL (BUILD-PAP-ASPH-SHIG 

Al /2-IN-PL YWOOD) 

ROOF-CONS "" CONSTRUCTION 
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LAYERS "" LROOF 
ABS '" .9 
RO '" 3 

C '" LAYERS 
HATERIAL '" (AI/2-IN-GYPBOARD, 

R-19-INSULATION) 

115 CEILING CONSTRUCTION 
$U '" • 0498$ 
LAYERS'" C 

120 

ABS "" .9 
RO "" 2 

LSLAB '" LAYERS 
t~TERIAL "" (A6-IN-EARTH, 

AI-IN-POLYSTYRENE, 
A4-IN-GONCRETE, 

125 CARPET-PADDING) 

SLAB "" CONSTRUCTION 
$U '" .102 
LAYERS'" LSLAB 

130 ABS '" .9 
RO "" 5 

$ ATTIC DESCRIPTION $ 
ATTIC "" SPACE 

135 AREA'" 1200 
VOLUHE '" 2250 
ZONE-TYPE '" UNCONDITIONED 
WEIGHTING-FACTOR '" WF-ATTIC 
FURN-FRACTION 0 

140 LIGHTING-TYPE "" INCAND 
Z "" 8.0 

145 

150 

EXTERIOR-\<7ALL 
CONSTRUCTION '" UPPER-WALL 
HEIGHT'" 1.875 
WIDTH '" 30 
X '" 40 
Y "" 0 
AZHiUTH "" 90 
SOLAR-FRACTION 0 

EXTERIOR-WALL 
CONSTRUCTION "" UPPER-WALL 
HEIGHT"" 1.875 

155 l.vIDTH '" 30 

160 

X "" 0 
Y '" 30 
Azn1UTH "" 2 70 
SOLAR-FRACTION 0 

L:9 
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CONSTRUCTION "" ROOF-CONS 
HEIGHT '" 30 
vlIDTH '" 40 
X '" 0 
Y '" 0 
TILT '" 0 
SOLAR-FRACTION '" 0 

170 $OCCUPIED SPACE DESCRIPTION $ 

175 

180 

OCCUPIED-SPACE '" SPACE-CONDITIONS 
WEIGHTING-FACTOR"" IvF-HAST 
FURN-FRACTION 0 
LIGHTING-TYPE '" INCAND 

MAIN-OCCUPIED-SPACE '" SPACE 
AREA"" 1200 
VOLill1E '"' 9600 
SPACE-CONDITIONS =OCCUPIED-SPACr 

EAST-CAVITY "" EXTERIOR-WALL 
HEIGHT"" 8.0 
WIDTH'" 26.1325 
CONSTRUCTION"" INSULATED-vIALL 

185 X "" 40.0 
AznmTH "" 90 
SOLAR-FRACTION'" .037 

EAST-STUD "" EXTERIOR-vIALL 
190 HEIGHT'" 8.0 

WIDTH", 3.8675 
CONSTRUCTION STUD-WALL 
X "" ~lO.O 
Y := 26.1325 

195 AZIMUTH"" 90. 
SOLAR-FRACTION .006 

EXTERIOR-WALL 
LIKE EAST-CAVITY 

200 X "" 0.0 
Y '" 30. 
AZIMUTH '" -90 
SOLAR-FRACTION .037 

205 EXTERIOR-WALL 
LIKE EAST-STUD 
X '" 0 
Y '" 3.8675 
AZIMUTH '" -90 

210 SOLAR-FRACTION'" • 006 

SOUTH-CAVITY'" EXTERIOR-WALL 
HEIGHT'" 8.0 
WIDTH"" 32.675 
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215 CONSTRUCTION", INSULATED-WALL 
AZIHUTH "" 180 
SOLAR-FRACTION'" .034 

220 

225 

230 

WINDOW 
HEIGHT", 4.3 
~nDTH '" 7 .44 
GLASS-TYPE SINGLE-PANE 
X "" 21 
Y '" 2 

WINDOW 
HEIGHT"" 6.5 
WIDTH'" 6 .16 
GLASS-TYPE '" SINGLE-PANE 
X '" 4 
Y '" 0 

SOUTH-STUD '" EXTERIOR-WALL 
HEIGHT "" 8 

235 WIDTH'" 7.325 
CONSTRUCTION '" STUD-WALL 
AZU1UTH '" 180 
SOLAR-FRACTION'" .001 

240 NORTH-CAVITY '" EXTERIOR-WALL 
HEIGHT'" 8.0 
~nDTH '" 32.05 
CONSTRUCTION INSULATED-WALL 
AZIMUTH '" 0 

245 X "" 40 
Y '" 30 
SOLAR-FRACTION .032 

WINDOW 
250 HEIGHT'" 4.3 

255 

260 

WIDTH"" 12.81 
GLASS-TYPE SINGLE-PANE 
X "" 7 
Y '" 2 

DOOR 
HEIGHT'" 6.5 
WIDTH"" 3.077 
CONSTRUCTION '" FRONT-DOOR 
X "" 27 
Y '" 0 

NORTH-STUD ",EXTERIOR-WALL 
HEIGHT'" 8.0 

265 WIDTH'" 7.95 
CONSTRUCTION '" STUD-WALL 
AZIMUTH '" 0 
X "" 7.95 

51 
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Y "" 30 
270 SOLAR~FRACTION ~ .011 

SPACE~CEILING '"' INTERIOR~WALL 
AREA "" 1200 
CONSTRUCTIoN '" CEILING 

275 TILT a 0 
SOLAR~FRACTION "" (.0,.0) 
NEXT~TO ATTIC 

UNDERGROUND~FLOOR 

280 AREA a 1200 
CONSTRUCTION '" SLAB 
TILT"" 180 
SOLAR-FRACTION", .800 

285 END •• 
INPUT LOADS 

290 

TITLE LINE~l *HULTI-PROGRAM COMPARISON* 
LINE-2 *HASTINGS RANCH HOUSE* 
LINE-3 
LINE-4 
LINE-5 

*DESIGN DAYS* 
*STD INT LOADS* 
*STD INFILTRATION* 

DIAGNOSTIC COMHENTS 
ABORT ERRORS 

RUN-PERIOD JAN 21 1957 THRU JAN 21 1957 
295 APR 21 1957 THRU APR 21 1957 

AUG 21 1957 THRU AUG 21 1957 

300 

LOADS -REPOR T 
SU}tMARY (LS-A.LS-D) 
VERIFICATION (ALL~VERIFICATION) 

BUILDING-LOCATION LAT "" 38.LON "" 76.5.T-Z=S 
AZINUTH '" 0 

$WASHINGTON DC $ 

GROUND-T (60,60.60,60,60.68.68.68.68.60.60.60) 

305 -$ DESIGN DAYS -$ 
WASHDC-WINTER '" DESIGN-DAY 

DRYBULB-HI '" 25 
HOUR-HI'" 15 
DEWPT-HI "" 0 

310 DHOUR~HI "" 15 
DRYBULB~LO "" 14 
HOUR-LO "" 5 
DEWPT-LO "" 0 
DHOUR-LO ~ 5 

315 WIND-SPEED c 7.5 
CLOUD-A110UNT "" 0 
GROlJND-T "" 60 
WIND-DIR "" 0 
CLEARNESS '" 1 

320 CLOUD-TYPE "" 1 

HASHDC-MIDSEASON a DESIGN~DAY 
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DRYBULB-HI "" 75 
HOUR-HI ,., 15 

325 DEWPT-HI "" 36.5 
DHOUR-HI "" 15 
DRYBULB-LO "" 50 
HOUR-LO '"" 5 
DEWPT-LO "" 36.5 

330 DHOUR-LO '"" 5 
WIND-SPEED '" 7.5 
CLOUD-AMOUNT "" 0 
GROUND-T "" 60 
WIND-DIR "" 0 

335 CLEARNESS '" 1 
CLOUD-TYPE '" 1 

WASHDC-SUHHER '" DESIGN-DAY 
DRYBULB-HI '" 95 

340 HOUR-HI'" 15 
DEvJPT-HI =43.5 
DHOUR-HI '" 15 
DRYBli'LB-LO '"" 75 
HOUR-LO "" 5 

345 DEWPT-LO "" 43.5 
DHOUR-LO "" 5 
WIND-SPEED '" 7.5 
CLOUD-ANOUNT '" 0 
GROUND-T '" 68 

350 WIND-DIR '" 0 
CLEARNESS "" 1 
CLOUD-TYPE "" 1 

WINTER=SCREDULE 
355 THRU JAN 20 (ALL) 

TRRU JAN 21 (ALL) 
THRU DEC 31 (ALL) 

MIDSEASON=SCHEDULE 
360 THRU APR 20 (ALL) 

THRU APR 21 (ALL) 
THRU DEC 31 (ALL) .. 

SU~IHER ""SCHEDULE 
365 THRU AUG 20 (ALL) 

THRU AUG 21 (ALL) 
THRU DEC 31 (ALL) 

(1,24) 
(l, 24) 
(1,24 ) 

(l,24) 
(1,24) 
(l, 24) 

(1,24) 
(1,24 ) 
(1,24) 

$ LOADS SCHEDULES-$ 
370 PEOPLE-D "" DAY-SCHEDULE 

(l,8) (1) 
(9,15) ( • 4) 
(16,17) (.69 ) 
(18,24) (1) 

375 
PEOPLE-W "" vlEEK-SCHEDULE 

(0.) 
(1. ) 
(0. ) 

(0. ) 
(1. ) 
(0. ) 

(0. ) 
(1. ) 
(0.) 

53 
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(ALL) PEOPLE-D 

PEOPLE g SCHEDULE 
380 THRU DEC 31 PEOPLE-W 

LIGHTS-D '" DAY-SCHEDULE 
(96) (0.0) 
(7,8) (l.0) 

·385 (9,19) (.023) 
(20,21) ( • .50) 
(22,24) (l.0) 

LIGHTS-W = WEEK-SCHEDULE 
390 (ALL) LIGHTS-D 

LIGHTS = SCHEDULE 
THRU DEC 31 LIGHTS-W 

395 EQPT-D = DAY-SCHEDULE 
(1924) (.17 .17 .17 .17 .17 .48 .71 .95 

.57 .61 .57 .88 .62 .48 .48 .51 

.48 .65 .70 .81 1.0 .62 .70 .48) 

400 EQPT-W = WEEK-SCHEDULE 
(ALL) EQPT-D 

405 

EQPT = SCHEDULE 
THRU DEC 31 EQPT ... W 

$ CONSTRUCTIONS $ 
Al/2-IN-PL YWOOD '" :!:-lATERIAL 

TH "" .0417, DENS'" 34, S-H '" .29, COND .07 

410 BUILD-PAP-ASPH-SHIG ,.,; MATERIAL 
RES"" .5 

415 

INSIDE-SURF-RES '" MATERIAL 
RES"" .6 

A3/8-IN-~mOD-SlDING "" ~iATERIAL 
TH "" .03125, DENS'" 37, S-H '" .29, COND "" .0497 

A1/2-IN-SHEATHING "" MATERIAL 
420 TH '" .0417, DENS'" 20, S-H "" .31, COND '" .0317 

425 

A3-1/2-IN-INSULATION '" MATERIAL 
TH '" .292, DENS'" 2, S-H '" .2, COND .0265 
$RES "" 11.02$ 

A1/2-IN-GYPBOARD '" MATERIAL 
TH '" .0417, DENS'" 50, S-H '" .2, COND '" .0938 

A2X4-STUD '" ~1ATERIAL 
430 TH "" .292, DENS'" 32, S-H '" e33, COND '" e07 
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CARPET-PADDING "" HATERIAL 
RES"" 1.5 

435 A4-IN-CONCRETE "" MATERIAL 

440 

TH "" .33, DENS"" 140, S-H .2, COND 1.0 

AI-IN-POLYSTYRENE "" MATERIAL 
TH "" .0833, DENS"" 2.2, S-H "" .29, COND 

RESISTANCE19 "" MATERIAL 
RES"" 19 

EXT-RESISTANCE "" MATERIAL 
445 RES"" 13.41 

A6-IN-EARTH '" MATERIAL 
TH '" .5, DENS'" 100, S-H"" .2, COND"" .75 

450 SINGLE-PANE "" GLASS-TYPE 
PANES"" 1 
GLASS-TYPE-CODE '" 1 
G-C "" 1.39 

455 FRONT-DOOR "" CONSTRUCTION 
U "" .49 
ABS "" .9 
RO '" 2 

460 I-WALL "" LAYERS 
MATERIAL "" (A3/8-IN-WOOD-SIDING 

Al/2-IN-SHEATHING 
A3-1/2-IN-INSULATION 
Al/2-IN-GYPBOARD) 

465 THICKNESS"" (.0312.'), .0417, .292,.0417) 
I-F-R "" • 68 

INSULATED-WALL '" CONSTRUCTION 
LAYERS "" I-WALL 
$ U '" • 0709 $ 

470 ABS '" .9 
RO '" 4 

S-WALL '" LAYERS 
HATERIAL (A3/8-IN-WOOD-SlDING 

475 A1/2-IN-SHEATHING 
A2X4-STUD 
Al/2-IN-GYPBOARD ) 

I-F-R '" • 68 

480 STUD-WALL '" CONSTRUCTION 
LAYERS "" S-WALL 
ABS "" .9 
RO '" 4 

.01667 
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485 UPPER~WALL '" CONSTRUCTION 
U '" • 4 
ABS '" .9 
RO "" 2 

490 LROOF '" LAYERS 
HATERIAL '" (BUILD-PAP-ASPH-SHIG 

Al/2-IN-PLYHOOD) 

.. 
495 ROOF-CONS '" CONSTRUCTION 

LAYERS "" LROOF 
ABS "" .9 
RO "" 3 

500 CEILING '" CONSTRUCTION 
U "" .0498 

505 

SLAB '" CONSTRUCTION 
U "" .102 

$ ATTIC DESCRIPTION $ 
ATTIC '" SPACE 

AREA "" 1200 
VOLUME "" 2250 

SIC ZONE-TYPE = UNCONDITIONED 
TE!'1PERATURE (73) 
INF-HETHOD "" RESIDENTIAL. $ AIR-':P.ANGE 
$ AIR-CHANGES/HR "" 0.0 2.0$ 
RES-INF-COEF '" (.432,.04301,.01438) $ 

515 WEIGHTING-FACTOR", WF-ATTIC 
Z "" 8.0 

520 

525 

EXTERIOR-WALL 
CONSTRUCTION '" UPPER-WALL 
WIDTH "" 30 
HEIGHT"" 1.875 
X= 40 
Y '" 0 
AZIMUTH 90 

EXTERIOR-WALL 
CONSTRUCTION '" UPPER-WALL 
WIDTH '" 30 
HEIGHT'" 1.875 

530 X '" 0 

ROOF 
535 

Y "" 30 
AZll1UTH 270 

CONSTRUCTION - ROOF-GONS 
WIDTH "" 40 
HEIGHT '" 30 
X "" 0 
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Y "" 0 
TILT 0 

$OCCUPIED SPACE DESCRIPTION -$ 
OCCUPIED-SPACE "" SPACE-CONDITIONS 

TEMPERATURE (73) 
545 INF-METHOD '" RESIDENTIAL -$ AIR-CHANGE 

$AIR-CHANGES/HR .. 0.0 $ 
RES-INF-COEF'" (.1188,.01183,.00395) $ 
LIGHTING-SCREuULE '" LIGHTS 

LIGHTING-TYPE '" INCAND 
550 LIGHTING-W/SQFT .. 0.52 

LIGHT-TO-SPACE '" 1. 
EQUIP-SCHEDULE '" EQPT 

EQUIPMENT-W/SQFT '" 1.03 
EQUIP-SENSIBLE .. 1. 

555 PEOPLE-SCHEDULE '" PEOPLE 

560 

565 

NUMBER-DF-PEOPLE .. 3 
PEOPLE-HG-SENS "" 250 
PEOPLE-HG-LAT '" 150 

WEIGHTING-FACTOR '" WF-HAST 

MAIN-GCCUPIED-SPACE '" SPACE 
AREA "" 1200 
VOLUME"" 9600 
SPACE-GONDITIONS ""OCCUPIED-SPACE 

EAST-CAVITY'" EXTERIOR-WALL 
HEIGHT"" 8.0 
WIDTH'" 26.1325 
CONSTRUCTION '" INSULATED-WALL 

570 X '" 40.0 
AZIMUTH", 90 

EAST-STUD '" EXTERIOR-"t-1ALL 
HEIGHT'" 8.0 

575 WIDTH'" 3.8675 
CONSTRUCTION"" STUD-l'lALL 
X "" 40.0 

580 

Y '" 26.1325 
AZIMUTH "" 90. 

EXTERIOR-WALL 
LIKE EAST-CAVITY 
X '" 0.0 
Y := 30. 

585 AZH1UTH '" -90 

EXTERIOR-"t-1ALL 
LIKE EAST-STUD 
X .. 0 

590 Y "" 3.8675 
AZIMUTH "" -90 
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SOUTH-CAVITY'" EXTERIOR-W.A.LL 
HEICHT '" 8.0 

595 wIDTH"" 32.675 

600 

605 

CONSTRUCTION '" INSULATED-WALL 
AZ U1UTH "" 180 

WINDOW 
HEIGHT'" 4.3 
WIDTH"" 7.44 
GLASS-TYPE'" SINGLE-PANE 
X "" 21 
Y "" 2 

WINDOVJ 
HEIGHT"" 6.5 
WIDTH"" 6.16 
GLASS-TYPE '" SINGLE-PANE 

610 X '" 4 
Y '" 0 

SOUTH-STUD '" EXTERIOR-WALL 
HEIGHT"" 8 

615 WIDTH"" 7.325 
CONSTRUCTION '" STUD-WALL 
AZIHUTH "" 180 

NORTH-CAVITY", EXTERIOR-WALL 
620 HEIGHT = 8.0 

WIDTH'" 32.05 
CONSTRUCTION INSULATED-WALL 
AZIMUTH"" 0 
X "" ~"O 

625 Y "" 30 

wnmm>J 
HEIGHT"" 4.3 
WIDTH'" 12.81 

630 GLASS-TYPE SINGLE-PANE 
X "" 7 

635 

640 

Y := 2 

DOOR 
HEIGHT'" 6.5 
WIDTH "" 3.077 
CONSTRUCTION "" FRONT-DOOR 
X '" 27 
Y "" 0 

NORTH-STUD "" EXTERIOR-WALL 
HEICHT "" 8.0 
WIDTH"" 7.95 
CONSTRUCTION STUD-WALL 

645 AZIMUTH '" 0 
X "" 7.95 
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Y "" 30 

SPACE~CEILING '" INTERIOR-WALL 
650 AREA = 1200 

CONSTRUCTION '" CEILING 
NEXT-TO ATTIC 

UNDERGROm~D-FLOOR 

655 AREA = 1200 
CONSTRUCTION "" SLAB 

LOADSl=HOURLY-REPORT 
REPORT-SCHEDULE=WINTER 

660 REPORT-BLOCK (BLOCKl,BLOCK3) 

665 

LOADS2=HOURLY-REPORT 
REPORT-BLOCK (BLOCKl,BLOCK3) 

REPORT-SCHEDULE=MIDSEASON 

LOADS3=HOURLY-REPORT 
REPORT-BLOCK (BLOCKl, BLOCK3) 

REPORT-SCHEDULE=SUMMER 

670 BLOCK1=REPORT-BLOCK 
VARIABLE-TYPE =GLOBAL 
VARIABLE-LIST (4,16) 

BLOC K3=REPORT-BLOC K 
675 VARIABLE-TYPE=HAIN-DCCUPIED-SPACE 

VARIABLE-LIST (12,27,35,36,10,25,37,43,40,44) 

END 
INPUT SYSTENS 

680 $ SYSTEHS INPUT $ 
$ SCHEDULES-$ 

WINTER=SCHEDULE 
THRU JAN 20 (ALL) (I, 24) (0. ) 
THRU JAN 21 (ALL) (I, 24) (I. ) 

685 THRU DEC 31 (ALL) (I, 24) (0. ) 

MIDSEASON=SCHEDULE 
THRU APR 20 (ALL) (l, 24) (0. ) 
THRU APR 21 (ALL) (l, 24) (I. ) 

690 THRU DEC 31 (ALL) (1,24) (0.) 

SUMMER =SCHEDULE 
THRU AUG 20 (ALL) (1,24 ) (0.) 
THRU AUG 21 (ALL) (1,24 ) (1. ) 

695 THRU DEC 31 (ALL) (1,24 ) (0. ) 

SETPOINT-HTG '" SCHEDULE 
THRU DEC 31 (ALL) (1,24) (68. ) 

700 SETPOINT-CLG = SCHEDULE 
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THRU DEC 31 (ALL) 0,24) (78.) 

$ SYSTEHS DESCRIPTION $ 
HEAT..cOOL~SPECS ZONE-CONTROL 

705 HEAT~TEHP~SCH '" SETPOINT-HTG 
COOL-TEHP~SCR "" SETPOINT~CLG 
THERJllOSTAT~TYPE ""TWO-POSITION 

ADDUP '" SYSTEM 
710 SYSTEH~TYPE '" SUJl1 

VARIABLE~T "" ON 

715 

ZONE-NANES (MAIN-OCCUPIED-SPACE 
ATTIC) 

$PLENUJl1~NAl1ES "" ATTIC$ .. 
MAIN-OCCUPIED-SPACE - ZONE 

ZONE~TYPE ~ CONDITIONED 
ZONE-CONTROL ~ HEAT-COOL-SPECS 
MJlX~HEAT-RATE -50000 

720 jVIAX-COOL~RATE 50000 
DESIGN-HEAT-T 68 
DESIGN-COOL-T 78 

ATTIC"" ZONE 
725 ZONE-TYPE "" UNCONDITIONED 

730 

SYSTEMS-REPORT 
VERIFICATION (SV-A) 
SUMMARY (SS-A) 

PRINTl""HOURLY~REPORT 

REPORT-SCHEDULE=WINTER 

REPORT-BLOCK (OUTPUTl,OUTPUT2) 

735 PRINTZ~HOURLY-REPORT 

REPORT-SCHEDULE=HIDSEASON 
REPORT-BLOCK (OUTPUT 1. OUTPUTZ) 

PRINT3-HOURLY-REPORT 
740 REPORT-SCHEDULE=SUM}!ER 

REPORT-BLOCK (OUTPUTI, OUTPUT2) 

OUTPUTl=REPORT-BLOCK 
VARIABLE~TYPE-GLOBAL 

745 VARIABLE-LIST (7,8) 

750 

OUTPUT2-REPORT-BLOCK 
VARIABLE-TYPE-HAIN-OCCUPIED-SPACE 
VARIABLE-LIST (1,2.3.5,6.7.8,20.19) 

END 
COHPUTE LOADS 
CONPUTE SYSTEHS 
STOP 



This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 



y 




