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THE L)OF-2 VERIF1CATION PROJECT: PHASE 1 RESULTS

P,BSTRAC1

A crwnputcr program, designated DOE-2 (forr,erly
00E-1), has been developed to pruvidc architrct/
engineers with a public domain tool for fast and
ecormmic energy analysis of buildlngs.

With ‘undlng from the US Department of [nerg}, the
LOS Alamos Scientific Laboratory (LASL) has devel-
oped and implemented a program plan to verify
DOE-?. Phase I of this plan is an analytiLdl ver-
ification of the 00E-2 program as a Ccxnputatlonal
unit rather than as Sepdrate dlgOrlthm\.

Work. Gn Phase I of the OOti-2 Verificatlor, Prujt’cl
Is nearly ccrnplete. Rrsults of thl, crcss(lwh
with the American Society ot Heating, Refrlgrr-
ating, and Air-Condiliorling tnylneers (ASHRAt )
10dds c~lc~!ativc procedures, as w1l as the
rpsults of a lirw-by- line chrch cf program con
stants and flag-setting algorithm~, art rqsnrtrd.
AISU presenfrd are results of empiri~al tcsl!. of
th~ full 00[-7 program, incluclinq ccwnparisurlt with
mvasurcd cn(’r~ cun”.umpt iorl and prc IlmIIIJ~y
rl.sults of I st,ud~ of thr usrr lnturprrt at lOII of
input tiata on prrd.cted rl’{ults.

INTROIMI(’TION
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du(t(wt outkidr thI, IASI pr[ljt,(t , Th!) m,l 111111(1Ioq}
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of Lhvw’ fnsh”., A 1 (n~, I”Pt)III1’. I V!, 0111]
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CdlCUltltlv&! method~ thdt are (l~SCrlb12Ll lri :11? 19/<

and 1977 A5HRAL Hanl~Luoks LIf FUr10dlhclltd15 ~J,4J.
The 1972 A5NRAL InethLIu ,Ises wlghtl ]g ldLLuIs LIIdL

drb speclfiea lrlttle 197/ Ai)ikht hdrl, IJIJUA. UII LII@
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TABLE 1

UX-2 LOAOS/ASHRAI Ct14PARISON

Relative Variation
Cooling Load
_Component

South-f acing -3,8 +0.2 -2.0 -0.1
wal I (conduction)

South-facing -14.9 -0.2 -15.0 ●2.O
window (solar)

Lights +29.0 -0,01. +20.0 +0 .02

Occupants +4.5 +0.2 -o 1 -0.4

considerable Ulfferencts in the prealcLea peak
loads. 00E-2 prwllcts peak coollny IWJS tndl

differ by as nuch as 29! frOM Lhose PrealLLeu by
the 1972 and 1977 ASHkAL methods. howev~r, tnls
does not mean that DOL-2 is wronyi-lt InI?a!ls thdt
00E-2 uses mare recent sets of welyhtins taclur>
than do the ASHRAE nWhocls

Con!tants and Flag-Setting Lheck$—

An earlier version (OOE-1.4J of the WL-2 cmpulcr
progran was checked on a line-by-llne LI~>I!Itut
thm types of errors: those in asslgneu. kulues ot
constanlm dr.d thuse in flag-settlny dlgbl 1111111>.
The work wds conducteo by MJOIIIIVII LLIuy’Js AkLu-
mation Lommny (MLAUIU) unUur corltrd~t LIJ LAbL.

e i ,
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The check of all program constants revealed a
total of 19 ●rrors, of which only 6 were signifi-
cant. All of these errors have been corrected.

A majority of the 13 discrepancies found in the
flag-setting algorithm Wre extraneous items
inserted by the programmers for future use that
did not affect the canputations. These discrep-
ancies have all been e!irnlnated in the current
(DOE-2,0A) version of the program.

PLANT Progrm Equi pment Subroutine Check—. ——— ——

This work WdS also conducted by MCAUTO, who can-
pared PLANT progrm equipmenl performn~e defaull
values tn manufacturers’ performance data. com-
monly dvailable published data, such as that con-
tdined in ●quiprrPnt brochures for system sizing,
were used. Ddta fran three diff~rent manufac-
turers wre used, when available, to canpare with
each c~oncnt model.

Figure 3 shcws J ccmparlstrn foI the input versus
output curvr for a small boiler. Lurllent agrce-
nn’nt is shown het~cn manufacturer’ data and the
KM-1.4 simulation. Fiwrr 4 show% the relation-
ship between cocfflci(~nt of perfurmanr~ (LOP] dnd
part-load ratio (PI.R) fol a reclprtrc~ting
chlllcr. Note thal significant differences are
evldrnl betwren bnth rndnufacturert’ d~la and thr
program, Thl> illustrate< a point that is IJwnph.,-
slzcd in tht’ vcriflraflun pruylmn IIliII; natmlly,
tlldf tu l:ctrmini’ tho r~qulred carrponcn; mud!,l
~ccuraty, ii i% noce<$dry to trbtfiin tho ,1, Iu,lI
performanr}i vdrian~e wilhtn a gfmcric cldI.\ of
cmponunt%. In thi% ~~rlltular case, thl Clll’
varie~ flmn nnp mdnuf,lcturrr h anolhur uy J’. mv[h
d% 17( for’ Ihv sam PLR, Thrrrfnrll, lhr mudl’i
lannot IWI rxprrlttd I(I prmli~t tllll [W tu within
11) for thl% (l~l)lll’1 11,

The maj~rity of canparisons ❑ade lndlcdteu grJtiu
agreement between manufacturers’ aata Ma tht
equipmnt nmdel subroutines. The only MOOEIS with
poor agreement ~re for waste heat frcdn oles&l-
●ngine and gas-turbine generators. L#wence
Berkeley Laboratory (LBL) has Correcteu these
inconsistencies in the current prograrrl verslull
(OCW-2.OA).

Monthly..Ele~ qy-Llte Field l,,sts—.— — —

The purpose of this task 1s threefolu: ~1~ LU
test the bOL-2 program in afl overall ~rlncr, ~Ll
to compare ML-2 mur!thly and dniludl enelyy crm-
Sumption with measureu utillty Udtd for ehl:,tlIIy
buildlnqt in an uncol,trolleu dnvlroruriunti aI,LI (J)
to lntrocluce the human tactor lr,lu the L~Is LIIIy ut

the 00E-? progrdfn.

A set of fivu ●ontrdctur/test LIUl IUIIIy pdlr~ wds

SeleCt(Xl by c~elitlve tJIU to l.Iti forlll LhIs LdSR.
In aduitlon, two ndtlondl ldbul.d!l~ry/bullull,y
p~irs were involveu. These Wvrr, pdlrs dru

● Single-floor otflce bullfilny/Lontrul IJdld

Corporation;

o MU]f”flUor offlc~ bUl]dlrly/bil]UtlUb$U drlil
Assuciales:

● ~eLdll <tOW/fWrn k!alLII L’Iery) lrlsllLuL1.
O MestN~dnt/bmzF, hor(,l)hlrl, arw L,IIIJ,I I ,
● thl’, plt,ll/[Jl(k]L’ (.llvl\I!III tit L.~, ]rk,~,} IId LIIU,

o 5rhoIJ1/LBL; and
● hdllorlnl kLUrity and ktFWIIIILI% SIIIIiy LtiIILuI

(NMWL ,/LASL .

Rvfrroncc simul,ltllms. ~h~ 51JvL’rl pd!”ll Ll~Jdrll!.——. . . .— _ -- ___ ---
~lmulat~u] tfwlr rutp~.~tlvl, Imlldlrlgs uslrly tth,

[IU1-2,LM.pruyrdm, lIW<P slnwldllml> Wr{, (.1111..
dti(t[ul u., iny hl%tl,rl,.dl knowlvtiy[” of 1111 ll~li,llllg~

,.

PIANI lIIIIIprIWSIII l’rrf,mrm~l 11111,11111 (IIr VIS.. vl~l .11,. M,lll,if,l, 11111,, ,.’ [),11,1 ‘41,,11 I 11,,1 11.1 .



and their operation during the one-year test
perlcd. The period of simulation, metered data,
and weather data used Wre all for the sam calen-
dar period. WE-2 energy consumption predictions
wre cmpared to rm?tered data (monthly uttlity
bills).

A sunmry of reference-run results is shavrn in
Table 2. Variation between predictea and measured
values for gas or fuel-oil energy, electricity,
total energy, and energy budgets is Shmm 011 an
annual basis. The minimum @?viation for gas/fuel-
oil consumption was 1- for the ~estaurmt, and tfu
maximum was 19~ for the retail store. The
variation in prediction discrepancies for elec-
tricity consumption was less, w!th minimums of cl:
for the multlfloor office building and the school,
and a maximum of 15’; for the solar building
(NSRSC). The prediction of anr?ual totdl energy
consumption (enerqy budget) varied the least, with
a minlmm of less than 1: for the restaurant and a
maximum of 12”’ for the retail store and the solar
building.

Differences in cunputed-ve: su.-measured energy usc
were signifi~antly higher on d monthly basis,
ranging up to 45”’, than on an annual basis.

User-effect smulatinns. Each of the Dullalugs
simulated in he referen~e runz, with tlm exceu-
tion of the school building, was Simulttea by ~ach
of the ather privatp Contractors (rouna ro~in~
that dlcl nat do the reference run en that tmllo.
Ingm Eact, rcferenct-run contractor prepareo a
da”.fi package for his reference-run bulldlny tcm
use In.the user-etfect test. This-data pacrnaye
contained as..built engine~~ring drawings, equlprr,~lll
specifications, operating scheaules (for the year
Of simulation), an.1 information regtrding cha,,]es
in the Structure or schedules that hdve-occurreu
since constrL’CttOn. It dla not contaln,hlstorl~dl
aperating information. “.

The user-effect simlllatiuns have O:IIY rc~entlj
been cunpleted dna Ilave not b~en fdlly ~Vdl,,dLUU.
However, Figs. 5-7 represent prellmlllary results
for gas cons~tio~, electricity LOflSUnlPtl,Jfi, dnU
total energy consumption, respectivel~, lor Lh~

restaurant (locateo III Lhlcayo, II IIII(,lsJ. tdLll
figure contail,$ plots uf the rnonthlj rnrd~ured

dl~a, the LKIL-2 reference rut,, anu tnc tuur USUI -
etfect DOE-2 runs, Three of Lhr fIJtiv u~ur-ctt~~L
runs for gds con$umptlon (t lg. !Jj Lrxr~drt, MUII

wilh the referenLe ru~l (wlthln ~lU. J tor IIIImtIIlj
values. Ihe OULlylng 5e1 U? VdlUeS d~~cdr~ tu b.

lALILL 7
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a result of a disagreement in the interpretation
of base loads. The scatter in the user ●ffect fot
mnthly ●lectricity cons~tion, approximately
-25°, (Vig. 6), is greater than that for 9as
consump ion.

CONCLUSIONS

lhparlsons of ~E-2.OA with 1972 ~nd 1977 ASHRM
loads-calculative methods have shown the following:

o Differences mmng the daily total loads pre-
dicted try the methods are small (<lO.).

.

0 Differences of up to nearly 30% occur mung
the peak 10adS predicteo by the rnethoos.

These difte,wces result from the use of olfterent
sets of wei$nting factors in the three methods
ccsnpared. Bezause predicted peak Ioaos are wlaely
used for equipment sizin~, these c!jfferences shoulu
be quickly resolved.

DOE-2.O is free of errors in constants ana fl~y-
setting algorithms.

Canparisons of OW-2 PLANT equipment perforn,dnce
default vdlues and Manufixturers’ aata have

tmo~ r 1 I I T 1 I 1 1 1 r

o

R- -.
-. 4 - ~d OSW
- + -Rofuuleonm “.

19W -

Itoo-

000 -

400 -

2.0

1,0

140

110

m

00

ao

40

[ ,!,, I,, [![)1J VIIIIf 11,11 11111 l’r.(lJl,ll Il+llr I ffl-ll ~llrl’. h’%ldlllllrll



2800

2400

400

0

@ 1 I 1 1 1 I 1 I 1 1 I

10.5

Iz 34 5e70smlln

Mnth of YOOI

Fig, 7. ~E-2 Verification Pro.lect User-Effect Ru(ls--kestdurar\t.

identified a few questior,ahle default curves.
These have been reviewed and corrected wt:ere
appropriate in the DOE-2,0A program.

The refer~rlce runs made on six cmrclal oulld
ings of diffelent types indirate good agreerm’nt
with rncasured monti,!y and annual energy ~orlsump-

tion data. Predictions for the six building~ dlf
fered frctn rrm=asured dnnua” ddt.d by 1-19 fur yas/
fuel-oil cnrlsul,lption,by 1-15’1 fot ~lectrlcity
consumption, and by 1-12’: for told! energy con-
sumDt ion.

preliminary dJ!a r~portv’i fOr mm ‘_rIll;dil)g ~rwt

taur ant ) ir, dicdtc a user effrr! cllife, cn(.c uf
appl(t~imately *IO’ for gas consumpt,or at)d apl~IIII
tmalrly ●7+ fc]r el~ctricity consumptiofl, butt) 011
a nmnt,hly !Ja’,i<,
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