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The increasing power of personal computers has e:ncouraged a proliferation of building energy 
simulation software packages. The prospective user has no way to quantitatively judge the appropriateness 
of a given software package for a given design problem . To address this issue, the Building Energy 
Simulation Test (BESTEST) procedure was developed for systematically testing whole building energy 
simulation programs and diagnosing sources of predictive disagreement. The BES TEST procedure takes 
a "comparative testing" approach where a program is compared to itself or to other programs. It focuses 
on testing a software package's ability to model thermal processes associated with the building envelope. 
Field trials of its approach were conducted with a number of detailed state-of-the-art programs by 
researchers from nations participating in International Energy Agency (IEA) Solar Heating and Cooling 
(SHC) Programme Task 12 and Annex 21. The approach consists of a number of carefully specified test 
case buildings that progress systematically from extremely simple to relatively realistic. The outputs from 
tested programs are evaluated according to diagnostic logi,c to determine the algorithms responsible for 
predictive differences. The procedure has proven very effeetive at revealing bugs , faulty algorithms, and 
input errors in a variety of detailed and simplified software for commercial and residential buildings. Since 
it was first published in 1995, BESTEST has been used and/or adopted by a number of nations, states, 
certifying bodies, and universities. Recently BESTEST was augmented to better accommodate simplified 
software and software for buildings in hot humid climates. Current work conducted in collaboration with 
IEA Solar Heating and Cooling Programme Task 22, and the American Society of Heating, Refrigerating 
and Air-Conditioning Engineers, Inc. (ASHRAE) Standards Project Committee 140 includes development 
of tests for heating, ventilation, and air-conditioning (HV AC) algorithms . This paper describes the 
BESTEST procedure, recent additions to the procedure, and results obtained by those who have used it to 
evaluate software. 

Introduction 

The increasing power and attractive pricing of personal computers has created a proliferation of 
building energy simulation software packages. An on-line directory sponsored by the U.S. Department of 
Energy (DOE) lists more than 120 software tools developed worldwide that have thousands of users (DOE 
1998). There is little if any objective quality control of this software. An evaluation of a nwnber of design 
tools conducted by nations participating in IEA's Solar Heating and Cooling (SHC) Programme Task 8 
showed large unexplained predictive differences between these tools, even when run by experts 

The BESTEST Method for Evaluating and Diagnosing Building Energy Software· 5.175 



i . , J r 1 : • " • • � • i I ! _I , : .; , :.'1 �-: ;1 

(Rittelmann,Ahmed 1985b ). However, it is ·important that the· design industry not become disilhlsi:oned 
with simulation tools because of the great potential for energy savings and comfort improvements through 
their use. '· · · ·; · : · · · ' ' · · ! 

: , ., ' " , I 
'· The effort begun under IEA �HC Prografume:·T�sk ·8 was·continued in SHC Task-·12 and'Annex 

21 to develop a quantitative procedure _for �yaluating.<l?��d}_agno�ing bui lding energy simulJttipn sQ.�are 
packages Judkoff er �I. l 983. 198,8 and 19_89; Bloomfield 1989)., The effort_produced the Intern�°'onal 
Energy Agency Building Energy Simulatidn Test and·Diagnostic Method (IEA BESTEST). This paper 
summarizes BESTES'f! and its "comparative testing" approach. Recent ad�itiorts to BESTEST?.h4 ·r�.�mlt� 
obtained from its user:$ aie aiso disc�s��d. I 

. 
• .. 

. 
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I I 
Background .· - .J 

. ' 

An overall validation methodology consists of three parts: 

Analytical Verificarion-· ·compares th� output from a program, s�broutinc. or algotithm to the 
restilt from a k:i10wn analy'tical or gener�lly accepted hum�rical solUtioh' for isolated heat transf�r 

�. " '  ,_. 
'
inechanisms\mder�\'iery simp le tioundary c�nditio.r'Ls."' ; ' :. · ' ! ::·� ·'nun\., 

Empirical Vaiidatfoh�ompares· calculated results 'from a program, subroutine,' or alg6rithrri. t� �· r I • 

• 

( ' 
monitored data from a real strlidure, test cell, or laboratory experiment. ·. j, '',j,•' 

Comparative Testing-compares a program to itself or to other programs that may be considered 
better vaJidated or more detailed 'and presumably, more physically correct. The comparative 
approach includes "sensitivity testing11 and "intennodel comparisons." 

· 

' I 

Each of these approaches has different strengths and weakness.es (Judkoff 1988). The procedures 
presented here take the compfirative testing approach . A range of results from a number of detailed public 
domain models. considered state-of-the-art in the United �:tates and Europe, is prov ided as :the basis for 
comparison. These reference model results do not necessariJy represent "truth;" however. they are 
representative of what is commonly accepted as state-of-the-art in whole-building energy simulation. 

The National Renewable Energy Laboratory (NREL) has been developing a class of procedures 
for systematically testing whole-bui lding energy simulation programs and diagnosing the sources of 
predictive disagreement. These procedures and their capabilities are summarized in Table 1. 

IEA BESTEST, the first of these procedures, was d�veloped in conj unction with IEA SHC; 

Programme Task 12b/2l c. It is designed to test a program 's ability to model the building envelope and 
provides detailed diagnosis of, sources of disagreement among programs. ASHRAE Standard l 40P is a 
propos�dASHRAE Standard Method of Test for building energy simulation software that is.based on IEA 
BESTEST. This will be the first standard method of test for software issued by ASHRAE. Home Energy 
Rati�g: S(Ystems. (HERS) BE£ TEST was designed to test simplified tools such as those currently used for 
home energy rating systems. CurrentJy it tests just the abilii:y to model the building envelopei Although, 
HE.RS BESTEST has armore realistic ·base building than IEA BESTEST, it's· ability to diagnose. sources 
of differences among results is not as detailed. Additional discussion comparing IEA BESTEST and 
HERS BESTEST is included in a previous paper.(Neymark, Judkoff l 997b). Florida-HERS BESTEST 

is based on HERS BESTESl but is revised for the hot and humid climate of Orlando. Florida. Finally, 
HNAC �:EST.ESTjs a new. procedure being-.developed to test a program's ability to model mechanical 
equipment asJ:part of JEA SHCProgJ:amme Task 22. · ·:: . ��,,') .. 

't .... 



T bl 1 C bT. a e . apa i 1t1es o f h BESTEST P t e d roce ures 
: , -
' Algorithms Tested Appropriate SoftwareType .. . . , 

Comparative Test P�ocedure 
' 

Building Mechanical 
Envelope Equipment Detailed Simplified 

I 
IEfi.1BESTEST (Judl<0ff, Neymark l 995a} yes limited* ' yes limited�· 
ASHRAE' Standard \·40 P (ASH RAE, 1998) I ' limited* Iimitea••• yes yes 

H�RS :SESTEST (Judkoff, Neymark I 995b) yes no sometimes*** · .:iies 
Florida - HERS BESTEST (Judkoff, Neymark 1997) yes no sometimes* .. ' yes 

HY AC BESTEST (Neymark. Judkoff l 997a) no yes yes mayber. 
•Thermostat settings and mechanical ventllauon only 
.. Some of the tests may not be possible to perform with some simplified software. 
"**See Neymark and Judkoff 1997b 

NREL developed the theoretical basis for building energy software comparative testing (Judkoff 
et&}. 1983},implemente_d by IEA BESTEST (Jµdkoff and Neymark I 995a).. For that \\;Ork, NREL led a 
group of experts from the IEA SHC Task Programme l 2b and the IEA �uildings and Conu:nunity Systems 

Programme Task 2lc. The 5-year international research effort included the participants listed below.· The 
participant�' country an'd software they used are listed in parenthesis. 

- r ! . � . �' r. : .. 

, • 
• :1_ Building Research Establisht;ilent (Unite� Kingdom, _SJ3,RIRES 1.Z) 
• De Montfort University (United Kingdo.m, ESP-RV8): 
• Electricite de France (France, CLIM2000) 

;:·: 'i • . ,L_und Institute ofTeclmology (Sweden, DEROB-LTR) 
• National Renewable Energy Laboratpry (United States_, BLAST 3.Q; .. DOE-2.lD, SEIURESL; l'� 

. SlJNCODE 5.7 
• . Politecnico Torino (Italy, BLAST 3 .O} 

Tampere. Univer,sity (Finla11d, TASE); 
• University of SevilJa (Spain, S3PAS) 
• Vrije Univeriteit (Belgium, TRNSYS B .. 1) 

Important conclusions of the IEA BESTEST effort include: 
. ' 

: , . 
... 

J{ 

:1 
, ·.1 • ·The BES TEST method trapped l;>ugs and faulty algorithms in every program tested. -: 

·'i 

• , The IEA Task 12b/2lc experts unanimously.recommend that no.energy simulation program be 
-.' ' used umil it-is "BESTE-STed."- . .  , -· ' ·  : ;. , ·• . ;·�<.: 
·"1 ;. BESffEST is an economic means of testing·, in several day.s, software that has taken,martyyeaci 

· to develop . 
.; :• , .. Even the most advanced whole-building enetgy models· show a signific'artt' range of'disagte.ement 

in the1calculation of basic building physics. ;, ; , · . .. ' , , 

Improved modeling of building physics is as important as improved user)interfaces. 
' ' ' ' ' . � 

Tiie list of BESTEST users continues· to grow and;NR;Eb haSi teceived'tequests fo>r and mailed ·oiit 
several hundred copies of test procedures. Some of the or.ganizati0ns. that use BESTES!f !are: ' • 1 • :;,.:. 
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• 
• 

. . 

• 
• 

• 
• 

ASHRAE (Standards Project Committee - SPC140) 
Australian Nationwide House Energy Rating Scheme 
Building Research Establishment (United Kingdom) 
Canada ,Pepartmem of Natural Resources · . 

Ca1ifomia Ener;gy .Corninissiqn. " ·. · · . 
Carrier Corp0,ration · ; , ... · , . : : 
Electric Powt:r.Researc;h I.ns�:itute, , , 

Electricite de Framce . ' . 

Florida Solar Energy Center and Florida Energy Office . ;: 

Iowa St�te Department of Natur�I Resources, En�rgy Bureau, 

I • 

11• 

,ti ) 

'." 

\,';' f 

Lawrence Berkeley National Laboratory . � 

' . .  , National HERS,Program (United S�tes, Cil:ed,by NOPR 1.0 CFR 437 and HERS Coµncil 

... .Guidelines) . . ,. : '" ·  / ·" .. :.: , · :. ..... •: 

,. ( 
• 

. ' 

National Weatherization Program (United States) 
The Netherlands (as part of a national sofu:vare validation program) 

New, Zealand Gfor certifying software u.sed for energy code compliance) 

OweJlS Corning Corp9ration 
Pacific; Non:Qwest National Labo�atory 
TNO Building and Construction R,esearch (The Netherlands) 

•·, . · University of Strathclyde; fnergy Systems Division (United Kingdom) 

IEABESTEST 

Specification of Test Cases 
, . 

,, 

•· 

.J 
. . .. · 

IEA BESTEST has 40 comparative.test cases that are organized into a "qualification" series and 
two "diagnostic" series. The series of buildings proceed from the thermally simple to the realistic 
approximately one param.e.ter at a' time. The cases are defined so . that thermal properties , geometric 
proportions; and thennal responses are meaningful in term�; of achJal envelope load dominated buildings., 

The specification is·a compromise between U.S. and European construction. Figure 1 shows the b�ic 
builcling geometry which remains similar for all cases with minimal changes to allow investigation of 

sensitivity to variou.s changes. ., · ·, 
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Figu�e .1. lE'A BES}�ST Base 'Building with Unsliaded Sout�1 Facing Windows 
. • I ·� . ... . ' .. J • I • • I I I 
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The qualification series is relatively real�stic. It te:sts such features as thermal mass, direct gain 
windows, window shading, window orientation, sunspaces,1ground <:>oupling, night ventilation, and dead­
band and set-back thermostat control. The overall heat transmission coefficient was equivalent in both the 
heavy and lightweight cases so that the sensitivity to thermal mass could be assessed under a number of 
parametric variations. Cases that required simulation of mechanical systems were not defin�d. The 
equipment was assumed 100% efficient and adequately sized toih1eetpeak loads. 

The first of the two diagnostic seties (A-series) i� designed to provide excitation of a particular heat 
transfer mechanism while suppressing signals from other· mechanisms. These diagnostics minimize 
interaeting-effetts. The second diagnostic series (B-series)'is:required because ·tiotall programs can model 
the A-series diagnostic cases. The B-series diagnostics have more interacting effeets but can be used by 
more programs. 

.. 

Input Equivalency. The test cases were specified so thart' equivalent input files-could be defined for a 
variety of detailed and simplified whole-building energy programs: To minimize interpretive problems, 
input information was provided at several levels of physical detail. All participants were instructed to 
model the test cases at the most detailed levei their programs would allow .. ;.To miFJ.imize input errors, input 
files for each program wete indepei1dently developed by t\.lio experienced mbdelers or developed by one 
and checked by another. 

Diagnostic Results 

Simulations were performed for each test case with the participating computer programs using 
annual hourly Typical Meteorological Year (TMY) weather data from Denver, Colorado; The Denver 
climate is characterized by cold clear wintel"S (3-600 °Kelvin-degree-days);. h'ot dry summers,: antl large 
diurnal temperature· variations throughout the: year. At each ·stage off ,the exeFcise; output ·data from ,the 
simulations were compared·to each other according tC1 the.diagnostic-logic· of the test cases .. Nnumb6f:of 
bugs1, faulty algorithms, and input errors were imcovered1·.isolated;.'and corrected via this process. Several 
examples follow. The accompanying figures·�: illustrating IEA BESTEST comparative ··results (Figures 2-
5), are included to show how problems are detected. For a more complete explanation·ofahe-contents of 
these figures, see IEA BES TEST (Judkoff and Neymark l 995a). 

TRNSYS. Early in the study, BelgiUIP implemented the TRNSYS 12.2vl program (Klein 1990). 

TRNSYS is considered the most advanced program for simulation of active solar systems sponsored by 
DOE. Belgium's results, as sho\Vll in Figure 2, disagreed markedly from those of the other programs for 
many of the qualification cases involving high thermal capacitance. By following the diagnostic flow logic 
provided with IEA BESTEST, researchers confirmed that the algorithm causing the problem was related 
to the calculation of the thermal mass effect. They were then able to trace the problem to the TRNSYS 
"BID" module that contains the transfer function coefficients. (Mitalas ancj._Arsenault 1971 ). Inspection 
of the module revealed that two sets of coefficients were transposed. Rearranging the coefficients 
eliminated the discrepancies (Figure 3). This problem would neither have been detected in any of the 
lightweight cases, nor in case 930 .(high mass with east and west facing windows ,� Figq.re Z) where 
compensating errors between the ha'ndling of therm.al" fua3s and the· sh�tling' of ea�t · ariil wdt wi'h�ci\vs 
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conceals the problem. The power of IEA BES TEST is that a program is tested over a broad range of 
parametric interactions; This problem: was corrected in a!H subsequent versions of TR.i�SYS. 

MWH 6 -------------------�-'-----....:......------..... 

5 . . . . . . .. . . . . . . . . . .. . . . . .. . .. . . .. . ... . . . . . .·.• .............. . 

4 ................ ......... . . 

3 ... ......... ... . ..... .. . 
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Figure 2. IEA BESTEST 900-Series High Mass 
Annual Heating Loads Indicating Discovered 
TRNSYS Disagreement '' 
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�DOE2 @SRES\SUN 

.TSYS-BEUBRE gjTASE 

Fig:ure 3. IEA BESTEST 900-Series High Mass 
Annual Heating Loads 

DOE-2 •. ·The DOE-2 program is considered to be the most advanced program sponsored by the· U.S. 
Department of Energy. Oiaennstic tests revealed a prohlem in the DOE-2.1D014 computer program' 
concerning treatment of solar absorptivity on exterior smfaces (DOE-2 Manuals 1981, 1989). This is 
illustrated in ·Figure ·4 using 'Cases 250 and 210· (A-series diagnostics with exterior solar absorptance of 
0.9 and 0.1 respectively)� As shown for Case 250 and forthe difference between Case 250 and Case 220 · 

(''250-220"), the annua,l cooling load output from DOE-2 appears less sensitive to a change in exterior solar: 
absorptivitj.r than the other programs. This was traced to a bug in the solar absorptance algorithm· 
associated with surfaces defined as doors. The bug has been repaired in all subsequent versions of DOE-2 
and now yields results comparable to the other programs (Winkelmann 1991-1993; Hirsch 1992-1997) . 

< . .  

, ' . 

MWH · 

!I 3 
2.5· ............... , .. ... . .. ' 

2 ....... , . .... . . ... .. . . .  . . 

1.5 ,•, O O I o  o o O o o  0 I o  o O • O '  ' ' '  O o o I 

,, 
0.5 

Q....&--L.£1:u�;.L...J-=:1.----U:u.D�L...JIK;.�L...---���=----1t::1..__J 

• . : I I . i , � �'. 

�ESP-LP 
'2JS3PAS 

220 ' 250 250-220 

�BLAST-US/IT &3SREB/SUN @SRES·BRE 
• ooe2.10014 Sooe:z.10011 

·' 

. . 

Figure 4. 'fEA BESTEST Exterio'r Shortwave Ab'setptance Effect (Cases 220,250) -Annual Cooling Loads 
Indica:t'JngiQiScovered DOE-2.10 Disagreement >1 • ' .  •! ' 
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ESP. ESP (ESRU, 1993) is the program used by the research arm of the Council of European 
Communities (CEC) as a reference program for building energy research. ESP predicted relatively low 
annual heating loads for the qualification test cases. The source of the difference was isolated using Cases 
270 @d 280 (A-series diagnostics with interior .Solar absorptances of 0.1 .and 0.9 respectively). Sensitivity 
results for the cases in Figure 5 revealed a p�oblem with interior solar absorptance or cavity albedo. The 
ESP development group at Strathclyde, United Kingdom was �then ·�able to locate and correct the 
responsible algorithm: 

' 
. '"� � ' 
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Figure 5, IEA BESTE.ST Interior Shortwave Absorptance Effect (Sensitivity Res4,l�s 280-270) Annual Cooling 
Load� Indicating Discovered ESP-r Disag�eement . , • ., ··�: . .  : ., ; ·: . .  ::i 

; •_; .. • "' ,  �: -
Qverall Results. It is only possible to pq;!sent a brief exfill!pl.e of tbe result� from the.. full; length IEA 
BJ�S TESTreport. .( J udkoff and N eymark 199 5 a). Figure 3 $9�'-?S an exarnpJe. of th11 annual heating load 
r��ults from the final set of test case sill).ula}ions- performed with -a group ,of programs. that may be 
considered state-of-tpe-art in whole-bu;Jding ener:gy modelling as _of 1993 ·:-Horizontal bands delimiting 
reference ranges are su,p�rimposed on the res.ultsc to c_ompare m,odeJs yvith thest: -r�sults. : Discussion o�ho'¥ 
bandwidths were set is included in the full report. The re�ults show varying amounts of disagreement 
among the programs for the different cases and output types. The reference ranges reflect this 
disagreement. A more detailed discussion regarding the ranges of disagreement is included in a previous 
paper (Judkoff and Neymark 1995c). 

· · ··-· -·-·· - -- -

There is no truth standard in this type of exerci�e:� For any given case, a program that yields values 
in the middle of the range should not be perceived as better or worse than a program that yields values at 
the borders of the range. The ranges represent "algorithmic differences in rstate-of-the-art programs. 
Programs that fall outside the range are producing results different from the state�of-the-art as defined by 
our group of international experts. Investigating the source(s) of the difference(s) is worthwhile, but the 
existence of a d ifference does not necessarily mean a program is fault)': .·collective .experience in this task 
has indicated that when programs show majoF disagreement w!th ·a range, there is often find a bug, a 
questionable algorithm, or an input error caused by-faulty- or ambiguous documentation. 

HERS BESTEST 

HERS BESTEST (Judkoff and Neymark 1995b) is a comparative test method for evaluating the 
credil;>il_ity of more simplified building energy sofuvar� such as the programs �sed by home etI11ergy, rating 
systems. The method provides the technical foundation for "certification of the· technicakaccuracv� of 
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building energy analysis tools used to determine energy efficien9y ratings" as called for in the U.:S. Energ)'. ., 
Policy Act of 1992 (Title I, Subtitle A, Section 102, Title II, Part 6, Seciion 27.I ) . The following set of test 
cases represents the Tier 1 and Tier 2 Tests for Certification of Rating Tools as described in DOE 10: CFR 
Part 437 and the HERS Council Guidelines/or Uniformity (HERS Council). Although HERS BESTEST. 
was not developed in conjunction with an international collaboration, it is beginning to be used outside the 
United States. 

Specification of the Test Cases ., . .  " 

: 
The HERS BESTEST base building is·a.)1:519-ftl (141.0-rn�) si.ngle�story house with.one 

conditioned zone (the main floor), an unconditioned attic, and a vented crawl space. Figure 6 shows th� 
ha.sic. b.µilc;ling geometry . The geolI)etry remains similar for all cases with minimal changes to allow the 
investigation of sensitivity to.the features noted below. Key thermal and physical properties _of the ;base 

building are based on U.S. sources that include: 

• American Society of Heating Refrigerating and Air Conditioning Engineers (ASHRAE Handbook 
Fundamentals) 

• Lawrence Berkeley National Laboratory (LBNL) 
• National Association of Home Builders (NAHB) 
• National Fenestration Rating Council (NFRC) 
• U.S. Department of Energy (Housing Characteristics, 1990). 

F�gure 6. HERS BESTEST Base Building Axonometric 

. .. . 

' . . . 

Separate U.S. weather sites , one in C olorado S;prings, Colorado , and one iq. Las Vegas , Ney11da, are 
us�d for hei,iting and cooling loads respectively.

· Thermostat settings are for either heating only or' cooling 
only in the respecti'Ze cHmates . Avoiding a deadb�d thermostat makes the te�t better for non-hourly 
simulation tools. 

· 

The Tier 1 tests consist of a basic house with typic�l giazing �d insul�tion. Specific 'cases are; 
des.igned to test a building e�ergy computer program with respect to the following components of heat and· 
mass transfer: infiltration; wall and ceiling R-Values; glazing physical properties, area, and orier;itation� 
south overhang; internal gains ; exterior surface color: ene�gy-inefficient building; crawl space; uninsulated 
and insulated slab; and uninsula,ted and insulated . basement. The Tier 2 tests consist of the following 
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additional elements related to passive solar design: direct gain, passive solar home; variation in mass, 
glazing orientation, east and west shading, glazing area, and south overhang . A third tier of tests, including 
mechanical equipment, active and passive solar, and utility rate structure tests, are planned for future 
development. 

Example Results 

Comparative testing as applied in the HERS BES TEST method includes a set ofresults from public 
domain reference programs that have already been subjected to extensive analytical, empirical, and 
intermodel testing. The BLAST 3.0 Level 215, DOE-2.1E-W54, and SERIRES/SU1\fCODE 5.7 programs 
were used to generate reference results. , ,  1 - ' 

1'Fi'gure 7 shows an exampre graph of maximum and minimum·results for annual heating loads. 
A full description of example results is included in HERS BES-TEST (Judkoff and Neymark l 995b). 
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Figure 7. HERS BESTEST Tier 1 Reference Results Annual Heating Loads 

HERS BESTESTing of HOT2000TM by Natural Resources Canada 

Natural Resources Canada (NRCan) has documented their running of HOT2000™ thro�gh HERS 
BES TEST (Haltrecht and Fraser 1997). As a result ·of their work with HERS BESTES'f', NRCarr:revised 
their modeling of internal gains that caused HOT2000™ to underpredict cooling loads. The effect of this 
change, noted in Table 2 for Case t 1 70 (like LIOO'base case but with :Zero internal gains), brings annual 
cooling load results Up closer to the low end of the rang� of the HERS B�STEST example results. Also, 
NRCan had some large disagreements fot initiaI-TesJlts that' were caused by l:i user foput error. : This 
resulted in adding an automated input check and a clarification to the HOT2000™ user mariual (i-falfrecht. 
1998). The'effect of eliminating this user i�put�error is sho� in Table 2 for Case LlOO (base.case). 

· '- Using results generated with revised software� NRCan reached' the following conclusiOns regarding 
the p�tformance of HOT2000™ (Haltrecht0and' Fraser 1'997'): ·. · "·· -· 

· ' · r ': ' ' ' 
-n- '· .�.: :-·i.":· 1, •• •':.1�·-� ... · .... . �-.:l�:��·1 .. : 'r_; I:.:._, 

• Results for all but the "highly passive sblarro ·caseS:were acce�t!:tble c· • •  : .. • 1:... ,..., . 
1 1  
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• Examine their model 'for solar utilization and improve it if necessary 
• Rerun HOT2000™ thfoug)l IEA BESTEST to help indicate sources of current discrepancies 
• Compare results from the latest vers!od of HOT2000™' with data from m'onitored houses 

T bl 2 Effi t f I a e ec o mprovements tp HOT 2000™ b NRC •Y an 
' 

. .  

HERS BESTEST 
HOT2000TM Revision: Results Case BLAST 

Jnternal Gains Model , ,  L J 70 45.83 ' 
Correction (0 Internal Gains) , 
Thermostat Input Check LI OO 54.66 
and Documentation Fi� (Base Building) 

• I  

_ A nnual Cooling Lo,ds _(Mbtu/y) 
. HOTlOOOnt 

' .. ' : . 

DOE-2 SER IRES Before fix . After fix 
49.06 " 49.3°1 '38 36 43 _32  

l 
' 

60.80 59.32 46.29 53 .0 1  
' . . 

Additionally, HERS BESTEST is now part of the standard procedure for testing revisions to HOT2000™ · 

(Halttecht 1998). · 
· · 

· 
·- · · 

NRCan also had the following recommendations for improvements to HERS BESTEST. 

·: · · • Basement ground couplirtg reference results shoul'd be expanded to include more accurate methods 
provided, by recent research, and bettetfoundation models should be incorporated into the software 
used to develop the reference results . 

Cases should be incorporated that test actual infiltration models rather than simply varying a given 
rate of exchange. -

• It is riot. 11�cessary to use the most detailed model (as is recommended in HERS BESTEST) to 
achieve a good test. 

NRCan also rioted that an important test of accuracy is versus empirical data, and perhaps it would 
be worthwhile tQ have an empirical form o_f BESTEST (Haltrecht and Fraser 1 997) . 

Floll"ida-HERS BESTEST · 

In .collab_orat_ion \¥it� the State of Florida, NREL developed a climate-specific version of HERS 
BESTEST for �e· state entitled Home Energy Rating System Building E,nergy Simulation Test for Florida 
(Judkoff and ,Neymark 1997). The. cases for F1orida-HERS BESTEST were adopted from HERS 
BESTEST and applied for Orlando, Florida TMY weather data. Minor changes were made to portions of 
the originl:!-1 HERS BESTEST User Manual to create a climate-specific version including: 

f 
. • ' 

.�. . Loca] average winds peed . ' . ' '. 
• Altitude and related air 'density an� infiltration rates for softwares that do not automatically correct . .  

for altitude (previous data were listed for higher altitude sites) · · · ' 

, ,  • ASHRAE slab-on-grade loss coefficients 
• Solar distribution fractions for Cases P 1 00, Pl 05, and P 1 1 0 (the high mass passive solar cases with. 

respectively: unshaded south glass, south overhang, and reduced mass). 

J I  
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There were no changes to building geom,etry or co11§1truction .�aterials from those used in the 
original HERS BEST EST. However, variati,an of exterior surfac� coefficients resulted in minor changes 
to equivalent soil thicknesses correspondiP.g to belc;>� grad�Jwall and floor components used for more 

• J - l -
detailed ground coupling s imulations. 

I . 

Florida-HERS BESTESTing of EnGa�ge 2.0 by- Florida Solar Energy Ceii.te-r.· The Florida So lar 
Energy Center (FSEC) used F lorida HERS BESTEST to test their correlation-method-based EnGauge 2 .0 J '  -� • 

I ' ' -• •  

software (Fairey et al. 1 998). FSEC's EnGauge 2.0 generally agrees with the BESTEST example results . 
The only disagreement noted was for Case 200 (energy·dnefficient constru.ction) where EnGauge heating 
load results (not shown) are slightly outside,,the example-pass/fail range that FSEC generated using 
exampl� range expansion algorithms d�vel9,E�� by_ ���-.C�_ee _ _ ,:',?.pp_e_1:1_dix_ H . .  of HERS _BE_STEST o_r 
Florida-HERS B ES TEST, Judkoff and Neymark, 1 995 and 1 997). , .. _ , 

1 In the process of upgrading EnGauge, FSEC modified the modeling of glazing. systems .. roof 
overhangs, and raised wood floors. FSEC provide·s an example (see Figure SJ of a specific change to 
EnG,auge related to th� raised-wood-floor model (F�irey 1 99�). T'he data in Figure 8 apply flo_or "pQi_p.t 
multiplier" data that were generated over 1 5  years ago for Florida's energy code. Based on their, BE�TEST 
work, FSEC revised the raised-wood-floor "point multtJDliers:' using detailed hqurly simulation models and 
incorporated these multipliers into EnGauge. Figure 9 indicates results using the new multipliers . which 
now give muGh b etter )lgreement with the Florida-BESTEST example results . Note in Figures 8 and 9 
that "Max, pass" and "Min; pass" incorporate.the above,;mentioned example-pass/fail·:range setting criteria. 

" 
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Figure 8. Comparison of Cool ing Loads for EnGauge 
2 .0  versus HERS B ESTEST Results Using Example  
Range Setti.ng C riteria for Obso lete Rai sed-Wood­
Ffoor Coefficients by FSEC . 
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Figure 9. c'�mparison of Cooling Loads for E.nGauge 
2.0  versus HERS BESTEST Results U sing Example 
Range Setting Criteria for Revised Raised-Wo6d-Floor 
Coefficien .s by FSEC . · 

·· ' 

As a result of this work, FSEC proposed the following improvements for Florida's EnGauge 
soft-ware: 

• Reconsider development of load coefficients for exterior surface color impacts 
Re-evaluate wall and raised-wood-floor point multipl iers 
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Conduct detailed analysis of Florida' s  slab-on-grade floor load coefficients . . : . · .  

Additionally FSEC proposes that changes to "Florida;s 1 993 Energy ,Code and Raring System be expedited, .  
because the older procedures i t  specifies c_anp.o.t pass FLoi:!da-HER� BESTBST. u · , . . 

· Regarding sugg�stions for improvepients to BES;fEST, F SEC noted that because 95% of Flori�­
home construction is slab on grade, ?fREL �l1ould qevelop a separate BESTEST test case for su�wer , 
cooling-load impacts for sfab-.on-grade floor constru'ction.' Addir ional l NREL should add separate test 
cases for uninsulated walls and uninsulat�d floors (the�e are currently lumped as a single energ)'-�neffi�ient 
case) and raise the winter thermostat set point 'assurnption for Florida to 72 °F (22 L:C) .  ' . 

HV AC BESTEST 

NREL has completed a preliminary draft of fundamental test cases for comparative t�sting .of ! 
mechanical equipment. This test, the International Energy Agency Building Energy Simulation Test and 
DiagnostiC Method for Mechanical Equipment (HV AC B ES TEST), is being field tested as part of IEA 
SHC Programme Task 22 (Neymark and Judkoff l 997a). The first round of tests is for residential and 1 . I 
small commercial coolingr equipment commonly used in the United States and1 Europe. · For the 
fundamental test cases. this equipment is . applied to highly contro lled load and ambient conditions using . 

a near-adiabatic (very well 'insulated) test cell with specified sensible and latent internal gains along with 
artificial weather data. . 

, · 

, . l 
, There are 1 4  cases that represent a set of fundamental mechanical equipment tests . These cases I 

test a program1s ability .to model mechanical equipment steady-state performance under controlled loacl i 
and weather conditions by employing artificial whether data. The configuration of the base case building ! 
is a near-adiabatic rectangular single zone with only user specified internal gains to drive cooling leads. ; 
The geometric and materials specifications are purposely kept as simple as possible to minimize the I 
opportunity for input errors on the part of the user. Mechanical equipment specifications represent a 
simple unitary vapor-compression cooling system, or more precisely, a split system, air-cooled condensing 
unit with indoor evaporator coil. Currently, only four parameters are varied to develop the remaining 

• 

cases : internal sensible gains, internal latent gains, indoor dry-bulb temperature, and outdoor dry-bulb 
tempernture. Systematic variation of these parameters also allows for the testing of the effect of varying 
part load ratio and sensible heat ratio .  Additionally, there is a performance test at Air-Conditioning and 
Refrigeration lnstitute(ARI) -equipment rating conditi01is. 

' · 

Preliminary Results '• . 

' ) . ' . - . . : : � -: . . ( . : , - ' . ' . . : , . , ' 
Preliminary results of the first HVAC BESTEST field trial have been submitted by the foll.o""'.in� ; 

participants (country and software in parenthesis) : 

• _ <;]EMA I (Spain, DOE-2. 1  E) 
• ,;11=ctricite de France (France, CLIM2000) 
•" .  Klimasystemte�ht1ik (Germany , PROMpTHEUS) 
• National Renewable Energy I ,aboratory (lJ.nited States, DOE-2 . l E) 
• Technische Universitat, Dresden (Germany, tRNSYS 1 4 .2) . 
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Additional results are expected as the task proceeds. 
The preliminary test matrix with coefficient of perfonnance (COP) results for the above software 

are included in Table 3 .  These are incfoi;led primarily to i l l�strate:·'the diversity of the cases; the large 
change !n co:p that is ca�sed by varying

.
·the}q¥iJ?ment operat�g parameters; and areas where problems 

rilay be found. It is i'mp9rta'nt to emphasize that �hese results are preliminary and may include user input 
errors.· . AdditfonaJly, th:e test specificatii:5ri requires sorhe changes that cmild affect the results. 

• ' ' ,  •' , ' I ' ' • � ) : ' • 
' 

Table 3. HV AC
. 
BESTEST Case Descriptions and Prelimina�y

· 
COP Results 

Zone 

Internal Gains* Setpoint 
� 

'Case # Sensfbl� · Latent IDB 
·,, (W) " � 

(W) ( C C) 
" 
.di;):'. �()�.�eries 
E IOO I 5400 0 22,2 

� ! �P 5400 0 22..2 
E J 20 ! 5400 0 26.7 
'E: 1 3o 270 0 22 .2 
E J 40 270 0 22,2 
;J)ymid zo�e series I 

E l  SO' 54-00•  1 1 00 22.2· 

E l 6,Q : ,5400 1 1 00 . 26.7 , : 1 · 
.� 1 65 ., 5400 . 1 1 00 ' 23 .3, � E l 70 2 1 00. 1 1 00 22.2 
El SO' . , . - 2 1 00 4400 22.2' . 
E I &'5 ' 2 1 00 4400 22.:i . 
E l 90 ( : •  . 270 550 ·22:2 
E 1 95 270 550 ' 22.2 
full load test at ARI conditions 
E200 I 6036 I 1 8 1 1  I 26.7 I 

Weather I 
Preliminary COP 

' 

ODB 

(CC) , IEAI IEA2 . ' -

I 

46. 1 ., 2'.S5: . 239 
29.4 3 .47 . • . 3,.56 
29.4. " 3 .65 . ' ' }., 7 l 
46. 1 2 .22 1 .45 
29.4 3 .09 1 .98 

. . 
... 1 1 ' ' 

:29.4 
29.4 

40.6 
•, ' 29.4 

29.4 
· 46. I 
, , 29_4 , : ! 

46. 1 

35 .0  

. � � 
: 

. . 

3 .qo 
.3 .92 

�-9�. 
3 .56 
4.03 
2 :80 

' ·3 .62· 
· 2 .44 

... 
. 3 .69 

3 .�l . t 
2.86 

3 .n "' 
4 .28 

2 .88 ' 

3 124 
2 ,26 . ·  

. I 3 .6 1  . .I. J.S7 -

IEA3 IEA4 IEA5 
, . 

2.24 - 2.72 2 .40 
3 OS. 3.96 3.44 · 

. 3..53 3 .97 3 . 67 J•• . 2.74 2 .08 1 . 1 9 
1 . 53  3 ;

'97 I 3 .04 -
' . .  • .  i I ; 

3 ,34 3 .95. 13 .64 
r' 3,.5J :. 3 .97 3 . 87 

2.1�3 3 .  1 2  2.90 h 3 .9.7 . 3.42 3 .54 ' , ,  • 
3 .86 . 3.96 4 . 1 0 ' . . 
2 :60 1 3 .96 2';84 
2.78 ' 3.99 3 .69 : 
l .96 : 2 .75 2.49 . ' 

I 

I 3 .55  . I 3 .60 I 3 . 56 -

' ,J 

, . . . 

, ' 
, ,  ' •  

Abbreviations: IDB = indoor dry-bulb temp; ODB = outdoor dry-bulb temp 

COP = coefficient of performance \'' I . ARI = Air Conditioning and Refrigeration Institute 

* Internal Gains are internally generated sources of heat and humidity that 11re not related to operation of the 
:mdch�rtita'I cooling system or i 1s air distribution fan. 

-' ' · · · · ;  · · ,.._ · '  

Even i n  its early stages, HV AC BESTEST has uncovered problems i n  software or its 
documentation. For example, in 1 994, some initial work with DOE-2. 1 0  RESYS2 system yielded some 
unexpectedly high COPs that were eventually traced to a bug that was corrected. · More recent work with 
DOE-2 uncovered a documentation ambiguity regarding the: m��9ing of one of the DOE-2 key�?rds for 

modeling COP degradation caused by equipment cycling (Hirsch 1-992- 1 997). ' 
1 ·-1 , \ ·� . 

' . � - � 
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Conclusion J, ,. , . 

The BESTEST procedures, developed for systematical ly comparing whole-building energy 
simulation software and'det.ennining the alg6rithm·s responsible for prediction differences, have a variety 
of uses, including : 

' ? '• .:. � - � : ' ; i i 
• Comparing a set of building energy simulation progran1s with each other to determine the amount 

of disagreement associated with using one program·versus another 
Diagnosing the algorithmic sources of differences in predictions observed between a set of building 
energy simulation programs 

• Comparing the predictions from a given simplified: building energy program to the reference: results 
from the detailed building energy simulation programs presented in this report 

• Checkjng a program against a previous version of itself after internal code modifications to ensure 
that only the intended changes actually resulted 

,� . Chec�ing a prog.tam against itsel f after a singl e a.Jgori thnii c  chnnge to understand the sensitivity 
between algorithms . 

I i . , . ,'{'he !3-ESTEST procedures give building energy software developers ancl users; the ability . to test 
a program for reasonableness of results and determine if a program is appropriate for a particular 
application. The BES TEST procedures have proved very effective at isolating the sources of predictive 
differences. 111e IEA BESTEST diag.1;1ostic procedures revealed bugs, faulty algorithms, or documentation 
problems that can lead to input errors in every one of the building energy computer programs (among the 
best in the world) used in the IEA BESTEST study . Furthermore, users who have documented their work 
with.J:IER,S .BESTES1, such as NRCan and FS.EC, have made corrections to their software as a result of 
using that procedure . 

. Finally. the BESTE.SJ procedures. would have been very difficult to develop without international 

coll�boration. International collaboration allows the ,yvork to draw from the largest possible pepl of 
modeling expertise and allows each participating country to leverage its funding investment. It would be 
much more difficult to obtain the large number of high quality example results essential for developing 
the "foundation" comparative test procedures of IEA BESTEST and HVAC BESTEST if that work were 
�9t, p�� :of �n. IEA t�k, , . 1 • • , ,  

I -

Recommendations ' I  
· ,,. :t · . • 1 r 

I " . ... . , • 

: ·  

Fo.r fut1=Jre. �vork, a third Tier o f  tests no� currently :P(:lrt o f  HEP'-S B E S  TEST i s  also plann�d � s  1 
de.scribed in the HERS, .Council Guidelines. HV AC BESTEST, which is currently bejng developed under 
IEA S�C Task �2, is the, foundation for the HERS BES TEST. HV AC tests. , , l 
, ;  . Mai;iy, ,of .the groups using B.ESTEST have sent suggestions for improvement. Som.e of the�e 

�ugge,��iIDns qan be han,<;iled py a simple update sheet, and some would require publ ication of an updated · 

document So!Ile of the more interesting iJUprovements might include : . • , 
.. 

!' · '· i; . . . .  
• Re-running reference programs using the new TMY2 weather data after it becomes commonly used; : 

, by simu)ation deve,lqpers 
• , Peri,0d,ic¥ly re-1;·unning reference programs using the ne"':'�SL versions of the programs . 
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• Add cases that specify a combined convective/radiative thermostat, especially where ther(' 1fe large 
peak load effects such as with thermostat setback/setup 

• .Revise modeling requirements to �pecify �onsistency rather than most detailed models 
• Case.s �h_<;rnld be incorporated that test actual i�filtration models rather than simply varying a given 

rate of exchange 
· 

• Basement ground coupling reference results in HERS BESTEST should be expanded to include 
r i i  more accmate met}Jods p.rovi�ed . by r_ece-J,1t:· researcb, and better foundation models should be 

incorporated into the software used to .develop the reference results 
• ·P�vel9p a ��parate HERS BESTEST test case for summer cooling-load ·impacts for slab-on-grade 

floor construction . 
· :  .. · Raise the Florida-HERS B ESTEST1 win�er thermostat set point ·assurnption for Florida to 72°F 

(22 °C) 
• -,Add a non-deadband set point strategy to IEA BESTEST so that non-hourly tools would be easier 

to test , .  
· • · Tabulate· m0nthly·r.esults in IEA BESTEiS'.f for additional diagnostics so that non-hourly,tools with 

seasonal cut-offs would be easier to test. 

Additionalliy,' heatl transfer-mechanisms. that: we have ttot yet tested, but whkh we believe may contribute 
to major ·predictive uneertaihties inc:lude: 1  • - •-

I I• • � ' • I 

• .' Interzone and ihtrazone natural- corivection, and strati:fication1 " ;  · 

J i ·  ' ; , ti!;ateht loads 'and m0;isture migration i1:i:buildings, 
.ti . . j 1 1  : ' • ' . .; · . 

< •• � : • 

. . .  , 

. . .  I I 

• I '  

,.-, • I I 

. There is dearly a ne€d for further development !o.f·whole-bttilding energy 'simtifotion models 
combined with a substantial program of testing and validation. Such an effort should contain all the 
elements ·ofan overall validation methodology, including analytical verification, ' empirical validation, and 
c0mparative testing· andr diagnostics. Ah empirical f6rrn of BES TEST would be especially desirabte . 

. i ' 
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