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U 0" HANDS ON "0 "0

a Ba ck to Basics
A new piece of documen t a t ion , DOE·f Basics,
has been created for new users o f t he program .
It cove rs app roximately 80% of typical simu la­
tion applications, yet req uires the use r to be
familiar wit h only 25% of the input variab les
available in t he program. DO£-2 Basics is
being printed now and will be offe red t hro ugh
the Nat ional T echnical Inform a t ion Service.
So t hat )·OU can have an idea of what the new
manual contains , th e tab le of con ten ts for
DO£-2 Basics has been reprinted in th is
newsletter . For more informat ion on obtain­
ing DO£· 2 Basics please call Kathy Ellington
at (SIO) 48&-57 11 or FA.X at (SIO) 48&-4089 or
48&-5172.

U Oooope!
A corr ect ion needs to he m ade to th e DOE­
2. I D Sup plement , Ap pen di x A , page A.3.
F ind LOADS hourly report varia ble number 51
for VARIABLE--TYPE = GLOBAL and replace
TIfSUI\'D with TIISI\1lR. The d escri pt ion of
TBSU~TI is inco rrect ; it s ho uld read "Solar
azimuth (degrees) measured cov nte r-ciockwiee
from sou th ", no t " Solar azimu th (degrees)
measured clockwise f rom north ", T he
corrected page A .3 of Append ix A has been
reprinted on page 3 1 of t his ne wsletter for
insertion in you r set of documentat ion .

U A rose by a ny o ther nam e ...
T he Si mu la tion Research C rou p has joined t he
LBL Wind ows and Ligh t ing Progr am . T his
Progr am , head ed by Steve Se lkowitz. has been
involved in wind ows a nd light ing research for
15 years and has been mak ing exte nsi ve use of
DOE- 2 as an a na ly t ic tool. Among W indows
and Ligh tin g 's accom plis hments are t he
development a nd co mmerc ializa t ion of low-E
windows and t he de ve lop me n t of high­
fr equ en cy elect ro nic ball as ts (whic h hav e made
com pact fluo rescen t lam ps possib le). They
have a lso p rod uced soft ware, such as
\\'I1\1)OW-3 an d SUPERLITE. SRC has colla.­
borated wit h W indows and Ligh tin g on several
projects , includi ng development of the day­
ligh t ing capability in DOE-~ . In recognition of
SRC 's membership, Windows and Light ing's
na me has been changed to the Build ing T ech­
nologies P rogram .

Althou gh ou r add ress remains the same, there
a re some othe r changes:

17 The area cod e for Alamed a County has
been changed t.o 510; o ur main pho ne nu mbe r
is now (5 10) 486-5711 ; our FAX nu mber is
(5 10) 486-4089.



PLANT OPERATIN G ST RAT E GIES

by
Bruce E. Birdsall

Simulat ion Research Group

Int rod uetion
:Most building plan ts are composed of one or more heating boilers, one or more chillers, a service hot
water beater, and a cooling tower (or air-cooled condenser]. In addition th ere are chilled-water and
condenser-water pumps, gas or o il burners, and fans for the tower and burners. Usually the equipment
is of one type (e.g., the chillers are either reciprocating or centrifugal) and all heating equipment is fired
with th e same fuel type. In this case, th e DOE-2 PLANT inp ut is simple and the program has no
difficulty eising th e equipment automat ically and simulat ing optimal performance.

However , many plants are complex. An example is a ret rofit where one of th e t wo original absorption
chillers is to be replaced by a new cent rifugal chiller, and where t.he owner wants to base load the cen­
t rifuga l using the remaining absorpt ion chiller on peak day s. To model this situation we have to
specify the " load management " st rategy that determines how t he two different chillers are to be
opera ted .

Exa.m p les:
Followin g are annotated examples to help UM"n prepare inputs for a variety of common plant
configura tions and opera t ing st ra tegies. The examples are presented in orde r of increasing complexity :

1) No plan t. all heating and cooling is done by packaged units in SYST EMS.

2) A simple plant with boiler, chiller, And do mestic hot water hea ter.

3) Heat recovery from a double bundle chiller.

4) Heat recovery from an engine dr iven chiller.

5) Sequencing of two differentl y sized boilers .

6) Lead/lag opera t ion of two diflerent.ly sized chillen .

7) Using an absorpt ion chiller for peak shav ing of electric demand .

8) Using a natural-gas engine generator for peak shaving by scheduling it on during the ut ili­
ti es on-peak period s.

9) Sequencing the opera t ion of a gas turbine and d iesel engine so t ha t the gas tu rbine pa rt
load never drops below 50':i;.

10) Recovering heat from a diesel generator engin e j acket to heat both th e bu ilding and domes­
ti c bot water using instantaneous heat exehengers. The generator operates on ly from 7AM
to lOPM .

11) A cogeneration syste m that recovers heat from a gas turbine generato r and provides it to a
rwo-ste ge abso rptio n chiller, with th e remaining heat availabl e for heating th e building and
domestic hot water.

12) A cogeneration system that recovers heat from a gas turbine generator and diesel genera tor
engine exhaust and provides it to a two-stage absorption chiller. The remaining recovered
heat is available for heat ing th e buil ding and domest ic hot water. Both generato rs track
the elect ric load except that from IPM to 5PM during su mmer months th e generators run
at maximu m output and th e excess elect ricity is sold back to th e utility . The gas turbine
fuel is d iesel oil and th e tu rbin e does not run below a 0 .5 part load ratio .



Input Descr-ipt.iona for Typical Plant Couflgurat.lone'"

1) No plant . all heating and cooling by packaged units in SYSTEMS

1l\1'UT PLANT ..

DIIWII - PLANT-EQUIPMENT
TI'PE = DIIW-IlEATER
SIZE - · 09••.

EI''D ••
CO~IPUTE PLANT ..

A plant must be input in order Io r- plant reports to be
printed. A plant is also needed to pll.'!o5 fuel and electric
energy consumption to the ECONO~nCS section or
DOE-2.

When there ~ no domestic hot water load input in
LOADS, the user should input
TYPE = COOLL"-:C-T\VR &'I a dummy since the pro­
gram requires at leeer one type or plant equipment.

2) A simple plant with boiler, chiller, and domestic hot water heater

LWUT PLANT ••
11\\'0 ~ PLAl\'T-EQUIPMENT

TI'PE - IIW- BOILER
SIZE _ ·09.

INSTALLED-NUI>IDER ~ 1 ..

C1IW ~ PLANT -EQUIPMENT
TI'PE = IIERM-RE~IILR

SIZE = ·09.

INSTALLED-NUMBER - 2 ••

DIIW = PLANT-EQUIPMENT
TIl'E = DIIW-HEATER
SIZE = .••• ..

PLANT- PARAAUSTERS
BOILER- FUEL - FUEL-O IL
DlIW- HEATER-FUEL ~ FUEL-OIL ..

El\'D ..
COMPUTE PLANT ..

Boiler will be steed automatically . Whenever the actual
else or equipment is known, the simulation accuracy will
be improved by using that information in the input.
The insta lled number deraults to one.

Chillers ..... i11 be sized automatically and load split evenly
bet.....een two units .

Demonstrates how to change the fuel type [de faults
to NATURAL-GAS Cor domest ic hot water heaters).

• DOE-2 input it . bown OD tbe Itn-b and side and IIOta to indil'idllaJ lin. ol i n pll ~ "" l inn on tb~ ri&!l \-b ....d side.



3) Heat recovery from a d ouble bundle ch ille r

INPUT PLANT ••

HWG ~ PLANT-EQUIPMENT
TYPE ~ IIW-BOILER
SIZE ~ .ggg ••

CIIW ~ PLANT-EQUIPMENT
TYPE ~ DBUN-ClILR
SIZE~ .ggg .•

HEAT-RECOVERY
SUPPLY-I - (DBUN-CHLR)
DEMAND- l ~ (SPACE-HEAT) ..

(0')
HEAT- RECOVERY

SUPPLY- l ~ (DDUN-CIlLR)
DEMAND- l ~ (SPACE-HEAT,

PROCESS-H EAT) ..

Eto.'D ..
COMPUTE PLANT ..

T he boiler will supplement. th e recovered hea t. from the
double bun dle chiller.

This is th e default for HEAT- RECOVERY and is there­
fore not required input .

Specifies that heat recovered from the double-bundle
chiller be assigned to both space heat ing and dom est ic
water heating, with space heating (SPACE-HEAT) tak­
ing precedence over do mestic hot wa ter heat ing
(PR OCESS-HEAT ). If a dome 3!ic hot water heater is
inpu t, it will take precedence over hea t recovery , not sup­
plement it .

4) Heat recove ry fro m an engine d riven chiller

INPUT PLANT ..

HWG ~ PLANT-EQUIPMENT
TYPE ~ HW-BOILER
SIZE = -999 ••

ECH ~ PLANT-EQUIPMENT
TYPE ~ ENG-CIlLR
SIZE = 2.0 ••

HEAT- RECOVERY
SUPPLY- 1 ~ (ENG-CIlLR)
DEMAA'D- I ~ (SPACE- HEAT,

PROCESS-HEAT) ..

END ..
COMPUTE PLANT ..

The program will size the boiler for the peak heati ng
load . Th e boiler will supplemen t the heat recovery .

The manufacturers recommend that an engine chiller be
sized at less than the peak cooling load so that it will
operate in an overload condition at peak load. Therefore
the user should manua lly size t he unit.

The engine heat-exchanger is furnished with the unit.
Space heat ing takes precedence over domest.ic
hot water.
Note that if a domest ic hot wa ter bea ter is input., it will
take precedence over heat recovery , not supplement it .



6) Seque ncing of t wo differently-si zed boilers

II\'PUT PLANT •.

IIWGI ~ PLA1'IT-EQUIPMENT
TYPE ~ Il\V- BOILER
SIZE = 2.0
lNSTALLED-1\1JMBER - I ..

IIWG2 ~ PLANT-EQUIPMENT
TYPE - Il\V-BOILER
SIZE - 3.0
INSTALLED-NUl.ffiER - I ..

BOILER- CTRL - LOAD-ASSIGNMENT
TYP E - IlEATING
OPERATION- MODE - RUN- NEEDED
LOAD- RANGE - 5.0
PLANT-EQUIPMENT - IIWGI

NUMBER ~ I
PLANT-EQUIPMENT _ IIWG2

!\mmER = 1 ..

LOAD-MANAGEMENT
PRED-LOAD-RANGE - 99

LOAD-ASSIG!\~1ENT ... (BOILER-CTRL,
DEFAULT,
DEFAULT) •.

END ••
COMPUTE PLANT ••

2 million Btufhr output capacity .
Manual sizing is required for this situation .

3 million Btuj hr output capacity .

This input overrides program opti mization routines.
Identifies the function of the equipment involved.
The boilers will run in sequence.
Maximum anticipated combined load.
The 1st boiler to run in this load range.
The number of units is mandatory input .
The 2nd boiler to run in this load range.

Required input . A large value signifies that no threshold
applies.

BOILER-CTRL IS the u-name of the heating
LOAD-ASS IGNMENT. The load assignment u-names
for cooling and electric arc defaulted, which means the
program will control any cooling equipment and source of
electricity .



&) Lea d-lag o peration or two differently. ai sed eh llleee

ll\l'UT P LANT •.

Cl I\\' 1 - PLANT- EQUIPMENT
T'J1'E - IIERM -REC-CHLR
SIZE ~ 2.0

L~STALLED-NUMBER ~ 1 ..

ClIW2 - PLANT-EQUIP~IENT

T'J1'E - IIER.\I-REC-ClILR
SIZE - 3.0
INSTALLED-NUMBER ~ I ..

CHILLER-CTRL - LOAD- ASSIGNMENT
T\l'E - COOLING
OPERATIO:'-l- MODE ~ RUN-l\"EEDED
LOAD- RA:'-IGE - '0
PLANT-EQUIPML~T - CH\\' I

N - I
PLANT-EQUIP~IENT ~ CIIW2 N ~ I
LOAD-RANGE ~ g.
PLANT-EQUIP~IENT ~ CI1W2 N ~ I
PLANT- EQUIPMENT = CHWI

N - I ..

LOAD-MANAGEMENT
PR ED- LOAD-RANGE - gg

LOAD-ASSIGNMENT ~ (DEFAULT,
Cl IILLER-CTRL,
DEFAULT) ..

END ..
COMPUTE PLANT ..

2 million Btu/hr output capacity . Manual sl:l:mg is
required for this situation.

3 million Btu/hr output capacity.

This input overrides program optimization routines.
We are assigning cooling equipment .
The chillers will run in sequence.
Chillt r CHWI will lead CHW2 up to .._0 ~mtuh .

Th e I&t chiller to run in this range.
The abbreviation Ior l\1JMBER = I .
The 2nd chiller to run in this range.
From ".0 to 99 MBtuh chiller CHW2 will lead CHW I.
The l et (hiller to run in this range.
The 2nd chille r to run in this range.

No threshold applies.

CJlILLER-CTRL is the u-name of the cooling
LOAD-ASSIGNMENT.



7) U.tng an absorption eh iller lor p eak sh av ing eleet ele demand.

ll\l'UT PLANT ••

SThI - PLANT-EQUIPMENT
TYPE - SThI- BOILER
SIZE - 4.S ••

AIlS - PLANT- EQUIPMEl\'T
TYPE - AIlSORI-CHLR
SIZE - 3.0 ..

C1IW - PLANT- EQUIPMENT
TYPE - IIERM-CENT-CIILR
SIZE - 3.0 •.

OFF- PEAK - LOAD-ASS IGl\'MENT
TYPE - COOLING
LOAD-RAI'GE - 3
PLANT- EQUIPMENT ~ CI/W
"UMBER - I •.

PEAK-DEMAND _ LOAD-ASSIGl\'MENT

TYPE ~ COOLING
LOAD-RAI'GE = 3
PLANT- EQUIPMENT - ABS
NUMBER ~ I ..

LOAD-MANAGEMENT
HEAT-MULTIPLIER ~ 0 .0

COOL- MULT IPLIER ~ .20

ELEC-MULT IPLlER ~ 1.0

PRED-LOAD-RANGE = ....

LOAD-ASSIGN1lE NT - (DEFAULT ,
OFF- P EAK, DEFAULT)

PRED-LOAD- RANGE ~ 9.

LOAD- ASSIGNMENT = (DEFAULT,
PEAK-D EMAND, DEFAULT) ,_

El\"D ..
COl\IPUTE PLANT ..

The size of th e steam boiler is matched to the absorption
chiller , i.e. ·1.5 ~ 3.0/( .66 COP) .

Chiller sizes must be entered; automatic smng is not
appropriate for rwc different. units , both of which are Iull
sized .

Ditto

This assig nme nt allows the cent rifugal chiller to ru n .

This ass ign ment allows th e absorpt ion chiller
to run , thus lowerin g the elect ric demand .

The cont ributio n or heating to summer electrical pea k
demand is esti mated at 0 .0.

The cont r ibut ion of cooling to summer electric al pe ek is
primarily compressor energ y .

Th e total cont rib ut ion or lights and equipment , fens, etc.
to electric demand is I()()<;; .

The user 's est imate of th e threshold electric demand (in
MBtuh) below which th e centr-ifugal is allowed to run .

OFF- PEAK is th e load assignment th at references the
een rrifugal chiller.

An elect ric demand (in ~mtuh) between .... and 99 will
cause th e absorption chiller to ru n .

PEAK-DEMAND is the load assignment that references
the abso rp tio n chiller. The u-n ame is in the cooling posi­
t ion since cooling deman d when conve rted to electric
demand is being addressed .



8J Us ing a natural-gas engine generator for peak shaving by scheduling it on
during the utility 's on-peak periods .

II\1'tIT PLANT ••

GGEN ~ PLANT-EQUIPMENT
TIl'E - DIESEL-GEN
SIZE ~ .3' ••

PLANT- I'ARMIETERS
DIESEL-FUEL - NATURAL-GAS
DIESEL-GEN- EFF - .28 ••

OFF- PEAK ~ LOAD- ASSIGNMENT
TIl'E ~ ELECTHI CAL
LOAD-RANGE - 99
PLANT-EQUIPMENT ~ UTILITY
NmffiER - 99 ..

ON-PEAK ~ LOAD-ASSIGI\~tENT

TIl'E ~ ELECTRICAL
LOAD- RANGE - 99
PLANT-EQUIP~tENT - GGEN
l\-mffiER - I
PLANT- EQUIPMENT ~ UTILITY
l\-mffiER ~ 99 ••

WD-P- HRS - DAY- ASSIGN-SCH
(1,12) (OFF- PEAK)
(13,18) (ON- PEAK)
(19,2') (OFF- PEAK) ••

WEH-HRS ~ DAY- ASSIGN-SCli
(1,2')(OFF-PEAK) ••

A IOOkW gas engi ne generator output expressed. In
~mtuh .

changes fuel type from d iesel (d efault) to natural gas .
To reset efficiency represent ing a nat urally espiraeed gM
engine.

A large number representing maximum antici pa ted load .
UT ILIT Y in this exa mple represents purchased elect ricity .
t'o<'UMOER wh en used with UT U..ITY must be t he max­
imum demand in Mlhuh.

No th reshold eppliee.
Referencing the gas generator first makes it base loaded .

T he ut ility picks up an)" load above t hat satisfied by th e
gas engine generator.

References the OFF- PEAK load assign ment .
R eferences the ON-PEAK load assignment .
References the OFF- P EAK load assign ment .

Again we reference the OFF- PEAK load assig nment Ior
use on weekends and holidays.

DEMAND- CTRL - SCHEDULE TlllW DEC 31
CWO) WD-P- HRS WD stands Ior weekdays .
(WEH) WEH- lffiS •• \ \' Eli stands for weekend s and holidays.

LOAD-MANAGE~tENT

PRED-LOAD-RANGE - 99
ASSIGN-SCHEDULE - (DEFAULT,

DEFAULT,
DEMAl\'D-CTRL) ••

END ••
COMPUTE PLANT ••

No t hreshold applies.

Here we reference the DEMAJ\'1)....CTRL schedule, which
has the gene rator on from noo n to 6P~f du ring the week
and off at a.1l other times.



Q) Sequencing the operation of a ga.e turbine and diesel engine 80 that the ga.e
turbine part loa d never drops below 50%.

INPUT PLANT ••

TURB - PLANT-EQUIPMENT
TWE - GTURB-GEN

SIZE - 6.B

I:-ISTALLED-NU?-ffiER ~ I ••

DGEN - PLAl'.'T-EQlJIP?-lENT
TWE - DIESEL-GEN

SIZE - 3.'
Il"STALLED-NmffiER ~ 2
?-1AX-I'lJMBER-AVAll. ~ 1 ••

GEN-CTRL ~ LOAD-ASSIG:-'~lEIH

TIl'E ~ ELECTRICAL
LOAD-RANGE ~ 3.'
PLANT-EQlJIPMEI.'T - DGEN

1" - I
LOAD-RANGE - s.B

PLANT-EQUIPMENT ~ TURB
1" - 1

PLANT- EQUIPMENT ~ DGEN
1" - I ,.

LOAD- MANAGE?-lENT
PllED- LOAD- RANGE _ ••
LOAD-ASSIGNMENT ~ (DEFAULT,

DEFAULT, GEN-CTRL) ..

END ..
COMPUTE PLANT ..

A characteristi c of gas turbines is that they do not
operate effidently at part loads leu than~.

Always size generators in ~mtuh ; here th e electrical out­
put is 2000 k\ \ ' • 3-413 = 6.8 ~mtuh.

The diesel engine unloads more efficiently and will be
used to trim th e elect ric load .
The size is 1000 kW

We will use only one of two diesel generators, th e other
providing standby capadty during maintenance.

The type of equipment is electri cal .
Up to 1000 kW only one diesel genera tor will run .

From 1000 kW to 3000 kW the generator.'! will be
sequenced.
The gas tu rbine is the first on and will start at
1000 kW or 50% load .
From 2000 kW to 3000 kW both unit! will run .

No threshold applies.



10) Reco vering heat Crom a dies el gen erator e ngine jacket to heat both the
build ing and domestic hot water usin g instantaneous he a t exchangers . The
gene rator operates o nly Cro m 7AM to lOPM.

l1\l'UT PLANT ••

IIWG - PLANT-EQUIPMENT
TIl'E ~ IIW- BOILER
SIZE~ -999 ••

DGEN - PLANT- EQUWMENT
TIl'E ~ DlESEL-GEN
SIZE~ .3' ..

HEAT-RECOVERY
SUPPLY- I - (DIESEL-JA CKET)
DEMANIJ.-I ~ (SPACE-HEAT.

PROCESS-l lEAT) ..

DGEN-ON ~ LOAD-ASSIG1\'MENT
TIl'E: ~ E:LE:CTRICAL
LOAD-RANGE: ~ .3'

PLANT-EQUIPMENT ~ DGEN
NUMBE:R - 1 •.

DGE:N-OFF ~ LOAD-ASSIG1\'?>IE""
TIl'E - E;LE:CTRICAL
LOAD-RANG E: - 99
P-E:~ UTll.ITY N ~ 99 ••

DGE:N-SCH - DAY-ASSIGN-SCII
(1,7) (DGEN-OFF)
(8,22) (DGE:N-ON)
(23,2' ) (DGE:N-OFF) ..

DGE:N-CTRL - SCIIE:DULE:
THRU DE:C 31 (ALL)
DGE:N- SCII •.

LOAD-MANAG~lENT

PRE:IJ.-LOAD-RANGE: - 99
ASSIGN-SCHEDULE - (DEFAULT,

DE:FAULT,
DGE:N-CTRL) •.

E:ND •.
CO~tpUTE PLAr-.."T ••

This sizes the boiler to maximum heating load .

A 100 kW diesel engine generator is installed that use
diesel oil.

Only heat fro m the engine jacket is recovered .

Building heat is first to be satisfied and any excess goes
to domestie bot water.

This load assignment is used to schedule the diesel gen­
erator.
Up to 100 kW ( .34 MDtuh), the diesel generator is base
loaded.

The utility eupplementa the diese l as the default condi­
tion.

This load assignment covers the period that the generator
is not operating.

N = 99 (~'UMnER _ 99) is the peak anticipated electri­
cal load.

This schedule controls the daily generator operation,
which requires use of the DAY- ASSIGN- SCH instruction.

ALL means all days of the week.
The DAY- ASSIGN"-SCH is referenced.

Heating and cooling are defaulted;
u-name of the schedule is
referenced for electrical.



11) A ecgeneeat.ion system tha t recovers heat (rom a gas t urbine generator (or
use by a two stage absorption ehtller, with the remaining heat a vailable Cor
heating the building and dcmest.le hot water.

INPUT PLANT ..

ABS - PLANT- EQUIPMENT
TYPE - AIlSOR2-CHLR
SIZE = · 999 ••

SThIB - PLANT- EQUIPMENT
TYPE - STht- BOILER
SIZE = ·999 ••

GTUR - PLANT- EQUIPMENT
TYPE ~ GTURB-GEN
SIZE = 6 .8 ••

IISTO ~ PLANT- EQUIPMEI\'T
TYPE - HTA.'\'K- STORAGE
SIZE - 167 ..

HEAT- RECOVERY
SUPPLY- I- (GTURB- GEN)

DE~~"''D-I-(ABSOR2-CIILR)

A two stage absorption chiller with automat ic sIZIng.
App roximately 19.7 MBtuh is recoverable (rom the gas
tu rbine .

A steam boiler to supplement th e heat recovered from the
gas turbine. The user should adj ust capacity of boiler to
insure that it meets the total requir ements of absorption
chiller minus recoverable hea t.

A gas t urb ine elect ric generator of 2000 kW capacity (6 .8
~mtuh) has a peak efficiency of 0.19. T herefore its input
energy is 6.8/.19 = 35 .8 and approximately 55'$ o( this
heat may be recovered .

A storage tank to sto re hot water for building heat and
domestic hot water. The SIZE is r"IDtu stored , not th e
physical ebe. In th is CBSe 500 K ga l · 8.33 Ib/g al • 40F
dt = 167 MBtu stored heat .

Hea t source is exhaust gas (rom th e gas tu rbine.

The first priority Ior heat at the highest temperature level
is the absorption chiller , which requires 125-lb steam.

SUPPLY-2~ (GTURB-GEN ,l iTA.x'K-STORAGE)
The source for SL'PPLY- 2 is turbine exhaust but th e
absorption chiller has first priority. The
HTAAl(- STORAGE is a supplier since th e tank has
stored heat as a DEMA.!\'D- 3.

DEMAND- 2- (SPACE-l lEAT,PROCESS- HEAT)
The orde r in w hieh th e demands occur sets their priority
over each other.

SUPPLy..- (GTUB-GEN)
DE.\t""...'D-3-(HTA.x'K-STORAGE) ..

GGEN-OP ~ SCHEDULE
TliR U DEC 31 (AtL)
(1,24) (I ) ..

ENERGY-STORAGE
IlEAT-STORE-RATE - " .7

IlEAT- SUPPLY- RATE - • ••

IlEAT- STORE-SCII ~ GGEN-OP

All remai ning heat goes to storage.

Here the IITAI\l(- STORAGE is a demand .

Th is sched ule controls w ben heat is recoverable for cherg­
ing t he storage.

This is the maximum rate only when th ere is no ot her
demand.

This must be set by th e user to match the bui ld ing heat­
ing load.

References the schedule (or when heat can be recovered .



HTANK-LOSS-COEF - 200

HT"''''K-BASE-T - 140

HT"''''K-T-RANGE _.0
IITAl\'K-ENV-T - 70 ••

IffiCVY ~ LOAD-ASSIGNMENT

TIPE ~ ilEATI NG
LOAD-RANGE _ 9.
PLANT-EQUIPMENT - IISTO
NUMDER - 1
PLANT-EQUIPMENT - STMB

NUMBER ~ 1 ••

ELEC ~ LOAD-ASSIGI\'MENT

TYPE = ELECTRICAL
LOAD-RANGE ~ • .•
PLANT-EQUIPMENT - GTUR
1\1JI>ffiER - 1 ..

LOAD-MANAGEMENT
PRED-LOAD-RANGE - 99
LOAD-ASSIGNMENT - (HRCVY,

DEFAULT,ELEC) ..

END ..
COMPUTE PLANT ..

The tank'. VA value (the heat loss from the surface DC
the tank per degree temperature differen ce betw een th e
environmen t and th e storage medium (8tub/F)) . It must
be ealeula ted by the user .

Is the return water temperature of the bu ilding beating
sys tem .

Is rhe temperature drop of th e heating water loop .

ls the average ambient te mperat ure surround ing th e tank .

w henever El\"ERGY- STORAGE is used, the program
requi res a LOAD-ASSIGj\,'MENT to ti e the storage tank
and supplemental heating equipment together.

No th reshold applies.
References t he u-name of the sto rage.

References t he u-na me of th e boiler supplement ing the
sto rage.

This assi gn ment controls operation o r th e gas turbine,
which is alwa ys on.

The capacity or the gas turbine.
References th e u-n ame or the gas turbine.

No threshold ap plies.
Th e a-name or the hea ting L-A .
ELEC is the u-n ame or the electric L-A.



12) A cogeneration system that provides recovered heat from a ga.s turbine gen­
erator and a diesel generator's engine exhaust to a two-stage absorption
chiller. The remaining recoverable heat from the dleeel generator's jacket is
available through storage for heating the building and domestic hot water.
Both generators track the eleet.elc load , except that from IPM to 5PM dur­
ing su mmer montha the generators run a t maximum output a nd exceee elec­
tricity is so ld to the utility . The gaa turbine fuel is diesel o il; the tu r bine
does not run below a 0 .5 part load ratio .

ll\l'UT PLANT ..

ADS ~ PLANT-EQUIPMENT
TYPE - ADSOR2.CHLR
SIZE - -999
INSTALLED-l\-mm ER ~ 2 .•

SThm - PLANT-EQUIPMENT
TYPE - STht-BOILER
SIZE - •••• ..

GTVRIl - PLANT-EQUIPMEl\"f
TYPE - GTL"RB-GEN
SIZE - 6.8 ••

GGEN - PLANT-EQUIPMENT
TYPE - DIESEL-GEN
SIZE _ 3.' ..

IISTO _ PLANT-EQUIPMENT
TYPE - I1TANK- STORAGE
SIZE - 167 ..

HEAT-RECOVERY
SLl'PLY- I - (GTURB-GEN.

DIESEL-GEN]

DEMAND- . ~ (ABSOR2·CHLR)

SUPPLY- 2 - (GTURB-GE~,

DIESEL-GEN.
HTANK-STORAGE)

A two stage absorption chiller with au to matic sisi ng.

A s team boiler to supplement the heat recovered from the
gas turbin e. The user sho uld adjust capacit y of bo iler to
insure that it meets th e total requirements of ab sorption
chiller minus recoverable heat.

A gas t urbi ne eleerrie generator of 2000 kW capacity (6.8
!l.ffituh) has a pea k effieieney of 0 .19. Therefore its input
energy is 6.8/.19 = 35.8 ~ffituh; ap prox imately 55~ of
this heat may be recovered .

A diesel engine generator of 1000 kW capacity (3.4
~mtuh) has a peak efficiency of 0 .35. Th erefore its inpu t
energy is 3.4/.35 s= 9.7 ~mtuh ; approximately 23'1 of
th is heat may be recovered fro m the n haust and another
~ from the jack d./lube oil.

A s torage tank to store hot water for bu ildin g heat and
domestic ho t water. T he SIZE is ~mtu stored , not the
physical size. In this case 500 K gal · 8 .33 lb/ gal • -IOF
dt =< 167 ~mtu s tored heat .

The sou rce of high temperature heat is exhaust gas from
th e gas turbine and d iesel engine.

The first priority for heat at the highest temperature level
is th e ab sorption ch iller which requires 125-lb steam.

SUP P LY-2 is beer remaining from turbine and diesel
exhaust after the absorption chillers are satisfied . The
diesel jack et and lube oil heat OCCUI1l at lower tempera­
tures and can be used only for building heat and domes-­
ti c hot water. IITAAl(- STORAGE is a supplier since the
tank has stored an y remaining heat at DEMAND- 3.



DEMAND-2 - (SPACE-IIEAT.
PROCESS-IlEAT)

SUPPLY--3 - (GTURB--GEN.
DIESEL-GEN.
DIESEL-JACKET)

DEMAND--3 - (IITM'K--STORAGE) "

GGEN--OP - SCHEDULE
TIIR U DEC 31 (ALL)
(1.2') (1) ..

EI\'ERGY-STORAGE
HEAT- STORE-RATE ~ 23.8

HEAT-SUPPLY-RATE = '"

HEAT-STORE-SCII = GGEN-OP

IITM'K-LO SS--COEF ~ 200

IITM'K-BASE-T ~ "0

IITM'K- T-RANGE ~ .0

IITM'K-ENV-T ~ 70 ..

IffiCVY - LOAD-ASSIGI\'MENT

TYPE - il EAT ING
LOAD-RANGE ~ 99
PLANT- EQUIPMENT ~ IISTO
NUMBER - I
P LANT- EQUIPME NT ~ STMB

NlJI-ffiER - 1 ..

ELEC - LOAD-ASSIGNMENT

TYPE - ELECTRICAL
LOAD-RANGE - 3..
PLANT- EQUIPME NT ~ GGEN
NUMBER - 1
LOAD-RANGE - 99
PLM'T-EQUIPMENT - GTURB

N - I

PLANT - EQUIP MENT - GGEN
N - I ..

SUPP LY-3 is heal remaining including jacket heal
of the d iesel generator.

The storage tank is heated by any heat left over alter rh e
building and domestic hot water Loads are satisfied. Here
the HTM 'K - STORAGE is a demand .

This schedule controls when the storage is seen by th e
si mulation as a heating load .

This is the maximum combined rete only when th ere is
no other demand .

This must be set by th e user to match the building nee t­
ing load .

References the schedule for when heat ean be recovered .

Is the heat 1058 from the surface of the tan k per degree
temperature difference between its enviro nment and
stored medium (BtuhfF ). It must be calcula ted by the
user .

Is the return water temperature of the bu ilding beating
system .

ls the temperature drop or th e heating wa~r loop .

Is the average ambient temperature surrounding th e tank .

Whenever Et\.'ERGY- STORAGE is used , the program
requires a LOAD-ASSIG~').fENT to ti e the storage tank
and supplemental heat ing equip ment together.

No thr eshold applies.
References the u-nam e of the storage.

References the u-nam e of the bo iler supplement ing the
sto rage.

Thi s assign ment controls operat ion of t he gas turbine and
diesel which are always on .

Up to t his capacity the d iesel generator will run.
References the u-n am e of the diesel generator.

From 3.4 to max imum capac ity both generators will run .

The order in which th e un its app~ar specifies how
they are sequenced .



SELL-E - DAY-SCIIEDULE

1
1,13) (I)
14 ,17 ) (5j
18,2' ) (I ..

A value of I s ignifies track electric and a value of 5
signifies run at max output to sell electricity (rom IPM
to 5PM.

NO-SELL .., DAY- SCHEDULE (1,24) (1).. For all other days of the year track the eleet rie demand.

GEN- CTIlL - SCIIEDULE

TIIRU JUN I (ALL) NO-SELL

SEP 1 (WD) SELL-E The contract with the utility is to sell electric during
summer months on weekdays (WD).

DEC 31 (ALL) NO-SELL ..

PLANT- PARAMETERS
GTURB-FUEL - DIESElAllL

COGEN- TRACK- SCII ~ GEN- CTRL ..

LOAD-MANAGEMENT

PRED- LOAD-RA/oIGE ~ gg

LOAD- ASSIGNMENT ~ (llRCVY,
DEFAULT ,
ELEC) ..

END ..
COMPUTE PLANT ..

To eben ge (rom the default of natural gas to diesel oil (or
the gas turbine.

T his references the schedule th at determines how the gen­
erators are loaded ,

References u-name of heating L-A , coo ling defaults , and
u-name of electrical L-A.
No threshold applies.



DOE-2 a nd CCIP

by
Vladimir Bazjanac, Ph.D.

Cent re de Conferences Int ernationales de P aris (CCIP) is a new $400~f conference
center in P ari s designed to serve th e needs of France and United Eu rope in th e 21st
cent ury. It is t he latest of th e " president ia l" buildings [l.e., buildings commissioned
directly by th e president of France, such as th e new Paris opera house or th e new
Nat ional Library) intended to leave a mark of our time on French architectural his­
tory.

1

The location of th is building is unique and most pro minent of all recent presidential
buildings: on the left bank of t he Seine at Quai Bronly immediately nor t h of the
Eiffel Tower . The bu ilding 's design was th e winn er of a large competition judged by
an international jury.

The design concept , by Parisian architect Francis Soler. calls for three large glass
boxes (each app roxim at ely 150 ft by 300 ft by gO It on top of a large underground
building (Figs. 1 and 2). Each glass box has a separa te building st ruct ure inside.
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Two of the three glass boxes have double skin (all glass) ; two of the t hree funct ion as
large glass at ria (Fig. 2).

Figu re 2

Eac h of th e three glass boxes is devoted to a different fun ction . The mid dle box pro­
vides main access and controlled separat ion of occupants according to their accredit a­
t ion. All st rict ly diplomatic fun ctions and meetings are in th e high-securi ty box to
th e west (toward Eiffel Tower). The press cent er with modern press faciliti es and an
indoor park with trees from th e region is in t he box to the east . The underground
st ruct ure contains large conference and exhibit room s wit h all necessary support facil­
ities.

The primary architectural reason for glass boxes is to provide visu al uniformity.
They also protect th e insid e building st ruct ures from th e elements and allow unob­
st ructed views inside and out . All glass is clear, and only low reflectivity is permissi­
ble because of possible mul tipl e reflections. This poses a cha llenge to fi nd t he best
balance between natural lighting and th ermal loads, especially for atria in t he middl e
and east glass boxes.

Solar radiation in P aris is too strong to leave clear glass unprotected. Glass boxes
requi re some form of shading to redu ce direct solar ga in, but st ill allow suffi cien t
natu ral light where needed and to elimina te glare in large public spaces . (Glare is
potenti ally a very serious issue because of possibility of reflection of sun from mult i­
ple glass surfaces.] T hree alternatives are cur rent ly under st udy :

1. fixed, soft , perforated surfaces (shading mesh)

2. movable, hard, perfora ted surfaces (panels) and

3. glass laminated wit h Solarflex (an interlayer that reflects solar heat , invented by
Sout hwall Technologies and manufact ured by Monsan to].

It is likely t hat t he final so lut ion will consist of a combination of all three alterna­
tives.

Basic mechanical sys te ms, as presently planned, are VAV with poss ible use of eva­
por ati ve precoolin g. One of th e large atria (in th e glass box for the press) will only
be vent ila ted. The City of P aris will supply steam a nd (possi bly) cold water.



Simu lat ion of CCIP's perfo rmance with DOE-2 serves a dual purpose :

1. to generate comparative data of performance of gla zing an d shading alternatives
for th e select ion of glass types and shading, and

2. to provide information about thermal loads for th e design of mechanical syste ms
and plant.

To achieve th e former it is necessary to st udy the effects of t he use of severa l conven­
tional glass typ es available from European suppliers , high-tech glass types of
U.S. orig in, and different perforation densit ies in soft and hard shading surfaces.
Final recommendations will be based on comparative analysis of qua nt itative perfor­
man ce of all alternatives. For the lat ter, t he DOE-2 building description includes a
new library of European glass types, a complex defi nition of bu ild ing shades (which
includes all surrounding bu ildings), a very comp lex syst em of occupancy and related
schedules, and input fun ctions which account for dayllght.ing in spaces adj acent to
sunspaces for the modeling of atria.

All simulat ions were run with a beta-t est vers ion of DOE-2.1E using metric input and
output. A weather tape with solar measurements for Paris (actually for Trappes, a
suburb of P aris) was converted from French format. The new glass library wit h
definition of glass-type codes takes into account angu lar dependence; it was developed
with a beta-test version of the \VINDO \V-4.0 program .* All double-sk in spaces are
modeled as sunspaces.

The DOE-2 description of the building is evolving with the design. The fi rst two ver­
sions had 62 and 64 thermal zones, respect ively. Work is currently in progress on a
new building description th at will hav e approximately 100 zones, 40 syst ems and 620
schedules.

Each sim ulation run generates an enormous amount of info rmation. To facilitate
analysis, a group of awk programs automatically ext racts the necessary data from
LOADS, SYSTEMS and PLAl'\'T reports and places them in easy to read tables.

DOE-2 analysis is complemented with parallel st udies of day lightlng, glare, and
reflect ion, based on experiments wit h a scale model of the building's superst ruct ure in
LBL's Sky Simulator. Analytical and design work are expected to be completed by
t he end of 1901. The buil ding is scheduled for occupancy in 1995.

• WINDOW·4.0 allows USfn to Cffatf custom gllUlll tYI'l!$ Ior U5 f in DO£.2.1E.

..



Daylighting Design Tool S u rvey

The Windows and Daylight ing Group at LBL has put toget her a Daylight in g Design Tool
Survey . Period ic upd ates will be printed in th e User News. For mor e information, contact
Michael Wilde, Bldg. 90 .• Room 3111, Building T echn ologies Program, Lawrence Berkeley
Laboratory, Berkeley, CA 91720, FAX (510) 48&.4089.

MAINFRAMES

• DO&2.1D
Simulation Research Group, Bldg. 90 -- Room 3147, Lawrence Berkeley Laboratory, Berke­
ley, CA 94720; phone (510) 48&.5711 , FAX (510) 48&.4089. Con tact: Kath y Ellington

Daylight ing and glare calcula t ion integrated with hourly energy sim ulation and window
man agement .
Hardware: DEC and SUN-4
Software: FORTRAN
Cost and Availability: call or wri te for information

• MUSES
School of Architectur e, University of T exas , Aust in, TX 78712; phone (512) .,171-3148 . Con­
tact : Francisco Ar umi

T hree levels of ene rgy light ing analysis incorpor ated into a 3-D sol id modeling program.
Knowledge-based CAD. Analysis com ponent based on DEROB.
Hardware: SUN or Unix workstations with X Wind ows.
Software: C
Cos t and Availabili ty: call or write for inform ation

• RADIANCE
Ligh tin g Systems Research Group, Lawrence Berkeley Labo ratory , 1 Cyclotro n Road , Bldg
9~3 11 1, Berkeley , CA 94720; phone (510) ·186-4757. Contact : Greg Wa rd

A ray tracing program that accurate ly predicts light levels and prod uces photo realistic
images of architectura l spaces in all sky cond it ions.
Hard ware: SUN , DEC, CRAY, UNIX, Macintosh II (A/ UX)
Soft ware: C
Cost and Availab ility: Free to anyo ne who wish es to develop fur th er.

•

• SUPERLITE r .o
College of Architectu re and Envi ronme nta l Design , Ari zona State Univers ity , Tempe, AZ
85287; phone (602) 965·8756. Contac t: Jon g-Jin Kim

Allows modeling of complex building interior an d exte rio r geomet ry ; accurate calculation of
inte rnally reflected day light component.
Hardware: C DC, DEC, Apollo
Sort ware: FORTRAN - 370K
Cos t and Availability: $ 25.00 for manual and progra m.

• UWL IGHT
Dept . of Architecture, Gould Hall JO- 20, Un ivers ity of Washingto n, Seattle , \VA 98105;
phone (2(6) 543-4180. Contact: Brian Johnson



Useful as an educa tional tool.
Hardware; C DC
Software: FORTRA N 5
Cost and Av ailability: call or writ e for information

MINICOMPUTERS

• SHIS/DAYL IG HT
S&H Information Systems, 11 West 42nd St reet, New York , NY 10036; phone (212) 556­
3251. Contact: Suro Das .

Calcula tes light ing energy savings d ue to daylight from ver t ical openings on th e basis of
rat io of wall to glazing areas .
Hardware: Microvax 3800
Software: FORTRAN
Cost and Availabili ty: $600.00

MICROCOMPUTERSS

• AAMASKYI and SKYLIGHT HANDBOOK
AAMA , 2700 River Road , Sui te 118, Des P laines, IL 60018; pho ne (708) 699-7310 .

Skylight design analysis wit h emphasis on optimizing for energy efficiency , incorporat ing
bot h a worksheet and Lotu s sp read sheet too l.
Hard ware: 1B~1 PC or compat ible
Software: Lot us 1-2-3
Cost and Availab ility; $loo.00jsoftware package plus $50.ooj handbook (half price for
AAMA members)

• AWNSHADE 1.0
Florida Solar Energy Center, 300 State Road 401, Cape Canavera l, FL 32920; phone (407)
783-0300. Con tact: Ross McClun ey

Calc ulates the unsh aded fractio n of a rectan gular window shaded by an awning for any
given solar posit ion.
Hardw are: DOS-based IBM PC or compat ible
Soft ware: Microsof t, QuickBASIC 3.0
Cost a nd Availability: $25.00

• ADM-DOE2
ADM Associates, Inc., 3299 Ramos Circle, Sacrame nto, CA 95827; phone (916) 363-8383.
Contact : Sekhar " Kris" Krish namu rti

PC version of LBL's DOE-2.1D program.
Dayligh t ing availability and control, accurate solar sha ding for individu al and whole build­
ings. Sop hist icated window ma nagement . Daylight ing simulat ion is on an hou r-by-hou r
basis.
Hardware: 80386 IBM PC (or compatible) with a 80387 math co-p rocessor , 2 MB extended
memory
Software : DOS version 2.0 or bet ter
Cost and Availabi lit y: $295.00 with one weather data fi le of user 's choice. Oth er weather



•

locations available.

• BUILDING ENERGY EST IMATION M ODULE (BEEM)
Ross & Baru zzini, Inc., 1304 Baur S t reet, St . Louis, MO 63132; phone (314) 241-5001, Con­
tact : Ma urice Garou t te

Useful in earl y design stages; evalua tes energy impact of differen t types of wind ows,
Hardware: lB1-t P C, IBM PCXT. Needs tw o disk d rives for graphics,
Software: BASIC, 128K
Cost and Availabi lity: $350.00

• CONTROLITE 1.0
Lighting Systems Research , Lawrence Berkeley Laboratory, I Cyclotro n Road , Bldg 9()..

3111, Berk eley, C A 94720; pho ne (510) 486-4096. Contact : Fran cis Ru binstein

Calculates energy savi ngs and cost -benefit of usin g lighting cont rols in buildings . QUICK­
LITE incorporated .
Hard ware: IBM PC XT , IB~t PC AT or t rue compat ible
Software: 256K, peDOS 2.0 or later
Cost and Availability: $ Free. No suppor t .

• DAYLIT
Southern Cal ifornia Ed ison, Customer En ergy Serv ices, P .O. Box 800 , 224,1 Walnu t Grove
Avenue, Rosemead, CA 91770; phone (818) 302-3210. Contact; Gregg D. Ander

Cal cu lates daylight conside ring fins, overhangs, sky lights and ligh t shelves. Calculates elec­
t ric light for three zones with fi ve cont rol strategies. Plots hou rly and a nnually data, based
on IES met hod.
Hardware; IBM P C or com pati ble
Software : FORTRAN, 256K - DOS 3.0
Cost and Availability: $ F ree for Beta T esters. Manual on d isk. Send two for mat ted 5
1/4" dis ks .

• DAYLITE 2 .0
Solarsoft , 12672 Skyline Bou levard , Woodside, CA 94062; phone (510) 85 1-4484. Contact :
Bill Ashton

Daylight ing design tak es into account overha ngs, fins, a nd sky ligh ts ; calcu lates elect ric
lighti ng demand .
Hardware: ID~l PC or compatible, Macintosh
Software: PASCA L
Cost and Availabi lity: $489.00

• ENSAR
Ensar Group , P .O. Box 189S, Arv ada, CO 8000 1; phone (303) 423-5512. Contact: Gre g
Fran ta

Used wit h physical mode l; an alysis capability fl exible to room configurat ions.
Hard ware: Custom built
Software: Custom bu ilt
Cost and Availabi lity: call or write for infor mation



• LUMEN MICRO
Ligh ting Technologies, 2540 Fron t ier St reet, Suite 107, Boulder , CO 80301 ; phone (303)
449· 5791. Contac t : David DiLaura

An aly zes comp lex interio r light ing syste ms including d aylight, direct /ind irect lighting,
mixed and even aimed lumin air es. User fr iendly inpu t .
Har dw are: IBM PC or compatible
Soft ware: FORTRAN
Cost and Availabili ty: $14.95. F ree u pgrade of Dew Au toCAD·based version of program .

• MICRO-DOE2
Acrosoft In t ern ation al, 9745 E. Hampden Av enu e, #!l 30, Den ver , CO 80231 ; phon e (303)
368-9226 . Contact: Gene T sai .

Micro version of DOE-~tlD mai nframe program, with enhance ments.
Hard war e: Regular DOS Version: IllM PC , XT, AT or Com paq 386 compat ibles, Intel
Mat h-coprocesso r
Software: 640KB RAM, DOS 2.1 or later
Cost and Availability : $495.00 with two free weather d ata files.

Hardwar e: Extended DOS Version: Com pa q 386 compatibles, Intel or W eitek Math copro­
cessor .
Software: 3 1.1B RAM , DOS 3.0 o r la t er
Cost and Availability: $625.00 with t wo free weather dat a files.

• MICROLITE 1.0
Depart men t of Arch it ectu re, G raduate Schoo l of Design , Harvard Univers ity, 48 Qu incy
St reet, Cam bridge, 1.1A 02138; phon e (617) 495·9741. Contact : Harv ey Bryan

An aly zes th e day light illum inat ion for rectan gular roo ms with vertical glazi ng in exterior
walls. Obstructions are not accounte d for.
Hardware: IBM PC , APPLE II
Soft ware : IBM 128K , APPLE: 40K BASIC
Cos t and Availabil ity: $25.00

• QUICKLITE 1.0
Windows & Dayligh tin g Group , Lawrence Berk eley Labor atory, 1 Cyc lot ron Road , Bldg
90-3111, Berk eley , CA 94720 ; phon e (510) 486-5605.

A rela t ively qu ick , crud e est imator of d ay ligh t levels in simple rect an gular rooms . See
CONT RO LITE.
Hardwar e: T RS 80, T I-59
Software: BASIC, FORT RAN
Cost and Av ailability : $ F ree. No support .

• SUPERLITE PC 1.0
College of Ar chitectu re and , E nvironmental Design , Ari zon a State Universit y, T empe, AZ
85287; phone (602) 965-8756 . Contact: Jon g-Jin Kim

A mod ularized version of SUP ERLIT E 1.0; maximum number of nod es on wind ows and
interior surfa ces red uced for memory size. See SU PERLIT E 1.0.
Har dware: IBM XT or AT wit h 8087 math cop rocesso r chip o r compatible.
Softwa re: FORTRAN 3.2 Co m piler, 600 K
Cost a nd Av ailabilit y: $25.00 for manu al and program.



• WINDOW 3.1
Bost ik Co nstruct ion Products, P .O. Box 8, Huntingdon Valley, PA 19006; phone (800)
523-6530 toll free, or within PA (215) 674-5600

A pub lic-do main progra m developed by Lawrence Berkeley Laborator y for ana lyzing heat
tr ansfer through windo w systems. If-value and shading coefficien t are calculated.
Hardw are: IBM P C or compa t ible.
Software : DOS 2.1 or higher; math coprocessor decreases calculat ion tim e. 256 KB RAAf
Cost and Availab ility: Fr ee

PROTRACTORS/TABLES

• CLEAR SKY DAYLIGHT TABLES
Gradu at e School of Design , Harv ard University , 48 Quin cy St reet , Cambridge , M.A 02138;
phon e (617) 495-9741. Contact: Harv ey Bry an

Determin es sky component cont ribut ion to the illumination of an interior point for a given
window geomet ry and glazing description . Most useful at an early des ign stage, when scale
drawings ar e not available yet .
Cost and Availability: $25.00

• CLEAR SKY WALDRAM DIAGRAMS
Grad ua te School of Design , Harvard Universit y, 48 Quin cy Street, Cambridge , l\.-fA 02138;
phone (617) 495-9741. Contact : Har vey Bryan

Assist in determi na t ion of sky component cont r ibut ion to the illumina tion of an interior
poin t, accounti ng for angle of incidence losses for vertical glazing and obst ruct ions.
Graph ic method is useful in early design stages.
Cost and Availability: $25.00

• DAYLIGHT FACTOR DOT CHARTS
Concepts and Practi ce of Architectural Daylighting. by Full er Moore, Van Nost rand Rein­
hold Co. New York , NY, 1985, pp. 234-242 .

Determin es sky component of th e dayligh t factor at a given interior reference point t hrough
overlay wit h an obstruction mask.
Cost and Availab ility: approxima tely $30.00 for th e book

• LBL PROTRACTORS
Grad uate School of Design , Harvard University , 48 Qu incy Street, Cambridge, l\lA 02138;
phone (617) 495-9741. Contact: Har vey Bryan

Allows for determi nation of t he sky component contribut ion to th e illum inat ion of an inte­
rior point for an inte rior point of finit e height under overcas t sky condit ions.
Cost and Availabili ty: $25.00

• LUMEPROTRACTOR
Lighting Research Laboratory, P .O.Box 6193, Orange, CA 92613-6193; phon e (714) 771­
1312. Contact : Bill Jones

Useful in early desig n analysis.
Cost and Availability: $5.00



• UW GRAP IIlC DAYLIGHTIN G DESIGN METHOD (GDDM)
College of Ar chitecture and Urban Planning, Go uld Hall J0-20, Un ivers ity of Washin gton,
Seattle, \VA 98105; phone (206) 543·4 180. Contac t: Ma rietta Millet

Determines day ligh t pat terns for a room based on the proport ions of the window openings,
provid ing illumi na tion level, d ist ributio n and grad ient .
Cost and Availability : $ 30.00

NOMOGRAPHS

• DAYLI GHTING N OM O GRAPIIS
Win dows & Day lighting Group , Lawrence Berk eley Labor ator y, I Cyclot ron Road , Bldg
90-3111, Ber keley, CA 94720; phone (5 10) 486-5605.

Assist designers in dete rmining potent ial daylighti ng benefits a nd costs; checking strategy
for ene rgy conservat ion and load man agement .
Cost a nd Av ailabil ity : F ree, no suppo rt .

• ENER GY NOMO GRAPIIS
Burt Hill Kosar R it telmann , 400 Morgan Cen ter , But ler, PA 16001 ; phon e (412) 285-4761.
Con tact: AI Sain

Usefu l in early des ign analysis on commerc ial buildi ngs; capab le o f tota l buildi ng energy
ana lysis, includin g savings from dayl ight and heat ing/ cooling loads.
Cos t and Availabil ity : $50.00 for no te book and enla rged , reusab le nomograph set from:
TVA, Div of Co nservat ion and Energy Man agement , Commercial and Indust rial Bran ch,
35-D Signal P lace, Cha ttanooga, T N 3740 1.

• ENERG Y N OMOGRAPIIS
Ross & Baruzzini, lnc. , 130·1 Bau r St reet , St. Lou is, 1-10 63132; phone (314) 241· 5001. Con­
tact : Mau rice Garoutte

Cos t an d Availabi lity: See MICROCO~·lPUTERS
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• • • • DOE-2 DIRECTORY • • • •
Program Related Software and Serv ices

•• Source Code •• •• DOE-2 T rain ineo ••
ie.io VAX ond SUN· , Only) Afu ll. Eng s., Consult ing , T raining
Simulat ion Resear ch Gro up Marlon Addison
Dldg. 90, Room 3147 En ergy Simulat ion Specialists
Lawrence Berkeley Laboratory 64 East Broadway, Suite 230
Berkeley, CA 94120 (510) 486· 5711 Tempe, AZ 85282 (602) 967-5278
(f. IC and f .lD M ainframe Only) •• C ONSU L T AN TS ••
National Energy Softwa re Cent er

Co nsu lt ing E nginu rlJArgonne Natio nal Laborator y
9700 Sout h Cess AYe(:u~8) Craig Cat telinc
Areon ne IL 60439 708 972·7250 Burns & McDonn ell Engineers

•• p C VE RS I ONS •• 8055 E. Tufts AYenu(~, ~~ite 330
Denver CO 80237 303 721-9292

M/CR O-DOE f (DOE-f.l D for MicrocompulerlJ) Co nsu ltan t
Acrosoft Internat ional (Gene Tsai) Greg Cunningham
9745 East Ham pden Avenue Cunningha m + Associates
Denver, CO 80231 (303) 368·9225 512 Second St reet

ADM-DOEf (DOE-f.lD f or Afi crocomputtrs) San Francisco CA (415\ 495.2220
ADM Associates, Inc. [Taghi Alereae]

Afi crol: omp uter VenionlJ f or Eu ropean UlCrlJ3299 Ramos Circle
Sacramento , CA 95827 {916' 363·8383 Werner Gyg li

Infor matik Energietechnik

•• Ut ilitv Proer-ams •• Weiherweg 19

DOE_PluIJ™ (P re- and P oet-Pr oeeu or]
CH-860,j Volketswil
Switzerla nd

Build ing Blocks Software (Steve Byrne)
ConlJ u/t antP .O. Box 5218

Berkeley , CA 94705-0218 (510) 549· 1444 Jeff Hirsch

GraphlJ f rom DOE-2
2138 Morongo

93010 (805' 482-5515Camarillo CA
Ern ie Jessup

L arge Fan1it" Modeling4977 Canoga Avenue
Woodland Hills, CA 91364 (818) 884·3997 George F. Marton , P .E .

11 29 Keith Avenue
COM PL Y 2.. - CalIfornia StandardlJ Berkelev CA 9·1708 (5 10\ 841-8083
Gabel Dodd Associates (Michael Gabel) Co mpu te r-Aided M ullanit al Engineen'ng
1818 Harmon Street Mike Roberts
Berkeley, CA 94703 (510) -128-0803 Roberts Engi neering Co.

Pre-DOE - (BDL math pre-p rocelJlJo r) 119-16 P ennsylvani a
Nick Luick Ka nsas City MO 64145 (816' 942· 8121
19030 State Street M ainf rame VerlJionlJ f or European UlJerlJ
Corona, CA 91719 (714) 278-3131 Jcerg Tscherry

•• V I DE O •• EMPA, Sect ion 175

DOE-2 InlJ lruct ional Vidl:o and A/anual
8600 Du bendorf
Sw it zerland

Prof. Jan Kreider - JCEM
Con611ltan !University of Colorado at Boulder Phi lip Wemhoff

Campus Box 428
1512 South McDuff A venueBoulder , CO 80309-0428 (303) 492-3915
Jacksonville, FL 32205 "(904) 632·7393
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• • • • DO&2 PROGRAM DOCUME NTATION • • • •
National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161

Shipments Shipments
N TIS Within Outelde

Order No . T he U.S. T he U.S.

OOE-2.1D User Manuals PB-852- I IH9 319.00 635.00
[Reference Manual (2.1A),
BOL Summary (2.10),
Sample Run Book (2.10) ,
Supplement (2.10)1

DOE-2.1D Update Package PB-901-43074 112.50 225.00
[ BOL Summary (2.10),
Sa mpi, Run Book (2.10) ,
Supplement (2.10)1

To Order by Se parate Titles:
Reference Manual (2.1A) LBlr8i06, Rev.2 109.00 218.00
BOL Summary (2.10) OE-89O- 17726 23.00 46.00
Sample Run Book (2.10) 0E-89O-17727 60.00 106.00
OOE-2 Supplement (2.10 ) 0E-89O- 17728 55.95 11 1.90
Engineers Manual (2.1A) 0E-83O-01575 45.00 90.00

[algorithm descriptions]

Fo r phone orders using Visa o r Mastercard (703) 487-4 65 0 or FAX (703) 321-854 7
Overnight Express - 24-hr in-house processing - $22 surcharge per tit le
First Class Mail - 24-hr in-house processing - $12 surcharge per title

•• Weather Tapes • • • • User News _ •
To order TAtYor TR Y tapes:

To be put on the newslett er distribut ionNational Climatic D at a Cente r
Federal Bu ild ing list, to submit articles, corrections or

Asheville, North Carolina 28801 updates to documentation, or l or DOE- fl

Phone: [704 ) 259-0871 climate data
program questions, please contact:

Phone: 704 250-0682 main number Kathy Ellington
Simulation Research Group

To order C TZ tap es: Bldg. 90, Room 3147
Ca lifornia Energy Co mmiss ion Lawrence Berkeley Laboratory
Attn : Bruce Maeda, MS-25 Berkeley, CA 9-47 20
151&-9th Street Phone: (510) ·186-5711
Sacramento, CA 958 14-55 12 FAX: (510) 486-4089 or 48&-5172
Phone: 1-800-772-3300 Energy Hotline electronic mail: kathy%gundog@lbl.gov
or: (9 16) 654-5106

To order WYE C tapes:
ASHRAE
1791 Tullie Circle N.E .
Atl anta, GA 30329
Phone: (404) 63&-8400

,



Sen ior 00& 2 Analyst

The Fleming G roup has a n immediate opening
fo r an experienced DOE-2 modeler in our new
San Ramon, CA, office. Responsibilities will
include

• modeling of integrated packages of advanced
energy-efficiency measures (EEMa)
in new and existing residences
and commercial buildings

• calibration of DOE-2 models u sing
field-monitored end-use data,

• a na lysis of EEM energy sa v ings,

• operation of data analysis systems on both
486-PC and SUN platforms.

Strong candidates will have 7 to 10 years of
DOE-2 experience, especially for building
research applications. California Title 24 experi­
ence helpful.

\Ve offer a competitive salary and benefits pack­
age and equal employment opportunities. Send
resume to:

lIarry Misuriello
Suite 175

The F leming G roup
3201 Danville Bou levard
Alamo, CA 94507

....... DI S CLAI 1-·1 ER .. . ...

Th is docum ent was prepared as an account of work spo nsored by the US Government.
Neither the US Gover nment nor any agency thereof' , nor the Regents of the Unive rsity of
Cali fornia, nor any of their employees, makes any warranty, express or implied, or
assum es any legal liab ility or responsibi lity for t he accuracy , completeness, or usefuln ess
of any inform ation , apparatus , prod uct, or process disclosed , or represents that its use
wou ld not infringe privately owned rights . References herein to any specific commercial
products , process, or service by its trade nam e, t rad emark , manufacturer , or o therwise,
does not necessa rily const itute or imply its endorsement, recommendation , or favorin g by
the US Governm ent or any agency thereof, or the Regents of the University of Califor­
nia . The views and opinions of authors expressed herein do not necessarily stat e or
reflect those of th e US Government or any agency thereof, o r the Regents of the Univer­
sity of California , and shall not be used for advertising or produ ct endorsem ent pur poses.

®



TA II L . : O J' C ON T EN TS

Int rodurtion
Wh..~ it DOE-2! .
About Tbil Manllal .
Other Dcx umt nt..tio n .
Wblt Does . DOF'2 Run Look Uhf .

Sl.m ple Input .
Sample Olltput .

Stru rl un of 00&2 .
U. fll for 00&2 ..
1I0w Valid i. 00&21 .
Weather FiI6 .
Program-Related Sofl.wue and Sen kN .

8 ulldln, Dt-rlptlon Lanluale (IIUt)
BDL In. trut t ion .
Ter minak>r .
COmmenta ..
INPUT Com mand ..
END Command .
COMPUTE Command .
Key..ordll .
lJ.n1.mfll and Rele reneed Comm.nda .
ChOOlling u-n. mtt .
LIKE Keyword .
Subeomrnand .
Building Desc:r iption .
Inhrnal 2onlo& ..
U8li of COmmenta .
Altero ali'e Runa .
Sehedultt .
Flexibility of Ibput Form" .

LOADS
lotrodud.ioll .
LDL 10put IMtr uet ioll& .
Limll ..~ioll Oil Number Dr Command .
Description of LDL Inpu~ In.olrud inna .

INPUT Command ..
RUN-PERIOD Comm..nd .
BUILDING- LOCATION COmm..nd ..
LAYERS COmm1.od .

®

DOE-2 BAS I CS

IBL-29140

1.0
\.7
1 8......
1.13
1.1~

l.21
l.21
1.22
1.22

s. 1
a. 1
2. I
e I
a. 1
s.a, ,
s. z
' .3
' .3
a. •,..,..,.,,.,
' .0
' .8

3. 1
3. ,
3. ,
3. ,
3. ,

3. 3
3. •
3. 7

CONSTRU CTIO N Co mm..ad ..
GLASS-TYPE COm m1.nd, ..
SPACE-CO NDITIO NS Co mm..nd ..
SPACE Comm.nd ..
EXTEHIOH-WALL (or ROOF }COmmaod .
WINDOW Commend ..
DOO R Command .
INTEHIOH- WALL Command ..
UNnF.RGROUND-WALL or - FLO OR Com mand ..
BUII.DING-RESOURCE Command .
LOADS-REPORT Command .

S¥ ST U IS
Int rod ut t ion .
Gener.1 OiJtu aaion or Syltems ..

Vari . ble Air T tmpeuture Sy.tems (Cons~. n t Volume) (SZRH, PSZ) ..
Ihhe..t Sy. tem. (Co n,u.llt VOlume) (RHFS) ,
Air MiKing Sy.tems (Con.tant Volume) (DDS, MZS, PMZS) ..
V.ria ble Air Volume Sys~ems [Conat..n~ Temperat ure] (VAVS, I' V'"VS) ..
Ilybrid Sy.lem ..
Olber Sy.hm Typfll in DO& 2 ..

Specific HVAC Distributi on Systems .
Sin&le Zone Fan Sy.tem (SZRl lj .
Co ol ta nl.- Volumt Rebe.t F.1l SYltem (RHFS ) .
Mult iJOllt F. n SY lt.em (MZS) ..
Dual-Duct Fan System (ODS) ..
VlI'i .ble-Volume Fan Sy.tern (VAVS) .
Powered Indut t ion Unit (P1U) .
Two-Pipe I-' an Coil System (TPFC) .
Fou r-Pipe F i n Coil Sy.tem (F PFC) ..
Unilll.ry Ilydr onic He..t Pump Sy.tem (HP) ..
H" idenll. 1Sy.~em (RESyS) ..

OX Cooli ol and He. ling Coil .
Ile. t P ump " .

r ad .q ed Sinlle Zone Air Conditioner Sy.tem wirh Opti on. (PSZ} .
I' ad t q ed MultiJOne Fan Sy.tem (PMZS) .
P..d.qed VlI'i.b le-Air-Vol ume Sy.tern (PVAVS) ..
P1.~kqed Terminal Air Conditioner (PTAC) ..

OX Cooling and Electric Resi.taote HU linl ..
Air·to-Air lie Pump , ..

P ad qed Total G.. Solid Oesi eean~ S'It.ern (PTGSD) .
Unit Ileat er (Ul fT) ..
Unit Venlil ator (UVT) .

SDL I n p u ~ In. l ruction .
Limi~.tion on lbe Number of Co mm.ndll ..
Deacript ion SDtlnpu~ In. t r uct ioM ,
Rtltt Schedule Inalr uctiona

DAY- llESET - SCl IEDULE .nd RESET-SCHEDULE Command .
ZONE-CONTROL Comm.nd ..

3'
3 ,13

3 .1 ~

3 .24
3 .26
3 ,27
3 .3 1
3.32
3.33
3 .34
3.38

• 1
• 1..,
. 3, ,, ,
' 0
, 0

' . 8
tiD
tl 3
tl8
ti ll

."
t.2~

. 30

' .33
U(l

-t . 3~

U~

-t,40
4,43

ttl!
ttll
4.&2
4.62
4.63
4.66

' .M
-t . 6~

' 110
' .110
' .110

U I...
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ZONE-AIR Comm&nd ...• ...... .... ....... .... ..... ............•• ... .•.•..•...••... •. .. ....•.. 4.66
ZONE COmm.nd...... ..................... ...... ...... 4.58
SYSTEM-CO NTROL COmmll.Dd......... ............ ...................... ... ... .......... . ... .71
SYSTEM-AIR COmm.nd....................................................................... 4.76
SYSTEM-FANS COmm.nd. ...... 4.81
SYSTEM-FLUIDCOmma.nd.................. ........................ ........ ... ............. . 4.8S
SYST EM Comma.nd 4.86
SYSTEMS-REPORT Command .......... .......... .. ... ........... ..... ...... . 4.00

PLANT
lntrcduetion 5. I
Sugg"3t.ed Sequence of PLANT Program ID p u ~ . . . . . . 5. I

Descriptionof ELEC-STM-BOtl.EH 5. 2
Deenpuon of STM-BOILER...... ....... ....... ......... .. 5. 2
Deseeipnon o/" HW-BOILRR...... ........ ......... . ......... ................ ............ ... ... 5. 2
Description of ELEC-HW- BOtl.ER. ........ .... .......... ... .... .......... ......... ... .... 5. 3
Description of ABSORI-CHLR..................... .......... ....................... ... ...... 5. 3
Descript ion of ABSOR2-Cm.R ..... ................... ...... .................... ... ... 5.4
Descript ion of ABSORG-ClU.R .... ....... ........ ...... ................ .... ... .... 5.4
Description of HERM-cENT-CHLR fl."
Description or HERM- REC- cm.R............. fl. 5
Descript ion of DBUN-CHLR 5. 5
Description or ENG-ClD.R........... ............... ... . 5. 6
Drscript ion or COOLING-TWR 5. 6
Description of OIlW-lfEATER and ELEC-HEATER 5. 6

POL In pu ~ IIllItrUetioD........................................ 5. 7
Limitation on the Number of Commands................ .. ..... ............ ... ............ ... 5.7
Description of POL. Input IWlh uct ion 5. 7

PL.ANT-F..QUIPMENT Command 5. 7
PART- LOAD-RATIO Command 5.0
PL.ANT- PARAMETERS Command ,.................... ............ .. ... .... 5.11

Cbillers............. ...................... ........ ......... ..... ......................... .. .. ...... ... 5.11
Cooling Tower 5.12
Boilers .... ..... ............ ........... ........ ........ ........... .. ... .... ... 5.13
Domestic Hot-Water Hesters 5.13
P umps 5.13

HEAT-RECOVERY Command 5.1£
ENERGY-RESOURCE Command. ... 5.16
PLANT-REPORT COmmlUld. .......... 5.17

ECO NOMI CS
In ~rod ll e~ion 6. 1
Example EDL I n p u ~ 6. 1

ENERGY-COST COmml lld ........ ..... .. ....... .. .. 6.2
CHARGE- ASSiGNMENT COmml nd....... .......... ...... ... ... ... ........... .. ....... .. 6.5
OA¥-CllARGE-SCH Command....... ......... ....... 6.8
COST- PARAMETERS COmml nd...... .. ...... .. ....... 11. 0
Exampl"3of E1 ~ctri city Tar ills.......... .................... 11. 11

Uniform Cbarge 6.11

I nHr~~d Block 6.11
Seuonal..... ..... ...... .... .. .... ... .. ......... ........................ ..... ... 6.12
kWhj t W Energy Charge 6.13
Ra~eh et . . . . . . . . . . . . . . . . . . . . . . . . 6.14
Ti me-of-Use 11.1&

ECONOMICS-REPORT Command. ........... ....... ........ ...... 11 .17

APPENDIX A Additional Capabilit ies of DO&-2

APP E N DIX n Exampl~ of Input and Outp ut

AP PENDLX C Buie R~por t.s

AP PE;NDIX [) 00&2 Ma~eri al$ Library

AP P ENDIX E Index or BfJlie Commands snd Keywords
An index of commands and hywords found in this manulol

AI'PENDIX F Basic BDL Summary
Th e Building Descript ion L.l.ngulge (BDL.) Summary lista dd loults, limits ,
and abb revisti ons for all commands and keywords found in t his mUIl ..1



PRELIMINARY CONFERENCE ANNOUNCEMENT

The American Council for an Energy-Efficient Economy

1992 Summer Study on
Energy Efficiency in Buildings

Asilomar Conference Center Pacific Grove, California
August 30 - September 5, 1992

AB OUT TME 1992 SUMMER STUDY

Sora lQ80 . !he ACEEE Swnmer SIUdy hu tlroughllOg8lh8r the Iln­
mo&l~ prKllllOnerS Mel polICY maio.llr'S !rom an:und h world
10 liIIO.lU IhIl l8Chnc1k19u bud aroa practICal rnplemer\WlOtl 01

.-gy eftICIency III~s. Put meeoogs ~... DeeI'I lJllluenNi III
$etwlg l'IlIW~ lot reuardl, pokey, and program Ift\PI8me1"ltatlOn

II'l~ ulllltln and 0"* OfVMlIZMOnS The biInO-~traet'**MlecIIOnan::ll*ll'~procee<lI'IgS , IN WltonTIaII conlerMol
alrn(llfj)l'lere. and .... skl nl'llng natlA'lll Htbng at Asilomar have madi ll
the cenJraI pomI lot iranI!.~ CIt recant 8Jp@I'I9l'lCl8S , o.m1ltll
....-. and QlflIng-edg8 Ideas

The Summer Study ndUdeS four IypeS of S8l!i!>lOl'lS . Peer-rev.-ed
reH<Ift1l papeq are preMtlted al concurrentlessens. chaired by panel
leaden who are 8 J.perII in Ito. lOpe wea Time .. a1Ioca\llld lor IIlIormal

MHtOnI • W1IIl. ~ted at "-lIomar around IOptCa of Imm&<iate
coneem. enab~ng PilrtlClPan15 10CUllOm c;le$lgn 1he oonterence ID meet
Ihe.- nMOs . Evening plenary HMIOOI18alUr8 recogrllZed expettl In Itoe
energy eltloeney and ."...,ronmenlal fields . IocuslIlg on IISliiUes 01ma,of
na\JOnalor IntemalJOnal,tnpOl'\ilflC8 POSlllf ses$lons teal\Jnng II'lnova­
!We pI'Of«lS 8/'Id technologies lIf8 also IIlduded.

The coni_nee. open 10 anyone who warllS (0 alt8nd. but space is
limited , 10 reOlster early (reg'llnIDOn opens Septembllf 15)

ABOUT ASILOMAR

AsIlomar it. 1oc.iI1IId ~II abo.... lhe Big StJr regIOn on !he lip 01 !he
Mont8rt1y Penll'llula. OY8,loolung the Paohc Oceen, The 105-aere
eonteren<:e eent8t IIet amIdSt a grove 01p"" behind !he land dul'l8S
.Ind beadI. and - lUSt mll'lutes'ram Mont_y and Carmel. The gro~
also 1efV8 • an eecloglCal p_rve. TIllS tleautltul , seduOed &ettll'lg
• an mal CDlWI_rpan II the casual atmCl5pnere 01 the Summer Stuctt.
promoting the 1Illormal,~8.~ olln!OnnallOn lor wl1Idt 'tie
eonflQnc:e IS~.

PREL IMINARY CONFERENCE CALEN DAR

CONFERENCE TOPICS

Key~ tor lhe Ul92Su~ Study~

. New~ lor tllSldenllai. cornmetOal, and II'Idustnal buIIcIlng
........... HVAC and IIgntlng 1)'Stems. appIlill'lC8S and 8Ql.Ipmenl

Cost-4llfeetMt O8Ilgn Ihl8Ofellot ...... bullOn9s and n1troha

Hu~ I'l_~ allec:bng~ c:onsumpoon

Building lmPKtl on hurnans-&lt ~ahft and eomtorI

UlIlIftIntegrated tesource plann"'g ptOO8'$I&$ and resource~tIOn
meehan.ml

• Ouantrl)'ll'lg envltONT'l8tllal COISIS and Otl'l8t eltemahll8S (Il~ wwm·
ing. acid f8ln , Olone depieDOtl . • le-qtdeenerg, COllIS) and 1I"IC:ClI'pOI'1'

Ing Ihem III fWI.OUl'C8 ac:qu.rtlon pllll'li

PoliCy and ptadlCe ot dnlgnll'lg and mplementlng ellieienqt progra'"
101' populallOnl 01bYlldlrlg5 and Itle. OCQJpailts

Compar1llOtll oIltleory and praeIce from lieldperlormance testing Md
program evaluaDOni

IneenbY81 and oyelSlgtlt medlanilms tor utlJlty-bas ed programl
(co llabQrabYePl'OCl&ll81. ptO~t lTllIChanIams)

JOIN ACEEE'S ELECTRONIC COMMUNITYI

1M 1992 Summer Srudy. OUt fInIt a.penment in e leefl"OtllCneM'Or1ung
PLEASE S END US YOUR E-MAIL ADDRESS. Conlad UI .....Im an
aleeuotllC mllllag8 at

ACEEE@pnI.IIO'" llnlwnetl

II you would like II reoalYe fUDJre eont&renc:a arYlOUneemants trvoug:n
E·Ma~ . Inl8met . -.:alSllbla trom many CllJ4'Ilmamal and pnwale
nalWOtkl. 1UdI.IS CompuServa. the WeI. Mel Mall . ate.

OuaeDOnl? Pmtllaml? P\N&e call lot an _trualon sheet.
Cd (415) 5.4lil-lXlI4 ((510) 5.l9-lXl1 4 all8t Seprembef 19911.

c.I tor~~1r.IlIOn opens
ADf.ndI d~ (200 orotda mu.)
NotlbDon ot atJI ncl aece~
Orall papers due tor Pt8l' _ ...

Fl'lai papen. due tor PII~non

SutIwner &w, beg_

n• •••

500""'","

OK" """
J~",....................

15 1991
I 1991

15 1991

'99'
'99'

30 1992

FOR MORE INFORMATION CONTACT :

1992 ACEEE Summer Study Otftca
2140 Sn-nuc k A...a., Suna 202
Balk...,-, CA M704 USA
Ptlona: (.115) 541-99 14115101 5'19-9'14 aflef ~lembaf 111I1)
E-malt : ACEEEt~tM.IIO'"



Appendix A

LOADS

VARIABLE-TYPE ~ GLO BAL [eo nt.in ue d]

Variable­
List
Number

Variable
in fORTRAN
Code Descript ion

31 AnIE:l.!
32 SKYDFF
33 RAYCOS (I )
34 RAYCOS (2)
35 RAYCOS (3)

36 RD:"i

37 BSUN

38 IYR
39 1~10N

40 IDAY

41 IHR
42 IDOY
43 IDOW
H ISCHR
-IS ISCDAY

46 IDST F

• 47 PTWV
48 ATMTUR(IMO)
49 ATMMOI( I~IO)

• 50 PHSUND

51 THSl'llRj

52 ETA CLD

53 CHISKF

t corrected Sept . 199 1

At mos pheric ex tinction coe fficient
Sky diffusivi ty factor
Solar di rection cosine (x)
So lar d irect ion cosi ne (y)
So lar d irect ion cosine (z)

Direct normal so lar radiation intensity on a clear day
[calculated] (Btu / hr-rt')
Diffuse so lar int ens ity on a hori zontal su rface on a clear day
[calculated] (Btu/ hr-rt')
Year
Month
Day

Ho ur (local time; with Dayli ght Saving T ime if appropriate)
Day or year (1-365)
Day or week ( 1-7)
Sched ule hour (DST correc ted. IHR + IDSTF)
Schedule day

(Day of week;
1 = Sunday,
2 = Mond ay ,

''' ,
8 = Holiday)

Daylight sa ving time fl ag
(1 if day light sa ving in effect, 0 if not)
Pressu re caused by wind ve locity (inches of water)
At mospheric t urbidity factor accordi ng to Angs trom
Atmospheric moisture (inches of precipitable water)
Solar altitude [deg rees above horizon)

Sola r azimuth (degrees) measured counter-cloc kwise
from so uth
C loudiness factor; ranges from 0 for overcast sky to 1.0
for clea r s ky
Ext erior horizontal illu minance from clea r part of sky
[foo tcendles )




