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Itff Bugged b y 2.1C?? To date ,
over 40 bugs in 2.1C ha ve been fi xed . Ir )' OU

woul d like to " t rad e-in" you r o ld 2.1C t ape for
our bug-fret' ve rsion . please call Kat hy E llington
at (415) .;S6-5 ':11 fo r inst r uctions.

Itff P C- D O E Up d a te - T he folks
who bro ught you the PC version of DOE-2.1B
hav e moved! Lse the ir new address and phone
number for you r P C· DO E inqui r ies :

Lyn da Os bo rn. P .E.
TRI r C\'D Research Corpora tion
Suite 900
IO·,)Q- J ';" t h Street
Denver. CO S026 ,')

Teleph one : P03) 595·0610

• 1 -

Itff B uilding Your E ne rgy Refer
ence Library The Am erican Council for
an Energy-Efficien t Economy (ACEEEJ is a
non- pro fit organization t hat con duc ts resea rch
and an alysi s on energy efficiency wit h t he goal
of stimulating t he ad o ptio n of energy con serv ing
technologies and pract ices. The l l -vc lume set
of procee dings from t heir 1986 Summer Study
P rogram on E nerg y Efficiency in Buildings is an
impressive compilation of t he resea rch papers
presented . Some of the topics from the proceed
ings , wh ich rna)' be of sp ecial int eres t to 00£-2
use rs , a re : Large and Small Bu ild ing T echnolo
gies ; P erform ance Measu remen t and Analysis;
P lanni ng an d Fo recas t ing; and Man d a tory
Con servat ion /Efficiency Standa rds .

We feel that A CE E E is an excellent resour ce for
inform ation on energy efficien cy in bu ildings an d
suggest that you se nd (or its pu b lica t ion list.

P lease cont act :

T he American Council (or an
E nergy- E fficient Economy

Su ite 535
100 1 Conn ec t icu t Avenue :'\'.\\ ' .
W ash ington , DC 20036

T elephone: (202) 429· 88; 3

Itff Let There b e D ayligh t!
Proceed ings a re no w availa ble from the 19S6
Int ern a t iona l Dayligb t ing Con ference held last
Xovember in Long Beach , CA . P rice of the
proceedin gs is $36.14 including t he cost of pes
r age: it may be ordered from John Cable Assoc i
a t es. Inc., 150S Emerson Aven ue, Mcl. ean . VA
22101.

A lso availab le a re co pies o f the T ech nical
P roceedings from the 1983 In ter na t ional Day
light ing Conference . Pr ice for t he 1US 3 proceed
ings is $10,00 per co py . Fo r more inform at ion .
contact Mar jor ie Matth ews . Oak Ridge Xa tional
Labora to ry . P .O . Box X. Oak R idge . T~ 37S:11
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[Ire noted that the January 1987 iss ue of the ASHRAE Jou rn al carried an advertisem ent for a program
called .\ /lCRO·DOE£, a microcomputer version 01 DOE-2.1C. We cont acted A croso]t International's
Gene Ts oi, .\fICR O-DOE2's devetoper, and requested tha t he submit a sho rt article on his program. It is
printed her elL'ith fo r you r consideration. If you have used the Afl CR O·D OE2 program, please let us know
your comments or opinions on its ccpabilities.j

~nCRO.DOE2 - DO E-2 .1C o n a M icrocom puter

b ) '

Cene Tsai
Acrosoft Intern a t ion a l, Inc.

Denver , CO S022i

.\UCR0-nOE2, vers ion 2.1 C, is a microcom pu t er trans lat ion of the mainfram e/ mini compu ter H r.
sion of t he DOE·2.1C program. Xot a single equation was changed in t he proc ess. Therefo re, ..... ith the
except ion of floa t ing poin t round-off due to d ifferen ces in float ing poin t nu mber rep resen tati on s, the
sam e results will be obtained on a microcomputer when com pared to those p rodu ced by a m ainfra me or
minicomputer at a frac tion of the cost.

T aking ad van tage of t he microcompu ter env ironmen t , tw o new fe atu res were added to DOE-2 in
ord er to make ~lICRO-DOE2 easie r and more pleasa nt to use.

• M enu -D r-iven User Int erface - Th is inte rface prov ides a me t hod of easily co nt rolling DOE
2. It provides op tions to (1) select ru n-ti me d isp lay heade rs ; (2) specify the SDL and weathe r
data fi le to use for a given simulat ion ; (3 ) val idate the requ ir ed fi les fo r a process ; and (4)
create "batch" fi les for automatic execut ions .

r

• Ru n- Time S t a tus D is p la y - Since the hou r-by-hou r sim ul ations take some t ime to run,
progress updates are essential. Info rmat ion d isplay ed includes t he cur rent input line of the
S OL fi le, the cur ren t d ay and hou r of th e simulat ion. t he module that is cu rre ntly execut ing ,
t he execut ion t ime of eac h modu le, and several o t her usefu l statist ics .

~nCRO-DOE2 will do anything from load ca lcula t ion and equ ipm ent sizing t o bottom- line
economics analysis. It includes all t he features necess a ry to analyze t he energy perfor ma nce of a bu ild
ing, whet her it be a s ingle zone res idence or a -lQ.. zone high - rise.

C o mput e r S ystem R eq u irem e n t s

Mic roco mpu te r

Disk Operat ing System
Random Access Memory
Mar h Co-Processor
Hard Disk Dr ive
Floppy Disk Drive

Monitor
P rint er

- JB~I- PC , -XT, -AT, CmlPAQ DESKPRO 366,
or true compa ti bles

- PC~DOS or ~ I S·DOS 2.10 or lat er
- 640KB (ki lobyte)
- I:'\TEL 80S7 or S028 ;
- :!O~ lB [megabyte]
- 3601'.8 o r 1.2~m dis k drive

(for installa t io n use o nly)
- monoch rome (8/\\" ) or color dis play
- tex t p rin t er

- 2 -
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Ben ch ma rk E xec ut io n T imes

The execu tion t ime of :'>. lIC RO-DO E2 on a given compute r will d epend on a num ber of fact or s.
These inclu d e th e ty pe of microprocessor, t he clock speed and, of course, the s ize of the SD L input
(zones. walls. schedules, erc.].

.-\ 5 a general rule, if you have an IB~ I·AT (80286) with a clock speed of S-~IH z , J OU will need to
allocate approxima te ly 1 ~14 minu tes pe r zone for a ful l year with an hou rly s imulation that includes a
LO.\DS-SYSTE~IS-PLA:\T-ECO:\mlICS analysis. If you are using an JB~l-XT (80SS) with a clock
speed of 4 . 7j'- ~ I H z , t hen you will have to alloc ate approxima tely 200% to 230% of the · :\T rime. If
using a CO~IPAQ DES KPRO 386 (803S6) wit h a clock speed of 1 6- ~IH z , t hen allocate app roximate ly
5-tS: to 57% of th e ·AT t ime.

Sample Run s

BDL Module
Descr ipt ion :'\0. of Zones LO.\DS SYSTE~IS P LA:\T ECO:\O~IIC5

T t'st I 6 I 1 I I
Tes t :2 11 I 3 3 3
Test 3 I J I I I I

T est 1 is Sample- I - R un 3:\ of DOE-2 .I C samples.
T est 2 is Sample z- R uns 1, 2, and 3 of DOE-Z. IC samples .
Tes t 3 is Sample 3 of DOE-2.IC samp les.

Timing R esu lts

[Units a re in Hours-Min u tes]

~Iod , l IB~l -AT IB~I-AT CmWAQ
Processor 80286 8088 DE5KP RO 355

Clock Speed 8- ~IH z '1 7i -MHz 80385/ 1 6-~IH z

T est 1 LO~ 2:19 0:35
T es t 2 ? - - 5:35 1:36_ : ~.

T est 3 2:29 SO l 1:2:2

Literature and order ing information for ~lICRO-DOE2 can be obtained by contact ing

Gene Tsai . T elephone: (303) 969-0170
Acrosoft In terna t io na l. Inc.
3 1 ~O So uth W ad sworth Blvd .. Suite 1
Denve r. CO S0227
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AD V~,CED SI\ IULAT IO:'i :

A :"ew Direction F or The Simu la ti on Resea r ch Gro u p

The Sim ulat ion Research Gr oup (SRG) at Lawrence Berkeley Lebc ratory has the
long- t erm object ive of provid ing the ar ch itectur al, enginee ring , and research communi t ies
with software tools to ass ist in the design of signi fi cant ly more ene rgy efficient and cost
effective buildings. T he on going research of the SRG has two main t hrus ts : (1) t he
develo pm ent and maintenance of DOE-2 , the current-gene ration benchmark p rog ram ; (2)
advanced simu la t ion. the development of t he nex t genet arion of building performance
calculat ion tools (t he En ergy Kernel Syst em]. Because the readers are already so
knowledgable abou t the DOE·:! program . this art icle will focus on the Energy Kern el Sys
tern (E" 5).

The main effor ts in the ad van ced simula t ion area at th is t ime are the creation of
th e EKS and th e crganiz at icn of the s imulat ion development com mu nity to encourage
collaboration . T he EKS has t hree main components;

• soft ware peimltlves , incl udi ng a com po nent modellibrary and s imulation tools;

• a soft wa re harness to facilit at e the construc t ion of simulation programs by allow ing
gener al linkage of component mode ls and support mod els ; and

• a knowledge base wh ich will cont ain the rules of sim ulat ion d evelopment and use so
as to allow . at a fut ure t ime , t he cons t ruc t ion of expert sys te ms for build ing perfor
man ce simulat ion .

T hese th ree as pects of the EK5 will provide the bas ic tools and information to allow the
.3RG and ot her grou ps to d evelop the simulation prog rams of the fu t u re . T hey will also
provide a mechanism to Iacilit ate exchange of research result s and technology advances .
and provide a bas is for int egra ti n g performance simulat ion int o CAD and expert system
soft ware .

T he SRG and collabo rat ing institutions in the United Kingdom a nd other cou ntries
have form ulat ed a pr oposa l for creatin g the softwa re tools essentia l for the next genera
t ion of bu ilding energy simulation mode ls. T he intention of t his projec t is not to de velop
a single new mode l but, instead, to provide a kernel system of high ly-port able soft ware
modules and linking prot ocols which will en able groups in t he public an d p rivate sectors
to construct a va riet y of custom ized prog rams . T he work plan has bee n developed in the
cont ext of the following guid ing princip les:

(1) Resea rchers deve loping build ing perfo rmance simul ation techniques can no longer
afford to work as ind ependen t groups creating non-inte rchangeable software. Som e
mechan ism mu s t be found to give all developers access to th e d evelopments of ot h
ers while ret a ining t he fl exibility to tai lor a sim ulation system to individ ual needs .

(2) As man y en ergy sou rces become more expensive , and as improved efficiency te chno
Iogies become more complex, des igne rs of t he future will be requ ired to focus more
crit ically o n th e inti mat e relat ionship bet ween design and perform ance. T h is will
require a quan tum jump in the ca pabili ty and acc urac y o f th e energy simulation
te chniques then availab le.

!:l , Th- pnvnte secto r of archi tectu ra l an d enginee rin g firms, HVAC equipmen t
mc uufact u rers . an d CAD {Co mpute r Aid ed Des ign ) syste m vendors does no t neces
"' an ly support t he de velop men t of lar ge pu blic domain sim ulat ion codes. However .
t hev inll su ppor t de velopments of t he kind proposed . wh ich seek to cre ate and orde r

-.-
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r. the build ing blocks of energy sim ulat ion. Pr ivate and publ ic secto r organiza t ions
can then use the result ing kernel sys tem to cons tr uct customized simulat ion systems
which embody an app rop riate level of detail. offer wide- ranging application poten
t ial, and use th e most up- to-d at e techniques.

(-I) Increasin gly , energy simulat ion models will form pan of a build ing 's operat ing sys
tem, allowing cont rols to be optimized in real t ime before being appl ied to th e
bu ilding.

(5) The building design profession will increas ingly rely on advanced CAD software
packages, As sys tems possess ing a drafti ng function proliferate, a de man d will grow
for exp licit performa nce app rai sal software. Designe rs will th en come to rely on
simu latio n techniques to test altern ative hypotheses throughout th e desig n stages
and post occupancy. Indeed , CAD system integrat ion is perhaps the most effect ive
mechan ism for mar ket pen et ration of advan ced energy an alysis sys tems.

(6) It is likely that, with the advent of powerful, integrated CAD system s . the design
profession will seek to refi ne th e build ing mod el and associat ed pe rfo rma nce da ta
base beyond th e cons t ruction phase. On e possible scena rio is t ha t a clien t of the
future will expect delive ry of a com pute r-based model and perfor mance database , in
addit ion to th e building itsel f. The information regard ing building perfo rma nce is
then read ily available for inspection. And , of cou rse. the model ca n be used at any
time as th e basis for HVAC system main tenance, trou ble shooting, and retrofits.

•

•

•

,-

Each of these factors calls for the existence of a modu lar approach to ene rgy simula
t ion and , it could be argued , wou ld be badly served if only free-standing, monolit hic pro
grams conti nue to be developed .

A mode l-creation system has been proposed which consists o f three main eleme nts :

a public-domain libra ry of so ft wa re peimitlves:

a softwa re harness. i.e. executive software for con t rolling ho w t he pr imit ives are
linked into a model ing system, and

a knowledge base , wh ich cont ains the rules for model construc t ion.

T he model-creation system is schemat ically illus t rated below .
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The cha racte ristics of these elemen ts a nd th e tasks requi red to constru ct th em ar e as fol
lows,

• Softwa re Primitives

Many usefu l mod els a nd t echniques al ready exist with in contempor ary mod elin g
sys tems. A nd much additiona l so ft wa re cont inues to emerge as existi ng codes are
extended or ne w developments pursued. T he first t ask is to d ivide the us efu l, exist
ing so ftware into sm all, logicall y independ en t , well-tested un its called "soft wa re
primitives". an d place them wit hi n a cent r al , public doma in library . Each libr ary
en try is then a small soft ware mod ule which pe rforms a sing le task . T he libra ry
entries will be independen t, in the sense th at each primitive will h ave no
" knowledge" of a ny ove rall data stru cture. T he p rimiti ves wi ll obt a in data and
ret u rn resul ts in a standard way , by invoking special primitives which will fet ch
dat a from a nd return data to a cent ra l storage area. There will be no attempt to
prescribe an overa ll modeling techn ology; instead , we hope to a llow the free evol u
t ion of usefu l software tools for t hose con cerned wit h developmen ts in building
L.-: ergy simulat ion. Xatur ally , po rtability will be a ne cessary attri bute fo r all of
t hese tools . The lib ra ry will have diffe rent types of en t ries: first principle , governing
equation gene rators for bu ild ing an d system com po ne nts; self-contain ed algo rithm ic
app roaches: da t a ma nipul a to rs ; software d eve lopment and managem ent tools ; and
simula tio n support modules. By accepting a h igh level of plu ra lism it is like ly t hat
a rich modelin g base ca n be formed , ent ire ly fr ee of appl ication ass ump t ion s .

,

•

•

Softwar e H arn ess

Th e second stage add res ses the development of harn ess or execu ti ve softw a re which
will allo w pr im itives extracted fro m the library to be combined in to an act ua l
mode ling system. T his soft wa re will consist of a da ta man ager used to d efi ne and
cont rol d a t a traffic among t he pri mi t ives and a simulation cont roller to control the
sequence in which t he pr imitives (r groups of p rim itives ) wi ll be execu ted. Creat ion
of th e so ft ware harness is analagous to t he development of a compute r operating
sys te m, s uch as li :'\IX, wh ere the pr oblems of conc urr en t processes and com m unic a
tion among processes have already been addressed. Using techn iques from t h is field
will Iacilit a te the use of paralle l processing at some future po in t in ti me. I t will also
per mit the constr uct ion of any modeling approach (so long as the necessar y
soft wa re primit ives exist ), f rom the establish ment and integration of ma trix equa 
tions represen t in g ene rgy an d fl uid fl ow with in buildi ngs an d their systems , to mor e
pragm at ic models which app ly si mp lifica t ions a p prop ria te t o the problem in ha nd .

It is impo rt a nt to note that the h arness so ftwa re is desig ned fo r use by model
developers not by mo d el users. I t is an efficien t way of bu ilding ap propr iate models
which can he easily improve d as the underlying te chn iques are refin ed . Users would
conti nu e to use prescri bed pr og rams, th e only di fference be ing t hat the ir a rch it ec
t ur e wo uld be highly mod ular and , t hus, easy to ch ange.

K no w ledge B a se

The t hird im portan t stage consists of sett ing down th e rules wh ich govern model
const ru ction and use in a d esign, educa tional, o r rese ar ch co ntex t. T his is essen t ial
if it IS desired to mo ve to so-called " expert " sys tem s.

- 6 -
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Concerning mod el cons tr uc tio n. t he rules em ployed by so m e contem po ra ry pro
grams will be set down as a first step te m plate . T his would include t hose r ules
commonly applied to componen t mode ls, as well as t hose ap p licable to ove ral l solv
ing st rategies . Xorma l acade mic interch an ge wou ld then serve to modify these t em
plates o r to crea te al t er nati ve app roaches. Each part icipant can have his/her say ,
allowing the more effecti ve te mplates to become promi nen t wi th time.

Mod el use is a d iffer ent problem . The inte nt ion here is to explain how existing and
planned energy simulat ion sys te ms work . T his know ledge is requ ired by those
fut u re developers who will construct expert systems in t h is ap plication area. It is
proposed not to dev elop decis ion-making software , but si mply to organize a data
base of informat ion in this one area.

SPA.'"\K : A Proto t ype K ernel System

In 19S6 the SRG developed new softwa re called the S imulat ion P rob lem A.,""a lysis
K ernel (5PA :'\1~) as a first prototype of t he EKS. SP A:"K views a s imu lation problem
as J. ne t work - the nodes rep resent nonlinear equations , and the lines linking the nod es
(calle d links or arcs) represen t variables in the equatio ns . The net work representat io n of
a simulat ion problem is completely equivalen t to d escribing t he problem as a set of
simultaneous, nonlinear equations. T he net work represent a t ion has t he advan tage that
it allows graph theory techn iques to be used to red uce the size or the problem to be
solved . T he existing version or SPA :"1\: only allo ws algebra ic equa ti ons , bu t the next ver
sion will handle first-order d ifferen t ial equa t ions.

.\ simulation problem in SP A:\K cons ists of a se- t of co upled equations . Each eq ua
tion or rela tion am ong va riables is known as a " pri mi ti ve object". Prim it ive objects may
be combined in to " m acro objects", and primit ive and macro objects can be combined
int o more complex m acro objects. T hus , modules (sets of eq uations) wh ich rep resent
com plica ted physi ca l p roce-sses or en t it ies can be built up from simple components . O nce
the necessary objects. eit he r simp le or com plex, ar e de fi ned , t he p roblem desc rip t ion is
completed by "lin kin g" the objects toget h er; i.e. , by specifying wh ich va ri ab les are corn
man to which equ a t ions .

Once th e sim ula tion problem is defined , SP Ai'K does t he rest . T he use r does not
han to choose a compu tat ion sequ ence (th at is . writ e a p rocedu ra l algorit hm in FOR·
TRA:'\ or so me othe r language ) th at so lves t he set of equations. S PA :'\l~ creates t he
solution sequence in two steps . f irst . a pa rt icula r relationshi p (equat ion) has 10 be
selected for each varia ble and inve rted to give a for m ula for t ha t va riable . Selec t ing a
relationship to be used in solving for a particular vari able is a classic match ing problem
from graph theory. and algorithms for perform ing th is mat ching are well known .

Once the m at ch ing has been accomplished. the second step is to find a se t of b reak
va riables. ca lled 3. "cu t set " . T hese va riab les become the iteration var iab les in the so lu
tion sequence. T ha t is. ini t ia l values are guessed . then used to solve for a ll t he var iab les
us ing the set of relationshi ps . yielding new valu es for the cu t se t va ri ables . T he-n a
scheme such as Xewton-Raphson iter at ion is used for choosing t he next guess for t he cut
set .

--.-
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Most s imula tion prog ra ms, when faced with solving a system of nonlinear equa tions,
simp ly ite rat e o n all t he va riables; i.e., t he cu t set includes all th e vari ables in t he prob
lem. One of SP A:"K's majo r cont ribut ions is to use graph t heor y met hods to redu ce t he
cut size great ly; t hus, th e problem size is effectiv ely redu ced .

.-\t t his time the larges t practica l problem solved wit h SPAi\' K is a simulation of a
constant volume reheat HVAC system. T he mod el contains 23 equat ions and 23 va ri
ab les. The cut set found by SPAl\' K conta ins I va riable; a 23 to 1 red uct io n in prob lem
complexity. T he mode l st ructu re of t he SPAI\'l( probl em description (ob jects and macro
objec ts) allows a mode l to be eas ily comprehended and al tered . SPAi\"K inherently
allows simultaneity and non linea rity. Las t ly, th e use of data fl ow concepts allow SPA:'\'K
to t ake optimal adva ntage of mul tiprocessor machines .

In t e rn a t io n al Asso ci at io n

One of the elements of the proposa l to devel op an Energy Kern el System is the for
mation of a broadly-based group or assoc iation to fos ter and guid e resear ch and deve lop
ment in the bu ilding performance sim ula tio n field. T he first organizational meet ing of
th is group was held J anuary 19, 1986, in San F rancisco in conju nction wit h th e 1986
ASHRAE winte r Meeti ng. At that meet ing, an ent husias t ic group of supporte rs se lected
the name " Internat ional Building Performance Simu lation Associat ion" (IBPS A) , and
formally pu t th e organizational process in motio n. By t he secon d org anizat ional meet ing
on J une 22 , 1986, in Portl and . subcommittees had drawn up a d ra ft M ission Statement
and init iated the incor porat ion process . T he Mission Statemen t , wh ich has since been
approved by t he cha rte r mem bers , defines IBPSA to be an or gan iza tion H • • • fou nded to
advance and prom ote t he science of buil ding performa nce simu lat ion in order to improve
the design, const ruct ion , ope ration, and maintenance of new and existing bu ildi ngs
world-wide." Object ives listed include ident ificat ion of build ing simu lat ion research and
developme nt needs , and the enhance men t/t ransfer of new d evelopments and technology
to the use r commu nity. lBPSA seeks t he part icipat ion of bu ildin g designers , owne rs,
ope rators, and developers in orde r to provide a broad base of sup port and to assure
tec hnical input from the entire bu ildi ng com mu nity. At a meet ing held Septem ber 21,
1986, in W ash ington , these object ives were exp lained to an in ternational group of atten
dees of th e e lB meeting. T he most recent IBPSA meet ing was held Janu ary 20 in New
Yor k in conju nctio n wit h t he 19Si ASHRAE W in ter meet ing.

Any ~eade~ 6 ~ho ~ould lik e mo~ e

i"&o~matio ll on t he E n e~ g y K e~ n e l

SyH<m , SP ANK, 0 ' l BPSA ,11Outd

con tact Kathy El l i ngt oll at t he

add~e6 ~ give n on th e 6 ~o n t page 06
thi 6 USER NEWS ! !
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WEATIIER DATA FOR DOE-2

One of th e most frequent quest ions we get asked is this: " What weatner data :.hould
I use with DOE- 2, an d where can I obtain it'?" Consequently, as a follow up to the art i
de on the DOE· 2 weat her processor in the Fall, 1986 newsletter, we will discuss the
sou rces for hourly weather data, and t he different data sets and for mats of weath er data
tha t are commonly used with DOE<L

Th e primary source for weat her dat a in the United States is the Na tion al Cl imatic
Dat a Center (i\TDC). a bra nch of the Nation al Oceanic and Atmospher ic Administr at ion
(:\"0 :\..-\). T he add ress for the :XCDC is:

Xaricnal Cl imat ic Data Center
Federal Building
Asheville, Xorth Carolina 28801

T elephone: (704) 259-06S2
Federal T elephone System: 672-0683

T he :\'COC can supply the " typical year " data sets called T~.rY an d T RY (see below) as
well as hourly dat a for specific yea rs for hundreds of locat ions in t he US. Th is dat a is
available on magnetic tape in a var iety of formats. In addit ion, the :\'CO C has weat her
data for ma ny foreign locat ions. Most of t he data for specific locat ions is not hourly. but
rather Hi-hou rly (dat a every third hour). T he 00E-2 weather processo r han dles t ri
hourly data by interpola ting da ta for the missin g hours.

T he :,\CDC also has a la rge nu mber of publications abou t weather. One that we
use frequently is " Local Climatological Data - Annual Summ aries" , which con tains
annua l and historic summaries of weat her data for hundreds of locat ions in the li .5.
Information about this publicat ion and a list of o ther publica t ions can be ob tained from
the P rint ing and P ublica tions Distr ibut ion Section of :\'CDC.

Secondary sources of hourly weat her data include ASHRAE (for \VYE C data). the
California Energy Commission (for CT Z a nd RC TZ d ata), and the U.S. Air Force (for
data for air bases). Somet imes local uti lities or irrigat ion dist ricts meas ure and archive
weather da ta . In most cases. however. the ;\CDC is the only agency a user will han to
contact .

Weather data for use with DO£-2 can be div ided into " typic al yea r" data sets . and
data specific to a given location and year. Ty pical yea r da ta sets are a n attemp t f a

create a single " year" of data for a given location. which will in som e sense represent the
lon g term ave rage weat her for that locat ion, T he available typical year data sets are
T est Reference Year (TRY), T ypical Meteorological Year (T~JY) . Weat her Year for
Energy Ca lcula tion (,," YEC), and for California, California Therm al Climate Zones
(CT Z).

T RY T he T RY dat a set is an ea rly a tt empt to create a typ ical year dut abns c. .\
TRY year is data for a real year for the locat ion, se lected from the period I O ·t ~

to 197.5 . T he selection procedure involves eliminn t.ing ye ars in rhc per iod of
record containing months with extremely high or low mean tem peratures un til
only one yea r remains (see the DOE·.! R ef erence .\faTl ua l. Falllllle II. page
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\·III.IS). Since the select ion proce du re has no theo retical statist ical validit v
T RY years cannot be expected to yield reliable estimates of ave rage annual
energy requirements for a building. T he data is useful for comparison of
diff~rent heating and coolin g systems, control st rategies, envelope featu res, and
so on. but not for realist ic esti mates of annua l energy consu mption. TRY data
is available for 60 locat ions in the U.S.; however, it includes no sola r data, so
0 0 E· 2 calculates insolat ion from a cloud cover model. In general TRY da ta
should not be used for applications in which so lar rad iat ion is expected to be
important.

D ry D rY represents a more recent attempt by 1\CDC to provide a typical yea r data
set for use in energy calculations. T he cove rage is muc h better fo r T~1Y than
for TRY; data for 233 locat ions is availab le. T~1Y years are not real years ;
rather , they are ersatz years assembled from typical (re al) months, T he selec
tio n method involves statistically comparing 9 indices (daily max, min, and
mean for dry bulb and dew poin t temperat ures. daily max and mean wind velo
city , and da ily global sola r rad iation ) for a candidate month wit h the same
indices for the entire pe riod of recor d (23 yea rs). In the comparison the ind ices
were given different weights. It is note worthy th at the weight ing is 50% sola r 
50% all other indices, so T~rf 's ar e st rongly biased towa rd " typical" sola r
data. T he statis tical comparison was used to select a small group of candidate
months; t he fina l selection of the typical month was done subjectively.
Twenty-six of the T \fY loca tions contain measu red solar radiation data from
the SO L\IET da tabase; all o the r locations contain ersatz solar da ta obtained
from models applied to cloud cover obse rvat ions or measu remen ts of hou rs of
sunshine. This ersatz data is more accurate than the solar radiat ion calcula
t ions done in DOE-2 so, for this reason alon e, th e T\IY data is pr eferab le to the
T RY da ta. In addition th e cover age is better and the selection or creat ion of
the typical yea r is done in a statistically reasonable manner. Unfo rtunately, the
data integrity for T:\fY is not as good as for T RY. Possible problems include
missing data, anomalous tempera ture changes, bad solar values, etc. Most of
these problems can be handled by carefu l inspection of the weather summaries
produced by the DOE-::! weather p rocessor , wh en t he T~fY file are packed .
However , no compilat ion of problems with the T~fY data has ever been made,
so it is definitely a case of " use r bewa re"!

\\"YEC Rece ntly , work was completed on t he ASHRAE-funded developmen t of the
WYEC typical yea r data set . T he coverage is sparser t han T :\1Y (51 loca tions),
but 5 locations in Canada are included. Like T:\fY, th e \V'{EC "year" is corn
posed of typical mo nths of real da ta, including solar data. T hese months were
chosen so tha t the mean monthly d ry bulb tempera t ure and t he mean global
sola r rad iat ion for the month were nea r th e long te rm means. Th e candidate
month was then altered by substituti ng days from the same mont h in othe r
yea rs to bring the monthly averages for d ry bulb tempe ratu re and global insola
tion into very close agreement with the long term ave rages. In addition, the
wet bulb temperatu res du ring the mont hs June to September were adjusted to
match the long te rm recorded means . T he data integ rity of the \\")'EC fi les is
good . f or information on obtaining WY EC weather tapes, ca ll ASHRAE at
( ~04) 636-8400.
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CTZ The CT Z dat a was generated by Loren Crow for th e Californ ia En ergy Com
mission in 19i6. California was divided into 16 climate zones, and a representa
tive yea r for each zone was created from long term local weat her da t a. T he
CTZ weath er fi les do not include sola r radiat ion data. Consequently , jus t as for
the TRY da ta , the DOE<~ cloud cover model is used to calculate insola t ion dur
ing a simulation . For informat ion or to ob tai n the CTZ data. contact Bru ce
Maeda at the CEe , (916) 324-3399,

When a typ ical year is needed, we recommend that T~.fY or \VYEe be used . T~ lY

and WYEC data for t he same locat ion ace "ery similar, and resu lts from DOE-2 using
T),IY or WYE C are virt ually indis tinguishable. Use of T RY data should be phased out ,
bot h beca use TRY does not represent a typical year in any readily defi na ble sense . and
because solar data is not included . necessitating the use of the less accurat e 00E-2 cloud
cover model. Wh en solar da t a generated by t he OOE-:2 cloud cover model is compared
with T~[Y or W) 'EC data , it is evident th at the 00E-2 algorithm considerab ly und eres
tima tes the beam (direct) radiation on part ly cloudy days , although the to tal radiation is
fairly close. Gener ally th is is not going to make much difference in the overall building
load . but data sets that include solar should be preferred.

In many cases the DOE-2 user will not want to use a typi cal yea r. but rat her a
specifi c histo rical yea r at a given location. In this case the user has only to order the
desired yea r or years from the :\"COC. The data can be provided in a variety of forma ts .
T he DOE-2 weathe r processor can handle data in TRY, TDI-1-10 , CTZ, T~n' , 50L\IET .
\\'YEe. CDtH , and T0geS5 formats. In this case (data for a real, historical year] the
TR Y or CD1-1 -1 formats are preferable . since they have SOcharacter records and therefore
can be easily examined on a termina l. Xc re that "T RY" can refer to either a data for
ma t or to a typica l yea r - a sou rce of much confusion. In genera l, sola r data is not
available for a given year and location . T he except ion is the SOL\IET dat a base, which
has multi-yea r meteo rological and meas ured da ta for 2i locations in the U.S. T here tend
to be many gaps in the sola r data on SOL~ IET, however. T apes of SOL~lET data can
be obtained from the :'\COC.

Our last topic involves the t ra nsfer of pack ed weather fi les from one computer S)' S

t em to another . Th e weath er files used by DOE· :2 are packed , binary fi les; therefore ,
they can not be t ransferred from comput er to com puter, unless the computers and operat
ing systems ar e exactly the sa me. Frequent ly the original raw data used to prod uce the
packed files has been lost or discarded. When a new compu ter sys tem is installed . o r
when it is necessary to do runs at ano ther site . a method is needed to preserve and
transfer the data contained in the packed fi les. To do this. we run a small prog ram
\\T I-I F~IT . which reads a packed, binary weat her file and writ es out an ASCII file con
taining the same informat ion . The ASCII file can (hen be writt en to tape. along with a
progra m F~ IT\\'TH . which can reverse t he process: i.e.. read an ASCII weather fi le and
output 3. pa cked . bina ry DOE-2 compat ible file suitable for the nE'W computer system .
T he tape recipient then just has to read the tape , compile F~lT\\TH . and execute it
with rhe ASCII weather file as in put . Bot h \\'TIIF~IT an d F~IT\\'TH are in FOR
Tn.\:\" . and will compile and execut e on a VAX. For other systems the cod e mar need
minor changes (to the OPEX sratcments . for instance). Th e programs and inst ruct ions
for use follow this art icle.
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The ASCII weath er file call be exa mined and edited a ll a t ermina l, us ing the local l~

edito r. T his means t hat t his tec hnique ca n be used when it is des ired to make changes to
a packed weathe r file, instead of using the rathe r clumsy batch editin g process co ntained
in the weather processor. The format of the ASCII fi le has been chosen to be easily
hu man readable.

With reference to the programs th at fellow, F~lTWTH reads a on e-lin e input file
\ 1 :,\prT.T~tp o n the VA_X) in addition to the file containing th e weathe r data .
I:'\PUT.T~lP tells F~ITWTH what type of packed binary fi le to produce Note that only
the fi rs t line is used , the subsequent lines are explanatory. The numbers o n the first line
must be in col umns 13 and 31, respec tively .

---- ~-- - -1 - - - - ~ - - - - 2 - - - - ~ - - - - 3 - - - - ~ - - - - 4 - - - - ~ - -- - 5- - - - ~ - - - - 6 - - - - ~ - - - - 7 - -

"C~ SIZE = Z FILE TYPE = Z
"C~ SIZE = 1 ~~S 60 -BIT. Z ML~S 30-BIT
,ILE TYPE = 1 =S OLD . Z~S NORJ-'AL (NO SOLAR DATA) . AND 3
:·rEA.'JS TrlE DATA 1'.AS SOLA.,

j{}1O~ . KDAY, KH. ....'BT . DoT . PATM. CLDA.'1T, I SNC',ol,
I RAI N, I h1:CCR. h~~T. DENSTY. ENTP~ . SCL~,

DIRSOL. ICLDTY. '~TISPD

C
C
C

C

C

9001

900Z

9003
9004

THIS PROGRA.'1 READS TEE FOR.....ATIED WEATIiER FILE PRODUCED BY
";;1-:F:·IT (' ;EATHER . FMT) AND RECONVERTS IT TO A PACKED BINARY
X E2 t-t:A'7rlER FILE (NEitTH. 'DP)

DI~~SI ON CLN( IZ).GT(I Z).MDAYS (IZ).IDAT(IS36) .IWDID(5)

DATA MDAYS / 31.ZB.31.30.31.30 .31.31.30.31.30.31 /

CPEN (UNI T=I Z . F I LE= ' I ~~UT . TMP ' )

OPEN (L~IT=I I . F I LE= ' W-~TP.ER . FMT ' )

OPEN (L~IT=1 0 . F I LE= ' NE"7H . TMP ' .FORM= 'UNFORMATIED ' )
REWIND lZ
READ (IZ,9001) IW5Z.IFTYP
FOR.~T( IZX.l l . 17X. 1 1)

RE',II ND 11
READ (11.900Z) (I WDID (I ) . 1=1.5) . IWYR. WLAT. WLONG.IWfZN.IWSOL
FOR....AT(5A4 .15.ZF8 .Z.Z I5)
IWSOL = IWSZ + (IFTYP -1) ' Z - 1
READ (11 .9003) (CLN (I) . 1=1.1Z)
READ (11 .9004) (GT (I) . 1=1. 1Z)
FOR. .AT (IZF6 . Z)
FCR .AT (1ZF6 . 1)
DO 1000 1:'1=1.12
IDE = MJAYS (1:-1)
DO 1000 ID=1.IDE
IRECXO = 1.'1 'Z + (I D-1) /16 - 1
ICXO = ~~D(ID-l .16) + 1
00 500 IH=1. 24
RE.D (11 .9005)

- I:! .
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9005 f ORPAT(3I2.2fS. 0. f 6. 1.fS. 0.2I 3.I4 .f7. 4 . f 6 . 3. f 6 .1 . 2f 7 . 1.I3.fS . 0)
I SOL = I NT (SOLRAD • . 5)
IDN = INT(DIRSOL •. 5)
lWET = INT(WBT+99.S)
IDRY = INT(DBT+99.S)
IPRES = INT(PATI"·10.-149 .S)
ICLDAH = INT(CLDA.'!J')
I~USP = INT ('~SPD+ O .S)

lHUMRT = INT(HUMRAT·10000 "0.S)
IDENS = INT(DENSTY·1 000 .-19 .S)
IENTH = INT(ENTPAL·2.0+60 .S )
IPI = (IDXO- l) ' 96 • IH'4 - 3
IDAT(IPl) = IPRES '6SS36 • lWET'2S6 • IDRY
IDAT(IPl'l) = ISOL'1048S76 • IDN' 1024 •

1 ICLDAH'64 + ISNOW'32 • lRAIN'16 + I'~UDR

IDAT(IPl'2 ) = IMw~T'128 • IDENS
IDAT(IPl+3) = I E~7H' 2 048 • ICLDTY' 128 + IWNDSP

500 CONTINUE
If «ID .NE . 16) .AND. (ID .NE . IDE» GO TO 1000
' RITE (10) I'UID . I'YR.'LAT.'~CNG.IWTZN. IRECXO.IDE.C~~(IM) .

1 GT (1M) . I WSOL. IDAT
1000 CONTINUE

END

---- ~--- - 1 - - - - + - - - - 2 - - - - + - - - - 3 - - -- + - - -- 4 ---- + - - - - 5 - - - - + - - - - 6 - - - - + - - - - 7 - -

I'
•
'-

C
C
C
C
C

C

THIS PROGRAM READS A PACKED 8INARY cce - z '<.ATHER fILE MU
CREATES A f OR!"AT:ED ''EATHL'l fI LE AS OUTPUT . THE INPUT
fI LE IS TAfEI0 . THE OUTPUT fILE IS TAPEll.

DIHENSION C~~(12) .GT(12) .MDAYS(12) .IDAT30(IS36) .

_ IWDID (5) . IWTri (14)
DIML~S I ON XPASK(16.2). CALC (16)
INTEGER JDUM

C

DATA MDAYS / 31.28.31.30.31.30.31.31.30.31.30.31 /
DATA IWDID / S' 4H /
DATA XHASK / -99 . . - 99.. 15 .• 0 .. 0 . • 0 . . 0 .. 0 . . . 02. - 30 . . 0 ..

1 . 0. . 0. . 0. . 0. 10 . .
2 1 .. 1. .. 1.1. .1. . 1. .1 ... 0001. . 001 . . 5.
3 1..1. .1 .. 1. . 0 . . 0 . /

OPEN (UNIT=II.fILE=·''EATHER .fHT· )
OPEN (UNIT=10. fILE= 'WEATHER. BIN' . fORH= ,UNfORHATTED , )
REWI ND 10
DO 1 0 0 IMl =1. 1 2
READ (10) (I . UID(I ) . I=I .S) . IWYR . WLAT. •~ONG. I '"TZN . ~'lECX. NUMDAY .

C~~( IMl) .GT(IMl) .IWSOL
READ (10) IDLl1

100 CONTINUE
REW IND 10
LRECX = 0
' RJT:': (11 .9001) (I.mD(I) . 1=1.5). I'"YR. •'LAT. •'LONG. I'TZN. I WSOL
' RITE (11.9002) (C~~( I) . I=1 .1 2)

;'RITE (11 .9003) (GT (I). 1=1.12)
9001 fOR~AT (SA4.IS .2f8 .2.2IS)

9002 fO~AT(12f6.2)
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'0R:1AT(1 2F6. 1 )
DO 1000 1M2~l, 1 2

I:;: ~ ~:I)AYS (1 M2)
: 0 100 0 1D=I . 1DE
CC 1000 IH~ l, 24
lRECX = IM2 -2 • (ID-l ) /16 - 1
1:lX ~ ~!OD(ID-1 .1 6) - 1
I F (1RECX- LRECX) 200 , , 00.3 00
lu I F ~ L~ECX - IRECX - 1
DO 22 0 I~ l . ID I F

5.t ,:::<S?;,.C£ 10
C::-ITI :--''UE
,, ;:.'.0 (10) IwUID. I '..n ,;'UT. '.'Lm:G. I;.n'ZN. L~ECX.NUMDAY. CL'lNES.

~1J . DL"M. I:::AT30

I ? : ~ 96 ' ( IDX- 1 ) - , 'IH - 3
l'. -:: ' (3) ~ IDAT3 0 (1? 1 ) / 65 5 36
:'-::J(l) ~ MOD (JDAT30 (IP1) . 6 55 36) / 2 56
I .-::~ ( 2 ) ~ MOD (I~AT3 0( 1 ?I ) . 2 56 )

: "::~(1:) ~ I DAT30 (1?1 -1) /10,8576
1';~" ~ 1 2 ) ~ MOD (ICAT30 ( l ? I - I ) . 104 85 76) / 1 0 24
: · '.~~ (4) ~ !".oD (JDAT3 0 (I?I-1).1 024) /64
.•-::~(5) ~ :-lOD(JDAT30 (! ? 1 - 1 ) . 64) / 3 2
I;'-::~ (6 ) ~ ~.oD(lDAT3 0 (I?1 -1) .32 ) /16

;;'-::1(7) ~ MOD (l DA730 ( l ? 1 - 1) . 1 6 )
I;'-::~ (8) ~ I CAT30 (!?1-2) /128
r.-::~(9) ~ MOD (WAT30 (l ?l - 2) . 1 28)
I;'-::~ ( 1 0 ) ~ I DAT3 0 (1?1-3) /2 0,8
j'.-::~(13) ~ 110D (l CAT30 (I ? I - 3) , 20 4 8) / 1 28
I~~~ ( l~ ) = MOD(IDAT30 (! ? 1 . 3). 128)
DO 500 1 ~1. 14

CA:C( I ) ~ FLOAT (1 ;'-::~ (I » ' X!"ASK(I.2) - X!"ASK(I.1)
S,JO CC~:TI NUE

I S::O',; ~ I NT (CALC (5 ) - .01)
! "-A;~ ~ INT (CALC (6 ) + , 01 )
!'.~1JDR ~ INT (CALC (7) - .01)
;CLDTY ~ 1~7(CALC(13) - , 01 )

C
C 1M2 MO~T.-l (1 -12)
C ID CAY OF MONTH
C IH HOUR OF DAY
C CALC(I) ....'ET 3ULB TE."'1P (DEG F)
C CALC( 2) DRY BULB n:.'!? (DEG F )
C CALC (3) PRESSURE ( I NCHES Of HG)
C CALC (4) CLOUD A.'lOUNT (0 1 0)
C I SNOW sxcw FLAG (1 = S~OWFALL)

C I RAIN RAIN FLAG (1 ~ RAINfALL)
<.. I ;''l-'DCR '''I~1J DI RECTION (0 - 15 : O~N. 1=~"E . ETC)
C CALC (8 ) h1.;MI DITI RATI O (LB H20 /LB AIR)
C CALC (9 ) D~NS 1 'IY OF AIR (LB/ CU FT)
C CALC(10) S? ECIF1C E~~~~Y (BTU/LB)

CALC (11) TOTAL HCR . SOL.o\..~ (BTJj1B. - SQFT)
-: CJ.!..C(1 2) DB, ~;C?-:"';'L SOLA., (BTUj}B.-SQFT)

rc:..::ny CLC1..;:) 7YPE (0 - 2)
CALC (14) ;';!~D S?EED iC':OTS

'h"'. :': ~ (1 1 . 9 0 05) : :~2. I:J . I f! . CA!.C(I). CALC( 2). CALC (3 ) , CAT.C(4).
I 1S::O;';, l RA1:" I '.~'I:::JR . CA!.C (8). CALC (9). CALC (1 0) .
2 CALC (: l ). C~~C(12). I CLDTY. CALC (1 4)

~ ::5 F: ~~~7(3!2. 2=5. 0 . F6 . 1 . =5.0 . 2 1 3 . ! ~.F7 .4 .F6. 3 . f6 . 1 .2f7 . 1 . 1 3 . F5 . 0 )

: :- : 0 c: ~ .-r : : ::; E

r
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