Vohme

DOFE-2.2

Building Energy Use and Cost Analysis Program
Volume 2: Dictionary

LAWRENCE BERKELEY NATIONAL LABORATORY
JAMES J. HIRSCH & ASSOCIATES



DOE-2.2 BUILDING ENERGY USE AND COST ANALYSIS PROGRAM

Volume 2: Dictionary

E. O. Lawrence Berkeley National Laboratory
Simulation Research Group
Berkeley, California 94720

James J. Hirsch & Associates
12185 Presilla Road.
Camarillo, CA 93012-9243
Phone 805.553.9000  Fax 805.532.2401



IIIIIIIIII

Table of Contents




DICTIONARY TABLE OF CONTENTS

OVERVIEW 7
BUILDING DESCRIPTION LANGUAGE 9
ABORT ...ttt ettt ettt ettt bt et et e b e be et e e te e st e st e b e ebeehe e st e Rt ea s e b e bees e et e enses b e b e eh e ke enteR b e b e b e eaeesten s et et e ebeeteensensenbeeseeteentensentens 10
Rules . .10
COMPUTE .. A1

Rules .... A1
DIAGNOSTIC ...ttt ettt et ettt et e et e e te et et et e et e eaeeseess e st e s e aseeseessenseese s e eseessensess et eeseessessense s ensesssersensensensesseeseensensensens 12
RULES .ottt ettt et et e et e e ae e teeste e taeeaseesbeeabeesbeeateeabe e ae e st e eateeaeeeaseeabeeae e st e eaeeaseeesseenbeenbeenbeenteeteenseenseeenaeans 12
END...oooovrrrrnenn .14
HOURLY -REPORT ......ttiiieitie ettt et ete e ettt e et eeetaeeeeaae e eeaaeeeeaaeeeesseseeaaeeeeaeeeeeaseeeesseeenaseeensseeannseeeenseeeenseeeenseeeenteeeenseeeeseeean 15

Rules ....

SCHEDULE ......ccutititeete ettt ettt ettt ettt et et e et e e te e st e st et e et e eseeseess e s et e s e eseessensesse s e s eassessessenseeseessessensens et easseseessensensesseeseensensensenss
DAY -SCHEDULE .......ooouiitiiteeitetecteete ettt ettt e e et e et et e et e et e eaeeseess et e sesseeseessensess e s e eseessessess et e s eseessesse s et e essessensensensesseeseensensensens 24
WEEK-SCHEDULE ..... 24
Common Keywords... 24
DAY-SCHEDULE .. .25
Rules ...ccoovevvevieiennne. 27

DAY-SCHEDULE, Reset..

Daytime keywords ..... 28
Night time keywords .. .28
WEEK-SCHEDULE .. 29

31

32

INESHNG Of SCREAUIES ........c.o.eeeeeeee ettt e etk s e a ettt he e bt e et ea e st s ekt e bt e st e st e s e b e ee e et e ene et enseseeeneenean 32
SCHEDULE-=PD .....oootiitietiitietietesteeteete ettt et et e s te et e e st et ess e sasseeseeseessessassasesseessessessess et easeeseessensessesseesaessensenbeasaeseessensensenseeseessesaessensas
DAY-SCHEDULE-PD.. .
WEEK-SCHEDULE-PD.......octiiiitiitietiett ettt ettt ettt eteeteete e st ee et e eseeseessessess et esesseeseessensensesseeseeseessessenseeseessessensesesesnsessessensenns

DAY-SCHEDULE-PD...........c.ccocctiiiiiiiiiiiiiiii ittt
WEEK-SCHEDULE-PD...

Fins and Overhangs ..

Notes ...

.59
FIXED-SHADE ........ccceeuenuee.. .65
FLOOR...... .67
GLASS-TYPE. .70
HOLIDAYS........... 73
INTERIOR-WALL 75
LAMP-TYPE...... .80

LAYERS ..o bbbt b e 82




DICTIONARY TABLE OF CONTENTS

LIGHTING=SY STEM ... oittiteieieteste ettt ettt st ettt et et et e st et e eseestesse s e st eeseeeteseensenseseseeeseeneensenseeseebeeseense s et eeseeseeneensensesneeneeneennenne 85
LTG-CALC-METHOD=LUMINAIRE-LAMP ............ccoeetueaiieaaiieeie et et ettt ettt ettt et stt e ate et e et e et et e b e eseeeneeeneeeneeenes 85
LTG-CALC-METHOD=LUMENS-POWER.... .

LOADS-REPORT ...ttt ettt ettt ettt et e s et e e bt st e e st en e es e s e et eeb e eeees e ensen s e st seeeseemeentensees e st eneense s e s e eseeseeneensensesneeneensensenne

LUMINATRE-TYPE ...ttt sttt sttt ettt et et e et e e s beesbee bt e esseesbeesteeateembeensee s ee s eesseesaeesaseeabeenseenseenseenaeensaesnsenabennsenn
Luminaire Dirt Depreciation...
COCLIICIONE Of ULIIIZATION ...ttt ettt et et e et e e st e et e et e e se e te e s saesaeeesseeaseesseesbeesbeesbeestaeesseesseenseenseenseenseanns

IMATERIAL ...ttt ettt ettt ettt e bt et et e e bt e bt e be et e e bt e e et e es b e e st e eateen bt en s e emseees e e eseesaeeeabeenseenseeseenseenatesstesabeenbeenbean
TYPE=PROPERTIES.
TYPE=RESISTANCE

POLY GON .ottt ettt ettt et et e st e e st e e satesatesateeabeeaseeaseeab e e be e bee bt e st e esbeesbeea b e en b e en s e ens e e estees b e eateeabeense e st eseenseenatenetesnbeenbeenbean

SITE-PARAMETERS.........ccceeuue
Wind Speed Modification Keywords..

Notes .

General .
Geometry..

Occupancy.... 115
Overhead Lighting ..............c.ccccccevvveunnnn 116

Distribution of Heat from Overhead Lights. 120
Daylighting ............ccccccceeceeeeeveeenenennne. 122

Task Lighting ..
Equipment ....
Space Heat Sources... .
Infiltration...............cceevevevecenennn, 132
Weighting-Factor Related K@YWOFAS ................c..c.ccuicueueiiesiieieeieeieeeeseie sttt ettt e seese et et esse s seeseess st esse st eebesaseseessenseeseeneene 134

IIPDUE FURCHIONS ...t ettt bt ettt b et eh bt ettt stk et et e e ne e ebeeb et en et besaeeteene
TROMBE-WALL-NV .. .

WALL-PARAMETERS

TROMBE-WALL-INV KEYWOFS .........coocveiueieeeueanseiieniesieete e ettt et ese st ete et et ess et et e ese s e seesa et et e b e sseebeessessess et e sseeseensessessensesneeseans 142
Sunspace INTERIOR-WALL Qir fIOW KEYWOFAS...............c.cccccuecueiesieeiesiieieeieeeieieseee ettt ssesse ettt essesseeseesaensensessesseeneesseneenee 142
Describing @ Window USIG LAVEFS...............cc.ccuecueeesieeiesiieiseeeeteesiesteese ettt ess et essesseeseaseassessessesesseeseessessessessessessseseessensesesseeseans 147
FinS QNA OVEFHANZS ...ttt e h e e h e st ettt h e b skttt s ekttt b ettt s ettt nen
Window Coverings .... .
WIRAOW FFAMES ..........ooveveeiieiieeieeie ettt ettt ettt ettt et e st e s e s e b s e s e st et e s e s e e s e e st e st e s b et e e b s ess e st e st e eseebeeneess et e eseeteeneenee
WinAOW BIRA CORIOL.............c..cooeeeieiiieiieiieee ettt ettt ettt et s e bttt e ss et e b e s e e se e s e e st ess et e b e ese e st e st e eseebeeneess et e sseeteeneene 157
Switchable Glazing..................... 159
Miscellaneous WindOW KEYWOTAS .................c.cc.ccuecueiereeiesieie ettt ettt sseete et eas et et et e s seeseessesaessesseesesssesaessesesesneeneans 162
IIPDUE FURCHIONS ...ttt ettt bt ettt b e bt et eb ettt etk eb e st et ne e ebeebtebt et et e beseeeteane 163
WINDOW-LAYER........... ...164
Solar radiation keywords . 167
Visible radiation keywords...................ccccoeeevvevesveeeeeianienns 167
Infrared radiation keywords (apply only to glass or blind layers). .. 168
Slat and blind keywords (apply only to blind layers)............... 168
Keywords for a glass, blind, or gap layer.............. 170
Gap layer keywords (defaults shown are for argon) . 170
How 10 Model PUII-DOWR SHAAES ..................ccooeveceeieiieiesiieieeieeieeie ettt ettt e sttt et et e s e s seeseessesaesse st e ebeesseseesseseseeneeneans 171
HVAC COMPONENTS 172
BOILER ..ottt 173
Boiler Design and Operating Capacity . 173
Boiler Energy Consumption.............. 174
Attachment to Hot-Water Loop .. 175
Miscellaneous.......................... 176
CHILLER......coiiiiieieriieieeeeeeieieeieeen 177
Chiller Design and OpPerating CAPACILY..............ccveeveeeeeeeeseeseeeteeeteeete e et e sateestessseeaeesseasseesbeebaessseesseesseasbeesseassesseesseessaesnseassas 177
Chiller ERergy CORSUNMPDLION....................ccceeueeueeueeneeeeseeeseeeeeseessessestesseesssssessessessessesseessessessessesseseeseeseessessessessesseensessessessessesneessans
Attachment to Chilled-Water Loop. .
AUHACKINENE 10 HOI=WALET LOOP ........c.oeevveeueeenieenieeie ettt et et e et et e et e et e e e e s e et e et e e sbe e s e e bseess e ens e e st e e st e e aseesseeseesaaeensesnsesnseennas
Attachment t0 CONAENSET WALEE LOOP...............c..c.ccuevueruesieerieieeeeeeeeteeteese ettt estesteeteeseeseess et essesseeseessessess et essesseeseessessessesseeseenes 183
Air-Cooled Condensers .
Heat Recovery t0 HOt-WALET LOOP ...............cccueeeeuieeeiieeeee e eee e eite et e et e ettt e e st e e e et e e e eas e e e sbeeesaseeeesbeeeasseeeanseeennsseesnsaeennsaeas
Heat-recovery chiller (ELEC-HTREGQC) ..........cccccccuuiuiiiieetete et eeeie sttt ettt et esesseeteessessess et esesseeseessessessessesseassesaessensessesseeneans
Chiller Type = ABSOR-1, ABSOR-2, and GAS-ABSOR ... .
Chiller TYPE = GAS-ABSOR ........c..cocueieeeeeeeeeteee ettt ettt ettt e te e eae e e ae e e ts e et eesb e e sbeesb e e st e esbeeaseeseeesteenseesseeaseesseesaaeenseanseennas

MESCEIIANEOUS. ...ttt ettt et s st s b se bt as e st e st e s e s et e es s et s e st e s s e e seebs e st e st e st e eseeseensensesseeseeneeneenaans




DICTIONARY TABLE OF CONTENTS

CHW-=METER ..ottt ettt ettt et e e bt e et e st e st em e st et e eh e e st e st eas e s e bt ee e es e emtemteaseeeees e entem s e st ebeeseeneensese et eeneeneenseneen
CIRCULATION-LOOP
Loop Fluid and FIOW CRAFVACIETISIICS..............c..ccoecveeeieeiesiiaee et eteesieseeete et ettt et essesseeseeseessess et esseeseeseessessessessesseassesaessensesesneeseans
Secondary Loop to Primary Loop Connection .
LOOPD AVAILADILILY ... ettt et e a et ettt ekt h e a e e e e ekt b e eh e Rt a bt e ekt n e s et e et ekt ene e st et et e b eneeneans
LOOD TeMPErAtUIre CONIFOL.............cocveeenieiieiieie ettt ettt et ettt et e e e s e ese e seess et et et e et e eaeessesses s et e ebeeneesaessesseeseeneenaans
Loop Circulation Pumps .. .
LOOD TREFMIAL LOSSES ........c.eeisee ettt ettt bt ettt e e at et s e bt b e ee e et e n e et st eh e es e es e ent e st ebeenteneen e s e eneeneaneens 204
Process LOAd AHACREA 10 @ LOOP...................ccoocveeeeeieiesiieeeeeeeeee ettt et ea et ettt et e s seeseeseessest et e eseeneesaesseseseeneenaans 207

Loop Auxiliary Load .
CIRCULATION-LOOP and the EQUIP-CTRL COMMANA ................ccococuiseiieeiieaieeeieeeieesieeeteeeiseeiseenseesseeseesseesneesneesnsesnseanseenas 208

OLNEE LOOD KEYWOFS .......c.eeeieieeeeeee ettt e h ekttt ekt e bt h et s et s et ettt et e st b et e s et e st an e ete e 209
CURVE-FIT.....ccootiiiiiinireenen .
INPUT-TYP E= COEFFICIENTS........ccocceeeeeeeee ettt ettt ettt ettt et e ettt et e et e es e eaeene et et eeseeneeneans 212
INPUT-TYPE = DATA ......c.oooooeeeieeieeeeeee ettt ettt ettt ettt a e st ettt et e e s e s e tees s et et e b e s e ebeessesa e st e eseebeeneensessessesneeneensans 212
DW-HEATER............... -
Energy Consumption..... 217
Attachment to DHW Loop ...
HEAT-PUMP Water Heater.... .
Heat Recovery from Superheat........................ 219

Space Heating from a Domestic Water Heater... 220
MiSCElANCOUS. ... ..220

ELEC-GENERATOR .....cccecveieieiennene
Energy Consumption of the Generator..
Exhaust Heat Recovery to a Hot-Water, WLHP, or DHW Loop.
Jacket Heat Recovery to a Hot-Water, WLHP, or DHW Loop ... .
Heat Rejection t0 @ CW 0F WELHP LOOP..............ccccooiiiiieeeie ettt ettt ettt ettt e et e et e sat e st e steeetaeenbeenbeenbeenseenneens 225
StEAM-TUFDINE GEREEFALOTS ...........c.ccoveeveeerieetesieeteeie ettt ettt e et e e s e te s et et e s e eaees e e se e st e s e s e b e et e esses s e st esbe s e essensessenseeseeneeneenee
Photovoltaic Arrays and Inverters . .
MESCELIANEOUS. ...ttt ettt et ettt s et e b e s e b e s e st e st e s e s e s e es s et s e st e s s e e seebs e st e st et e eseeseensessensesseeseeneenaans

ELEC-METER ...ttt ettt sttt ettt et e bt e bt e s bt e e bt e es b e es b e en b e emt e e bt enseesaeesaeesaseeabesase e st e bee st e sebeeabeenbeenbeenteenseenseennnenns
Electric generators.

EQUIP-CTRL ...ttt bbb b bbb b bbb s
TYPE = COOLING

Assignment of Thermal Storage Equipment

Coordinating Equipment Usage with @ Chilled-Water MELer...................c..cccerereieeieeeiesieeeeeieeneesessessesseeseesessesessesse e eseessans 242
Other EQUIP-CTRL TYDES .....ccvcuveueenieieeieeieete ettt ettt ettt et et es e e seess st et e s e ese s e e seessess et e b e eseebeessenses s et e seessessentesseeteeneeneans 244
TYPE = HEATING .
Coordinating Electric Generators in the Thermal Tracking Mode with Other EQUIPMENt..........ccvevveevivieeeierieienieereeeeeenene 244
TYPE = DW-HEATING .....oiotiitieiiieiteeteeit ettt et eteste et etsestestessassesseesaessessassessesseassessessessessesseasaessessessensesseessansensessasseessessensensan 245
TYPE = HEAT-REJECTION. ..245
TYPE = ELECTRICAL ............. ...246
Ground-Loop Heat-Exchangers and Fluid Coolers in parallel on WLHP loops ...246
Additional EQUIP-CTRL Rules...... ..248
FUEL-METER.......ccccccevverirrnnnn ...249
GROUND-LOOP-HX ..251
Simulation of Vertical Wells.... 251

Simulation of Horizontal Loops..

Keywords .................. .252
Vertical Well Systems.... 253
Horizontal Well Systems... 254
Pipe Properties ............. .255
Ground Properties . 256
Loop HiSIOTY ........cccocerieiniaiiancnns 256
Attachment t0 @ CIRCULATION-LOQORP..............c.ccoceieieaeaeaieiesteete ettt et et essesteeseeseese st et essesseesesssessessessesesseeseessassessesseessenes 256
Application 10 @ SinGle HEAE PUBIP ...................c.ccveiueaeeeeieeeeeeeeeeeeeeteete et et e et e beebeebeeeaseeseeeaseesseesseesseesseesseeseessaesseesnsesnseennas 258
Integration with a Cooling Tower .. .
ETTOT CRECKITG ...ttt h e h e b e e st et ekt b e e b st bttt ekt et et e bt et es ettt st anes 258
HEAT-EXCHANGER ... .ottt ettt ettt ettt ettt e e e s e s et e e bt ee e e st eaten s e et eeees e emeen s e s e et eebeemees e et eteeseeseensensenbesneeneeneansenne 261
HEAT-REJECTION
Number of Cells and Cell CONIFOL...................ccoocvecueieieeiesieete ettt ettt ettt e et et ettt et e besseebeessesses et e ebeessesaessessesesneeneans 265
Fan Power Consumption @nd CORIOL..................cc.cceieueeiueeiieeiieeeie et eete e et e et e et e eesteateeteesseesseesssessaessseetsessseesseesbeesseesseessaeasseas 266
Attachment to a CW or WLHP Loop .
OPEN-TWR, OPEN-TWR&HX and FLUID-COOLER ............c.cccoccviieeiieieiesieeie ettt ettt ssesss s ensensessessesssensensans 269
Open Tower with Heat Exchanger (OPEN-TWR&HX) ........cc.cccvaeiaiieieeeeeeee ettt ettt et eesseeseaseesaeenaeenseanseenseenseenns 271
Fluid Cooler Spray Pump .
Fluid Cooler Dry=COil OPEFQLION...................ccoecveeereeeeeieseeete et eteesiesteeseese et et et e e sseeseeseessess et esbesseeseessessessessesseaseenaessesesesseessans 272
Off-Hours Heat Losses in Fluid Coolers and Coil Freeze PrOtECHON ................c..ccvevueeiueeiieeeieeeieeiieeseeieeseessseessesnsessessease s 274

Pan Freeze Protection
Dry Cooler Performance




DICTIONARY TABLE OF CONTENTS

Temperature Control in COOLING TOWEES. .............c.ccueeueeieeieete et eeteeete e et e st e et e et e et e et e esbeesbeebeessseeaseesseesbeesseesseeseesseessaessseensas 277
LOAD-MANAGEMENT ..ottt ettt ettt ettt et s bttt ete et e s e s st st e eseesees e et et e ab e seees e ententeaseeeeeseen e entenseebeeseeneentenseabeeneeneensensen 280
MASTER-METERS ...ttt ettt ettt ettt et et e e et e s te et aeseestessese et eeseeseessensasseaseeseessessensesseesaessessensesseesaessensensesseeseeseensensenss 283
MATERIALS-COST .

Air Flow and Fans . ..304
Supply Fan .....cceoveiveneininecceeee ...304

Supply Fan, Hot Deck of Dual-Duct System.. ...308
Return Fan and Exhaust ..........cccceeveeiieeennns ...309

Duct Losses.
Ventilation Air............................ .
Outside Air Economizer Cycles ....... 315
Energy-Recovery Ventilators (ERVs) .. .
Evaporative Cooling Units................ .
Natural Ventilation.......... ...336
Airside Control... .
Fan Availability.......ccccovevereninieieenieeene ...339
Cooling Availability and Supply Temperature .. ..
Heating Availability and SUPPLY TEMPEIALULE ......c.ecvievieieieiertieteeeeerteiestesteeteereetesessesseeseessessessessensesseessessansesessesseessessessenses 343
HUMIAIEY COMTIOL 1.ttt ettt b st b e bbbttt eb et es b et es et eb et et ebe st et e b et e st aben s et et eseebe e ebeebeneas
Night Cycling of Fans ..
COOLING EGUIDIIERL............o.eieieieeet ettt ettt e bt h e sttt ekt e et e h et h e st s e bttt e et et e st ben e s et e st e se e ete e
CRITIEA-WALET COMIS. ... euviteiietietieiteieste ettt et et et et e steeteeteese et esesseeseesaessessassessaeseeseessessessaseseeseessessensenseeseessensensessasseessessensensen
DX Cooling .
WaLer-COOlEd CONAENSEIS......ueeuieriirieiieteeteeteetteteteeteeteeseestessessesseeseeseessessessesseeseessessessessesesseessessessassesesseessessensessensesssessensensen
WaLerSiAE ECONOMUZEIS ....veuvievietieiiieieieeteeieeteeet et et e eteeteeteest et eseeseeteeseessessessesseeseeseeseessesseeseseesaessessessenseeseessensessessansesssensensansan
Add-On Desiccant Cooling .
HEAUNG EGUIDIENL............c.ceeeuiiiieiiiieee et ettt ettt ettt ettt b et eh bt ettt eb e bt et et et ebeset et e et et saeeteane
HOUE-WALET COILS .vvvetienieteeii ettt ettt ettt ettt et et s teeteeteeseesa e s e s eebeeseeseessess e seeseeseeseessesse s eseesaessensanbeaseeseessensensesseeseensensensensan
Gas/Oil Furnaces
ATT-10-ATT HEAE PUIMIPS ...ttt ettt ettt ettt ettt e b et e e beeseess e st ess e seeseeseeseessessa s eeseeseessessessenseeseessensessessanseassensensensas
Preneat EQUIPIMIENL ....cveutitiieeiiteieteiet ettt ettt ettt ettt bt bbbttt e bt st e st b et es et e bt et et ebe s e e st e b et es e e b entebe st estebe e esesbeneas
Baseboards and Control.................
Fan Coil and Induction URit SIMUIALION ..................c..c.ooeiieieieieieseeete et ettt et eaesteeteeteess et e sesesseeteessessessesseeseessesaessensessesseeseans 374
DESICCANE COOLING UMILS ..ot ettt ettt et e st et e b e e se e b ess e st e s e s s e es e sees s et s e st esbe e s e eseessessessesseebeensensessessesesneeneans 374
DESICCANT = LIQ-VENT-AIR-1...ccceectmiiieienerieeeeieie e
DESICCANT = SOL-VENT-AIR-1 or DESC-CTRL-MODE =1 or?2...
SYSTEM:DESC-HEAT-SOURCE = HOT-WATER...

Refrigerated Casework................cccccoevvevceiceecunannenn 375
Meters ........oueeeeeannn. .381
Zone Terminal Keywords . ..383
Miscellaneous................ 385
SYSTEMS-REPORT.................. ...387

SYSTEMS Verification Reports ..
SYSTEMS Summary Reports ...

THERMAL-STORAGE.............. ...392
Temperaure LIMILS Of The TANK.................cc.ccoocueeeiueiesieeieee ettt et ettt ettt et eete et e teese st et e b e eseeseessessesse st e sseessensessessesseeneessans 392
ABACHINERLS 10 LOODS ...ttt e ettt etk h e st s e e bt b e e et e st e n e a e s e bt h e e st en et ek e ene et e ens et et eneeneenen 392
Charging and Discharging Parameters .
Thermal Losses Of the Storage COMPONECHL ..................c.ccvecveeeeesiesiesieesseesaseessestesesseese e essessessessesseeteessessessessesseessessessensesesseeseans 394

DIUAL-AUCE SYSTEINIS ..ottt eteeteeieeitest et ete et et et e e s st eteeseeseestess et e st eseeseemeensenseeeeeseemtensen s et e st seeeseeneen s easeebeeneentensesaenbeeneeneensensen
Outside-Air Ventilation

ZIOMNE FANS ...ttt ettt ettt ettt ettt e bt e h e e bt et e e Rt e Rt e ea bt ea bt en ke en bt et e ekt e eh e e eAteeabeeabe e bt e bt e bt e naeenhteenbeeabeenbeenbean
ExXhaust ArflOW @nd FANS ....c..eouieiiieieiiiece ettt ettt be et e s e et e bt ss e es e enten b e b e et e eseentensenbeebeeneeneennennen 402
Cooling Equipment / Sizing. .
Heating EGUIDIMEAL / SIZING .............c.ccoocueieeiieieeeeeeeeeiesieete ettt ettt et e eaeeseeteess et e s s e st e eseeseessess e st esbe st e eseessessesse s e ebeensensensesseeseeneenaans
BaSEDOAIA HEALNG ... ..euveueeeieeietieieeiet ettt ettt ettt et e et et e bt et e s et e st e s e eeeebeee e emten s e s e bt ae e eseeneen b e nseebeeneententeeae et e eneeneententen
Floor Panel Systems .
TEMPETATUIE COMIFOL........c.eeee ettt e h e ekttt ekttt e h et h e sttt b et e ettt e st b et e st s e es et ene e




DICTIONARY TABLE OF CONTENTS

SUISPACES ...ttt et et e et e et e ts e e ae e eas e eas e e as e e st e e sse e s e e s seesseaeees s e sseeaseessees s e e st e e st e eateebe e tbeenbeenbeenbeenbeenreeneenns 410
SUNSPACE VEIEIMEZ .....eeutentetieteeieettete ettt ettt et e st et e bt seeeseestessese et e eseeneensensens e st eeeeseeneem s e s e eseeseeaeentense s e st eseensensenbesneaseeneennensens 410
REfGEEALEA CASCWOTK. ...ttt ettt ettt ettt e b e te st et et e b e s s e ebeessesa e st e sseebeeneesaessesseneeneeseans 4]12
Ice Skating Rinks....... .
ZONE MEECES ...ttt ettt ettt et e st e e st e e st e e st e e st e e sse et e et e e s e e ae e e s s e se e e Ab e e Rt e eR b e enbeea b e e beeba e tb e st e eabeenbeenbeenreeseenns 418
MESCELIANEOUS. ...t ettt ettt e st st e s e b e s eh e s e s e st e s e b et e ess et s e st e s b e e s e ese e st e st et e eseeseensessessesseeneeneenaens 420
ECONOMIC COMPONENTS 421
BASELINE ..ottt t e ettt es e s e s e et e e bt ee e e st e s et e bt eR e e Rt e a e e n s e Rt e Rt Rt e n e e Rt e At ekt eheeneen s et ekt e Rt eneent et et e eneeneeneeneenee 422
BLOCK-CHARGE ...ttt ettt ettt ettt et et et et e et e e st e st e s b e se et e eseeseess et e s easees e et s essensesseeseeseessensesseeseessensessesseeseeseensensenss 425
COMPONENT=COST ....otteiteiieieterteettete et st et e bt et estes e te st st eeseestensese st eeseeseasteasenseaseseeaseentantesseeeeeseeneenteaseeseesteneensense et eeneeneensennen 430
ECONOMICS-REPORT...
POLLUTANT-COEFES ......otiietitiitt ettt ettt ettt et et etessesteesaeseestessessesseessesaessessassesseeseessessensesseeseessessessesseesaesseneessensaeseeseeseensenss 434
Default Pollution COCLIICIENLS DY REZION ............c.cccueeeueeeeeieeiieeeteeeteeeteeeaseesteeaseesseesseeseaseeseesseessaessaesssesssessseesseasseesseesseesseessens 435
RATCHET
UTILITY SRATE ..ottt ettt ettt ettt et et teeteett e st e s e sseeseeseeseesse s e s eeseeseessessansessaesaesseseessess e s eeseensensesseeseaseessessensensesneessensansenns 440
RAIE QUALIJIOTS ... ettt ettt et e s et et bt et e bt e e st e e s e bt bt ee e es e n s ea b e et ekt st en s et e et ekt entent et et e eneeneeneen 442
Energy and Demand Charges .

TAXCS AIA SUFCHATZES ...ttt e et etttk e bbbt s et s ettt e et ekt s e bt s et st s et ee
BUY/SCIL ATTANZEIMCIES ...ttt et et te e eae e ess e eateeas e esse e st e enseeaseeseeseeesaeesbeesseesseesseesbeesseesaenssensseas 449




Overview

This manual defines all of the commands and keywords in the program’s building description language
(BDL). The manual has the following organization:

BDL General General commands and keywords

LOADS Commands and keywords for the heating and cooling loads calculations
HVAC Commands and keywords for the mechanical systems and plant calculations
ECONOMICS Commands and keywords for the economics calculations (utility rate structures

and life-cycle cost information)

Within each section, commands are listed alphabetically. However, keywords associated with a command
are not listed alphabetically but instead are grouped according to function.

In the keyword definitions, when two words are separated by a colon, as in
BOILER:CAPACITY

the first word (BOILER) is a command name and the second word (CAPACITY) is the name of a
keyword belonging to this command.

The following format is used for a command to show its abbreviation:
COMMAND (abbreviation if one exists)

For example,

EXTERIOR-WALL (E-W)

The following format is used for a keyword to show its abbreviation:
KEYWORD (abbreviation)

For example,

TEMPERATURE (T)




DICTIONARY OVERVIEW

Three other manuals are available that are designed to be used with this DOE-2.2 Dictionary. The DOE-2.2
Basics s an introduction to using the program. It covers only the most commonly-used commands and
keywords. The DOE-2.2 Typics describes how to model different aspects of a building. It is organized by
topics, such as "Daylighting" and "Thermal Energy Storage," that, in general, span a range of commands
and keywords. The DOE-2.2 Libraries & Reporfs contains listings of all of the components in the Library,
descriptions of all output reports, and tables of user-defined houtly report variables.




DICTIONARY

Building Description Language

This section describes general commands and keywords that act globally throughout the program.
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ABORT

The ABORT command specifies what level of diagnostic in following instructions is considered severe
enough to prevent execution of the simulation. The instruction takes the form

ABORT IF Level
or simply
ABORT Level

where Level is a code-word indicating what level of diagnostic is to be considered fatal:

ERRORS Diagnostics deal with problems in the input that must be corrected
before the simulation will execute.

WARNINGS Diagnostics are concerned with input data that can be used in the
simulation but are probably erroneous (such as a temperature input of
700 instead of 70.0).

CAUTIONS Diagnostics are much less severe than WARNINGS messages and deal

with questionable input value that do not significantly affect the results of
the simulation. This is the default level.

Example input:
ABORT IF WARNINGS

Rules

1. If ERRORS, only error messages are fatal. If WARNINGS, error and warning messages are fatal.
If CAUTIONS, error, warning, and caution messages are fatal.

2. The ABORT instruction may be entered more than once to change the abort level.

3. The ABORT instruction may be used as a control instruction (i.c., it need not appear between an
INPUT instruction and an END instruction).
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COMPUTE

The COMPUTE command directs the program to execute a simulation using the input data provided
between the preceding INPUT (or PARAMETRIC-INPUT) and END commands.

The instruction takes the form

COMPUTE .. (simulate LOADS, HVAC, and ECONOMICS if present)
or

COMPUTE ECONOMICS.. (simulate just ECONOMICS)
For examples, see the Parametric Run topic in the DOE-2.2 Topics.

Rules

1. If COMPUTE is not entered, only error checking of input data will occur and no simulation will
take place.

2. Allinput data are processed before any simulation occurs. Thus, if a fatal error is detected no
simulation will occur.

3. A COMPUTE command may not occur between an INPUT command and an END command.

1 COMPUTE
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DIAGNOSTIC

DIAGNOSTIC command specifies various options available to indicate problems in your input ot to give
printing instructions.

The instruction takes the form
DIAGNOSTIC Option ..

where Option is one or more code-words that specify desired diagnostic options:

ERRORS Only error messages are printed.

WARNINGS Error and warning messages are printed.

CAUTIONS Error, warning, and caution messages are printed. This is the default
value.

DEFAULTS Same as CAUTIONS, plus all default values used are printed.

COMMENTS Same as DEFAULTS, plus informative messages are printed.

SINGLE-SPACED

DOUBLE-SPACED

ECHO

NO-ECHO

Input is echoed single-spaced. (This is the default value.)
Input is echoed double-spaced.
Input is echoed to the output listing. (This is the default value.)

Input is not echoed. However, when diagnostic messages are printed, the

previous line of input is also printed. All control instructions are echoed.
NO-LIMITS The program ignores the keyword maximum and minimum allowable
values in its input checking and does not print CAUTIONS messages for
input values beyond their normal range. You should be extremely careful
when specifying NO-LIMITS because (1) erroneous data can escape this
important checking process and (2) some program calculations are not
accurate beyond their allowable ranges.

LIMITS The program uses its built-in ranges for checking user-specified keyword
values. (This is the default value.)

LIBRARY-CONTENTS  The contents of both the default and user libraries will be printed. No

diagnostics are printed with the contents of the library.
[Warning: use of this code-word may result in many pages of output]

Example input:
DIAGNOSTIC WARNINGS DOUBLE-SPACED ..

Rules

1. You may list any number of the above codewords. Avoid inputting contradictory options, such as
DIAGNOSTIC CAUTIONS ERRORS.

12 DIAGNOSTIC
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2. You may change the diagnotic level at any time. For example, to list the BDL comments only for a
single EXTERIOR-WALL component, specify DIAGNOSTIC COMMENTS immediately
before the exterior-wall definition, and DIAGNOSTIC WARNINGS immediately after.

3. The level chosen from among ERRORS, WARNINGS, CAUTIONS, DEFAULTS, and
COMMENTS must be equal to or less than the level specified for the ABORT command. For
example, ABORT = CAUTIONS and DIAGNOSTIC = ERRORS are not compatible inputs.
Also, it DIAGNOSTIC = ERRORS (or WARNINGS) and ABORT is allowed to default to
CAUTIONS (a lower level than ERRORS and WARNINGS), the DIAGNOSTIC instruction
itself will get a warning message and the program will abort. This can be avoided by entering an
ABORT instruction before the DIAGNOSTIC instruction

13 DIAGNOSTIC
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The END command indicates that all data for a particular INPUT or PARAMETRIC-INPUT have been
entered.

The instruction takes the form of simply
END ..

Once an END .. instruction is encountered, final processing of the input takes place, such as checking for
undefined U-names, and unattached children such as pumps, spaces, etc.

If END is omitted, all subsequent instructions will be erroneously interpreted as further input instructions.
Each END instruction must be preceded by an INPUT or PARAMETRIC-INPUT instruction.

14 END
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HOURLY-REPORT

The HOURLY-REPORT command causes the program to print the houtly values of all variables specified
in one or more REPORT-BLOCK instructions. These values are to be printed according to the schedule
assigned to the keyword REPORT-SCHEDULE.

The simplest form of this instruction is:

U-name = HOURLY-REPORT
REPORT-SCHEDULE = R-S-U-name
REPORT-BLOCK = (R-B-U-name)

where R-S-U-name is the U-name of a SCHEDULE instruction and R-B-U-name is one or more U-names
of REPORT-BLOCK instructions.

Rules

1. U-name is required.
2. LIKE may be used (see "LIKE" keyword).

3. Report values will be printed every hour for which the hourly value of the assigned REPORT-
SCHEDULE is nonzero. Note that even if DAYLIGHT-SAVINGS = YES, summer hours will
not reflect daylight saving time. Therefore, there will be one-hour difference between times
appearing in the LOADS Summary Reports and the LOADS Houtly Reports.

4. The U-name(s) assigned to the keyword REPORT-BLOCK must appear within parentheses, even
if only one U-name is assigned.

5. The total number of all items in all the REPORT-BLOCKSs for an HOURLY-REPORT
command cannot exceed sixty (60.)

6. The keywords REPORT-BLOCK and REPORT-SCHEDULE may be abbreviated to R-B and
R-SCH, respectively.

Note: A program weather year contains 365 days. When the Weather Processor is run on a weather tape
for a leap year, the first 365 days it encounters become the weather year and February is assumed to have
28 days. As a result, the weather for all days after February 28 will be displaced by one day of the week, i.c.,
the weather for February 29 becomes the weather for March 1, and March 1 is assumed to occur one day
carlier in the week than the calendar for that year would indicate. The data for December 31 on the original
weather file is ignored.

Example input:

HR-1 = HOURLY-REPORT
REPORT-SCHEDULE
REPORT-BLOCK

RS-JAN
(RS-1)

This defines an hourly report named HR-1 that will print values of the variables specified in report block
RS-1 when the schedule named RS-JAN has an hourly nonzero value.
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REPORT-SCHEDULE
Takes the U-name of a schedule, of TYPE = ON/OFF, whose houtly values determine if the report will
be printed that hour.

REPORT-BLOCK
Takes a list of U-names of REPORT-BLOCK commands, which determines what variables will be
included in the houtly report.
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INPUT

INPUT is a required command that indicates that the instructions to follow contain input data. INPUT
should be the first command in your input file. Generally, the data is input for a complete LOADS, HVAC,
and ECONOMICS simulation; however, ECONOMICS input can be left out and/or specified separately.
The maximum number of INPUT plus PARAMETRIC-INPUT commands in one input file should be
100.

Examples:
INPUT FOR DOE-2
INPUT ..
INPUT FOR ECONOMICS
Rules
1. FOR s optional
2. INPUT .. is equivalent to INPUT FOR DOE-2 ..
3. Ina parametric input, the INPUT instruction should be on a separate line.

INPUT-UNITS

Keyword defaults to what was specified for the previous INPUT command. For the first INPUT, the
default is ENGLISH. INPUT-UNITS takes a code-word that determines whether the input is in English
or metric units. ENGLISH gives English input units; METRIC gives metric input units.

OUTPUT-UNITS

Keyword defaults to what was specified for the previous INPUT command. For the first INPUT, the
default is ENGLISH. OUTPUT-UNITS takes a code-word that determines whether the output is in
English or metric units. ENGLISH gives English output units; METRIC gives metric output units.
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DICTIONARY BDL

LIKE (KEYWORD)

The LIKE keyword is used to duplicate the uset-supplied data input in a previous command; however, in

the case of keywords given values with expressions, values are not taken from the previous command but

are recalculated by the program for the current command. The value entered for LIKE is the U-name of a
previous command of the same type. Any data that differ from the data of the previous command may be
specified in the normal manner. For example, the instruction

BLUE-ROOM = SPACE

LIKE RED-ROOM
EXCEPT

WIDTH = 30.0
DEPTH = 20

defines a new space named BLUE-ROOM that has all the attributes of a previously-defined space named
RED-ROOM, but with different values for its width and depth.

LIKE will duplicate only user-input keywords and keyword values, not program-calculated values. For
example, in

BROWN-ROOM = SPACE
LIKE BLUE-ROOM ..

BROWN-ROOM will be assigned a WIDTH of 30 and a DEPTH of 20, but will not assign AREA = 600,
the product of 30 and 20.

Rules
1. LIKE may be used only in those instructions having LIKE listed as a valid keyword.

2. IfLIKE is used, it must be the first keyword in the instruction.

3. The instruction whose name is used as the value for LIKE must be entered before the instruction
containing the LIKE keyword.

4. LIKE only copies information between commands. It does not copy information between
building elements that are subsidiary to the commands. For example, if SPACE B is LIKEd to
SPACE A then the data for A is applied to B but the walls belonging to A are not applied to B.
They must be separately LIKEd. Similarly, it WALL C is LIKEd to WALL D, the data for C is
applied to D but the windows or doors in C are not applied to D.

5. The word EXCEPT is optional.
6. Different commands cannot be LIKEd. For example, a DOOR instruction cannot use the U-

name of WINDOW as a LIKE keyword value. If a command uses the TYPE keyword, only
commands of the same TYPE can be LIKEd.

7. Code-words cannot be used in a LIKE keyword.
If you have specified an incorrect value in an instruction that is subsequently referenced in other

instructions with a LIKE keyword, the error diagnostics will not be repeated in the subsequent instructions.
This is illustrated in the following example:
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WINDOW-1 = WINDOW

HEIGHT =

5

WIDTH =3

DEPTH = 4
***ERROR DEPTH UNKNOWN KEYWORD
WINDOW-2 = WINDOW

LIKE WINDOW-1
WINDOW-3 = WINDOW

LIKE WINDOW-1

DEPTH is not a valid keyword for WINDOW; therefore, it was rejected for WINDOW-1 and an error
diagnostic was printed. Although WINDOW-2 and WINDOW-3 included the LIKE WINDOW-1,
DEPTH = 4 in both cases will be rejected, but the error diagnostic will not be repeated.
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PARAMETER

The PARAMETER command is used to designate up to 500 user-specified variables as parameters in
parametric runs and to assign them values.

The instruction takes the form

PARAMETER
Name = Value

where "Name" is the user-specified name of a parametric keyword, and "Value" is the value assigned to
that variable in the current simulation. Whenever the name of a parameter is encountered as a value for a

keyword, the value of that parameter is substituted for the value for the keyword.

A parameter may have a numeric value ot a numetic value multiplied by another value using "TIMES," as
shown in the following example:

Example input:

Window width for W1 is 10 ft and W2 is 11 ft

INPUT. .
PARAMETER

P1 = 10
W1l = WINDOW

WIDTH = P1

W2 = WINDOW
WIDTH

P1 TIMES 1.1

END

COMPUTE

STOP
Parameters may also have non-numeric values. Whenever the value being input for a non-numeric keyword
(such as a keyword that takes a U-name or code-word as a value) is detected to be a parameter, the value of

that parameter is used as the value for the keyword. This is illustrated in the following example:

Example input:

PARAMETER
P2 = COLDEST
P3 = WS1

20 PARAMETER
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SC-1 = SYSTEM

TYPE = PVAVS

HEAT-CONTROL = P2
SCH-1 = SCHEDULE

WEEK-SCHEDULE = P3

The above causes the value COLDEST to be assigned to HEAT-CONTROL and WST1 to be assigned to
WEEK-SCHEDULE.

Rules
1.

2.

Although a "Name" may be longer than 32 characters, only the first 32 charactets ate used.

A parametric keyword U-name must be unique from all other parametric keyword U-names and
non-parametric keyword U-names. "Name" must be unique; i.e., not the same as another "Name'
or any command U-names.

1

A parameter must be defined with a PARAMETER instruction before it is used in a keyword
value assignment.

If the TIMES feature is used, the word TIMES must appear on the same line as the parametric
keyword.

The value after the word TIMES must be a number; it cannot be another parameter name.
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PARAMETRIC-INPUT

The data follwing this command may consist only of parametric modifications to data entered between the
previous INPUT and END instruction sequence.

The instruction takes the form
PARAMETRIC-INPUT FOR DOE-2
PARAMETRIC-INPUT FOR ECONOMICS

PARAMETRIC-INPUT FOR ECONOMICS refers to the data from the previous INPUT FOR
ECONOMICS.

Rules

1. There must be a previous INPUT command FOR DOE-2 or FOR ECONOMICS, as
appropriate.

2. The word FOR is optional.

3. The only instructions that may be entered between a PARAMETRIC-INPUT instruction and the
next END instruction are ABORT, PARAMETER, DIAGNOSTIC (or LIST) and additional
TITLE instructions (beyond those used in the original simulation run).

4. IfTITLE is going to be changed in each PARAMETRIC-INPUT (a good idea), the first, base title
should be input before the first INPUT command. See the example in the Parametric Run topic in
the DOE-2.2 Topics.

INPUT-UNITS
INPUT-UNITS defaults to whatever was specified for the previous INPUT or PARAMETRIC-INPUT
command.

OUTPUT-UNITS
OUTPUT-UNITS defaults to whatever was specified for the previous INPUT or PARAMETRIC-INPUT
command.
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REPORT-BLOCK

The REPORT-BLOCK command is used to specify a group of variables to be printed in an houtly report
(see HOURLY-REPORT command).

Example input:

RB-1 = REPORT-BLOCK

VARIABLE-TYPE = BUILDING
VARIABLE-LIST = (1,19)
HR-1 = HOURLY-REPORT
REPORT-SCHEDULE = RS-1
REPORT-BLOCK = (RB-1)

This would cause the building sensible heating load and building sensible cooling load to be printed every
hour for which schedule RS-1 is nonzero.

VARIABLE-TYPE
Required. Takes a code-word that indicates the type of variable contained in this block. Allowed values are
shown in Appendix A, "Houtly Report Variables List," of the DOE-2.2 Topics.

VARIABLE-LIST

Takes a list of code-numbers indicating which variables of the type specified by VARIABLE-TYPE are to
be included in this block. Variables and their corresponding code-numbers are described in Appendix A,
"Houtly Report Vatiables List," of the DOE-2.2 Topics.

Rules
1. U-name is required.

2. The maximum number of code-numbers assigned to VARIABLE-LIST for all REPORT-
BLOCKS is 60
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SCHEDULE
DAY-SCHEDULE
WEEK-SCHEDULE

Describes schedules, which are hourly profiles of such quantities as lighting power, occupancy, and
thermostat setpoint. The format of schedules is the same in LOADS, HVAC, and ECON input.

The SCHEDULE command references two related commands, DAY-SCHEDULE, which defines the
houtly profile for a particular type of day (such as weekday, weekend day, or holiday), and WEEK-
SCHEDULLE, which defines what day schedules make up a weekly schedule. The following describes
DAY-SCHEDULE and WEEK-SCHEDULE, then shows how and SCHEDULE:S are built up from
WEEK-SCHEDULESs and how WEEK-SCHEDULE:S are built up from DAY SCHEDULEs.

Common Keywords
SCHEDULE, WEEK-SCHEDULE, and DAY-SCHEDULE share these two keywords:

TYPE

Accepts a code-word specifying the type of schedule. Various components that reference schedules are
restricted to certain TYPEs. For example, lighting schedules use TYPE = FRACTION, fans use TYPE =
ON/OFF, and thermostats use TYPE = TEMPERATURE.

Often more than one type is acceptable, but all types are never acceptable. For example, the
SPACE:LIGHTING-SCHEDULE can be of TYPE = FRACTION or MULTIPLIER, but can never be
of TYPE = TEMPERATURE.

The DAY-SCHEDULE:  referenced by a WEEK-SCHEDULEs must be the same TYPE as specified for
the WEEK-SCHEDULE. Similatly, the WEEK-SCHEDULE:S referenced by a SCHEDULE must be of
the same TYPE as specified for a SCHEDULE.

The available TYPE: are:

ON/OFF accepts the binary values 0 and 1, where O means the schedule is OFF
and 1 means the schedule is ON. Examples include schedules for fans
and heating/ cooling availability.

FRACTION accepts values between and including 0.0 and 1.0. Examples include
lighting, people, etc.

MULTIPLIER accepts values 0.0 and above. Examples, include lighting, people, etc.

TEMPERATURE accepts a value that represents a temperature. Examples include heating
and cooling thermostat schedules.

RADIATION accepts a value that represents a radiative flux, expressed in Btu/ft2-hr or
W/m2. An example is the WINDOW:MAX-SOLAR-SCH.

ON/OFF/TEMP accepts the binary values 0 and 1, similar to ON/OFF. Any other value is

also acceptable, and is assumed to represent a flag temperature. When a
temperature, the meaning of the value and its action varies by the
component referencing the schedule.
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ON/OFF/FLAG

FRAC/DESIGN

EXP-FRACTION

FLAG

RESET-TEMP

RESET-RATIO

GROUP

For example, in the SYSTEM:HEATING-SCHEDULE, the binary
values 0 and 1 disable and enable heating respectively. Any value other
than 0 or 1 represents the outdoor drybulb temperature below which
heating is enabled.

accepts the binary values 0 and 1, similar to ON/OFF. Any other value
is also acceptable, and is assumed to represent a flag value. When a flag,
the meaning of the value and its action varies by the keyword.

For example, in the SYSTEM:NATURAL-VENT-SCH, a value of 0
forces the windows closed, and a value of 1 allows windows to be open if
the outdoor temperature is suitable, and a flag value of —1 allows
windows to be open if the outdoor enthalpy is also suitable.

accepts a value which is the fraction of the design quantity. Typical values
range between 0.0 and 1.0. An entry of =999 causes the schedule to be
ignored for that hour.

For example, in the SYSTEM:MIN-AIR-SCH, an entry of 0 or 1 will
force the outdoor-air ratio to be 0% or 100% respectively. A value of —
999 will cause the schedule to be ignored for the hour, and the outdoor-
air ratio will be set by other calculations.

accepts a value between —1 and 1. An example is the WINDOW:SLAT-
SCHEDULE.

accepts a flag of any value. The flag value must exactly match a
comparison criterion for the component to be active.

For example, in the ELEC-METER:COGEN-TRACK-SCH, a flag
value of 1 means that cogeneration equipment should track the electric
load, a value of 2 means track the thermal load, 3 means track the lesser
of the electric or thermal load, etc.

specifies that, rather than a 24-hour profile, that the DAY-SCHEDULE
defines a relationship between the outside air temperature and a
temperature setpoint, such as supply air temperature. Refer to the section
below on “Reset Schedules” for more information.

specifies that, rather than a 24-hour profile, that the DAY-SCHEDULE
defines a relationship between the outside air temperature and a system
control parameter, such as baseboard heating power. Refer to the section
below on “Reset Schedules” for more information.

This is a special, optional, keyword used by the PowerDOE grapical user interface. It has no application fin

the batch mode or other GUISs.

DAY-SCHEDULE

Defines the 24-hour profile for a single day. In its simplest form, the input for DAY-SCHEDULE is:
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U-name = DAY-SCHEDULE
TYPE = MULTIPLIER
(all 24 hours covered) (values for each hour)

Example input:

LTG-1 = DAY-SCHEDULE

TYPE = FRACTION

HOURS = (1,24)

VALUES =( 0 o0 o0, 0 O o0, o0, O,
60.3,0.6,0.8, 1, 1, 1, 1, 1,
i, 1, o, o0, O, ©O0, 0, O0)

Another way of expressing the same 24-hour profile is

LTG-1 = DAY-SCHEDULE

TYPE = FRACTION
HOURS = (1, 8)
VALUES = (0)

HOURS = (9,11)
VALUES = (0.3,0.6,0.8)
HOURS = (12,18)
VALUES = (1)

HOURS = (19,24)
VALUES = (0)

The keywords HOURS and VALUES are optional, so the above input can be shortened to

LTG-1 = DAY-SCHEDULE
TYPE = FRACTION
(1, 8)
(9, 11)
(12,18)
(19,24)

Hour 1 is midnight to 1 am, hour 2is 1 am to 2 am, etc. For example, (12,18) (1) (19,24) (0), above, means
that the lights are fully on from 11 am to 6 pm and fully off from 6 pm to midnight.

If the above is the lighting schedule for midweek days, the following could be the lighting schedule for the
weekend days:

LTG-2 = DAY-SCHEDULE
TYPE = FRACTION
(1,24) (0)
Here, the value 0.0 is used for all 24 hours.

In these examples, TYPE=FRACTION indicates that the schedule value "multiplies" some quantity, such
as lighting power. Other schedule types are possible, e.g. TYPE=TEMPERATURE, ON/OFF, etc.

26 SCHEDULE



DICTIONARY BDL

HOURS

Is an optional keyword that accepts an integer range of hours corresponding to a list of values. Each range
of hours must be entered in ascending order. As shown above, a range of hours may be specified with a set
of values, without the need for the HOURS or VALUES keywords.

VALUES

Is an optional keyword that accepts a list of values corresponding to a range of hours. As shown above, a
range of hours may be specified with a set of values, without the need for the HOURS or VALUES
keywords.

If fewer VALUES are specified than correspond to the range of hours, the last value in the list will be used
for all remaining hours in the range.

Rules
1. A U-name must appear before the DAY-SCHEDULE command.

2. 'The LIKE keyword may be used.

3. All 24 hours must be assigned values. The first hour specified must be 1, and the last hour must be
24. Itis not possible to assign values past midnight (into the next day.)

4. All values within the HOURS and VALUES keywords must be enclosed in parenthesis.
5. A comma and/or one or mote blanks must separate multiple values within parenthesis.
6. The keywords HOURS and VALUES may be omitted.

7. If two or more numbers are assigned to an HOURS keyword, the numbers must be in ascending
numerical order.

DAY-SCHEDULE, Reset

When DAY-SCHEDULE:TYPE = RESET-TEMP or RESET-RATIO, the meaning of the day schedule
is different. Rather than defining a 24-hour profile for a single day, the schedule defines a linear relationship
between the outside air temperature and a system control parameter, such as a temperature setpoint or
baseboard heating power. Different relationships for daytime and night time hours can be defined.

Example input:

DRS-1 = DAY-RESET-SCH

TYPE = RESET-TEMP

$ Daytime hours (5am to 5pm)
DAY -HOURS = (6,17)

$ Daytime reset relationship
OUTSIDE-LO = 30
OUTSIDE-HT = 60
SUPPLY-HI-TEMP = 60
SUPPLY-LO-TEMP =0

$ Night time reset relationship
OUTSIDE-LO2 = 30
OUTSIDE-HI2 = 60
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SUPPLY-HI-TEMP2
SUPPLY-LO-TEMP2

60
60

TYPE
Takes a code-word that specifies the type of reset relationship. This required keyword should be the first
entered. Allowed values are:

RESET-TEMP The reset relationship is between outside air temperature and supply air
or supply water temperature. In this case the values of SUPPLY-LO,
SUPPLY-LO2, SUPPLY-HI and SUPPLY-HI2 are temperatures.

RESET-RATIO The reset relationship is between outside air temperature and heating
output ratio (such as for baseboard heating). In this case the values of
SUPPLY-LO, SUPPLY-LO2, SUPPLY-HI and SUPPLY-HI2 are ratios
of heating output to maximum heating output.

DAY-HOURS

Accepts a list of two integer values that give the first and last hour of the day for which the daytime reset
relationship is to be used. The default values for the first and last hours are 1 and 24, respectively. If the first
and last hours are not 1 and 24, then the keywords OUTSIDE-HI2, OUTSIDE-LO2, SUPPLY-HI-
TEMP2 (or SUPPLY-HI-RATIO?2) and SUPPLY-LO-TEMP2 (or SUPPLY-LO-RATIO2) are required.

Daytime keywords

The following four keywords define the reset relationship during the daytime hours, i.e., during the hours
specified by DAY-HOURS.

OUTSIDE-HI
Outside dry-bulb temperature that corresponds to SUPPLY-LO. OUTSIDE-HI should be greater than
OUTSIDE-LO.

OUTSIDE-LO
Outside dry-bulb temperature that corresponds to SUPPLY-HI. OUTSIDE-LO should be less than
OUTSIDE-HI.

SUPPLY-HI
The upper supply setpoint temperature (for TYPE = RESET-TEMP) or heating output ratio (for TYPE
= RESET-RATIO) that corresponds to OUTSIDE-LO.

SUPPLY-LO
The lower supply setpoint temperature (for TYPE = RESET-TEMP) or heating output ratio (for TYPE
= RESET-RATIO) that corresponds to OUTSIDE-HI.

Night time keywords

The following four keywords define the reset relationship during the night time hours, i.e., the hours
outside the range specified by DAY-HOURS. These keywords are required when DAY-HOURS is not
equal to (1,24).

OUTSIDE-HI2
Outside dry-bulb temperature that corresponds to SUPPLY-LO2. OUTSIDE-HI2 should be greater than
OUTSIDE-LO2. Required when DAY-HOURS is not equal to (1,24).
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OUTSIDE-LO2
Outside dry-bulb temperature that corresponds to SUPPLY-HI2. OUTSIDE-LO2 should be less than
OUTSIDE-HI2. Required when DAY-HOURS is not equal to (1,24).

SUPPLY-HI2

The upper supply setpoint temperature (for TYPE = RESET-TEMP) or heating output ratio (for TYPE
= RESET-RATIO) that corresponds to OUTSIDE-LO2. Required when DAY-HOURS is not equal to
(1,24).

SUPPLY-LO2

The lower supply setpoint temperature (for TYPE = RESET-TEMP) or heating output ratio (for TYPE
= RESET-RATIO) that corresponds to OUTSIDE-HI2. Required when DAY-HOURS is not equal to
(1,24).
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Figure 1 Typical DAY-RESET-SCH for deck temperature control
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Figure 2 Typical DAY-RESET-SCH FOR baseboard control

A reset-type day schedule is incorporated into WEEK-SCHEDULEs and a SCHEDULE identically to
other schedule types. Note, however, that a reset day-schedule cannot be “nested” into week schedules or
schedules like other schedules. See the section below on “Nesting””.

WEEK-SCHEDULE

The week schedule command assigns DAY-SCHEDULES to the days of the week, so that a week of
schedule is built up. The form of the WEEK-SCHEDULE is:
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U-NAME = WEEK-SCHEDULE
(days of week covered) (U-name of DAY-SCHEDULE)
Example input:

In the discussion above, we defined two DAY-SCHEDULEs -- LTG-1 represents week-days and LTG-2
represents week-ends and holidays. The following builds the day schedules up into a week schedule:

NORMAL = WEEK-SCHEDULE

TYPE = FRACTION
DAYS = (MON, FRI)
DAY-SCHEDULE = LTG-1
DAYS = (SAT, HOL)
DAY -SCHEDULE = LTG-2

where (MON,FRI) includes MON,TUE,WED,THU,FRI and (SAT,HOL) includes SAT,SUN,HOL. The
keywords HOURS and VALUES are optional, so the above input can be shortened to

NORMAL = WEEK-SCHEDULE
TYPE = FRACTION
(MON, FRI) LTG-1
(SAT,HOL) LTG-2
Optionally, this can be shortened to:

NORMAL = WEEK-SCHEDULE

TYPE = FRACTION
(WD) LTG-1
(WEH) LTG-2

where (WD) stands for week-days and (WEH) for week-ends and holidays. If Saturday is considered part
of the normal week, you have to write MON,SAT) LTG-1 and (SUN,HOL) LTG-2.

Day schedules for design days may also be specified as part of a week schedule. If LTG-DD is the schedule
to be used on the design-days, then the above example can be expanded to:

NORMAL = WEEK-SCHEDULE
TYPE = FRACTION
(MON, FRI) LTG-1
(SAT,HOL) LTG-2
(HDD, CDD) LTG-3

DAYS

Is an optional keyword that accepts a code-word specifying the day corresponding to the following DAY-
SCHEDULE. A range of days may be entered, corresponding to a set of DAY-SCHEDULEs. As shown
above, a range of days may be specified with a day schedule, without the need for the DAYS or DAY-
SCHEDULE keywords.

Acceptable code-words and their respective meanings are
MON, TUE,WED,THU,FRI Monday, Tuesday, Wednesday, Thursday, Friday

SAT, SUN, HOL Saturday, Sunday, Holiday
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WD Weekdays (Mon-Fri)

WEH Weekends and holidays (Sat, Sun, Hol)

HDD, CDD Heating design day, Cooling design day

ALL All 10 days in the week schedule (Mon-Sun, Hol, HDD, CDD)
DAY-SCHEDULES

Is an optional keyword that accepts a list of U-names of DAY-SCHEDULES cotresponding to a range of
days. As shown above, a range of days may be specified with a set of day-schedules, without the need for
the HOURS or VALUES keywords.

If fewer day-schedules are specified than correspond to the range of days, the last schedule in the list will be
used for all remaining days in the range.

If not specified, the Saturday schedule defaults to Monday’s, as do the design-day schedules. Sunday
defaults to Saturday’s schedule.

Rules

1. A U-name must appear before the WEEK-SCHEDULE command.

2. The keywords DAYS and DAY-SCHEDULE may be omitted.

3. The list specified for DAYS may be either one element (such as MON.), or a two-element range
(such as MON,THU). The days in a range must be in chronological order, where Monday is
considered the first day of the week, and Holiday the last.

4. The referenced DAY-SCHEDULESs must be of the same TYPE as the WEEK-SCHEDULE.

SCHEDULE
The SCHEDULE command assigns particular WEEK-SCHEDULES to different times of the year.

In its simplest form, SCHEDULE takes the form:

U-NAME = SCHEDULE

TYPE = FRACTION
THRU (calendar period covered) (U-name of WEEK-SCHEDULE)
THRU (next calendar period ) (U-name of WEEK-SCHEDULE)

Example input:

To illustrate the purpose of SCHEDULE, assume we have a school that is closed in the summer and on
week-ends and holidays. Therefore, we need another week type:

VACATION = WEEK-SCHEDULE
TYPE = FRACTION
(ALL) LTG-2
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where (ALL) stands for all days of the week, including holidays and design days, and LTG-2 was the DAY-
SCHEDULE representing lights as being off for 24 hours.

To finalize the example:
LIGHTS = SCHEDULE
TYPE = FRACTION
THRU JUN 10 NORMAL
THRU SEP 5 VACATION
THRU DEC 31 NORMAL ..

Rules
1. A U-name must appear before the SCHEDULE command.

2. Dates must be given in chronological order.

3. All schedules must extend at least through the end of the simulation petiod, as defined in the
RUN-PERIOD.

4. 'The value entered as the day-of-the-month must be between 1 and the number of days in the
month.

5. 'The code-word entered as the value of the month must be the first three letter of the name of the
month (JAN, FEB, etc.)

6. Commas are optional. Spaces are equivalent to commas.
7. There is a maximum of 12 THRU’s (or intervals) permitted in each schedule.
8. The LIKE keyword is not allowed.

Nesting of Schedules

Another option, nesting of schedules , can be very useful in lessening the chore of preparing schedules. In
the above example we could have bypassed the WEEK-SCHEDULES by nesting the DAY-SCHEDULESs
in the SCHEDULE itself. For example:

LIGHTS = SCHEDULE

TYPE = MULTIPLIER
THRU JUN 10 (WD) LTG-1 (WEH) LTG-2
THRU SEP 5 (ALL) LTG-2
THRU DEC 31 (WD) LTG-1 (WEH) LTG-2

Note that reset schedules cannot be nested. That is, the following is not permitted:

RS-1 = SCHEDULE

TYPE = RESET-TEMP
THRU DEC 31 (ALL)
SUPPLY-HI = 120
SUPPLY-LO = 70
OUTSIDE-HI = 70
OUTSIDE-LO = 0
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Use instead:

DSR-1 = DAY-RESET-SCH

TYPE = RESET-TEMP
SUPPLY-HI = 120
SUPPLY-LO = 70
OUTSIDE-HI = 70
OUTSIDE-LO = 0
RS-1 =SCHEDULE
TYPE = RESET-TEMP
THRU DEC 31 (ALL) DSR-1
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SCHEDULE-PD
DAY-SCHEDULE-PD
WEEK-SCHEDULE-PD

These commands ate equivalent to SCHEDULE, DAY-SCHEDULE, and WEEK-SCHEDULE and
may be used interchangeably. They are provided for the convenience of user-interfaces, such as eQUEST.

TYPE
Identical to TYPE in SCHEDULE

GROUP
Identical to GROUP in SCHEDULE

Example Input
"Office Lites WD DSch" = DAY-SCHEDULE-PD
TYPE = FRACTION
VALUES = ( 0.05, 0.05, 0.05, 0.05, 0.05, 0.10,
0.10, 0.30, 0.90, 0.90, 0.90, 0.90,
0.80, 0.90, 0.90, 0.90, 0.90, 0.50,
0.30, 0.30, 0.20, 0.20, 0.10, 0.05 )
VALUES

Accepts a list of 24 entries corresponding to the 24 hours in a day.

You do not have to list all values in the day; all hours after the last hour specified will default to the last
value entered. As a convenience, the following is equivalent to the above:

"Office Lites WD DSch" = DAY-SCHEDULE-PD
TYPE = FRACTION
VALUES = ( 0.05, &D, &D, &D, &D, 0.10,
&D, 0.30, 0.90, &D, &D, &D,
0.80, 0.90, &D, &D, &D, 0.50,
0.30, &D, 0.20, &D, 0.10, 0.05 )

Here, the value “&ID” means to use the last previously defined hout’s value for this hout’s value.

WEEK-SCHEDULE-PD
Example Input
"Office Lighting WSch" = WEEK-SCHEDULE-PD
TYPE = FRACTION
DAY -SCHEDULES = ("Office Lites WD DSch", $ Monday
"Office Lites WD DSch", $ Tuesday
"Office Lites WD DSch", $ Wednesday
"Office Lites WD DSch", $ Thursday
"Office Lites WD DSch", $ Friday
"Office Lites Sat DSch", $ Saturday
"Office Lites Sun DSch", $ Sunday
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"Office Lites Sun DSch", $ Holiday
"Office Lites WD DSch", $ Heating DD
"Office Lites WD DSch" ) $ Cooling DD

DAY-SCHEDULES
Accepts a list of 10 DAY-SCHEDULE-PD entries corresponding to Monday-Sunday, a holdiday, and the
heating and cooling design days.

As a convenience, the following is equivalent to the above:

"Office Lighting WSch" = WEEK-SCHEDULE-PD
TYPE = FRACTION
DAY -SCHEDULES = ("Office Lites WD DSch", $ Monday
&D, &D, &D, &D,
"Office Lites Sat DSch", $ Saturday
"Office Lites Sun DSch", $ Sunday
&D
"Office Lites WD DSch", $ Heating DD
"Office Lites WD DSch" ) $ Cooling DD
SCHEDULE-PD
Example Input
"SCE GS-2 Summer-Only Schedule" = SCHEDULE-PD
TYPE = FLAG
MONTH = (6, 9, 12 )
DAY = (3, 30, 31)
WEEK-SCHEDULES = ( "Week Flag Value 0", S Non-summer
"Week Flag Value 1", $ Summer
"Week Flag Value 0" ) $ Non-summer
MONTH

Accepts a list of integers specifying the ending months of the week schedules. The list must increase in
numerical order

DAY
Accepts a list of integers specifying the ending days of the ending months of the week schedules. There
must be a one-to-one correspondence of values in MONTH and DAY.

WEEK-SCHEDULES

Accepts a list of week schedules corresponding to the MONTHs and DAYs listed. The first week-schedule
is used starting on January 1, through the first month and day listed. The second week schedule starts on
the day immediately after the first set, and is active through the second month and day listed, etc.

DAY-SCHEDULE-PDs and WEEK-SCHEDULE-PDs cannot be nested into a SCHEDULE-PD.
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RUN-PERIOD

The RUN-PERIOD command specifies the initial and final dates of the desired simulation period. As an
alternative, you may use RUN-PERIOD-PD instead.

The initial date is the first date of the simulation, given in the form: month day year. The code-words that
specify the names of the months are given below. The final date is the last simulation date, specified in the
same manner as the initial date. U-name is not allowed.
The code-words for the months are:

JAN FEB MAR APR MAY JUN

JUL AUG SEP OCT NOV DEC
Example input: This instruction would run the program for one year:

RUN-PERIOD JAN 1 1979 THRU DEC 31 1979

Rules

1. The initial and final dates specified in any one run must all be in the same year. The final date must
be equal to or later than the initial date.

2. The day number cannot be greater than the number of days in the month associated with that
date. For example, SEP 31 1978 is not valid.

3. The year of the RUN-PERIOD should ordinarily be the year of the data on the weather tape
being used. The program and the weather file assume a 365 day year; for leap years, February 29 is
ignored.
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RUN-PERIOD-PD

This command is an alternative to RUN-PERIOD and is provided for the convenience of user interfaces
such as eQUEST. Like RUN-PERIOD, this command specifies the initial and final dates of the desired
simulation period. You may use either the RUN-PERIOD or the RUN-PERIOD-PD format in a batch
mode input.

Example input:

"Entire Year" = RUN-PERIOD-PD
BEGIN-MONTH =1
BEGIN-DAY =1
BEGIN-YEAR = 1997
END-MONTH = 12
END-DAY = 31
END-YEAR = 1997

BEGIN-MONTH

Accepts an integer value specifying the beginning month, where 1 = January, 2 = February, etc.

BEGIN-DAY

Accepts an integer value secifying the beginning day.

BEGIN-YEAR
Accepts an integer value specifying the beginning year. 1998 is acceptable, 98 is not.

END-MONTH
Accepts an integer value specifying the ending month, where 1 = January, 2 = February, etc.

END-DAY
Accepts an integer value secifying the ending day.

END-YEAR
Accepts an integer value specifying the ending year. 1998 is acceptable, 98 is not.

Rules

1. The initial and final dates specified in any one run must all be in the same year. The final date must
be equal to or later than the initial date.

2. The day number cannot be greater than the number of days in the month associated with that
date. For example, SEP 31 1978 is not valid.

3. The year of the RUN-PERIOD should ordinarily be the year of the data on the weather tape
being used. The program and the weather file assume a 365 day year; for leap years, February 29 is
ignored
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SET-DEFAULT

The SET-DEFAULT instruction is used to assign a new default value to one or more keywords in a
particular instruction.

The form of this instruction is

SET-DEFAULT FOR Command
Keyword = Value

where Command is the name of a command, Keyword is the name of a keyword in that command, and
Value is the new default value to be assigned that keyword.

Example input:

SET-DEFAULT FOR WINDOW

WIDTH = 6.5
HEIGHT = 4
GLASS-TYPE = WEST-GLASS

This sets the width and height defaults for windows to 6.5 and 4.0, respectively, and the GLASS-TYPE to
that defined in a GLASS-TYPE command with U-name WEST-GLASS.

Rules

1. Whenever a new default value is specified for a keyword, that value overrides the previous default
value for that keyword, or creates a default value if the keyword did not have one originally.

2. The word FOR after SET-DEFAULT is required.

3. 'The sequence "Keyword = Value" may be repeated if the default for more than one keyword in a
command is to be changed.

4. 1If the SET-DEFAULT is for a command that requires the TYPE keyword, the TYPE must be
specified.
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STOP

The STOP instruction indicates that the end of all input data has been reached.
The instruction takes the form
STOP

and directs the control processor to terminate data input and begin simulation, assuming COMPUTE
instructions were entered and no fatal errors were detected.

The STOP instruction may be used only as a control instruction. Therefore, it may not occur between an
INPUT instruction and an END instruction.
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TITLE

The TITLE instruction is used to describe up to five lines of title information that are placed at the top of
each summary, verification or houtly report.

The instruction takes the form

TITLE Line-N = *Literal*
where Line-N is one of five valid keywords (LINE-1, LINE-2, LINE-3, LINE-4, and LINE-5) and
*Literal* is a series of up to 40 characters placed between two asterisks. The sequence Line-N = *Literal*
may be repeated as necessary to define a complete title.

Title data are placed at the top of each report page in the following format:

line-1 line-2
line-3 line-4 line-5

Rules

1. The TITLE instruction may be used as a control instruction;it need not appear between an
INPUT and END instruction sequence.

2. A literal value may not be continued on the following line.

Example input:

TITLE
LINE-1 = *ABC OFFICE BUILDING*
LINE-2 = *JONES AND SMITH ENGINEERING*
LINE-3 = *JERRY JONES - P.E.*
"The above instruction would cause
ABC OFFICE BUILDING JONES AND SMITH ENGINEERING

JERRY JONES - P.E.

to appear at the top of all reports.
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Envelope Components

This section describes the commands and keywords used for the heating and cooling loads calculations.
Included here are the:

1.

General building data — These include the location on the earth’s surface, orientation, design-day
data, and simulation periods.

Floors — A floor is the fundamental element of the building’s geometry.

Spaces — A space defines the fundamental elements of a geometrically and thermodynamically
distinct area on a floor

Walls — These enclose a space, and include the components for extetior-walls, roofs, interior-walls,
and underground floors. Also included here are the more elemental components from which

these components are created (matetials, layers, and constructions).

Windows — These include the window command, as well as the more elemental components from
which a window is built up (glass-layers, glass-types, etc.)

Lighting systems — Included here are lighting fixtures and lamps, usage profiles, and daylighting
People — This includes the number of people, activity levels, and occupancy profiles

Miscellaneous equipment — All other items which contribute to the heating and cooling loads
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BUILD-PARAMETERS

Specifies the orientation and other information about the building as a whole. The following example
desctibes a building facing northwest/southeast. Heating peaks for system sizing will be determined from 6
a.m. to 6 p.m. Cooling peaks for system sizing will be determined from 8 am. to 5 p.m.

Example input:

BUILD-PARAMETERS

AZIMUTH =-45
HEAT-PEAK-PERIOD =(7,18)
COOL-PEAK-PERIOD =(9,17)

AZIMUTH

Angle between true north and the y-axis of the building, expressed in degrees from 0 to 360( (clockwise as
seen from above) or 0 to -360( (counter-clockwise as seen from above). Changing this angle has the effect
of rotating the building about its z-axis (vertical axis). See Figure 3.

\

North

Building
AZ Y - Axis

P East

Figure 3 Positioning the building in the reference coordinate system

X-REF

Y-REF

Coordinates of the origin of the building coordinate system in the reference coordinate system (a
coordinate system that is fixed to earth with origin set by the LATITUDE and LONGITUDE keywords
(SITE-PARAMETERS command) and whose y-axis points north). You specify X-REF and Y-REF only if
(1) you want to study the thermal effects of moving (rotating or translating) your building, and (2) there are
shading surfaces, such as neighboring buildings, that are "fixed", i.e., do not move when you move your
building. In this case, your building must be positioned using X-REF and Y-REF.

Figure 4 shows an example in which a fixed shade and an I.-shaped building have been positioned in the
reference coordinate system using X-REF, Y-REF, and AZIMUTH for the building and X-REF, Y-REF
for a fixed shade (see FIXED-SHADE command). Figure 4 also shows the building being translated and
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rotated (dashed lines) in the reference coordinate system by changing the building's X-REF, Y-REF, and
AZIMUTH values. This moves the building but not the fixed shade.
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Figure 4 Positioning a building and fixed-shade in the reference
coordinate system

GROSS-AREA

Gross floor area (outside dimensions) of all spaces in the building. This keyword is used only for the BEPS
(Building Energy Performance Summary) Report in HVAC, which gives annual building energy use per
unit gross floor area. Defaults to the net area, which is the sum of the area of all conditioned spaces.

HEAT-PEAK-PERIOD

Specifies those hours in a day during which houtly peak heating loads for system sizing will be calculated.
Allows you to have the program ignore peaks that occur when the building is unoccupied. The input is a
list of two values (minimum hour and maximum hour). Between and including these two hour values,
hourly heating peaks will be calculated. For example, HEAT-PEAK-PERIOD=(9,18) causes the heating
peak to be calculated between 8 a.m. (the beginning of hour 9) and 6 p.m. (the end of hour 18). Minimum
hour must be less than maximum hour. The default is (1,24), which means that hourly peaks will be
calculated for all day and all night. If SYSTEMS is permitted to size the secondary HVAC equipment, it will
use the peaks found within the stated hours.

COOL-PEAK-PERIOD
Same as HEAT-PEAK-PERIOD, except applies to hours during which peak cooling will be calculated.

HOLIDAYS
Takes the U-name of a HOLIDAYS command that indicates which days of the year are to be considered
holidays in Schedules. See "HOLIDAYS Command" and "DAY-SCHEDULE Command.”
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FUNCTION
Causes an Input Function to be calculated in LOADS subroutine DAYCLS. See "Input Functions" in the
DOE-2.2 Topics.

DAYL-FUNCTION

Causes an Input Function to be calculated in LOADS subroutine DEXTIL that allows you to modify the
program's tegular calculation of extetior hotizontal illuminance for the daylighting simulation. See "Input
Functions" in the DOE-2.2 Topics.
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BUILDING-SHADE

Specifies the position, size, orientation and transmittance of surfaces that cast shadows on the exterior walls
and roofs of a building. Examples are trees, hills, or an adjacent building overhangs. LIKE may be used to
copy a previously defined BUILDING-SHADE. Both the direct (from the sun itself) and diffuse (from the
sky and ground) components of solar radiation are shaded by BUILDING-SHADEs. However, the
program does not account for reflection of solar radiation from BUILDING-SHADE:s onto the building,
See "Building Shades" in the DOE-2.2 Topics.

In addition to BUILDING-SHADE, there are three other methods of specifying shades:

1. Using the FIXED-SHADE command to specify shading surfaces that are fixed with respect to
the earth, and do not move when the building is translated or rotated.

2. Entering SHADING-SURFACE = YES in the EXTERIOR-WALL command. This lets that
wall shade other walls, such as in an L-shaped building.

3. Using the overhang and fin keywords under WINDOW and DOOR.

4. Specifying the SETBACK under WINDOW and DOOR
Example input:
The following example places a shading surface near the building (see Figure 5). A horizontal shading
surface (the roof of a carport) is located parallel to and 10 feet south of the building with its west edge
aligned with the building's west side. The shading surface is 20 by 15 (long dimension is parallel to the
building) and is 10 feet above the ground.

CARPORT = BUILDING-SHADE

HEIGHT = 15

WIDTH = 20

TRANSMITTANCE =0 Sthe defaults$
X =0

Y = -25

Z = 10

AZIMUTH = 180

TILT =0

Because X, Y, Z, AZIMUTH, and TILT of a BUILDING-SHADE are defined in the building coordinate
system, a rotation of the building (accomplished by changing AZIMUTH in the BUILD-PARAMETERS
command) will carry all BUILDING-SHADESs along with the building, even those that are detached, such
as adjacent buildings and trees. If you do not want shades to move with the building when it is rotated, use
the FIXED-SHADE command instead of BUILDING-SHADE.
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Initial position
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of shading - -~
\ Final surface Sl{dm?e\ Aitialisurtace
outward normal / .-~ outward normal

(azimuth=180,

-

(azimuth=180,
tilt=0)

Building

10 ft
Final position (0,-25,10)
0,00 | of shading >
Origin of building/ ‘\ surface
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Figure 5 Positioning a shading sutface in the
building coordinate system

HEIGHT
Height of the shading surface (dimension along the Y-axis of the shade's local coordinate system)

WIDTH
Width of the shading surface(dimension along the X-axis of the shade's local coordinate system).

X

Y

y4

X, Y, and Z give the position of the lower left hand corner (when looking into the surface outward normal)
in the building coordinate system. In Figure 5, X=0, Y=-25, and Z=10.

AZIMUTH
Angle between the y-axis of the building coordinate system and the projection of the shading surface
outward normal onto the horizontal plane. To determine the azimuth for a horizontal shading surface, use
the following procedure (see Figure 5):

1. Choose the origin (lower left hand corner) of the shading surface.

2. Mentally rotate the surface to a vertical position without moving the origin.

3. Determine the angle between the building y-axis and the surface outward normal (which will now
be hotizontal).

4. Mentally rotate the surface back to hotizontal.

TILT
Angle between the z-axis of the building coordinate system (vertical) and the surface outward normal.
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TRANSMITTANCE

Fraction of incident solar radiation that is transmitted by the shading surface. The default value is 0.0, which
means the surface is opaque. A value greater than 0.0 represents a device that passes some solar radiation,
such as a tree, lattice, or fabric. Using SHADE-SCHEDULE allows seasonal vatiation in transmittance.
Daylighting calculation assumes TRANSMITTANCE = 0.

SHADE-SCHEDULE

Takes the U-name of a schedule of TYPE=MULTIPLIER that gives the time-dependent transmittance of
the shading device for direct (beam) solar radiation. The values in the schedule override the
TRANSMITTANCE value. The range of the schedule values is 0.0 to 1.0. Used only to simulate variable
exterior shading devices. The program calculates direct solar shading factors for sun positions on the first
day of each month, so only the SHADE-SCHEDULE values on those particular days are used. Also, the
program calculates diffuse solar shading factors only once (before the houtly loads calculation); this means
that SHADE-SCHEDULE has no effect on diffuse shading and the TRANSMITTANCE value is used
instead. SHADE-SCHEDULE is not used in the daylighting calculation, which assumes building shades
have zero transmittance at all times.

SHADE-VIS-REFL

Visible reflectance of that side of a BUILDING-SHADE from which the outward normal points. The
other side of the shading surface is assumed to be black, i.e., to have zero reflectance. Used only for
daylighting calculation. See "Daylighting" in the DOE-2.2 Topics.

SHADE-GND-REFL
Visible reflectance of the ground in the vicinity of the BUILDING-SHADE. Used only for daylighting
calculation. See "Daylighting" in the DOE-2.2 Topics.
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CONSTRUCTION

Specifies the construction characteristics and properties of an exterior wall, exterior floot, roof, intetior wall,
interior floor, ceiling, underground wall, underground floor, or non-glass door. U-name must be used so
that the CONSTRUCTION may be referenced in a subsequent EXTERIOR-WALL, ROOF,
INTERIOR-WALL, UNDERGROUND-WALL, UNDERGROUND-FLOOR, or DOOR command.
LIKE may be used to copy a similar CONSTRUCTION.

Example inputs:
1. An exterior wall is constructed of heavy-weight concrete block with stucco exterior. Here, CBLOCK is
the U-name of a previously defined LAYERS instruction, or a LAYERS in the library (see "LAYERS

Command").

HEAVY = CONSTRUCTION

TYPE = LAYERS
LAYERS = CBLOCK
ABSORPTANCE = 0.65
ROUGHNESS =1

2. An interior wall is light wood framing with drywall finish.

LIGHT = CONSTRUCTION
TYPE
U-VALUE

U-VALUE
0.306

3. Concrete with interior insulation from the Library.

WALL-1 = CONSTRUCTION

LAYERS = "ASH Wall-74 lay"
ABSORPTANCE = 0.88
ROUGHNESS = 2

TYPE
Specifies the type of construction.

LAYERS Indicates that the LAYERS keyword will be used to specify a layered
construction. The program will calculate response factors for this
construction. The response factors will be used in the hourly simulation
to calculate the dynamic, time-delayed heat flow through the
construction. Recommended for all but lightweight (low heat capacity)
constructions.

U-VALUE Indicates that the U-VALUE keyword will be used to specify the
conductance of the construction. In this case, the heat flow through the
construction will be considered to be instantaneous, i.e., without time
delay. Recommended only for lightweight (low heat capacity)
constructions.

LAYERS
Required when TYPE=LAYERS. Takes the U-name of a previously defined LAYERS instruction or a
layers code-word from the Library (see Appendix E, "Construction Libraty" in the DOE-2.2 Topics).
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U-VALUE

Required when TYPE=U-VALUE. For exterior surfaces, equals the overall conductance of the surface
including the inside air film but excluding the outside air film. For INTERIOR-WALLs, includes the air
film on both sides of the wall. For UNDERGROUND-WAILLs and UNDERGROUND-FLOORs,
includes the inside air film. Table 1 shows typical U-Values for some lightweight walls.

Table 1 Example U-Values for Lightweight Construction

U-value
Sostas e Bw/h-f2F  W/m2K
Exterior Walls (includes inside surface air film)
Wood sheathing, 1/2" on studs, 1/2" gypsum board 0.35 1.99
Metal siding on 1/2" plywood studs, 1/2" gypsum board 0.38 2.16
Stucco on 3/4" pine studs, 1/2" gypsum board 0.34 1.93
Roofs (includes inside surface air film)
Wood shingles on 1/2" plywood, 2"x8" studs, 1/2" gypsum board 0.28 1.59
Built-up roof on plywood deck, 2"x8" studs, 1/2" gypsum board 0.27 1.53
with acoustical tile
Interior Walls and Floors (includes air film on both sides)
Gypsum board, 1/2", on either side of metal studs 0.32 1.82
Hardwood floor on 1/2" deck, 2" x 8" floor joists, subfloor, tile 0.20 1.13
(ceiling to space below)

Doors are also defined as a CONSTRUCTION with TYPE=U-VALUE. Table 2 gives some typical U-
values for doors.
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Table 2 Example U-Values for Lightweight Construction
U-values shown in Btu/h-ft2-F and, in parentheses,W/m2-K

No Storm Dootr Storm Door
Storm Door with Wood with Metal
Solid Wood Door
1.0in (2.5 cm) 0.64 (3.63) 0.30 (1.70) 0.39 (2.21)
1.25in (3.2 cm) 0.55 (3.12) 0.28 (1.59) 0.34 (1.93)
1.5in (3.8 cm) 0.49 (2.78) 0.27 (1.53) 0.33 (1.87)
2.0in (5.1 cm) 0.43 (2.44) 0.24 (1.36) 0.29 (1.65)
Steel Door
[1.75in (4.4 cm) thick]
Mineral fiber core 0.59 (3.35)
Urethane core 0.19 (1.08
Polystyrene core 0.47 (2.67)
ABSORPTANCE

Specifies the solar radiation absorptance of an exterior surface of an EXTERIOR-WALL or ROOF. This
keyword is not appropriate for INTERIOR-WALL, UNDERGROUND-WALL, or
UNDERGROUND-FLOOR. Typical ABSORPTANCE values are given in Table 3.

50 CONSTRUCTION



DICTIONARY ENVELOPE

Table 3 Solar Absorptance of Exterior Surfaces*

Material Absorptance Paint Absorptance
Aluminum, polished refl sheet 0.12 Aluminum paint 0.40
Asphalt pavement, weathered 0.82 Black, flat 0.95
Brick, buff, light 0.55 Black, lacquer 0.92
Brick, red 0.88 Black, oil 0.90
Brick, Stafford blue 0.89 Black, optical flat 0.98
Brick, white glazed 0.25 Blue, azure lacquer 0.88
Cement, uncolored asbestos 0.75 Blue, dark 0.91
Cement, white asbestos 0.61 Blue, medium 0.51
Concrete, black 0.91 Blue-gray, dark 0.88
Concrete, brown 0.85 Brown, dark brown 0.88
Concrete, uncolored 0.65 Brown lacquer 0.79
Film, Mylar aluminized 0.10 Brown, medium 0.84
Felt, bituminous 0.88 Brown, medium light 0.80
Felt, bituminous, aluminized 0.40 Gray, dark 0.91
Gravel 0.29 Gray, light oil 0.75
Iron, white-on-galvanized 0.26 Green, lacquer 0.79
Lab vapor deposited coatings 0.02 Green, lacquet, dark 0.88
Marble, white 0.58 Green, light 0.47
Roof, white built-up 0.50 Green, medium dull 0.59
Roofing, green 0.86 Green, medium Kelly 0.51
Slate, blue-gray 0.87 Olive, dark drab 0.89
Tin surface 0.05 Orange, medium 0.58
Wood, smooth 0.78 Red, ail 0.74

Rust, medium 0.78
Silver 0.25
White, gloss 0.25
White, lacquer 0.21
White, semi-gloss 0.30
Yellow 0.57

*Compilation of data from several sources including "Passive Solar Design Analysis" by J.D. Balcomb
(DOE, Office of the Assistant Secretary for Conservation and Solar Energy, December 1979).

ROUGHNESS

Takes a code-number that indicates the relative roughness of the extetior surface finish of an EXTERIOR-
WALL or ROOF. This keyword is not appropriate for INTERIOR-WALL, UNDERGROUND-WALL,
or UNDERGROUND-FLOOR. The code-numbers are given in Table 4.
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Table 4 Roughness Codes

ENVELOPE

Code

Wall Finish Roof Finish number
Stucco Wood shingles or built-up roof with stones 1
Brick or Plaster 2
Concrete (poured) Asphalt shingles 3 (default)
Clear pine 4
Smooth plaster Metal 5
Glass or Paint on Pine 6

WALL-PARAMETERS

Takes the U-name of a previously-defined WALL-PARAMETERS command that is used to assign certain
values for Trombe walls and sunspace interior walls. See WALL-PARAMETERS command and
TROMBE-WALL-NV command. See also "Sunspaces" in the DOE-2.2 Topics.
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DESIGN-DAY

Specifies design weather data for sizing heating and cooling equipment. Two separate design days may be
input, one for heating and one for cooling. The program determines design peak loads by simulating the
building for a 24-hour petiodl on each of the design days. The design peak loads are used by the HVAC
subprogram to size ptimary and secondary heating and cooling equipment. See "Design Days" in the DOE-
2.2 Topies.

You may specify schedules for the design days that are different from the schedules in the regular run
period simulation. In this way you can be as conservative as desired by, for example, scheduling zero
occupancy and lights on the heating design day and maximum occupancy and lights on the cooling design
day. This is done by using the CDD (cooling design day) and HDD (heating design day) day types in the
WEEK-SCHEDULE command. If you do not include these day types in your schedules, the program will
use the schedule values corresponding to the MON (Monday) day type for the design day calculations.

If either the heating or cooling design day is not specified, the program will determine the corresponding
design heating or cooling loads using weather file data.

A good source of design day data for cities in the U.S., Canada, and other countries is the "Weather Data"
chapter of the ASHRAE Handbook of Fundamentals.

Example input:

The following are possible design days (in English units) for Chicago (based on 2.5% design days for
Chicago O'Hare in Chapter 24, "Weather Data", 1989 ASHRAE Handbook of Fundamentals):

CHICAGO-HDD = DESIGN-DAY

TYPE = HEATING
DRYBULB-HIGH = -4
HOUR-HIGH = 15
HOUR-LO =7
WIND-DIR = WNN
WIND-SPEED =9
CLOUD-AMOUNT =5
GROUND-T = 46

CHICAGO-CDD = DESIGN-DAY

TYPE = COOLING
DRYBULB-HIGH = 89
DRYBULB-RANGE = 20
WETBULB-AT-HIGH = 74
HOUR-HIGH = 15
HOUR-LO =7
WIND-DIR = SW
WIND-SPEED = 6.5 $7.5 MPHS
CLOUD-AMOUNT =0
GROUND-T = 61
TYPE
Takes a code-word that specifies whether this is a heating or cooling design day.
HEATING Specifies a heating design day.
COOLING Specifies a cooling design day.
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MONTH
Month in which the design day occurs. The defaultis 1 (i.e., January) for TYPE=HEATING and 6 (i.c,
June) for TYPE=COOLING.

DAY
Day of the month the design day occurs.

NUMBER-OF-DAYS
Accepts an integer greater from 1 to 365; the defaultis 1. This value represents the number of days for

which the DESIGN-DAY weather conditions are simulated. For each of the days of simulation the solar
position is calculated, however, the daily weather variables and design day schedule values are kept constant.

This feature allows you to have the design day weather conditions simulated for a period of time during
which the solar conditions (the position of the sun in the sky) is changing. The schedules used for each
design day run, however, are held constant based upon the TYPE of the design day. For HEATING
design days the simulation is performed using the HDD day type in each WEEK-SCHEDULE; HDD is
the 9th entry of the DAY-SCHEDULE list and its value defaults to the DAY-SCHEDULE specified for
Monday.) For COOLING design days the simulation is performed using the CDD day type in each
WEEK-SCHEDULE; CDD is the 10th entry of the DAY-SCHEDULE list and its value defaults to the
DAY-SCHEDULE specified for Monday.)

CLOUD-AMOUNT
Cloud cover expressed on a scale from 1 to 10, where O=clear and 10=completely overcast. This cloud
amount is used for the entire day.

HOUR-HIGH
Hour the day that DRY-BULB-HI occurs (1=midnight to 1 am., 2=1 a.m. to 2 a.m,, etc.).

HOUR-LOW
Hour the day that DRY-BULB-LO occurs (1=midnight to 1 am., 2=1 a.m. to 2 a.m., etc.).

DRYBULB-HIGH
Maximum outdoor dry-bulb temperature on the design day. This is a required keyword..

DRYBULB-RANGE
Difference between DRYBULB-HIGH and the minimum outside dry-bulb temperature. Note that the
value 0.0 gives a constant dry-bulb temperature equal to DRYBULB-HIGH for the whole day.

WETBULB-AT-HIGH

Outside wet-bulb temperature when DRYBULB-HIGH occurs. Required for TYPE=COOLING. If not
specified for TYPE=HEATING, program assumes that the outside relative humidity is 50 percent for the
entire heating design day.

WIND-DIR
Takes a code-word indicating the wind-direction. N=north, NNE=north-northeast, NE=northeast, etc.

WIND-SPEED
Local wind speed. The heating default corresponds to 15 mph, the cooling to 7.5 mph.

GROUND-T
Average ground temperature for the specified MONTH. Default value is taken from the weather file. If the
building has underground surfaces (entered with the UNDERGROUND-FLOOR or
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UNDERGROUND-WALL commands), GROUND-T should not be entered since the underground
surface heat transfer algorithm assumes that ground temperatures from the weather file will be used.
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DOOR

This instruction is used to specify the size of a door and its heat-transfer characteristics. Each DOOR
instruction applies to the EXTERIOR-WALL instruction preceding it and describes a door on that exterior
wall. Glass doors should be treated as windows rather than doors. Overhangs and fins can be applied to
doors in the same way as described under the WINDOW command. U-name may be specified. LIKE may
be used to copy data from a previously entered and U-named DOOR instruction.

Example input:

D1 = CONSTRUCTION

TYPE = U-VALUE
U-VALUE = 0.5
DOOR1 = DOOR

HEIGHT =7

WIDTH =3

CONSTRUCTION = D1
MULTIPLIER
Specifies the number of identical doors on the wall.
HEIGHT
Door height. Height times width must not be greater than the area of the parent wall.
WIDTH
Door width. Height times width must not be greater than the area of the parent wall.
X
Y

X and 'Y are the coordinates of the lower left-hand corner of the door in the coordinate system of the
parent wall. If X is not specified, the program will center the door horizontally on the wall. If Y is not
specified, the door will be centered vertically.

CONSTRUCTION
Takes the U-name of a previously defined or library CONSTRUCTION that specifies the U-value of the
door. This is a requited keyword.

INF-COEF

Specifies an infiltration flow coefficient used to compute the infiltration resulting from cracks around the
door and its frame. Used only if INF-METHOD = CRACK in SPACE or SPACE CONDITIONS. The
program calculates the door infiltration rate as

Infil = INF-COEF * dP1/2* T,
where

Infil  infiltration airflow (cfm)
P inside-outside air pressure difference (inches of water)
L door perimeter (ft)

This keyword should not be used with INPUT-UNITS=METRIC. Typical values of INF-COEF are given
in Table 5.
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Table 5 Door Infiltration Coefficients

INF- INF-
Door Configuration COEF Door Configuration COEF
Residential (3-ft x 7-ft)) Office (3.5ft x 7-ft.)
closed with weather stripping 2.4 door closed 3.1
average use with weather stripping 9.8 door and vestibule open 10 % of time 9.3
average use without weather stripping ~ 12.0 door open 10 percent of time 13.5

door open 25 percent of time  55.0
Garage or Shipping Room door open 50 percent of time ~ 153.0
No use 6.0

Averageuse  60.0 Revolving, average use 12.0

SHADING-DIVISION

Integer value that specifies the number of strips the door is divided into for shading calculations. A high
number of shading divisions gives a more accurate shading calculation but requires more computer time. If
the estimated effect of the shading on the overall building load is large, use more (20 to 40) divisions. If the
estimated effect of the shading on the overall building load is small, use fewer (1-10) divisions.

SKY-FORM-FACTOR

The fraction of the hemisphere seen by the door that is subtended by the sky. Either both SKY-FORM-
FACTOR and GND-FORM-FACTOR or neither of these should be specified. In most cases it is
recommended that you do not specify these keywords since the program will calculate them. Used by the
program to calculate diffuse solar shading and sky and ground IR radiation shading.

GND-FORM-FACTOR

The fraction of the hemisphere facing the door that is subtended by the ground, adjacent buildings, trees,
etc. Fither both SKY-FORM-FACTOR and GND-FORM-FACTOR or neither of these should be
specified. In most cases, it is better not to specify these keywords since the program will automatically
calculate them. Used to calculate diffuse solar shading and sky and ground IR radiation shading.

SETBACK
Distance that the door is recessed from the outside surface of the parent wall. A setback casts a shadow on
the door, which the program calculates

FUNCTION

Invokes a function calculation for the doot. See the "Input Functions" section in the DOE-2.2 Topics.

Fins and Overhangs

The following keywords describe overhangs and fins that shade the door. For definitions, see the
WINDOW command, which uses the same keywords.
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OVERHANG-A
OVERHANG-B
OVERHANG-W
OVERHANG-D
OVERHANG-ANGLE
LEFT-FIN-A
LEFT-FIN-B
LEFT-FIN-H
LEFT-FIN-D
RIGHT-FIN-A
RIGHT-FIN-B
RIGHT-FIN-H
RIGHT-FIN-D

Notes

1. For overhang shading calculations to be performed, both OVERHANG-W and OVERHANG-
D must be specified. If cither of them is specified, but not both, a warning message is printed and
overhang shading is not performed.

2. Tor fin shading calculations to be performed, the pair, LEFT-FIN-H and LEFT-FIN-D or
RIGHT-FIN-H and RIGHT-FIN-D, must be specified. If one of the pair is specified, but not
both, a warning message is printed and fin shading is not performed.

3. Even though overhangs and/or fins are specified under the DOOR command, these shading
surfaces are attached to the wall where the door is located and thus shade both the door and the
wall. Also, if this DOOR is referred to in another DOOR command with the LIKE keyword, the
attached shades are also copied.
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EXTERIOR-WALL OR ROOF

Specifies the size and construction of an extetior surface of a space such as an exterior wall, roof, or
exterior floor. EXTERIOR-WALL and ROOF are synonymous except that the default TILT for
EXTERIOR-WALL is 90(, and for ROOF is 0(. Each EXTERIOR-WALL or ROOF applies to the
SPACE instruction preceding it and describes one of the exterior surfaces of that space.

Example input:

SP-1 = SPACE

FRONT-1 = EXTERIOR-WALL

HEIGHT =8
WIDTH = 100
AZIMUTH = 180
CONSTRUCTION = WALL-1
CONSTRUCTION

Takes the U-name of a previously-defined or library CONSTRUCTION instruction. This is a required
keyword. See CONSTRUCTION command.

LOCATION

If the wall is in a SPACE with SHAPE=BOX, then TOP, BOTTOM, LEFT, RIGHT, FRONT, or
BACK is used to indicate on which face of the box the wall is located. From this, and the SPACE
keywords HEIGHT, WIDTH and DEPTH, the program determines the wall's values of X, Y, Z,
HEIGHT, WIDTH, AZIMUTH and TILT.

If the wall is in a SPACE with SHAPE=POLYGON, then LOCATION=SPACE-V1, SPACE-V2, etc. is
used to determine the wall’s values of X, Y, Z, HEIGHT, WIDTH, AZIMUTH and TILT. For example,
LOCATION=SPACE-V1 means that the lower left hand corner of the wall is located at the vertex 1 of
the SPACE POLYGON. The program then positions the wall so that it is vertical (TILT=90) and its x-
axis passes through vertex 1 and vertex 2 of the SPACE POLYGON (which determine the wall’s
AZIMUTH). The wall HEIGHT is set to HEIGHT of the SPACE (which defaults to the SPACE-
HEIGHT for the FLOOR) and the wall WIDTH is set to the distance between vertex 1 and vertex 2. A
similar procedure is followed for LOCATION=SPACE-V2, SPACE-V3, etc.

If LOCATION=TODP, the wall is positioned as a ceiling of the SPACE, with a shape that is the same as
the SPACE’s POLYGON. If LOCATION=BOTTOM, the wall is positioned as a floor of the SPACE,
with a shape that is the same as the mitror image of the SPACE’s POLYGON (a mitror image polygon is
automatically created). For Spaces using square or rectangular POLYGONS, then LOCATION=TOP,
BOTTOM, LEFT, RIGHT, FRONT, or BACK can be used as described above for spaces having
SHAPE=BOX.

POLYGON
Takes the U-name of a previously-defined POLYGON command. This keyword is used in place of
HEIGHT and WIDTH to describe non-rectangular walls. See the POLYGON Command.

HEIGHT
Height of the wall; dimension of the exterior wall parallel to the y-axis in the surface coordinate system.

This is a required keyword unless POLYGON or LOCATION is used.
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WIDTH
Width of the wall; dimension of the exterior wall parallel to the x-axis in the surface coordinate system. This
is a required keyword unless POLYGON or LOCATION is used.

AZIMUTH

Clockwise angle between the parent space's Y-axis and the hotizontal projection of the wall's outward;
normal (Figure 6). For example, if the Y-axis of the parent space points north, then a north-facing wall has
AZIMUTH=0, an east-facing wall has AXIMUTH=90, a south-facing wall has AZIMUTH=180, etc. If
LOCATION or POLYGON is used, this value defaults to the appropriate value.

TILT

Angle between vertical and the surface outward normal (Figure 6). For EXTERIOR-WALL, the default is
90( (vertical surface). For ROOF, the default is O( (upward-facing horizontal surface). A downward-facing
exterior surface has TILT=180(.

X

Y

Y4

X, Y, and Z are the coordinates of the lower left-hand corner of the wall (Figure 6), (as viewed from the
outside) in the space coordinate system. If LOCATION or POLYGON is used, these values default to the
appropriate value.
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Surface Outward normal

Origin of the
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Figure 6 Positioning a wall in the space coordinate system

DEG-FROM-NORTH
This keyword allows expressions for exterior surfaces (walls, roofs, and windows) to be constructed to
allow the assignment of component construction based upon the facing of the surface; it has no other

purpose.
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The value of this keyword defaults to the azimuth in degrees, measured clockwise from true north, of this
wall. The default takes into account the building, floor, space and wall azimuths. The value is in the range
from 0.0 to 359.99. The calculation of this default requires that the SITE-PARAMETERS and
BUILDING-PARAMETERS commands be input prior to any EXTERIOR-WALL or ROOF
command.

MULTIPLIER

Specifies the number of identical exterior surfaces located in the same plane. MULTIPLIER multiplies the
net area of the surface (surface area minus window area minus door area). It also multiplies any WINDOW
and DOOR area associated with this surface.

GND-REFLECTANCE
Defines the solar reflectance of the ground in the vicinity of the EXTERIOR-WALL.

Table 6 Typical Ground Reflectance Values

Surface GND-REFLECTANCE

Asphalt (Paved) 0.18
Concrete (Bituminous) 0.10
Concrete (Light-Colored) 0.32
Concrete (Old) 0.22

Field (Green) 0.12-0.25
Field (Wheat) 0.07
Grass (Dry) 0.24
Ocean 0.05
Rock (Crushed) Surface 0.20
Soil (Dark) 0.08

SOLAR-FRACTION

The fraction of the solar radiation entering a space that is absorbed by this exterior wall. Used by the
program to calculate custom weighting factors for solar heat gain (see "Weighting Factors" in the DOE-2.2
Topics). For exterior walls containing windows, SOLAR-FRACTION applies to the opaque part of the wall.
For exterior walls containing doors, the program automatically apportions the SOLAR-FRACTION
between wall and door according to their relative areas. A caution message will be issued if the sum of the
SOLAR-FRACTIONS for a given space is not within 10 percent of 1.0, and the program will adjust the
SOLAR-FRACTION:S so that their sum is 1.0. The program multiplies each SOLAR-FRACTION by a
factor that accounts for the amount of incoming solar radiation that is reflected back out of the space
through the glazing.

If all SOLAR-FRACTION:S for a space are allowed to default, the program will assume that 60 percent of
the incoming solar radiation is absorbed by the floor; the remaining 40 percent will be distributed to the
other surfaces (excluding windows), according to their surface areas. If there is no floor, the full 100 percent
will be distributed to the surfaces (excluding windows), according to their surface areas.

To override this default procedure, you can explicitly specify SOLAR-FRACTION values for all the
surfaces or for some of the surfaces. If not all of the SOLAR-FRACTIONS are input, the program will
sum the values specified and distribute the balance (up to 1.0) to the other surfaces. Thus, if you specify
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SOLAR-FRACTION = 0.7 for the floor only, the program will distribute the remaining 0.3 to the walls
and ceiling, according to their area and INSIDE-SOL-ABS value.

The distribution of absorbed solar radiation depends on the space geometry and surface absorptances, as
well as on the houtly varying position of the sun relative to the space. It also depends on the houtly varying
proportions of direct and diffuse solar radiation entering the space. Since you can enter only one set of
SOLAR-FRACTION:S for a SPACE, the SOLAR-FRACTIONS should be chosen to represent a time-
average over the run period of the analysis, with emphasis given to those times of day and seasons of the
year when solar gain is greatest. Note that SOLAR-FRACTION is not affected by MULTIPLIER; it
applies to the surface area after multiplication.

INF-COEF

Specifies an infiltration flow coefficient used to compute the infiltration resulting from cracks in an extetior
wall or roof. This entry is required if the crack method (INF-METHOD = CRACK)) is specified in
SPACE. For walls that use response factors to calculate heat flow and that use the crack method, the
coefficient is used in the following equation for determining infiltration:

cfm = INF-COEF * dP$ * Area
where
cfm infiltration airflow (cfm)
dpP pressure difference between outside and inside air (inches of water)

Area  wall surface area (ft2)

INF-COEF should not be used if INPUT-UNITS = METRIC. Table 7 shows typical values for INF-
COEF.

Table 7 Infiltration Coefficients for Walls with TYPE=LAYERS

Construction
Construction cth/fe2 wall INF-COEF
13" brick w/plastered sutface (0.01) 0.002
13" brick, furring, lath, plaster (0.03) 0.005
Frame wall, lath and plaster 0.09) 0.016
8-1/2" brick, plain (5.0) 0915
16" shingles on shiplap w/building paper (0.5) 0.092
16" shingles on shiplap 8.0) 1.465
16" shingles on 1x4 boardson 5" center (40.01) 7.324

The values in parentheses are typical infiltration values in cfh/ft2 for a 7.5 mph wind normal to the surface
of the given wall (7.5 mph ( 0.05 inches of water).

For walls that have a CONSTRUCTION with TYPE=U-VALUE, the following equation is used:
cfm = INF-COEF *dP05 * I

where now
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L wall perimeter (ft)

Table 8
Infiltration Coefficients for Walls with TYPE=U-VALUE construction

Construction INF-COEF
1/8-in crack (0.3 cfm/ft) 1.342
1/4-in crack (0.5 cfm/ft) 2236
1/2-in crack (1.1 cfm/ft) 4919

SURFACE-TYPE

Takes a code-word that is used to set the default TILT value for the wall. CEILING or ROOF give
TILT=0, FLOOR gives TILT = 180, WALL gives TILT=90. These values can be overridden by
specifying the TILT keyword.

SHADING-SURFACE

Accepts code-words YES and NO that tell the program that this exterior surface shades other surfaces.
YES causes this EXTERIOR-WALL surface to be considered also as a BUILDING-SHADE surface with
TRANSMITTANCE = 0. Whenever an exterior wall is capable of shading another exterior surface (for
example, in an L-shaped building), setting SHADING-SURFACE = YES greatly simplifies shading surface
input. See "Building Shades" in the DOE-2.2 Topis.

SHADING-DIVISION

An integer value that specifies the number of divisions by which an exteriorstrips that the wall is divided
into for shading calculations. The larger the number of shading divisions, the longer time the shading
computations will require; however, the results will be more accurate. If the estimated effect of the shading
on the overall building load is large, use more (20 to 40) divisions. If the estimated effect of the shading on
the overall building load is small, use fewer (1-10) divisions.

GND-FORM-FACTOR

Fraction of the hemisphere facing the wall that is subtended by the ground, adjacent buildings, trees, hills,
etc. GND-FORM-FACTOR and SKY-FORM-FACTOR are used in the diffuse radiation calculation.
Either both or neither of these keywords should be specified. If not specified, the program will calculate
them. These values will override the automatic diffuse shading calculation for the exterior wall and for any
window or door in that wall.

SKY-FORM-FACTOR
Fraction of the hemisphere facing the wall that is subtended by the open sky. See note under keyword
GND-FORM-FACTOR.

INSIDE-SOL-ABS

Inside surface solar absorptance. The fraction of the solar radiation incident on the opaque part of the wall
from the inside that is absorbed (the rest being reflected). The program uses the INSIDE-SOL-ABS values
to (1) determine the inside solar radiation distribution in sunspaces (see "Sunspaces” in the DOE-2.2 Topics);
and (2) to calculate SOLAR-FRACTIONSs when not all SOLAR-FRACTIONS in a space have been
specified (see SOLAR-FRACTION keyword, above). Note that SOLAR-FRACTION and INSIDE-SOL-
ABS for a surface are related but are not generally equal.
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INSIDE-VIS-REFL

ENVELOPE

Inside surface visible reflectance (hemispherical average) of the opaque part of a wall, floor, or ceiling. Used

only for daylighting calculation.

OUTSIDE-EMISS

Infrared (IR) emissivity of the outside surface of the wall. Used to determine IR radiation leaving the wall
and IR radiation from sky, ground and other surfaces absorbed by the wall. Table 9 gives emissivity values

of typical surface finishes.
Table 9 Emissivity of Different Exterior Surfaces*
Surface Emissivity
Aluminum sheet 0.12
Steel, galvanized, bright 0.25
Regular glass 0.84
Building materials 0.90
(wood, masontry, non-metallic paints)
* From 1985 ASHRAE Fundamentals, p.23-5
FUNCTION

Invokes a function calculation for this wall. See the "Input Functions" section in the DOE-2.2 Topics.

ROOF
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FIXED-SHADE

Specifies the position, size, otientation, and transmittance of stationary shading surfaces that remain fixed
with respect to the surface of the earth when the building is translated or rotated. When the location or
otientation of a building changes, shading surfaces that are defined using the BUILDING-SHADE
command move with the building. Use the FIXED-SHADE command to desctibe shading surfaces (such
as neighboring buildings, perhaps) that do 7o move with the building. The keywords for FIXED-SHADE
are the same as those for BUILDING-SHADE except for X, Y and Z, which for FIXED-SHADE are
replaced by X-REF, Y-REF, and Z-REF. U-name is optional. LIKE may be used to copy a previously-
defined FIXED-SHADE. See "Building Shades" in the DOE-2.2 Topics.

Example input:

FS-1 = FIXED-SHADE

HEIGHT = 20
WIDTH = 50
X-REF = 50
YREF = 60
ZREF =0
AZIMUTH = 30

HEIGHT

Height of the shading surface.

WIDTH

Width of the shading surface.

X-REF

Y-REF

Z-REF

X-REF, Y-REF, and Z-REF give the position of the lower left hand corner (when looking into the surface
outward normal) of a fixed shade in the reference coordinate system. The reference coordinate system is a
coordinate system that is fixed with respect to the surface of the earth. Its y-axis points north and its x-axis
points east. The reference coordinate system is used only when fixed shades are present. Then it is also
necessary to position the building in the reference coordinate system in order to obtain the proper
geometrical relationship between the fixed shades and the building. This is done by assigning values to the
X-REF and Y-REF keywords of the BUILD-PARAMETERS command.

AZIMUTH
Angle (in degrees + or -) between the y-axis (north) of the reference coordinate system and the shading
surface's outward normal.

TILT
Angle between the vertical and the shading surface's outward normal. Vertical shading surfaces have

TILT=90.

TRANSMITTANCE

Fraction of incident solar radiation that is transmitted by the shading surface. The default value is 0.0, which
means the surface is opaque. If the surface is transparent, the value to enter would be 1.0. Other values may
be specified as a decimal fraction between these limits. Using SHADE-SCHEDULE allows seasonal
variation in transmittance. Daylighting calculation assumes TRANSMITTANCE = 0.
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SHADE-SCHEDULE

Takes the U-name of a schedule of TYPE=MULTIPLIER that gives the time-dependent transmittance of
the shading device for direct (beam) solar radiation. The values in the schedule override the
TRANSMITTANCE value. The range of the schedule values is 0.0 to 1.0. A value equal to 0.0 represents
an opaque device; a value greater than 0.0 represents a device that passes some solar radiation, such as a
tree, lattice, or fabric. Used only to simulate variable extetior shading devices. The program calculates direct
solar shading factors for sun positions on the first day of each month, so only the SHADE-SCHEDULE
values on those particular days are used. Also, the program calculates diffuse solar shading factors only
once (before the houtly loads calculation); this means that SHADE-SCHEDULE has no effect on diffuse
shading and the TRANSMITTANCE value is used instead. Daylighting calculation assumes
TRANSMITTANCE = 0

SHADE-VIS-REFL

Visible reflectance of that side of a BUILDING-SHADE from which the outward normal points. The
other side of the shading surface is assumed to be black; i.e., to have zero reflectance. Used only for
daylighting calculation. See "Daylighting" in the DOE-2.2 Topics.

SHADE-GND-REFL
Visible reflectance of the ground in the vicinity of the BUILDING-SHADE. Used only for daylighting
calculation. See "Daylighting" in the DOE-2.2 Topics.
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FLOOR

Specifies the geometry of a floor of a building. This command is provided as a convenient way of grouping
spaces together on a floor-by-floor basis. The SPACEs entered right after a FLOOR command belong to
that floor. If no FLOOR commands are specified, the program creates a fictitious floor whose coordinate
system is the same as the building system and assumes that all spaces are in that floot. See "Geometry" in
the DOE-2.2 Topics.

Example input:

SECONDFL = FLOOR

X =0
Y =0
zZ = 12
AZIMUTH =0

X

Y

Y4

X, Y, and Z give the position of the origin of the floot's coordinate system in the building coordinate
system.

AZIMUTH
Angle between the y-axis of the building coordinate system and the y-axis of the floot's coordinate system.
Positive values are measured clockwise; negative values are measured counter-clockwise.
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Figure 7 Positioning a floor in the building coordinate system

MULTIPLIER
The number of identical floors. Space loads are multiplied by this value (as well as by any SPACE
multiplier).

FLOOR-HEIGHT

Specifies the overall floot-to-floor height of this floor, including any plenums located above the spaces.

SPACE-HEIGHT
Sets the default value for the HEIGHT keyword for all SPACEs of ZONE-TYPE=CONDITIONED or
UNCONDITIONED that are attached to this floor.

The HEIGHT of SPACEs with ZONE-TYPE = PLENUM is the difference between the FLOOR-
HEIGHT and the SPACE-HEIGHT

SHAPE

Accepts a code-word defining the method used to define the floor shape

BOX indicates that the FLOOR is box-shaped. In this case, values must be
given for the box dimensions WIDTH, and DEPTH. AREA and
VOLUME should not be entered.

POLYGON indicates that the FLOOR shape will be given by a polygon referenced
with the POLYGON keyword. In this case, WIDTH, DEPTH, AREA
and VOLUME should not be entered.

NO-SHAPE indicates that the floor does not have a shape. The AREA and
VOLUME must be entered.
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WIDTH
When SHAPE=BOX, specifies the floor width.

DEPTH
When SHAPE=BOX, specifies the floor depth.

POLYGON
When SHAPE=POLYGON, takes the U-name of a POLYGON command that represents the footprint
of the floor.

AREA
When SHAPE=NO-SHAPE, specifies the net floor area.

VOLUME
When SHAPE=NO-SHAPE, specifies the net floor volume.
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GLASS-TYPE

Specifies the type of glass in a window. U-name must be used so that GLASS-TYPE may be referenced in
a WINDOW instruction. LIKE may be used to copy a previously defined GLASS-TYPE. See "Windows"
in the DOE-2.2 Topics.

TYPE
Takes a code-word that determines the method of calculating the glass heat transfer and solar gain. This is a
required keyword.

GLASS-TYPE-CODE indicates that glass data will be selected from windows in the library

SHADING-COEF indicates that the glass shading coefficient will be specified and the
ASHRAE shading coefficient method will be used for the window solar-
thermal calculation

GLASS-TYPE-CODE

When TYPE=GLASS-TYPE-CODE, used to select a glazing from the library, which contains about 250
entries covering commonly-available glazings as well as experimental electrochromic glazings. Takes an
integer value indicated by G-T-C in the DOE-2.2 Topics, Appendix F, "Window Library".

Example input:

Select from the library a low-E clear double-pane glazing with 6 mm glass and 12 mm gap filled with argon
gas (G-T-C number 2635 in Appendix F of the DOE-2.2 Topics).

GT-1 = GLASS-TYPE
TYPE GLASS-TYPE-CODE
GLASS-TYPE-CODE = 2635

WIN-1 = WINDOW

X = 12
Y =3
HEIGHT = 4
WIDTH =5
GLASS-TYPE = GT-1

SHADING-COEF

When TYPE=SHADING-COEF is entered, the program first calculates the solar heat gain using
transmission and absorption coefficients for a reference glazing (clear, 1/8" thick, single-pane, double-
strength sheet glass). This solar heat gain is then multiplied by the value of SHADING-COEF to
determine the resultant solar heat gain.

The shading coefficient depends, in general, not only on the type of glass but also on whether blinds,
shades, draperies, etc., are used with the window. To simulate operable shading devices, assign a
SHADING-SCHEDULE to a window (see the WINDOW command) and the resultant solar heat gain
each hour will be multiplied by the schedule value.

For shading coefficient values of different glazing types with and without shading devices, see
manufacturers' data sheets or the ASHRAE 1989 Handbook of Fundamentals, p. 27.26ff.

We strongly recommend that exterior WINDOWs in a sunspace be described with TYPE=GILASS-
TYPE-CODE rather than SHADING-COELF. This allows the program to accurately calculate the houtly
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direct and diffuse radiation transmitted by the glazing, This is not possible with SHADING-COEF except
for standard 1/8" clear glass.

VIS-TRANS

Visible (daylight) transmittance of glazing at normal incidence. Values from glass manufacturet's product
data sheets vary from about 0.90 for clear, 1/8" sheet glass, to about 0.05 for some kinds of reflective, heat-
absorbing glazing. Visible transmittance, which determines how much daylight is transmitted by the glass,
should not be confused with total solar transmittance, which determines how much solar radiation

(ultraviolet, visible, and infrared) is transmitted. This keyword is used only if the window is in a space with
DAYLIGHTING=YES.

GLASS-CONDUCTANCE

The conductance of the glazing, excluding the outside air film coefficient. The conductance given in glass
manufacturers' data sheets usually includes the outside air film resistance for a wind speed of 7.5 mph
(summer) or 15 mph (winter). Table 10 can be used to obtain the cotresponding value of GLLASS-
CONDUCTANCE. For example, if U(7.5 mph) = 0.64 Btu/ft2-hr-F, then GLASS-CONDUCTANCE =
0.79 (by interpolation). For U-values of diffetent glazing types, see manufacturers' data sheets ot the
ASHRAE 1989 Handbook of Fundamentals, p. 27.16-17.

Table 10
Correspondence between Glass manufacturers U-value and GLASS-
CONDUCTANCE

(excluding outside air film) [all values ate in Btu/ft2-hr-F (W/m2-K)]

U-Value GLASS CONDUCTANCE
(including outside air film) | 7 5 11,5k wind speed) (15 mph wind speed)

0.1 (0.57) 0.10 (0.57) 0.10 (0.57)
0.2 (1.14) 0.21 (1.19) 0.21 (1.19)
0.3 (1.70) 0.33 (1.87) 0.32 (1.82)
0.4 (2.27) 0.45 (2.56) 0.43 (2.44)
0.5 (2.84) 0.59 (3.35) 0.55 (3.12)
0.6 (3.41) 0.73 (4.14 0.68 (3.86)
0.7 (3.97) 0.89 (5.05) 0.81 (4.60)
0.8 (4.54) 1.05 (5.96) 0.95 (5.39)
0.9 (5.11) 1.23 (6.98) 1.09 (6.19)
1.0 (5.68) 1.43(8.12) 1.24 (7.04)
1.1 (6.25) 1.64 (9.31) 1.40 (7.95)
1.2 (6.81) 1.87 (10.62) 1.57 (8.91)
1.3 (7.38) 2.13 (12.09) 1.74 (9.88)

OUTSIDE-EMISS

Outside surface IR emissivity of glazing. The default value (0.84) can be used for uncoated glass. Glass with
an outside surface metallic coating would have OUTSIDE-EMISS between about 0.03 and 0.4 depending
on the type of coating. Used to determine IR radiation leaving the glass and absorbed by the glass.

7 GLASS-TYPE



DICTIONARY

Example input:

GT-2 = GLASS-TYPE
TYPE
SHADING-COEF
GLASS-CONDUCTANCE
VIS-TRANS

SHADING-COEF

0.45
0.33
0.51

ENVELOPE
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HOLIDAYS

Defines a set of holidays for the simulation. Holidays can be assigned special day-schedules using the HOL
command in the WEEK-SCHEDULE command.

Example input:

Specify that only February 15, May 7, and August 1 are holidays.

HOLIDAYS
TYPE = ALTERNATE
MONTHS = (2,5,8)
DAYS = (15,17,1)
TYPE
specifies the type of holiday format to be used:

NONE specifies that there are no holidays. In this case the keywords MONTHS
and DAYS should not be entered.

OFFICIAL-US specifies that the holidays are the U.S. Federal National Holidays (see
Table 11). In this case, the keywords MONTHS and DAYS should not
be entered.

ALTERNATE specifies that the holidays are those given by the MONTHS and DAYS
keywords.

MONTHS

Takes a list of up to 60 integers that indicates the months that holidays occur.

DAYS

Takes a list of up to 60 integers that indicates the days of the month that holidays occur. The MONTHS
and DAYS list should correspond. For example, two holidays, one in month 1, day 1, and another in
month 6, day 5, would be entered as

HOLIDAYS
TYPE = ALTERNATE
MONTHS = (1,6)
DAYS = (1,5)

Note that the day of the month on which a holiday falls may vary from year to year. For example, a holiday
may always be on a Monday. In this case, the day numbers in your DAYS list will depend on the year you
specify in the RUN-PERIOD command.
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Table 11 Official United States National Holidays

ENVELOPE

Holiday Name Holiday is Celebrated on this Day
New Years Day December 31 if a Friday
January 1 (unless on Saturday or Sunday)
January 2 if a Monday
M.L. King Birthday Third Monday in January

Washington's Birthday Third Monday in February

Memotial Day Last Monday in May

Fourth of July July 3 if a Friday
July 4 (unless on Saturday or Sunday)
July 5 if a Monday

Labor Day First Monday in September

Columbus Day Second Monday in October

Veterans Day November 10 if a Friday
November 11 (unless on Saturday or Sunday)
November 12 if a Monday

Thanksgiving Fourth Thursday in November

Christmas December 24 if a Friday
December 25 (unless on Saturday or Sunday)
December 26 if a Monday
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INTERIOR-WALL

Specifies the geometry, construction, and adjacent space for an interior wall, ceiling, or floor. An
INTERIOR-WALL conducts heat from one space to another. Each INTERIOR-WALL applies to the
SPACE instruction preceding. It is important NOT to input INTERIOR-WALLSs twice. This is usually
done by accidentally specifying the same interior wall under two adjacent SPACE:s. If you specify the same
U-name in both SPACE:s for the same INTERIOR-WALL, the program aborts with a diagnostic message.
However, if different U-names are specified in the two SPACEs for the same INTERIOR-WALL, the
program accepts the data with no diagnostic message. The heat transfer area is, however, now double that
intended. Also, LOCATION is used only when SHAPE = BOX in the SPACE. LOCATION may be
used whether or not Custom Weighting Factors are used. When specifying LOCATION, do not specify
AREA or HEIGHT and WIDTH; this information is obtained by the program from your input for the
SPACE command. U-name may be used to identify each wall. LIKE may be used to copy a previously U-
named INTERIOR-WALL. See "Intetior Sutfaces" in the DOE-2.2 Topics.

Example input:

PARTITION-1 = INTERIOR-WALL

HEIGHT = 8

WIDTH = 20

CONSTRUCTION-FRAME = 1

NEXT-TO = LOBBY ..
INT-WALL-TYPE

Specifies the type of interior wall through code-words that identify the type of heat transfer that occurs
across the wall.

STANDARD The default. Designates an interior wall that separates two spaces and
conducts heat between the spaces. It can be defined with a
CONSTRUCTION with TYPE=U-VALUE or TYPE=LAYERS
although the heat storage effects of the wall are accounted for only if
TYPE=LAYERS. If you choose a CONSTRUCTION with TYPE=U-
VALUE, the U-value should be less than 0.709 Btu/ft2-F-hr (4.02
W/m2-K), which is the limiting value for two air films and a very low
resistance solid layer.

The NEXT-TO keyword is required for this wall type. However, if the
NEXT-TO space is the same as the space in which the wall was defined,
the program will change INT-WALL-TYPE to ADIABATIC.

ADIABATIC Designates an interior surface that does not conduct heat between spaces
but can store heat. This type should be used to separate spaces that are
considered to be identical and are, therefore, defined with MULTIPLIER
or FLOOR-MULTIPLIER in the SPACE command. An example is the
wall, ceiling, or floor that separates identical spaces that are side-by-side
on one floor of a building or above one another in a multistory building.
This type of wall should have delayed construction.

INTERNAL Designates an interior surface that lies completely inside a space. An
example is a water wall used to store solar energy in a space. Another
example is a wall between two rooms that are modeled as a single space.
This type of wall should have a construction with TYPE=LAYERS; in
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AIR

this case the thermal mass of the wall will be considered in the space's
custom weighting factor calculation

Designates a non-physical interior surface with no mass (i.e., an opening
between spaces) across which convection can take place. This type of
wall should have a CONSTRUCTION with TYPE=U-VALUE. In this
case, we recommend an approximate U-value of 2.7 Btu/ft2-hr (15.3
W/m2). The NEXT-TO keyword is required for this wall type.

If the "AIR wall" is part of a daylit space, its INSIDE-VIS-REFL values
need to be specified (even though it is not a physical wall) since daylight
can be reflected back across the AIR wall from the adjacent space. The
values to use for INSIDE-VIS-REFL in this case are determined as
follows. Assume that the AIR wall, of area A, is defined in space 1 and
separates space 1 and space 2. Let the spaces have inside surface area S;
(excluding the AIR wall) and area-weighted visible reflectance p;
excluding the AIR wall). Then INSIDE-VIS-REFL=(R2, R1) where R;
is the cavity reflectance of space i given by

Ri=A*pi/ Si— E-Aypy

CONSTRUCTION
This is a mandatory entry. Takes the U-name of a previously defined or library CONSTRUCTION
command that describes the construction of this interior wall.

NEXT-TO
U-name of the adjacent space that shares this wall. Required if INT-WALL-TYPE = STANDARD or
AIR; otherwise, unused.

LOCATION

Accepts a code-word defining the location of the wall in the space:

1.

If the wall is in a SPACE with SHAPE=BOX, then TOP, BOTTOM, LEFT, RIGHT, FRONT,
or BACK is used to indicate on which face of the box the wall is located. From this, and the
SPACE keywords HEIGHT, WIDTH, and DEPTH, the program determines the wall's values of
X, Y, Z, HEIGHT, WIDTH, AZIMUTH, and TILT.

If the wall is in 2 SPACE with SHAPE = POLYGON, then SPACE-V1, SPACE-V2, etc. are
used to orient and size the wall in SPACEs where the POLYGON keyword is used to specify the
footprint of the SPACE. LOCATION=SPACE-V1 means that the lower left hand corner of the
wall is located at the vertex 1 of the SPACE POLYGON. The program then positions the wall so
that it is vertical (TILT=90) and its x-axis passes through vertex 1 and vertex 2 of the SPACE
POLYGON (which determine the wall's AZIMUTH). The wall HEIGHT is set to HEIGHT of
the SPACE and the wall WIDTH is set to the vertex 1 to vertex 2 distance. A similar procedure is
followed for LOCATION=SPACE-V2, SPACE-V3, etc. If LOCATION=TOP (BOTTOM) the
wall is positioned as a ceiling (floor) of the SPACE, with a shape that is the same as the SPACE's
POLYGON.

If the wall is in a SPACE with SHAPE = NO-SHAPE, then this keyword is unused. Instead, you
should specify the X, Y, Z, HEIGHT, WIDTH, AZIMUTH, and TILT
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X

Y

Z

If the wall is in a SPACE with SHAPE = NO-SHAPE, then gives the coordinates (in the coordinate
system of the space in which the wall is defined) of the lower left-hand corner of the wall when viewed
from the NEXT-TO (see Figure 8).

AZIMUTH

If the wall is in a SPACE with SHAPE = NO-SHAPE, then gives the azimuth of the wall in the coordinate
system of the space in which the wall is defined. The outward normal used to determine the azimuth points
into the NEXT-TO space (see Figure 8).

SURFACE-TYPE

If the wall is in a SPACE with SHAPE = NO-SHAPE, then takes a code-word that is used to set the
default TILT value for the wall. CEILING or ROOF give TILT=0, FLOOR gives TILT = 180, WALL
gives TILT=90. These values can be overtidden by specifying the TILT keyword..

TILT

If the wall is in a SPACE with SHAPE = NO-SHAPE, then gives the inclination of the interior wall from
the z-axis of the space coordinate system. A hotizontal ceiling has TILT=0. A floor has TILT=180. A
vertical wall has TILT=90 (the default). Otherwise, the tilt defaults to the wall’s location in its space.

POLYGON
Takes the U-name of a previously-defined POLYGON command. Used to assign a non-rectangular shape
to the wall. If specified, then neither HEIGHT, WIDTH, nor AREA should be entered.

HEIGHT

If the wall is in a SPACE with SHAPE = NO-SHAPE, then gives the height of the wall; i.e., dimension
parallel to the y-axis in the surface coordinate system. HEIGHT and WIDTH are used together to
determine the area of the wall. If specified, do not enter AREA.

WIDTH

If the wall is in a SPACE with SHAPE = NO-SHAPE, then gives the width of the wall; i.e., dimension
parallel to the x-axis in the surface coordinate system. HEIGHT and WIDTH are used together to
determine the area of the wall. If specified, do not enter AREA.

AREA
If the wall is in a SPACE with SHAPE = NO-SHAPE, then gives the surface area. If specified, do not
enter HEIGHT or WIDTH.

INSIDE-VIS-REFL

Inside surface visible reflectance (hemispherical average) used in the daylighting calculation to determine
interreflected illuminance. Takes a list of two values, where the first value is the reflectance on the side of
the interior wall that is in the space in which the wall is defined; the second value is the reflectance on the
other side of the wall. INSIDE-VIS-REFL values default to 0.2 for floor sutfaces, 0.5 for wall surfaces, and
0.7 for ceiling surfaces. See "Daylighting"” in the DOE-2.2 Topics.

77 INTERIOR-WALL



DICTIONARY ENVELOPE

Origin of the sunspace
coordinate system

INTERIOR-WALL
HEIGHT = 10

Interior WINDOW
HEIGHT = 6
WIDTH =9
X=8
Y=2

TILT = 90
AZIMUTH =0

Origin of
INTERIOR-WALL

Outward normal of
INTERIOR-WALL

Figure 8 Positioning an interior-wall in the Space Coordinate System.
(A sunspace and an adjacent space showing the geometrical positioning
of the INTERIOR-WALL separating them. The INTERIOR-WALL
has been defined in the sunspace. The lower left-hand corner of the wall
(as viewed from the adjacent space) is located at X = 25,Y =15, Z =0 in
the sunspace coordinate system. The azimuth of the INTERIOR-
WALL is 0 (, which is the angle between the sunspace y-axis, Yss, and
the outward normal to the INTERIOR-WALL)

SOLAR-FRACTION

Fraction of the solar radiation-direct, diffuse, and reflected-that comes through the glazings and is absorbed
by this wall. First value in the list of two is for the side of the wall that is in the space in which the wall is
defined; the second value is for the side of the wall that is in the NEXT-TO space. The program uses the
SOLAR-FRACTION wvalues to calculate custom weighting factors for space solar gain.

If all SOLAR-FRACTION:S for a space area are allowed to default, the program assumes that 60 percent
the incoming solar radiation is absorbed by the floor with the remaining 40 percent distributed to other
surfaces (except windows), according to their surface area. If there is no floor, the full 100 percent is
distributed to the surfaces (except windows) according to their surface areas. To override this default, you
can explicitly specify SOLAR-FRACTION values for all or just some of the surfaces. If just some of the
surfaces, the program will sum the values specified and distribute the balance (up to 1.0) to the other
surfaces.

The distribution of absorbed solar radiation depends on the space geometry and surface absorptances as
well as on the houtly varying position of the sun relative to the space. It also depends on the houtly varying
proportions of direct and diffuse solar radiation entering the space. Since you can only enter one set of
SOLAR-FRACTIONS for a SPACE, the SOLAR-FRACTIONS should be chosen to represent a time-
average over the intended RUN-PERIOD of the analysis, with emphasis given to those times of the day
and seasons of the year when solar gain is greatest.
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SOLAR-FRACTION is not affected by MULTIPLIER; it applies to the surface area after multiplication.
Example input: the side of the wall towards the space in which the wall is defined absorbs 20 percent of the
solar radiation entering that space. The other side absorbs 15 percent of the solar radiation entering the
NEXT-TO space. Then SOLAR-FRACTION=(0.20, 0.15)

INSIDE-SOL-ABS

Inside surface solar absorptance. It is used houtly to determine the intetior solar radiation distribution in a
sunspace. Takes a list of two values is required; the first value is the absorptance on the side of the interior
wall inside the space in which the wall is defined; the second value is the absorptance of the other side of
the wall. INSIDE-SOL-ABS values default to 0.8 for floor surfaces, 0.5 for wall surfaces, and 0.3 for ceiling
surfaces. See "Sunspaces" in the DOE-2.2 Topis.
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LAMP-TYPE

This optional command specifies the type of lamp in an electric lighting system. Must be assigned a U-
name so it can be referenced by the LAMP-TYPE keyword in the LIGHTING-SYSTEM command. See
"Electric Lighting" in the DOE-2.2 Topis.

Example input:

FLUOR-1 = LAMP-TYPE

CATEGORY = FULL-SIZE-FLUOR
SIZE = T-48-IN
POWER-INPUT = 32
INIT-LUMEN-OUT = 2850
LUMEN-DEPREC = 0.84

CATEGORY
Takes a code-word that specifies the type of lamp.

FULL-SIZE -FLUOR A low-pressure mercury electric-discharge lamp in which a phosphor
transforms some of the UV energy generated by the discharge into light.
Tube length generally about 12 in (30 cm) or longer.

COMPACT-FLUOR Same as FULL-SIZE-FLUOR, but with a smaller tube, generally about 6
in (15 ecm) or less.

INCANDESCENT A lamp in which light is produced by a filament heated by an electric
current.

TUNGSTEN-HALOGEN  An incandescent lamp with a tungsten filament in an inert gas containing
halogens.

HID-HI-PR-SODIUM High-intensity dischatge (HID) lamp. Light is produced by an electric arc
in a high pressure sodium vapor. The arc is stabilized by wall temperature
and the arc tube has a bulb wall loading in excess of 3 W/cm2.

HID-MET-HALIDE Same as HID-HI-PR-SODIUM but the vapor contains mercury, argon
and metal halides.

INIT-LUMEN-OUT

Light output in lumens after seasoning the lamp for 100 hours. For fluorescent lamps, this is the initial light
output for the lamp operated on a laboratory reference ballast. The program calculates the actual light
output taking thermal and ballast factors into consideration (for fluorescent lamps), then multiplying by
LUMEN-DEPREC to account for lamp aging. Values of INIT-LUMEN-OUT can be found in lamp
manufacturers' catalogs.

POWER-INPUT

The nominal lamp input power. Values can be found in lamp manufacturers' catalogs. The program
calculates the actual, ot "active" power from POWER-INPUT taking into account thermal and ballast
effects, where applicable. For example, a fluorescent lamp with POWER-INPUT = 40 W in a
LIGHTING-SYSTEM with LUMINAIRE-CONFIG = RECESS-STATIC and BALLAST-TYPE =
ELEC-RAP-START might have an active power input of only 34 W.
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LUMEN-DEPREC
Lumen depreciation, i.e., the ratio of lamp light output at 70 percent of life to initial light output. Accounts
for the decrease in light output with age. Values can be found in lamp manufacturers' catalogs.

SIZE

The size of the lamp. The purpose of this keyword is to avoid using luminaires that are not matched to the
lamp, which could lead the program to use inappropriate coefficients of utilization in the illuminance
calculation. When LAMP-TYPE and LUMINAIRE-TYPE are referenced by a LIGHTING-SYSTEM
command, the SIZE code-word in LAMP-TYPE must match the ACCEPT-LAMP-SIZE code-wotd in
LUMINAIRE-TYPE. Allowed code-words are:

T-0-6-IN T lamp up to 6in (15 cm) long

T-6-12-IN T lamp 6 to 12 in (15 to 30 cm) long

T-12-IN 12-in long T lamp.

T-18-IN 18-in long T lamp.

T-24-IN 24-in long T lamp.

T-36-IN 306-in long T lamp.

T-48-IN 48-in long T lamp.

T-60-IN 60-in long T lamp.

T-72-IN 72-in long T lamp.

T-84-IN 84-in long T lamp.

T-96-IN 96-in long T lamp.

ALPHA-0-21 Alpha shape lamp up to size 21 (21/8-in diameter)

ALPHA-22-30 Alpha shape lamp from size 22 to 30 (22/8-in to 30/8-in diameter)

ALPHA-31-50 Alpha shape lamp size 31 and above (31/8-in diameter and above)

REFL-0-21-IN Reflective lamp up to size 21 (21/8-in diameter)

REFL-22-30-IN Reflective lamp from size 22 to 30 (22/8-in to 30/8-in diameter)

REFL-31-50-IN Reflective lamp size 31 and above (31/8-in diameter and above)

OTHER-SIZE Designation you can use to force lamp/luminaire compatibility; useful
when d.eﬁnjng new lamps or for lamps that don't fall into above size
categories.
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LAYERS

Specifies the layers of material that are in a construction, the order of the layers, and the layer thicknesses. It
initiates the calculation of response factors for the wall. The LIKE keyword is not allowed U-name must be
used so that LAYERS may be referenced in a CONSTRUCTION instruction. The Library contains pre-
assembled layers for extetior walls, roofs, and interior walls (see Appendix E, "Constructions" in the DOE-
2.2 Topies).

Example input: One-ft-thick concrete block with a 1-inch-thick stucco extetior

CBLOCK = LAYERS Sfrom the Library$
MATERIAL = ("Stucco 1in (ScCo01)",
"CMU HW 12in ConcFill (CB17)")
THICKNESS = (0.0625, 1.00)
MATERIAL

Takes a list of material code-words from the Library, as shown in the above example, or a list of
MATERIAL command U-names. The number of elements in the list is the number of layers in the
construction. For an exterior wall, the elements in the list start with the exterior layer and end with the
intetior layer. Reversing this sequence can notably affect the thermal performance of a wall. Do not specify
inside ot outside air film as a material. See Appendix D, "Materials in the Library"

THICKNESS

Takes a list of the thickness of each material in the construction; overtides the thickness in the immediately
preceding MATERIAL list. The order of the THICIKINESS list must correspond to the order of the
MATERIAL list. THICKINESS is required only if one or more of the materials has a thickness that is
different from the library value.

INSIDE-FILM-RES

Specifies the combined convective and radiative air film resistance for the inside wall surface. The default of
0.68 ht-ft2-F/Btu (0.1198 m2-K/W) is an approptiate value for vertical walls. For hotizontal surfaces, such

as ceilings and floors, the suggested inside film resistance can be found in Table 12. Because only one value

is allowed for each surface, you should decide which is more important, cooling or heating.

For radiant batriers having a low-emissivity surface (for example, aluminum foil or insulation with
aluminum coating) facing the interior of the space, select the emissivity from Table 13 and then determine
the INSIDE-FILM-RES value by interpolating the e=0.09, e=0.20 and ¢=0.05 columns of Table 12.
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Table 12
INSIDE-FILM-RES values for position of surface, direction of heat
flow and insidesurface emissivity.

Surface emissivity
Position of surface Direction of heat flow 0.90* 0.20* 0.05**

Ceiling in the heating mode
or Floor in the cooling mode

Horizontal Up 0.61 (0.11) 1.10 (0.19) 1.32 (0.23)
45( slope Up 0.62 (0.11) 1.14 (0.20) 1.37 (0.24)
Vertical Horizontal 0.68 (0.12) 1.35 (0.24) 1.70 (0.30)
45( slope Down 0.76 (0.13) 1.67 (0.29) 2.22 (0.39)

Ceiling in the cooling mode
or Floor in the heating mode

Horizontal Down 0.92 (0.16) 2.70 (0.48) 4.55 (0.80)

“Regular building materials: wood, masonty, non-metallic paints, paper
“Polished aluminum coated paper, for example
“Bright aluminum foil, for example

From 1997 ASHRAE Fundamentals, p.24.2

If you cannot decide which is more important, cooling or heating, you can use the average of the heating
and cooling values. For exterior walls and roofs, the outside-film-resistance is calculated by the program
depending on wind speed. For interior walls, the air film described in INSIDE-FILM-RES is the film on
the side of the wall that is in the SPACE where the wall is specified. For the calculation of the U-Value of
an INTERIOR-WALL, the INSIDE-FILM-RES is duplicated on the other surface (opposite side).

Table 13 IR Emissivity of Different Interior Surfaces

Surface Emissivity
Aluminum foil, bright 0.05
Aluminum sheet 0.12
Aluminum coated paper, polished 0.20
Steel, galvanized, bright 0.25
Aluminum paint 0.50
Regular glass 0.84
Building materials 0.90
(wood, masonty, non-metallic paints)
From 1997 ASHRAE Fundamentals, p.24.2
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Rules
1.

The outside air film coefficient of an exterior wall or roof should not be specified as a layer
because it is calculated by the LOADS program as a function of surface roughness and wind
speed.

The list identified by MATERIAL and THICKNESS must have a one-to-one correspondence.
For example, the first material listed in MATERIAL has a thickness equal to the first value listed
in THICKNESS.

Both lists MATERIAL and THICKNESS) must have the same number of elements.

A list element must be included in THICKINESS for layers specified by a RESISTANCE, but it is
a dummy variable, used only to make the list length match with the MATERIAL list length.

For an exterior wall or roof, both lists start with the outside layer. For an UNDERGOUND-
FLOOR or UNDERGROUND-WALL, the lists start with the layer in contact with the ground.
For an INTERIOR-WALL, the lists start with the layer in contact with the air of the space
adjacent to the space in which the INTERIOR-WALL is defined.

Maximum list length for MATERIAL and THICKNESS is 9 elements each.

Not all LAYERS can be specified by RESISTANCE (for MATERIAL) only. At least one must
be specified as a transient type layer.
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LIGHTING-SYSTEM

This optional command specifies the components of an overhead electric lighting system. Must be assigned
a U-name so that it can be referenced by the LIGHTING-SYSTEM keyword in the SPACE command.
See "Electric Lighting" in the DOE-2.2 Topis.

Example input:

LS-1 = LIGHTING-SYSTEM
LTG-CALC-METHOD
LUMINAIRE-TYPE
LAMP-TYPE
BALLAST-TYPE

LUMINAIRE-LAMP
LUM1

FLUOR-1
ELEC-RAP-START ..

LTG-CALC-METHOD
Specifies the lighting calculation method. Allowed code-words ate:

LUMINAIRE-LAMP The calculation of connected power and workplane illuminance for the
LIGHTING-SYSTEM is based on luminaire and lamp data provided by
the keywords LUMINAIRE-TYPE, LUMINAIRE-CONFIG, LAMP-
TYPE and BALLAST-TYPE, which are desctibed below.

LUMENS-POWER The calculation of connected power and workplane illuminance for the
LIGHTING-SYSTEM is based on total luminaire input power,
coefficient of utilization and lamp lumen output provided by the
keywords TOT-POWER-INPUT, COEF-OF-UTIL and TOT-LAMP-
LUMENS, which atre desctibed below.

Table 14 LIGHTING-SYSTEM keywords

Associated LIGHTING-
LTG-CALC-METHOD SYSTEM Keywords

LUMINAIRE-LAMP LUMINAIRE-TYPE
LUMINAIRE-CONFIG
LAMP-TYPE
BALLAST-TYPE

LUMENS-POWER COEF-OF-UTIL
TOT-LAMP-LUMENS
TOT-POWER-INPUT

LTG-CALC-METHOD=LUMINAIRE-LAMP

The following four keywords are used with this calculation method

LUMINAIRE-TYPE

Accepts the U-name of a luminaire type from the Library (see Appendix B in the DOE-2.2 Topus) or the U-
name of a previously-defined of library LUMINAIRE-TYPE command. A "luminaire” is taken here to be
the fixture that houses the lamps and, where applicable, the lamp ballasts.
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LUM-1 = LUMINAIRE-TYPE

NO-OF-LAMPS

= 2

ACCEPT-LAMP-SIZE = T-48-IN

ACCEPT-CONFIG

= (RECESS-STATIC, RECESS-VENTED)

FLUOR-1 = LAMP-TYPE

CATEGORY
SIZE

= FULL-SIZE-FLUOR
= T-48-IN

LS-1 = LIGHTING-SYSTEM

LTG-CALC-METHOD

LUMINAIRE-LAMP

LUMINAIRE-TYPE = LUM1

LAMP-TYPE
BALLAST-TYPE

= FLUOR-1
= ELEC-RAP-START

LUMINAIRE-CONFIG = RECESS-VENTED ..

LUMINAIRE-CONFIG

Specifies the configuration of the luminaire, which the program uses in calculating thermal effects that
influence lamp input power and light output. Allowed code-words are:

RECESS-STATIC

RECESS-VENTED

SURFACE-CLOSED

SURFACE-OPEN

SUSPEND-CLOSED

SUSPEND-OPEN

LAMP-TYPE

The luminaire is recessed into the ceiling and is not vented with supply or
return air.

The luminaire is recessed into the ceiling and is vented with supply or
return air.

The luminaire is attached to the ceiling surface and is covered by a lens
thatinhibits air circulation.

The luminaire is attached to the ceiling surface and is not covered by a
lens.

The luminaire is suspended from the ceiling on a pendant and is covered
by a lens that inhibits air circulation.

The luminaire is suspended from the ceiling on a pendant and is not
covered by a lens.

Takes the U-name of a lamp type from the Library (see Appendix H in the DOE-2.2 Tygpics) ot the U-name
of a previously-defined LAMP-TYPE command.

BALLAST-TYPE

Specifies the type of ballast. BALLLAST-TYPE is required only for fluorescent and HID lamps. Allowed

code-words are:

MAGN-PRE-1990

MAGN-ENERGY-EFF

MAGN-HTR-CUT-RED

Pre-1990 magnetic ballast for full-size fluorescent lamps.
Energy-efficient magnetic ballast for full-size fluorescent lamps.

Reduced light output heater cutout magnetic ballast for full-size
fluorescent lamps.
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MAGN-HTR-CUT-FUL  Full light output heater cutout magnetic ballast for full-size fluorescent

lamps.
ELEC-RAP-START Electronic rapid start ballast for full-size fluorescent lamps.
ELEC-RAP-ST-RED Electronic reduced output rapid start ballast for full-size fluorescent
lamps.
ELEC-INS-START Electronic instant start ballast for full-size fluotescent lamps.
CF-MAGNETIC Magnetic ballast for compact fluorescent lamps.
CF-ELECTRONIC Electronic ballast for compact fluorescent lamps.
HID-MAGNETIC Magnetic ballast for HID lamps.

HID-LO-LOSS-MAGN Low-loss magnetic ballast for HID lamps.

LTG-CALC-METHOD=LUMENS-POWER
The following keywords are used with this calculation method.

COEF-OF-UTIL

The coefficient of utilization or CU; i.e., the fraction of light output from the lamp/luminaire combination
that reaches the workplane. The CU depends on luminaire geometry, luminaire surface reflectances, dirt
depreciation, luminaire/wotkplane distance, room geometry and room surface reflectances. COEF-OF-
UTIL, TOT-LAMP-LUMENS (see following) and space floor area are used by the program to calculate
the electric lighting design illuminance on the workplane. Values of COEF-OF-UTIL can usually be found
in luminaire manufacturer's photometric data sheets.

TOT-LAMP-LUMENS

The total number of lumens output by all of the lamps in the LIGHTING-SYSTEM for the space. Equals
the number of lamps times the lumen output from each lamp (which can be found in lamp manufacturer's
data sheets). TOT-LAMP-LUMENS, COEF-OF-UTIL (see above) and space floor area are used by the
program to calculate the electric lighting design illuminance on the workplane. The value of TOT-LAMP-
LUMENS should be that at 70% of lamp life and should take into account the ballast factor (multiplier on
nominal light output due to ballast/lamp interactions) and thermal effects.

TOT-POWER-INPUT

The total electrical power input in watts for the LIGHTING-SYSTEM at full power (i.e., all lights fully on).
Also called "active power." Ballasts should be included where applicable. For fluorescent lamps, where
thermal and ballast effects influence operating power, the user is cautioned not to set TOT-POWER-
INPUT equal simply to the number of lamps times nominal watts per lamp.
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LOADS-REPORT

Specifies which LOADS verification and summary reports are to be printed. The verification reports
display the input in a reformatted form. The summary reports state the calculated loads. The time period
covered in the summary reports are the RUN-PERIOD intervals. Additional reports are generated for the
design-days.

Format:
LOADS-REPORT

VERIFICATION = (code-word list)
SUMMARY (code-word list)

Example input:

LOADS-REPORT

VERIFICATION = (LV-A)
SUMMARY = (SS-A,SS-E)
VERIFICATION

Takes a list of code-words of verification reports. VERIFICATION = (ALL-VERIFICATION) causes all
verification reports to be printed. Examples are shown in Appendix C of the DOE-2.2 Topics.

LV-A General project and building input

LV-B Summary of spaces occurting in the project
LV-C Details of space <space name>

LV-D Details of exteriorsSurfaces in the project
LV-E Details of underground surfaces in the project
LV-F Details of interior surfaces in the project
LV-G Details of schedules occurring in the project
LV-H Details of windows occurring in the project
LV-1I Details of constructions occurring in the project
LV-K Weighting factor summary

LV-L Daylight factor summary

LV-M English/metric conversion table

ALL-VERIFICATION All verification reports

SUMMARY
Takes a list of code-words of summary reports. SUMMARY = (ALL-SUMMARY) causes all summary
reports to be printed. Examples are shown in Appendix C of the DOE-2.2 Topics.
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LS-A

LS-B

LS-C

LS-D

LS-E

LS-F

LS-G

LS-H

LS1

LS

LS-K

ENVELOPE

PACE PEAK LOADS SUMMARY
Gives monthly values of peak heating and cooling loads for a space.

SPACE PEAK LOAD COMPONENTS
Gives a breakdown of cooling and heating peak loads according to the
source of the load for each space.

BUILDING PEAK LOAD COMPONENTS

Similar in format to LS-B; however, LS-C is generated at the "building
level", ie., the space loads are summed each hour to give the building
coincident load and the peak values of this load are shown in this report.

BUILDING MONTHLY LOADS SUMMARY

Gives a summary of monthly cooling, heating, and electrical
requirements plus annual total energy requirements and maximum
monthly peak loads for conditioned spaces.

SPACE MONTHLY LOAD COMPONENTS <space name>
Gives a breakdown of loads for each space on a monthly basis, according
to the source of the load.

BUILDING MONTHLY LOAD COMPONENTS

Gives a breakdown of loads on a monthly basis for the entire building,
according to the soutce of the load. Only conditioned spaces are
included.

SPACE DAYLIGHTING SUMMARY
Gives monthly-average overhead lighting energy reduction, illuminance,
and glare for each daylit space.

LIGHTING ENERGY REDUCTION BY DAYLIGHT

For each daylit space, gives the monthly lighting energy reduction due to
daylighting for each hour of the day, and for all hours of the day
combined (including night time hours).

PERCENT LIGHTING ENERGY REDUCTION BY DAYLIGHT,
BUILDING

For the building as a whole, gives the monthly lighting energy reduction
due to daylighting for each hour of the day and for all hours of the day
combined (including night time hours).

DAYLIGHT ILLUMINANCE FREQUENCY
For each daylit space, gives the monthly daylight-illuminance frequency-
of-occurrence distribution at each lighting reference point.

SPACE INPUT FUELS SUMMARY

Gives monthly summaries of the fuel inputs required by each space for
lighting, equipment, and processes. Following the reports for each space
is a separate building level report that gives the sum of the input fuels for
the building as a whole. Lighting, equipment, and process are the three
major sections of this report, which is printed once for each space and
once for the building as a whole.
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LS-L MANAGEMENT AND SOLAR SUMMARY
Gives monthly summaries of window shade management and solar
radiation into space.

REPORT-FREQUENCY

Allows you to control the frequency at which houtly report data is printed. May be set to HOURLY,
DAILY, MONTHLY or YEARLY. If REPORT-FREQUENCY is not specified, the program will
generate reports with summary values (minimum, maximum, total, and average) printed at the end of each
day and month, and at the end of the run petiod specified in the HOURLY-REPORT:REPORT-
SCHEDULE. When REPORT-FREQUENCY is set to DAILY, the hourly data are suppressed and only
summary values are printed for each day and at the end of the month and run period. Similatly, when
REPORT-FREQUENCY is set to MONTHLY only the summary statistics for months and the run
period are printed. YEARLY results in a single summary report covering the entire run period. Only
scheduled hours are included in the summaries. Note that some averages may be misleading, e.g., the
average solar altitude if the schedule contains night time hours during which the solar altitude values are
zZeto.
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LUMINAIRE-TYPE

This optional command specifies the type of luminaire in an electric lighting system. A U-name must be
assigned so this command can be referenced by the LUMINAIRE-TYPE keyword in the LIGHTING-
SYSTEM command.

Example input:

LUM-1 = LUMINAIRE-TYPE $ FLUORESCENT TROFFER,
$ 2'X4', 2 LAMPS,
$ PATTERN "ACRYLIC DIFFUSER"
NO-OF-LAMPS=2
ACCEPT-LAMP-SIZE =T-48-IN
ACCEPT-CONFIG = (RECESS-STATIC)

CU-RCR-1 =(.69,.71,.72,.71,.73,.75,.72,.77, .80)
CU-RCR-5 =(.41, .45, .49, .41, .45, .50, .42, .46, .52)
CU-RCR-10 =(.22,.25,.30,.22,.25,.30,.22,.26,.32)

NO-OF-LAMPS

The number of lamps in the luminaire.

ACCEPT-LAMP-SIZE

The size/shape of lamp accepted by the luminaire. The purpose of this keyword is to avoid using lamps
that are not matched to the luminaire, which could lead the program to use inapproptiate coefficients of
utilization in the illuminance calculation. Therefore, when LUMINAIRE-TYPE and LAMP-TYPE are
referenced by a LIGHTING-SYSTEM command, the ACCEPT-LAMP-SIZE code-word in
LUMINAIRE-TYPE must match the SIZE code-word in LAMP-TYPE.

The following code words use a common set of symbols:
T A tube lamp (such as most full-size fluorescents)
ALPHA= A lamp with a roundish, non-reflective glass bulb (common
representatives are the

A, PS, and ED shapes)

REFL A lamp with a reflective bulb (common representatives are the R and
PAR bulbs).

Acceptable code-words are:

T-0-6-IN 0to 6in (0 to 15 cm) long T lamp
T-6-12-IN 6 to 12in (15 to 30 cm) long T lamp
T-12-IN 12-in long T lamp.

T-18-IN 18-in long T lamp.

T-24-IN 24-in long T lamp.

T-36-IN 36-in long T lamp.
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T-48-IN 48-in long T lamp.

T-60-IN 60-in long T lamp.

T-72-IN 72-in long T lamp.

T-84-IN 84-in long T lamp.

T-96-IN 96-in long T lamp.

ALPHA-0-21 Alpha shape lamp up to size 21 (21/8-in diameter)

ALPHA-22-30 Alpha shape lamp from size 22 to 30 (22/8-in to 30/8-in diameter)

ALPHA-31-50 Alpha shape lamp size 31 and above (31/8-in diameter and above)

REFL-0-21-IN Reflective lamp up to size 21 (2--1/8-in diameter)

REFL-22-30-IN Reflective lamp from size 22 to 30 (22/8-in to 30/8-in diameter)

REFL-31-50-IN Reflective lamp size 31 and above (31/8-in diameter and above)

OTHER-SIZE Designation you can use to force lamp/luminaire compatibility; useful
when d.eﬁning new lamps ot luminaires that don't fall into above size
categories.

ACCEPT-CONFIG

Takes a list of up to three code-words that specify what configurations the luminaire can be used in. An
error will result if none of the code-words match the value of LUMINAIRE-CONFIG in the associated
LIGHTING-SYSTEM command that references this LUMINAIRE-TYPE. The allowed code-words are
the same as those for the LUMINAIRE-CONFIG keyword in the LIGHTING-SYSTEM command.

Luminaire Dirt Depreciation

The next three keywords determine the luminaire dirt depreciation, i.e., the degradation in light output due
to dirt accumulation.

LUM-MAINT-CAT

Takes a code-word that specifies the luminaire maintenance category. Luminaires are separated into six
categoties (I through VI). To arrive at a category, luminaires are arbitrarily divided into sections, a top
enclosure and a bottom enclosure, by drawing a line through the light center of the lamp or lamps. The
characteristics listed in Table 15 for the enclosures are then selected to determine the code-word that best
describes the luminaire. Only one characteristic for the top enclosure and one for the bottom enclosure
should be used in determining the category of a luminaire. The maintenance category is determined when
there are characteristics in both enclosure columns. If a luminaire falls into more than one category, the
lower numbered category is used.
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Table 15 Luminaire Maintenance Categories

Maintenance Category Top Enclosure Bottom Enclosure
Code-word Characteristics Characterisitics
LUM-MAINT-I None None
LUM-MAINT-II None, or Transparent or opaque with ~ None, or Louvers or baftles
15% or more uplight through apertures
LUM-MAINT-III Transparent or opaque with less than
15% uplight through apertures.
LUM-MAINT-1V Transparent or opaque unapertured None, or Louvers
LUM-MAINT-V Transparent or opaque unapertured Transparent unapertured
LUM-MAINT-VI None, or Transparent or opaque Transparent or opaque
unapertured unapertured

OPERATING-ATMOS
Takes a code-word that specifies the condition of the atmosphere in which the luminaire will operate. Dirt
in the atmosphere comes from two sources: that generated by work done in the vicinity and that passed

from adjacent air. Table 16 can be used to choose the appropriate code-word.

Table 16 Operating Atmosphere

VERY- VERY-
CLEAN CLEAN MEDIUM DIRTY DIRTY
Generated Dirt | None Very little Noticeable but  Accumulates Constant
not heavy rapidly Accumulation
Ambient Dirt None (or none Some (almost ~ Some enters Large amount  Almost none
enters area) none enters) area enters area excluded
Removal or Excellent Better than Poorer than Only fans or None
filtration average average blowers if any
Adhesion None Slight Enoughtobe  High-- High
visible after probably due
some months  to oil, humidity
of static
Examples High-grade Offices in Mill offices; Heat treating;  Similar to
offices, not older buildings  paper high speed DIRTY but
near or near processing; printing; luminaires
production; production; light rubber within
laboratories; light assembly;  machining processing immediate area
clean rooms inspection of

contamination

CLEANING-CYCLE
Time between luminaire cleanings, in years. The program calculates the light output from the luminaire
after dirt has accumulated for a length of time equal to CLEANING-CYCLE.
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Coefficient of Utilization

The next three keywords give the coefficient of utilization (CU) as a function of room cavity ratio (RCR),
wall reflectance, and ceiling cavity reflectance (CCR)!. Values of CU for these keywords can be obtained
from luminaire manufacturers' photometric data sheets. All values hete are for a floor cavity reflectance of
0.20. The program interpolates these values to get CU for a particular space geometry and surface
reflectance, and makes a correction for floor reflectance other than 0.20.

CU-RCR-1

Takes a list of 9 values of CU for RCR = 1. The first set of 3 values corresponds to wall reflectances of
0.10, 0.30 and 0.50, respectively, and for a ceiling cavity reflectance of 0.30. The second set of 3 values
corresponds the same wall reflectances, but for a ceiling cavity reflectance of 0.50. The third set of 3 values
corresponds the same wall reflectances, but for a ceiling cavity reflectance of 0.80.

CU-RCR-5
Same as CU-RCR-1, but for RCR=5.

CU-RCR-10
Same as CU-RCR-1, but for RCR=10.

Example:

CU-RCR-1 = (0.28,0.47,0.60,0.31,0.52,0.64,0.37,0.59,0.73)

1 Quoting from "Glossary of Lighting Terminology" in Lighting Handbook, Reference & Application, 8t Edition,
Tlluminating Engineering Society of North America:

Coefficient of Utilization (CU) is the ratio of luminous flux (lumens) from a luminaite calculated as received on
the workplane to the luminous flux emitted by the luminaire's lamps alone. Room Cavity is the cavity formed by
the plane of the luminaires, the workplane, and the wall surfaces between these two planes. Room Cavity Ratio
(RCR) is a number indicating room cavity proportions, calculated from the length, width and height. Ceiling
Cavity is the cavity formed by the ceiling, the plane of the luminaires and the wall surfaces between these two
planes. Ceiling Cavity Ratio (CCR) is a number indicating ceiling cavity proportions calculated from length, width
and height.

The average illuminance E on the workplane is given by
E = # luminaires/Atea * lamps/luminaite * lumens/lamp * CU * LLF

Where LLF, the light-loss factor, accounts for dirt depreciation.
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MATERIAL

Used to specify materials that are not in the Library (see the DOE-2.2 Topics, Appendix D, "Materials
Library"). You must use either THICKNESS, CONDUCTIVITY, DENSITY, and SPECIFIC-HEAT or
RESISTANCE. MATERIAL is used to specify the heat transfer properties for one layer of a construction.
U-name must be used so that the MATERIAL may be referenced in a LAYERS command..

Example input:

BRICK-4IN = MATERIAL $ 4 inch brick

TYPE = PROPERTIES
THICKNESS = 0.333
CONDUCTIVITY = 0.4167
DENSITY = 120.0
SPECIFIC-HEAT = 0.2

ATR-LAYER = MATERIAL $ 1 inch air layer
TYPE RESISTANCE
RESISTANCE = 0.90

TYPE
Takes a code-word that specifies the type of data to be provided.

PROPERTIES indicates that the thickness and thermophysical properties of the material
(conductivity, density, and specific heat) be input for this code-word
unless the material is very lightweight or thin.

RESISTANCE indicates that only the thermal resistance of the material will be input.
Use this code-word only for very lightweight or thin materials.

TYPE=PROPERTIES
The following four keywords must be entered if TYPE=PROPERTIES:

THICKNESS
Thickness of the material layer

CONDUCTIVITY

Thermal conductivity of the material. The entry for this keyword is the conductance of a 1-ft (or 1-m) thick
section of the material. Values given for 1-in (or 1-cm) thickness must be divided by 12 (or 100) to obtain
the correct entry.

DENSITY
Density of the material

SPECIFIC-HEAT

Specific heat capacity of the material.

TYPE=RESISTANCE
The following keyword must be entered if TYPE=RESISTANCE:
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RESISTANCE

The thermal resistance of the material.

96 MATERIAL



DICTIONARY ENVELOPE

POLYGON

The POLYGON command allows polygons with 3 to 30 sides to be described for exterior walls, interior
walls and underground walls. It also allows the footprint of FLOORs and SPACEs to be described.

Format:

U-name = POLYGON

Wl = (x1,y1)
V2 = (x2,y2)
V3 = (x3,y3)
V30 = (x20,y20)

The U-name is the user-assigned name of the polygon. It is referenced by the POLYGON keyword in
EXTERIOR-WALL, INTERIOR-WALL, and UNDERGROUND-WALL, in which case the polygon
defines the shape of the wall. It is referenced by the POLYGON keyword in SPACE, in which case it
represents the floor (and ceiling) of the space. It is also referenced by the POLYGON keyword in
FLOOR, where it represents the footprint of the floor.

V1,V2,V3,...,V30
are keywords denoting vertices 1 through 30 (from 3 to 30 vertices can be specified). (xN,yN) are the
coordinates of the Nth vertex of the polygon.

The vertices are defined in an x-y coordinate system that is local to the polygon. This local coordinate
system can then be positioned as follows:

1. Itis positioned in the space coordinate system usinig X, Y, Z, AZIMUTH, and TILT for
EXTERIOR-WALLSs, INTERIOR-WALLSs and UNDERGROUND-FLOORs for which the
POLYGON keyword is specified.

2. Itis positioned in the floor coordinate system using X, Y, Z and AZIMUTH for SPACE: for
which the POLYGON keyword is specified.

3. Itis positioned in the building coordinate system using X, Y, Z and AZIMUTH for FLOORs for
which the POLYGON keyword is specified.

The vertices must be in counter-clockwise order when you are facing the polygon. The units of xN and yN
are feet (for INPUT-UNITS=ENGLISH) or meters (for INPUT-UNITS=METRIC).

Example 1: This input describes the triangle shown in Figure 9.

TRIANG1 = POLYGON

Vl = (OIO)
V2 = (80,0)
V3 = (40,80)
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Yertex 3 (40, 0]

|

80
60

40

Local ¥ Coordinate

Yertex 1 (0,0) 20 Yertex 2 (80, 0)

T~ —

0 20 40 60 30
Local ¥ Coordinate

Figure 9 Example 1 Polygon
(The polygon’s first vertex is at the origin of the polygon's local
coordinate system)

The first vertex does not have to be at the origin of the local coordinate system. This is shown in the next
example. However, it is generally most convenient to place Vertex 1 at (0,0), as shown in Figure 9.

Example 2: This polygon’s first vertex is displaced from the origin

TRIANG2 = POLYGON

\al = (20,40)
V2 = (50,40)
V3 = (20,80)
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Wertex 3 (25, 75)

100

75

a0

Local ¥ Coordinate

/ e
Wertex 1 (25, 28) Wertex 2 (50, 258)

a 25 a0 75 100
Local ¥ Coordinate

Figure 10 Example 2 polygon
(The polygon’s first vertex is displaced from origin of the polygon's local
coordinate system)

Polygons are allowed to be convex or concave, but the sides should not cross (see Figure 11). Also, two or
more vertices should not be the same (i.e., have the same x,y values). Finally it is not possible to describe a
poygon with a cutout in the middle, such as a doughnut.
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Concave Polygon - Allowed
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Local ¥ Coordinate

Lacal ¥ Coordinate
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ENVELOPE

Convex Polygon - Allowed
100

a0

50

40

20

0 0 40 &0 0 100
Local ¥ Coordinate

Not Allowed - No Two Vertices

100 Can be the Same Point

a0

60

40

20

o 20 4n £0 g0 100
Local ¥ Coordinate

Figure 11 Example polygons
(Both convex and concave polygons are allowed, but two vertices the
same, or crossing sides, are not allowed)

To refer to a previously-defined polygon, you use POLYGON = U-name in the EXTERIOR-WALL,
INTERIOR-WALL, UNDERGROUND-WALL, SPACE and FLOOR. X, Y, Z, AZIMUTH, and TILT
can be used in these commands to position and orient the polygon in different coordinate systems. This is
illustrated in Example 3 and Figure 12 for a wall polygon in the SPACE coordinate system.

Example 3 (see Figure 12):

TRIANG3 = POLYGON

\al = (0,0)

V2 = (20,0)

V3 = (10,20)
EWl = EXTERIOR-WALL

POLYGON = TRIANG3

X = 8

Y = 3.5

Z = 6

AZIMUTH = 180

TILT = 90

CONSTRUCTION = CONS1
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Space £

ENVELOPE

Local (polygon) Space Y
V3
W2 Local (polygon) =
W1
i B
3.5

Space X

Figure 12 Example 3 triangular wall

[The wall has a 90°0 tilt and 180° azimuth, located at X=8, Y=3.5, Z=6
in the space coordinate system. In the coordinate system local to the
triangle, the vertex coordinates are V1= (0,0), V2= (20,0) and V3=

In this example:

XY, Z

TILT

AZIMUTH

(10,20)]

are the coordinates of the origin of the polygon's local coordinate system
in the space coordinate system.

is the angle between the Z-axis of the space coordinate system and the
polygon outward normal, which is a vector, perpendicular to the plane of
the polygon, that points toward you as you face the polygon (see Figure
12). (The polygon outward normal is also defined as the cross product
between the vector from vertex 1 to vertex 2 and the vector from vertex
2 to vertex 3. It is also the cross product of the x and y axes of the
polygon's local coordinate system.) A vertical polygon has TILT=90. A
horizontal, upward-facing polygon (e.g., a horizontal roof) has TILT=0.
A horizontal, downward-facing polygon (e.g., an exposed floor) has
TILT=180.

is the angle, measured clockwise, between the x-axis of the space
coordinate system and the projection of the polygon outward normal
onto the SPACE x-y plane.

Note that windows, doors and building shades continue to be rectangular only, as in previous versions of
the program. They cannot be entered as polygons. However, windows and doors can be placed in
polygonal walls and building shades can shade polygonal walls.
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Figure 13 shows how to locate a window (or a door) on a polygonal wall. You position the window in the
polygon's local coordinate system.

V3

Yiocal Yiocal (18,24)
A V3 (a) A

(12,16)

7 N .4 L]

Window (4 | _ 6 _ 3

,,,,,,, V1(66) 119 V2 (30,6)
8 14 Wall Xiocal 6 :
| SN > . . »
V1 (0,0) V2 (24,0) Xiocal

Figure 13 Locating a window or door in a polygonal wall.

(The X and Y values of the lower left corner of the window are given in
the polygon’s local coordinate system. In (a), the first vertex of the
polygon coincides with the origin of the local coordinate system. In (b),
the first vertex of the polygon is displaced from the origin of the local
coordinate system)

In case (a) we have chosen the origin of the local coordinate system to be at the first vertex of the polygon
(i.e,, V1= (0,0)). The lower left hand corner of the window is at X==8, Y=4. Example input in this case is:

TRIANG4 = POLYGON

\al = (0,0)

V2 = (24,0)

V3 = (12,16)
EW2 = EXTERIOR-WALL

POLYGON = TRIANG4
WIN1 = WINDOW

X = 8

Y = 4

HEIGHT = 4

WIDTH = 7

In case (b), V1=(6,0) so that the polygon is displaced in its local coordinate system. The lower left hand
corner of the window is at X=14, Y=10. Example input in this case is:

TRIANG4 = POLYGON

\al = (6,6)

V2 = (3016)

V3 = (18,24)
EW2 = EXTERIOR-WALL

POLYGON = TRIANG4
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WIN1 = WINDOW

X = 14
Y = 10
HEIGHT = 4
WIDTH =7

To avoid confusion, we recommend that you always choose V1= (0,0), as in case (a). This means that when
you locate the window it is with respect to this vertex of the polygon.

Verification report (LV-N) lists all the exterior walls, interior walls, and windows with their vertex
coordinates in the building coordinate system.
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SITE-PARAMETERS

Specifies information about the building site.

Example input: The data entry below describes the site for a building in Los Alamos, New Mexico.
Daylight savings time is in effect

SITE-PARAMETERS

LATITUDE = 35.8

LONGITUDE = 106.3

ALTITUDE = 7200

TIME-ZONE =7

DAYLIGHT-SAVINGS = YES

GROUND-T = (45,45,45,50,50,55,55,55,55,50,50,45)
CLEARNESS-NUMBER = (1.05,1,05,1.08,1.10,1.13,1.15,

1.15,1.15,1.13,1.10,1.08,1.05)

LATITUDE

Angular distance in degrees from the plane of the equator to the origin of the building coordinate system.
Latitudes in the Northern hemisphere are specified in positive degrees, and in the Southern hemisphere in
negative degrees. If not specified, this value will be taken from the weather file.

LONGITUDE

Angular distance in degrees from the prime (Greenwich) meridian to the origin of the building coordinate
system. Longitudes west of Greenwich are positive, east of Greenwich are negative. If not specified, this
value will be taken from the weather file.

ALTITUDE

Distance of the origin of the building coordinate system above (positive) or below (negative) mean sea
level. If you want to input air flow rates instead of having the program adjust them for altitude,
ALTITUDE should be set to zero. If not specified, this value will be taken from the weather file.

TIME-ZONE

Specifies the time zone for a building relative to Greenwich as time zone 0. The values range from -1 to -12
for zones east of the prime meridian and from 1 to 12 for zones west of the prime meridian. If not
specified, this value will be taken from the weather file. The TIME-ZONE values for the United States are:

4-Atlantic 7-Mountain

5-Eastern 8-Pacific

6-Central 9-Yukon
10-Hawaii

DAYLIGHT-SAVINGS

Accepts a code-word specifying whether daylight savings time is used. When daylight savings is in effect it
means that one 23-hour day occurs in the spring, and one 25-hour day occurs in the fall. The building
schedules are adjusted accordingly with respect to solar noon. In the program, the clock time is moved
forward on the first Sunday of April, and back again the last Sunday of October.

YES Daylight savings is in effect

NO Disables daylight savings.
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GROUND-T
Takes a list of 12 local mean ground temperatures, one for each month. If not specified, the monthly values
will be taken from the weather file.

CLEARNESS-NUMBER

Takes a list of twelve local monthly clearness-numbers for each month of the year (see ASHRAE Trans.,
Vol. 64, p. 67). These apply when the clearness numbers on the weather file being used are not
appropriate.. If not specified, the monthly values will be taken from the weather file.

Wind Speed Modification Keywords

The following six keywords are used to obtain the local, free stream wind speed at the building from the
wind speed measured at the weather station. These keywords are modification factors that account for the
effect of terrain and obstructions at the weather station and at the building. The program alao modifies the
local wind speed according to the height of a space, given by the SPACE Z value. The local wind speed is
used by the program to calculate wind speed-dependent infiltration rates and outside air filim coefficients.
You can print the local windpseed as LOADS houtly report vatiable #58 for VARIABLE-TYPE = U-
name of space, and the weather file wind speed as LOADS houtly report variable #17 for VARIABLE-
TYPE=GLOBAL (see Appendix A, "Houtly Report Vatiable List," in the DOE-2.2 Topics).

SHIELDING-COEF
Modifies the local wind speed to account for changes in the wind pressure caused by local obstructions. A
value should be selected from Table 17.

Table 17 SHIELDING-COEF Values

SHIELDING-

Description COEF
No obstructions or local shielding whatsoever, e.g., desert. 0.32
Light local shielding with some obstructions (a few trees, small shed). 0.29
Moderate local shielding, some obstructions within two house heights, a 0.24
thick hedge or a solid fence, or one neighboring house (default)
Heavy shielding, obstructions around most of perimeter, buildings or trees 0.19
within 30 feet (10 meters) in most directions, typical suburban shielding,
Very heavy shielding, large obstructions surrounding perimeter within two 0.10
house heights, typical downtown shielding.

TERRAIN-PAR1

TERRAIN-PAR2

Used to modify the local free stream wind speed to account for ground roughness and height above
ground level at the building site. Select values from Table 18.
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Table 18 Terrain parameters

TERRAIN-PAR1 TERRAIN-PAR2
WS-TERRAIN- WS-TERRAIN-
Description PAR1 PAR2
Ocean or other body of water with at least 1.30 0.10
5km of unrestricted expanse.
Flat terrain with some isolated obstacles, 1.00 0.15
e.g., buildings or trees well separated from
each other
Rural area with low buildings, trees, etc. 0.85 0.20
Utrban, industrial, or forest area. 0.67 0.25
Center of a big city (Manhattan). 0.47 0.35

WS-TERRAIN-PAR1

WS-TERRAIN-PAR2

Used to modify the local free stream wind speed to account for ground roughness at the weather station.
The default values correspond to a flat terrain with isolated obstacles, which is typical of weather stations at

airports.

If the weather station is at the building site, set TERRAIN-PAR1=WS-TERRAIN-PAR1 and TERRAIN-
PAR2=WS-TERRAIN-PARZ (since no correction is needed for differences in terrain between weather
station and building).

WS-HEIGHT

Height above ground level at which the wind speed measurement was made.

ATM-TURBIDITY
This keyword is used in the daylighting calculation to determine exterior daylight availability. It should be
entered only if both of the following are true:

1. Atleast one space has DAYLIGHTING=YES, and

2. The weather file does not have measured solar radiation. This keyword is not required for weather
files that do have measured solar radiation (such as TMY, TMY2, WYEC and WYEC2).

When using daylighting, takes a list of 12 monthly values of atmospheric turbidity (a measure of the
amount of particulate pollutants in the atmosphere). Table 19 shows values for selected U.S. locations.
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Table 19 Monthly Average Atmospheric Turbidity for U.S. Cities

City St | ] F M A M j j A s o N D

Eielson AFB, AL 03 03 A1 A1 20 07 .09 12 07 04 04 04

\S)

Little Rock, AR A1 16 17 22 22 .20 22 .20 19 13 .10 09
Phoenix, AZ 05 .06 07 .08 08 08 08 07 07 06 07 07
Tucson, AZ 05 .05 .06 07 07 07 07 07 07 06 .06 07
Edwards AFB, CA 02 02 .06 .09 09 08 08 08 07 .06 04 04
Fresno, CA .06 .08 .08 .05 A1 .06 .06 .05 .08 07 05 03
Los Angeles, CA A1 14 15 .16 18 21 20 21 19 17 A1 A1
Santa Maria, CA 09 A3 16 19 23 20 17 18 22 20 15 09
Alamosa, CO 09 A1 12 15 13 .10 .10 .06 07 07 07 07
Bouldet, CO 04 .05 07 09 .08 07 07 07 07 .05 .05 04
Washington, DC 12 14 .16 18 .20 22 24 21 18 .16 13 14
Appalachicola, FL, 13 14 .16 21 24 24 23 24 25 19 20 14
Cape Canaveral, FL. .10 11 13 13 19 20 17 17 19 17 A1 10
Gainesville, .08 .08 .10 14 14 17 21 21 22 13 .08 .06
Miami, FL A1 14 15 20 21 21 21 20 18 17 14 12

Tallahassee, FL.
Dodge City, KA
Lake Charles, LA

09 A1 A1 14 18 22 25 22 .20 .10 07 07
03 04 04 06 08 07 09 09 08 04 03 04
13 14 .16 21 24 24 23 24 25 .19 20 14

Idaho Falls, ID 03 04 .06 07 07 07 .06 .06 06 05 04 03
Chicago, IL 15 18 21 18 18 19 22 .16 .16 14 13 15
Salem, IL. 09 .10 16 17 21 22 23 21 17 .16 10 09
Blue Hill, MA 07 07 .09 A1 13 .16 17 13 .08 07 07 .06
Boston, MA 09 10 A3 .16 18 17 18 17 1 11 .08 07
Baltimore, MD 12 18 18 .19 22 27 31 32 31 12 17 18

College Park, MD 07 .08 A3 17 23 21 13 23 17 13 .08 07

Caribou, ME
Great Falls, MN
St. Cloud, MN
Columbia, MO
St. Louis, MO

.05 06 05 08 07 08 09 08 05 .05 03 .05
05 .06 07 08 08 07 07 07 07 06 06 .05
.08 .06 .08 13 A1 .09 A1 .10 08 .06 .05 .05
04 .05 .05 07 09 .09 .09 .09 08 04 03 04
12 12 16 17 21 20 22 19 19 12 12 A1

—_ ol =, N W W R, LR, N, e, L LW R AR LW LR, D W, WD, W

Meridian, MS .07 07 07 .09 12 15 15 13 11 .07 07 .07
Missoula, MT .06 07 07 .08 .09 .07 .07 .06 .09 .08 07 07
2* Source:

1. Flowers, R. A. McCormick, and K. R. Kurfis, Atmospheric Turbidity over the United States, 1961-66, Journal of Applied
Meteorology, Vol. 8, No. 6, 1969, pp. 955-962.

2. Global Monitoring of the Environment for Selected Atmospheric Constituents, 1977, Environmental Data and
Information Service, National Climatic Center, Asheville, NC, June 1980.

3. SOLMET Vol. 2, Hourly Solar Radiation Surface Meteorological Observations , Final Report TD-9724, National
Climatic Center, Asheville, NC, June 1979, as quoted in M. Igbal, AN INTRODUCTION TO SOLAR RADIATION ,
Academic press, 1983, p.120.

4. Gueymard, C. and McCluney, R.M., The Average Beam, Global Horizontal and Global Normal Radiation, Sunshine
Probability and Turbidity at Cape Canaveral, FL, Proc. Solar 92 The National Solar Energy Conference, Cocoa Beach, FL,
1992.
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N. Omaha, NB 04 .05 .05 07 .09 09 09 09 .08 .04 03 04
Cape Hatteras, NC .06 .08 09 12 15 17 24 25 21 .09 07 .05
Gteensboro, NC 07 .08 09 A1 14 24 22 21 14 08 07 07
Raleigh, NC 07 .08 .10 13 15 25 23 23 17 .10 09 07
Bismark, ND 05 07 12 13 12 11 12 11 07 .06 03 03
Ely, NE 05 06 07 08 08 08 08 07 07 06 07 07
Albuquerque, NM 03 04 04 .06 05 04 04 05 03 .03 02 02
Albany, NY .10 09 A1 12 14 14 15 15 14 11 10 09
Brookhaven, NY 07 .07 10 A1 12 14 15 11 12 07 07 07
New York, NY .10 .10 14 15 17 18 22 20 .16 14 10 .08
Cincinnati, OH 07 09 12 13 14 .20 .20 19 17 12 .10 .08
Toledo, OH 09 .08 12 A1 15 13 15 A1 09 .05 06 .06

Youngstown, OH 14 14 .16 .19 25 .29 22 28 22 17 15 13

Medford, OR
Pendleton, OR

09 13 16 19 23 20 17 18 22 20 15 09
.10 12 16 20 19 19 .16 15 A1 .09 09 09

S B SR NG R (ST (O R O R O R B O O S L B G R (S T G B NS R S R O N Bl * S R LI GV GRS B G I O}

Philadelphia, PA 12 15 18 20 22 25 27 23 17 15 14 14
Chatleston, SC .06 .08 09 12 15 17 24 25 21 .09 07 .05
Huron, SD 04 05 07 07 08 09 08 07 07 06 .05 04
Memphis, TN .08 .08 .10 .16 15 A8 19 .16 .16 09 10 08
Nashville, TN 09 11 13 15 17 20 19 17 15 13 A1 09
Oak Ridge, TN .10 14 13 17 33 .26 37 31 .25 13 09 09
Brownsville, TX .05 .06 07 .08 .08 .08 .08 07 07 .06 07 07
College Stn., TX .10 10 A1 12 13 .08 15 12 11 09 .08 07
El Paso, TX 05 .06 07 .08 .08 .08 .08 .07 .07 .06 07 07
Ft. Worth, TX 04 .08 09 12 12 13 13 19 14 .08 04 04
Grand Prarie, TX 07 12 .16 .16 .36 .35 .36 .53 45 23 19 21
Victotia, TX 03 03 05 02 08 08 06 .05 04 04 03 02
Seattle, WA 09 13 .16 19 23 .20 17 18 22 .20 15 09
Green Bay, W1 09 09 15 .16 19 17 .16 .10 09 .10 .05 06
Madison, WI 05 .06 07 .10 13 11 11 12 .08 07 07 05
Elkins, WV 07 .07 09 14 15 21 21 19 14 07 07 07

This table contains values for the Angstrom turbidity coefficient (3)

If the location being analyzed is not in the table, choose values for a location with a similar level of
atmospheric pollution. If a similar climate cannot be found, a set of twelve constant monthly values can be
assigned according to the categories in Table 20:
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Table 20
Yearly Average Atmospheric Turbidity for U.S. Regions

Category Atmospheric Turbidity
Rural Area 0.07
Utban Area 0.12 (default)
Industrial Area 0.16

Notes

1. One, and only one, SITE-PARAMETERS instruction must be entered for each separate program
run. It should be input before any commands that describe the building or anything associated
with it (e.g., SPACE or CONSTRUCTION).

2. 1f GROUND-T and CLEARNESS-NUMBER are not input, the values will be taken from the
weather file.

3. If LONGITUDE, LATITUDE, or TIME-ZONE ate not specified, the values will be taken from
the weather file.

4. The effect of terrain on the wind speed at the building is described with the keywords TERRAIN-
PAR1, TERRAIN-PAR2, etc.
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SPACE

Provides information associated with a space. U-name must be used to identify the space so that it can be
referenced in SYSTEMS input. LIKE may be used to copy data from a previously U-named SPACE
instruction. LIKE only copies the SPACE instruction and does not carry with it walls, roof, or floors.

Example input:

An 8-ft high space with a floor area of 800 ft2 is located 15 ft east along the south wall of a building aligned
in a N-S ditection. The overhead lighting is fluorescent (2W/{t2) with some task lighting (300W). There is a
1-hp motor (1 hp = 0.745 kW) in the space running at 80 percent efficiency (thus 20 percent of its energy
consumption shows up as heat added to the space). Infiltration is 2 air changes per hour, and six people
occupy the space. The space is conditioned.

OFFICE = SPACE

X = 15.
Y = 0.
AZIMUTH = 0.
AREA = 800.
VOLUME = 6400.
PEOPLE-SCHEDULE = MANHR-1
NUMBER-OF-PEOPLE = 6
PEOPLE-HG-LAT = 200
PEOPLE-HG-SENS = 250
LIGHTING-SCHEDULE = HILITE
LIGHTING-TYPE = SUS-FLUOR
LIGHTING—W/AREA = 2
LIGHT-TO-SPACE = 1.0
TASK-LIGHT-SCHED = LOLITE-1
TASK-LIGHTING-KW = 0.3
EQUIP-SCHEDULE = MOTOR-1
EQUIPMENT-KW = 0.75
EQUIP-SENSIBLE = 0.2
INF-METHOD = AIR-CHANGE
AIR—CHANGES/HR = 2.
ZONE-TYPE = CONDITIONED
General

Before specifying the input data for SPACE, you should understand some of the logic built into the
program. All of the heat sources associated with a particular space do not necessarily affect the heating and
cooling loads of that space. Some sources contribute all of their heat to the space and others only part of
their heat.

The heat that does not enter the space is consumed by a product or process, is added to the return air duct
ot plenum, or is exhausted from the space. You control the fraction of heat that enters the space with the
LIGHT-TO-SPACE keyword for overhead lighting and the sensible and latent keywords for process loads.

That portion of the heat that does not enter the space has no effect upon the subsequent sizing of HVAC
equipment. The corresponding energy demand is, however, added to the demands made on the equipment,
ot purchased utilities, in the primary systems simulator. It is not charged to the secondary HVAC system.

When the program sizes equipment in the primary systems simulator, it adds all of the space
heating/ cooling loads, all of the space process loads, and the building-level utility loads (elevators, extetior
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lighting, and domestic hot water) and then sizes the equipment accordingly to meet the total. This way, the
total utility demands for the building will be correct and the secondary HVAC system will not be charged
with energy that rightfully belongs to the process in the building. Only that portion of the process load that
enters the spaces as a heating/ cooling load will show up in the secondary HVAC system.

It is important that all of the lighting, equipment, and utilities supplied to a space, for whatever reason, be
included in the SPACE instruction. This includes process equipment and process utilities. If any loads are
omitted, the secondary HVAC equipment may be propetly sized but the primary equipment will probably
be undersized. Do not, however, include the HVAC equipment items (fans, coils, etc.) because they are
addressed separately by the program. Also, do not include building level loads such as domestic hot water,
elevators, etc. because these loads are not associated with any particular space but rather are associated with
the entire building.

You should pay close attention when specifying SCHEDULEs. All the SCHEDULE:S associated with the
SPACE, except INF-SCHEDULE, default to the off mode of operation. This means that even though the
maximum output of the equipment, lights, etc. has been specified, the equipment and lights will not be
turned on, unless you specify this mode of operation in the SCHEDULES . Naturally, if you fail to turn the
equipment and lights on, the simulation will be faulty.

U-name must be specified for this instruction in order for it to be referenced in the SPACE command.
LIKE may be used to copy data from a previously U-named SPACE instruction.

ZONE-TYPE

Identifies whether the space is conditioned (i.e. heated and/or cooled), unconditioned, ot a plenum. For
LOADS calculations, a plenum is identical to unconditioned space. All SPACE keywords are allowed in
CONDITIONED, UNCONDITIONED, and PLENUM spaces. The loads for an unconditioned space
ot a plenum will not appear in the building-level reports, LS-C, LS-D, and LS-F.

CONDITIONED Space is heated and/or cooled.

UNCONDITIONED Space is neither heated nor cooled.

PLENUM Space is a return air plenum.
AREA

Floor area of the space. This keyword is required unless the SHAPE or POLYGON keywords are used.

VOLUME
Space air volume. This keyword is required unless the SHAPE or POLYGON keywords are used.

TEMPERATURE

The space air temperature used for the LOADS calculation. The value should be midway between the
heating and cooling setpoints. It is best set equal to the design cooling temperature or design heating
temperature, whichever will most probably be used to set the HVAC equipment size (air flow rate for air
systems). For an unconditioned space, the TEMPERATURE value should be roughly equal to the average
space temperature.

MULTIPLIER

Specifies the number of spaces that are identical to this SPACE. Use of this keyword reduces the amount
of required data entry, but does not actually create other spaces. The program will calculate the loads for the
space defined and multiply these loads by MULTIPLIER.

111 SPACE



DICTIONARY ENVELOPE

If a STANDARD or AIR type INTERIOR-WALL is defined in the space, the heat transfer to the NEXT-
TO space is multiplied by MULTIPLIER. You must enter a wall area for INTERIOR-WALLSs
corresponding to that in the space being multiplied. Because it creates an ambiguity with regard to the area
of the interior wall between them, it is always an error for MULTIPLIER to be different from 1.0 in both
of two adjacent spaces connected by STANDARD or AIR type INTERIOR-WALLs.

The MULTIPLIER or FLOOR-MULTIPLIER keywords in the SPACE command should be used only
when the several spaces being modeled in this fashion are equivalent, with respect to thermodynamics
and/or daylighting. Extetior shading, for example, must be the same for each of the spaces included. When
there are adjacent spaces that are presumably identical, there should be negligible heat transfer between the
spaces.

FLOOR-MULTIPLIER

Used to simplify the input for a multistory building. Equals the number of floors that are
thermodynamically identical and where there is negligible heat transfer from floor to floor. FLOOR-
MULTIPLIER multiplies space loads but does not multiply heat transfer through the SPACE's interior
walls. The overall multiplier on the space load is (MULTIPLIER) x (FLOOR-MULTIPLIER).

Normally, you should allow this keyword to default to its parent FLOOR:MULTIPLIER.

SUNSPACE

If SUNSPACE=YES, this space is considered to be a sunspace, which allows the space to be directly
vented with outside air to prevent overheating (see ZONE keywords SS-VENT-SCH, SS-VENT-T-SCH,
etc.), and, if the space has INTERIOR-WALLSs, allows the heat transfer across these walls into adjacent
spaces by convection, delayed conduction, and solar transmission will be calculated. For more information,
see "Sunspaces"” in the DOE-2.2 Topics. Some tules about sunspaces ate:

1. A building can have more than one sunspace. There can be more than one sunspace on a system.

2. INTERIOR-WALL:s in a sunspace can have windows. The program calculates solar transmission
through such interior windows.

3. A sunspace or a non-sunspace can have at most one INTERIOR-WALL with convective heat
exchange (AIR-FLOW-TYPE = FORCED-RECIRC, FREE-RECIRC, OPEN-DOORWAY,
or FORCED-OA-PREHT in the WALL-PARAMETERS command).

4. A sunspace and an adjacent non-sunspace can share several INTERIOR-WALL:s (only one of
which can have convective heat transfer). The conductive heat exchange is calculated separately
for each INTERIOR-WALL.

5. Two sunspaces can be adjacent, but any windows in the common INTERIOR-WALL will be
ignored, convective exchange across the wall will not be calculated, and the effect on the
conduction through the wall due to absorbed solar radiation will not be considered.

6. A daylighting simulation can be done for a sunspace (by entering DAYLIGHTING = YES and
setting daylighting related keywords), but the program cannot directly calculate daylight passing
through interior windows from the sunspace to adjacent spaces.

Geometry

The following set of keywords define the geometry of a space.
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SHAPE
Accepts a code-word defining the shape definition methodology:

BOX indicates that the SPACE is box-shaped. In this case, values must be
given for the box dimensions HEIGHT, WIDTH, and DEPTH. AREA
and VOLUME should not be entered. The advantage of using
SHAPE=BOX is that the walls of the space can be easily positioned on
the faces of the box by using LOCATION=TOP,
LOCATION=RIGHT, etc. in the EXTERIOR-WALL, INTERIOR-
WALL, and UNDERGROUND-WALL commands (see Figure 14).

POLYGON indicates that the shape of the space will be given by a polygon
referenced with the POLYGON keyword. In this case, HEIGHT can be
specified, but WIDTH, DEPTH, AREA and VOLUME should not be.

NO-SHAPE indicates that the space will not be defined as either a box or polygon.
AREA and VOLUME must both be entered.

Y
Origin of the/'\ ~ X z
Space SO/
Coordinate >
System

Figure 14 The faces of a BOX in the space coordinate system

HEIGHT
Height of the space. Used only when the SHAPE or POLYGON keywords are entered for the SPACE.
The default is the height of the space’s FLOOR. If entered, AREA and VOLUME should not be used.

WIDTH
Width of the space. Used only when SHAPE=BOX is specified, in which case it is the dimension of the
box along its x-axis. If entered, AREA and VOLUME should not be used.

DEPTH
Depth of the space. Used only when SHAPE=BOX is specified, in which case it is the dimension of the
box along its y-axis. If entered, AREA and VOLUME should not be used.
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X

Y

y4

X, Y, and Z (Figure 15) give the location of the origin of the space coordinate system in the floor
coordinate system. If SHAPE=BOX they give the location (in the floor coordinate system) of the lower
left corner of the front of the box when facing the box. If the POLYGON keyword is specified for this
space, X, Y, and Z are the coordinates of the first vertex of the polygon (which represents the footprint of
the space) floor coordinate system.

If this space is located by specifying the vertex of the space’s floot’s polygon, X, Y, and Z will default to the
coordinates of the floor polygon. See "Geometry" in the DOE-2.2 Topics.

Floor

Z-Axis
A Space
Z-Axis
Origin of
Space
Coordinate

Projection of
Space Y-Axis

Floor X-Axis

\ Origin of Floor

Coordinate System

Figure 15 Positioning the origin of the space coordinate system.
(X, Y, and Z give the location of the origin of the space coordinate
system in the floor)

AZIMUTH
Angle between the y-axis of the floor coordinate system and the y-axis of the space coordinate system
Refer to Figure 15 and "Geometty" in the DOE-2.2 Topics).

POLYGON

Takes the U-name of a previously-entered POLYGON command. This polygon becomes the footprint of
the space. The program extrudes this polygon by an amount equal to HEIGHT to obtain a 3-D volume
(see Figure 16). Walls, floor, and ceiling can be positioned on the top, bottom, and side faces of this volume
using LOCATION=TOP, BOTTOM, SPACE-V1, SPACE-V2, etc. in the EXTERIOR-WALL,
INTERIOR-WALL, and UNDERGROUND-WALL commands.
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\ HEIGHT

V2
Polygon

V1

Figure 16 Space extrusion from a polygon

LOCATION

LOCATION provides an easy way of locating a space within a floor without having to use X,Y,Z and
AZIMUTH. FLOOR-V1 positions the space with its origin at floor vertex 1 and with the space x-axis
along the line running from floor vertex 1 to floor vertex 2. Similarly, FLOOR-V2 positions the space
origin at floor vertex 2 with the space x-axis along the line from floor vertex 2 to floor vertex 3.

For quadtilateral floors, FRONT, BACK, RIGHT and LEFT can be used for clarity. FRONT is equivalent
to FLOOR-V1, RIGHT to FLOOR-V2, BACK to FLOOR-V3, and LEFT to FLOOR-V4.

PLENUM-SPACE creates a space with the same area as the floor but located at SPACE-HEIGHT
(specified in the FLOOR command) above the floor. FLOOR-SPACE just creates a space that occupies
the entire floor.

Occupancy

The following set of keywords define the number of people present in a space, their sensible and latent heat
gain, and their occupancy patterns

PEOPLE-SCHEDULE

Takes the U-name of a schedule (with TYPE=MULTIPLIER) for space occupancy as a function of time.
Schedule inputs are fractions of maximum occupancy (as determined by NUMBER-OF-PEOPLE or
AREA/PERSON). If PEOPLE-SCHEDULE is not enteted the schedule value will default to zero and
the space will be simulated with no people.

NUMBER-OF-PEOPLE

Maximum number of people occupying a space during the run period. The actual number of people
present in the space during any given hour is the value assigned to this keyword, multiplied by the fractional
value for that hour as given by PEOPLE-SCHEDULE. The number of people times the heat gain per
person (see PEOPLE-HEAT-GAIN, PEOPLE-HG-LAT and PEOPLE-HG-SENS) determines the
hourly sensible and latent heat gain from occupants.

PEOPLE-HEAT-GAIN

The maximum combined latent and sensible heat gain per person to the space. Table 21 gives typical values
for different activity levels. The program calculates the split between sensible and latent components using
a fixed air temperature of 75F (23.9C). The program determines the houtly heat gain from occupants from
PEOPLE-HEAT-GAIN, PEOPLE-SCHEDULE and NUMBER-OF-PEOPLE or AREA/PERSON.
Because the default is zero, a value must be input.
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Table 21 PEOPLE-HEAT-GAIN Values for Different Activity Levels?

PEOPLE-HEAT-GAINP
Degree of Activity Typical Application Btu/hr W

Seated at Theater Theater 350 103
Seated/Very Light Work Offices, Motels, Apts 400 117
Moderately Active Office Work  Offices, Hotels, Apts 450 132
Standing, Light Work, Walking ~ Department/Retail Store 450 132
Walking, Standing Drugstore, Bank 500 147
Sedentary Work Restaurant 550 161
Light Bench Work Factory 750 220
Light Machine Work Factory 1000 293
Heavy Work Factory 1450 425
Athletics Gymnasium 1800 527
sFrom 1997 ASHRAE Handbook of Fundamentals, Table 3, Chapter 28

bBased on a normal percentage of men, women, and children for the application listed

PEOPLE-HG-LAT

Along with PEOPLE-HG-SENS, an alternative to setting PEOPLE-HEAT-GAIN. The latent and
sensible heat gain components can be specified by the user, rather than letting the program calculate the
split.

PEOPLE-HG-SENS
Along with PEOPLE-HG-LAT, an alternative to setting PEOPLE-HEAT-GAIN. The latent and sensible
heat gain components can be specified by the user, rather than letting the program calculate the split.

AREA/PERSON
An alternative to specifying number of people. The program calculates the number-of-people by dividing
the space area by this keyword. A typical value for offices is 100 ft2 per person.

Overhead Lighting

The following set of keywords define the characteristics of the lighting system.

LTG-SPEC-METHOD
Takes a code-word that determines how the overhead electric lighting is to be described.

POWER-DEFINITION  You specify the installed lighting power or installed lighting power
density, and associated lighting schedule. In this case, the lighting
electrical consumption is calculated each hour by multiplying the installed
lighting power by the lighting schedule value. The electric lighting
illuminance is not calculated. For more details on this method, see the
description of the LIGHTING-KW, LIGHTING-W/AREA and
LIGHTING-TYPE keywortds in the SPACE command.

LUMINAIRE-COUNT You specify lamp type, luminaire type and number of luminaires, and
associated lighting schedule. In this case the program calculates the
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lighting power for the luminaire/lamp assembly and then multiplies this
by the number of luminaires and the lighting schedule value. The electric
lighting illuminance is also calculated. The Library contains a vatiety of
luminaires that you can choose from (see Appendix B of the DOE-2.2
Topics). The Library also contains a range of lamp sizes and types (see
Appendix H of the DOE-2.2 Typics). For more details on this method see
the description of the LIGHTING-SYSTEM, LUMINAIRE-TYPE and
LAMP-TYPE commands and the overhead-lighting related keywords in
the SPACE command.

You specify the lamp type, luminaire type and desired electric lighting
illuminance when the lights are fully on. In this case the program first
calculates the number of luminaires needed to meet the illuminance
setpoint. Then it determines the lighting power for each luminaire and
multiplies this by the lighting schedule value. For more details on this
method see the description of the LIGHTING-SYSTEM,
LUMINAIRE-TYPE and LAMP-TYPE commands and the overhead-
lighting related keywords in the SPACE command.

Table 22 shows the SPACE lighting-related keywords associated with each of the above code-words.

Table 22 Space Lighting Specification Methods

LTG-SPEC-METHOD

Associated SPACE Keywords

POWER-DEFINITION

LIGHTING-KW

or LIGHTING-W/AREA
LIGHTING-TYPE
LIGHTING-SCH

LUMINAIRE-COUNT

NO-OF-LUMINAIRES
LIGHTING-SYSTEM
LUM-SPACE-DIV
CEIL-TO-LUM-DIS
WORKPLANE-HEIGHT
LIGHTING-SCH

ILLUMINANCE

ELEC-ILLUMINANCE
LIGHTING-SYSTEM
LUM-SPACE-DIV
CEIL-TO-LUM-DIS
WORKPLANE-HEIGHT
CEIL-TO-LUM-DIS
LIGHTING-SCH

LIGHTING-SCHEDULE

Takes a list of schedule names for each of up to 5 lighting subsystems. Each hour the peak connected
electric lighting power for each subsystem is multiplied by the corresponding schedule value. LIGHTING-
SCHEDULE applies whether you specify electric lighting with LIGHTING-SYSTEM or with
LIGHTING-W/AREA and/or LIGHTING-KW.
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For example, if a space has one lighting system, with schedule SCH-1, then LIGHTING-SCHEDULE =
SCH-1. If a space has two lighting subsystems, one with schedule SCH-1 and one with schedule SCH-2,
then LIGHTING-SCHEDULE = (SCH-1, SCH-2). If both subsystems have the same schedule, SCH-1,
then LIGHTING-SCHEDULE = (SCH-1, SCH-1).

LIGHTING-TYPE

If LIGHTING-W/AREA or LIGHTING-KW is specified, LIGHTING-TYPE takes a list of codewords
for up to five lighting subsystems that determine the radiative/ convective split of heat from the lights
(which is used in the room weighting factor calculation). Allowed values are the following:

SUS-FLUOR Suspended, surface mounted ot recessed/non-vented fluorescent or
HID.

REC-FLUOR-NV Recessed fluorescent or HID not vented to return air or supply air.

REC-FLUOR-RV Recessed fluorescent or HID vented to return air.

REC-FLUOR-RSV Recessed fluorescent or HID vented to supply and return air.

INCAND Incandescent or tungsten-halogen.

Return Air Plenum
Suspended
k Ceiling
(eXeXele ] /0000
Not vented Vented to
return air
Not vented V
Vented to supply
air and return air
L-T = REC-FLUOR-NV L-T = REC-FLUOR-RSV
L-T = INCAND LT = SUS-FLUOR ‘ L-T = REC-FLUOR-RV
Incandescent or Fluorescent or HID
Tungsten-Halogen
Fixture

Figure 17 Examples of LIGHTING-TYPEs

For LTG-SPEC-METHOD = POWER-DEFINITION, one or both of the following two keywords can
be specified:

LIGHTING-W/AREA

Takes a list of values of electric lighting power per unit space floor area, including ballasts where applicable,
for each of up to 5 lighting subsystems. Whether or not the subsystem serves the entire space, the value
entered should be the total peak power for the subsystem (before multiplying by the lighting schedule)
divided by the total space floor area. Each subsystem can have a different lighting schedule (see
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LIGHTING-SCHEDULLE, below). Example input: if a space has two lighting subsystems, one with 0.5
W/ft2 and the other with 1.0 W/ft2, then LIGHTING-W/AREA = (0.5,1.0).

LIGHTING-KW

Takes a list of values of kilowatts of electric lighting power, including ballasts where applicable, for each of
up to 5 lighting subsystems. The values entered should be peak connected power before multiplying by the
lighting schedule. Each subsystem can have a different lighting schedule (see LIGHTING-SCHEDULE,
below). If both LIGHTING-W/AREA and LIGHTING-KW ate entered, their contributions will be
added.

Table 23
Distribution of Energy from LIGHTING-KW or LIGHTING-
W/AREA
Approximate percent for
Type of Energy Fluorescent  Incandescent
Visible Light 19 10
Infrared 31 72
Convection, Conduction 36 18
Ballast 14 0
(Eventually all the energy gets converted into SPACE load.)

LIGHTING-SYSTEM

Takes a list of up to 5 U-names of previously defined LIGHTING-SYSTEM commands. Thus a space can
have up to 5 different overhead lighting subsystems. Each subsystem can have a different schedule (see
LIGHTING-SCHEDULE). If a space has just one room, then each subsystem can serve all or part of the
room (see LUM-ZONE-FRAC). If the space has several rooms, then a room or groups of rooms can be
assigned to different subsystems. If a space has several identical rooms, then LUM-SPACE-DIV can be
used to simplify input and get a more accurate illuminance calculation. The electric lighting power for a
space can be also be specified with the keywords LIGHTING-W/AREA and/or LIGHTING-KW. If
either or both of these are entered than LIGHTING-SYSTEM should not be entered.

One, but not both, of the following two keywords is required if LIGHTING-SYSTEM is specified:

NO-OF-LUMINAIRES

For LIGHTING-SPEC-METHOD = LUMINAIRE-COUNT, takes a of list of up to 5 values of the
number of luminaires corresponding to each of the subsystems in the above LIGHTING-SYSTEM list.
The program will calculate the electric illuminance from the specified number of luminaires. Alternatively, if
the following keyword, ELEC-ILLUMINANCE, is entered, then the program will calculate the number of
luminaires (rounded up to the nearest whole number) for each subzone required to meet the specified
illuminance values. In this case, NO-OF-LUMINAIRES should not be entered.

ELEC-ILLUMINANCE

For LIGHTING-SPEC-METHOD = ILLUMINANCE, takes a list of up to 5 values of the illuminance
to be produced by each of the subsystems in the above LIGHTING-SYSTEM list. The program will
calculate the number of luminaires for each subsystem required to meet the specified illuminance values.
Alternatively, if NO-OF-LUMINAIRES is entered, then the program will calculate the illuminance from
each subsystem. In this case, ELEC-ILLUMINANCE should not be entered. ELEC-ILLUMINANCE
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should only be used if the space consists of one room or several identical rooms (in which case LUM-
SPACE-DIV can be specified). If the space consists of several non-identical rooms, you should use NO-
OF-LUMINAIRES (but the calculated illuminance will be inaccurate), or you can divide the space into
separate rooms.

LUM-SPACE-DIV

The number of rooms to divide a space into for the lighting calculation. It can be used to give a more
accurate electric lighting calculation when a SPACE consists of two or more rooms that have the same size,
surface reflectances, and lighting systems. An example would be a perimeter space with several identical
offices. The program will divide the space into LUM-SPACE-DIV identical rooms. If NO-OF-
LUMINAIRES is specified, it should be the number per room, and the program will calculate the
associated electric illuminance using coefficients of utilization for a single room rather than for the space as
a whole. If ELEC-ILLUMINANCE is specified the program will calculate the number of luminaires in
each room required to produce that lighting level. In either case, the program will calculate the total lighting
power for the space as the power per room times LUM-SPACE-DIV.

CEIL-TO-LUM-DIS

For LIGHTING-SPEC-METHOD = LUMINAIRE-COUNT or ILLUMINANCE, takes a list of up to
5 values of the distance from the ceiling to the center plane of the luminaires in each of the subsystems in
the LIGHTING-SYSTEM list. This keyword defaults to 0.0 for all subsystems, so need only be specified
for suspended luminaires (those for which LUMINAIRE-CONFIG in the corresponding LIGHTING-
SYSTEM command is SUSPEND-OPEN or SUSPEND-CLOSED). For sloped ceilings use average
ceiling to luminaire distance.

WORKPLANE-HEIGHT

For LIGHTING-SPEC-METHOD = LUMINAIRE-COUNT or ILLUMINANCE, the distance from
the floor to the workplane at which illuminance is determined. Required if LIGHTING-SYSTEM is
specified. This keyword takes a single value that applies to all of the lighting subsystems.

Distribution of Heat from Overhead Lights

The following keywords are used with all LTG-SPEC-METHODs. They determine how the heat from
overhead lighting is distributed between the space, the return air, or an adjacent SPACE. If these keywords
are specified they apply to all of the lighting subsystems in the SPACE. If these keywords are allowed to
default and LTG-SPEC-METHOD = POWER-DEFINITION, the default values, shown in Table 24,
apply separately to each subsystem according to its LIGHTING-TYPE. If these keywords are allowed to
default and LIGHTING-SPEC-METHOD=LUMINAIRE-COUNT or ILLUMINANCE, the default
values, shown in Table 25, are determined by the charactetistics of the first subsystem in the LIGHTING-
SYSTEM list and these values apply to all of the subsystems in that list.

When it is appropriate to have a non-zero value for LIGHT-TO-OTHER, its value should be chosen in
the following way: assume that the return air path is through a duct and estimate the values of LIGHT-TO-
SPACE and LIGHT-TO-RETURN under conditions of maximum air flow; now set LIGHT-TO-
OTHER = 1.0 - WIGHT-TO-SPACE) - (LIGHT-TO-RETURN). This procedure is valid even if you
intend to simulate return air plenums in SYSTEMS. Depending upon the type of system being modeled in
SYSTEMS, or upon the choice for RETURN-AIR-PATH in the SYSTEM command, the light heat that
you have assigned to the return air path through the use of LIGHT-TO-RETURN will be treated as
follows. If the HVAC system is zonal (that is, if SYSTEM:TYPE is UHT, UVT, HP, TPFC, FPFC, TPIU,
FPIU, PTAC, or PVVT) or RETURN-AIR-PATH = DIRECT, QRETURN will be added to the zone
load in SYSTEMS. If plenum zones are defined in SYSTEMS, then the return air path, along with
QRETURN, is assumed to pass through the plenum zones. If there is a variable-volume fan, then the light
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heat to the return air is proportional to the airflow rate to the zone, with the residue of QRETURN being
added to the zone load.

LIGHT-TO-SPACE

Fraction of the heat from overhead lighting that goes into the space. The rest goes into the return air or
into an adjacent space, as determined by the keywords LIGHT-TO-OTHER, LIGHT-TO-RETURN,
LIGHT-HEAT-TO, and LIGHT-RAD-FRAC.

LIGHT-TO-OTHER

The fraction of light heat that is deposited in an adjacent space. Unless the light fixture is in contact with an
adjacent space or unless the interior wall between this space and the adjacent space is translucent or
transparent, LIGHT-TO-OTHER should be zero.

LIGHT-HEAT-TO

Takes the U-name of an unconditioned or plenum space. This space receives the fraction of light heat
specified as LIGHT-TO-OTHER. This is a required keyword if LIGHT-TO-OTHER > 0. Only
unconditioned or plenum spaces may be the recipients of such heat from lights

Table 24 Default values by LIGHTING-TYPE
for LTG-SPEC-METHOD=POWER-DEFINITION

LIGHT- LIGHT- LIGHT- LIGHT-RAD-FRAC
TO- TO- TO- ]
L. This Other

Lighting Type Code Word SPACE OTHER RETURN Space Space
Fluorescent or HID lamp in a SUS-FLUOR 1.0 0.0 0.0 0.67 1.0
suspended or surfacemounted
luminaire
Fluorescent or HID lamp in a REC-FLUOR- 0.8 0.0 0.2 0.59 0.09
recessed (return air vented) RV
luminaire
Fluorescent or HID lamp in a REC-FLUOR- 0.8 0.0 0.2 0.19 0.09
recessed (return and supply RSV
vented) luminaire
Fluorescent or HID lamp in a REC-FLUOR- 1.0 0.0 0.0 0.67 0.09
recessed (non vented) luminaire NV
Incandescent or tungsten halogen ~ INCAND 1.0 0.0 0.0 0.71 1.0
lamp in any type of luminaire
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Table 25 Ddefault values for
LTG-SPEC-METHOD=LUMINAIRE-COUNT or
ILLUMINANCEN

LIGHT- LIGHT- LIGHT- | LIGHT-RAD-FRAC
Lightmg Type of First TO- TO- TO- This Other

Lighting Subsystem SPACE OTHER RETURN Space Space

Fluorescent or HID lamp 1.0 0.0 0.0 0.67 0.09
in a non-vented luminaire

Fluorescent or HID lamp 0.8 0.0 0.2 0.59 0.09
in a vented luminaire

Incandescent or tungsten- 1.0 0.0 0.0 0.71 1.0
halogen lamp in any type of
luminaire

Fluorescent or HID lamp 1.0 0.0 0.0 0.67 0.09
in a recessed (non vented)
luminaire

Incandescent or tungsten 1.0 0.0 0.0 0.71 1.0
halogen lamp in any type of
luminaire

LIGHT-TO-RETURN

The fraction of light heat that goes directly into the return air stream. Unless the return air passes through
the light fixtures, LIGHT-TO-RETURN should be zero. The default is 1.0 — (LIGHT-TO-SPACE +
LIGHT-TO-OTHER).

LIGHT-RAD-FRAC

Takes a list of two fractions. The first is the fraction of the light heat to the space that is radiative. The
second is the fraction of light heat to an adjacent space that is radiative. The second fraction, although
required if this keyword is used, is not used if LIGHT-TO-OTHER = 0.

Daylighting

The following space daylighting-related keywords are used in the daylighting calculation, in which light
sensors and controls reduce overhead electric lighting in response to illuminance levels of daylight from
windows and skylights in the space. There are also daylighting-related keywords under the SITE-
PARAMETERS, EXTERIOR-WALL, INTERIOR-WALL, GLASS-TYPE, and WINDOW commands.
See also "Daylighting" in the DOE-2.2 Topis.

DAYLIGHTING
If YES, a daylighting calculation will be done for the space.

LIGHT-REF-POINT1

LIGHT-REF-POINT2

Takes a list of three values that gives the x, y, and z coordinates (in the space coordinate system) of the
reference points at which daylight illuminance levels are to be calculated. If DAYLIGHTING = YES, then
LIGHT-REF-POINT1 must be specified. If you want to divide a thermal zone into two independently-
controlled daylighting zones, then LIGHT-REF-POINT2 should also be specified. It is assumed that the
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photocells that control the electric lighting system respond to the light levels at the specified reference
points.

| LIGHT-REF-POINT1 = (10,20,2.5)

30 ft

«<1— Space

— X
. space
Window

Figure 18 Plan view of a space.
(The daylighting reference point is located at
x =10 ft, y = 20 ft and z = 2.5 ft in the space coordinate system.)

Example input:
If the lighting reference point is located at x = 10, y = 20, and z = 2.5ft (see Figure 18), then,
LIGHT-REF-POINT1 = (10,20,2.5)

If only one reference point is used, specification of this point must be done with some care if the
daylighting results are to be meaningful. Lighting zones are generally laid out parallel to the plane of the
glazing at a typical depth of 15ft (4.6m). Thus, a row of similar perimeter offices may be treated as a single
space with a MULTIPLIER, with results from a single sensor being used to determine daylighting savings
for the entire row. If the reference point is placed too near the window, the levels will be high relative to the
rest of the space and will overpredict savings. A point at the back of the room will underpredict total
savings. Since the drop-off in illuminance from vertical glazing is a function with an exponentially declining
shape, a point just beyond the mid-point is usually selected as a reasonable location. Until more definitive
data is available, the reference point should be placed at a point two-thirds of the zone depth back from the
window wall. These guidelines assume the use of a ceiling-mounted sensor. Although these sensors may be
located at a specific point in the room, they generally view the reflected light from a larger area in the room.
Thus, the sensor itself tends to see an average light level.

ZONE-FRACTION1

ZONE-FRACTION2

Give the fraction of the floor area of the space controlled by LIGHT-REF-POINT1 and LIGHT-REF-
POINT?, respectively. The following rules apply:

1. ZONE-FRACTION2 is required if LIGHT-REF-POINT?2 is specified.

2. If ZONE-FRACTION2 is specified, (ZONE-FRACTIONT) + (ZONE-FRACTION2) should
be 1.0.

3. If only LIGHT-REF-POINT1 is specified, then ZONE-FRACTION!1 should not exceed 1.0.
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4. If only LIGHT-REF-POINT1 is specified and ZONE-FRACTIONT1 is less than 1.0, then a
fraction of the space equal to 1.0-(ZONE-FRACTIONT) is assumed to be non-daylit.

5. If LIGHT-REF-POINT1 and LIGHT-REF-POINT2 are specified, i.e., the overhead electric
lighting in that fraction of the space will not be reduced in response to daylighting levels, then
(ZONE-FRACTIONT1) and (ZONE-FRACTION2) should not exceed 1.0.

6. If ZONE-FRACTIONTI) + (ZONE-FRACTION?2) is less than 1.0, then a fraction of the
thermal zone equal to 1.0 - [[ZONE-FRACTIONT1) + (ZONE-FRACTION2)] is assumed to be
non-daylit.

LIGHT-SET-POINT1

LIGHT-SET-POINT2

Give the desired illuminance level at LIGHT-REF-POINT1 and LIGHT-REF-POINT2, respectively.
Recommended values, which depend on type of activity, occupant age, and other factors, may be found on
p. 460ff of the Lighting Handbook, Eighth Edition, 1995, Illuminating Engineering Society of North
America. Typical values are shown in Table 26. It is assumed that this lighting level will be produced by the
overhead electric lights at full output . These setpoints may be chosen to be lower when the overhead lights
provide ambient lighting that is supplemented by task lighting. (The illuminance from task lighting is not
included in LIGHT-SET-POINT1 or LIGHT-SET-POINT2.)

Table 26 Illuminance Values for Generic Types of Indoor Activities?

Range of Illuminance®
Type of Activity Footcandles Lux
Public spaces with dark surroundings 2-3-5 20-30-50
Simple orientation for short, temporary visits 5-7.5-10 50-75-100
Working spaces where visual tasks are only occasionally performed 10-15-20 100-150-200
Performance of visual tasks of high contrast or large size 20-30-50 200-300-500
Performance of visual tasks of medium contrast or medium size 50-75-100 500-750-1000
Performance of visual tasks of low contrast or very small size 100-150-200  1000-1500-2000
Performance of visual tasks of low contrast and very small size overa | 200-300-500  2000-3000-5000
prolonged period
Performance of very special visual tasks of extremely low contrast and | 500-750-1000 5000-7500-
small size 10000
» Adapted from Fig. 11-1 in Lighting Handbook, Eighth Edition, 1995, llluminating Engineering
Society of North America

b The three values given correspond to the low, midpoint, and high values for each type of activity

LIGHT-CTRL-TYPE1

LIGHT-CTRL-TYPE2

Takes code-words that specify the type of electric lighting control system at LIGHT-REF-POINT1 and
LIGHT-REF-POINT?2, respectively

CONTINUOUS Specifies a dimming control system in which the electric light output and
power input decrease continuously and linearly as the daylight
illuminance increases. The control action at a daylighting reference point
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is illustrated in Figure 19 in terms of power input fraction (power input
divided by maximum power input), as the daylight illuminance increases,
and light output fraction (electric light output divided by maximum
electric light output).

Figure 19 shows that, as the daylight illuminance increases, the fractional
light output decreases from 1.0 (at zero daylight illuminance and
maximum input power) to a value MIN-LIGHT-FRAC at the minimum
power fraction, MIN-POWER-FRAC.

In the example shown in Figure 20 the lighting set point (LIGHT-SET-
POINT1 or 2) is 45fc, MIN-POWER-FRAC is 0.3, and MIN-LIGHT-
FRAC is 0.1. We see that at zero daylight illuminance the electric lights
are on at full power and the electric illuminance is 50fc. As the
daylighting illuminance increases, the electric power and lighting decrease,
reaching a power fraction of 0.3 and an electric illuminance of 5fc (50 *
(MIN-LIGHT-FRAC)) when the daylight illuminance is 45 fc. Beyond
this point, the electric power and illuminance stay constant as the
daylighting illuminance increases.

Gives a dimming control similar to CONTINUOUS but the lights turn
off completely (i.e., the electric light output and power are zero) when the
total illuminance (electric illuminance plus daylighting illuminance)
exceeds the lighting setpoint. The action is shown in Figure 21.

Specifies the control system shown in Figure 22, in which power input
and light output vary in discrete, equally spaced steps. The number of
steps (excluding zero) is given by LIGHT-CTRL-STEPS.

Specifies the minimum input power fraction for a CONTINUOUS or CONTINUOUS/OFF lighting
control system (see Figure 22). See manufacturet's data for appropriate value.

MIN-LIGHT-FRAC

Specifies the fractional light output that a CONTINUOUS or CONTINUOUS/OFF lighting control
system produces at the minimum fractional input power given by MIN-POWER-FRAC (see Figure 22).
See manufactutet's data for approptiate value.

LIGHT-CTRL-STEPS

Gives the number of steps, excluding zero, in a stepped lighting control system. The steps are assumed to
be equally spaced, as shown in Figure 22. An on-off control system has LIGHT-CTRL-STEPS=1
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Figure 19 Light output vs. electrical power input for a CONTINUOUS
lighting control system

CONTINUOUS Lighting Control
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Figure 20 Control action for a lighting system with CONTINUOUS
lighting control.
[The lighting set point is 45 fc (482 lux), the minimum power input
fraction (MIN-POWER-FRAC) is 0.3, and the minimum electric
lighting output fraction (MIN-LIGHT-FRAC) is 0.1]
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CONTINUOUS/OFF Lighting Control
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Figure 21 Control action for CONTINUOUS/OFF lighting control.
[The lighting set point is 45 fc (482 lux), the minimum power input
fraction (MIN-POWER-FRAC) is 0.3, and the minimum electric
lighting output fraction (MIN-LIGHT-FRAC) is 0.1]
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Figure 22 Control action for STEPPED lighting control.
[The lighting set point is 50 fc (538 lux) and the number of steps
(LIGHT-CTRL-STEPS) is 3]

LIGHT-CTRL-PROB

May be specified if a stepped lighting control system is manually operated, such as in a simple one-step, on-
off system. LIGHT-CTRL-PROB gives the probability the occupants of a daylit space will set the electric
lights to the correct level to obtain the required illuminance. The rest of the time the lights are assumed to
be set one step too high. For example, consider an on-off system with LIGHT-SET-POINT1 = 60,
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LIGHT-CTRL-TYPE1 = STEPPED, LIGHT-CTRL-STEPS = 1, and LIGHT-CTRL-PROB = 0.7.
Then, when daylighting exceeds 60 fc, the electric lights will be oft 70 percent of the time and on 30
petcent of the time.

DAYLIGHT-REP-SCH
Takes the U-name of a schedule that specifies the time periods over which various entries in daylighting
reports LS-G and LS-J are to be accumulated.

Example input: For space SP-1, accumulate report entties, such as percent lighting energy reduction by
daylighting in report LS-G, only from 7am to 6pm on weekdays, i.e., only for the hours the space is
occupied.

OCC-HOURS-1 = SCHEDULE

THRU DEC 31 (MON,FRI) ( 1, 7)(0) (8,18) (1) (19,24) (0)
(sAT) ( 1,24) (0)
(SUN,HOL) ( 1,24) (0)

SP-1 = SPACE
DAYLIGHTING = YES
DAYLIGHTING-REP-SCH = OCC-HOURS-1

MAX-GLARE

The program will automatically deploy window shading devices to reduce daylight glare (if WIN-SHADE-
TYPE = MOVABLE-INTERIOR or MOVABLE-EXTERIOR) whenever the glare (at either lighting
reference point) with bare windows exceeds the MAX-GLARE value. Table 27 below gives recommended
MAX-GLARE wvalues for different situations. For example, MAX-GLARE = 22 would be specified for
general office work. If a space has two or more windows, the shading devices will be deployed one by one
in the order in which the windows are input, until the glare level at each lighting reference point falls below
MAX-GLARE. If MAX-GLARE is not specified, no glare control will occur. This is a daylighting
keyword; see TOPIC - DAYLIGHTING.

Table 27 Recommended MAX-GLARE values

Activity MAX-GLARE Activity MAX-GLARE

Art Galleries 16 Laboratoties 22
Factories Museums 20
Rough Work 28 Offices

Engine Assembly 26 General 22

Fine Assembly 24 Drafting 20
Instrument Assembly 22 School Classrooms 20
Hospital Wards 18

VIEW-AZIMUTH

Direction of occupant view (in the horizontal plane), measured as a clockwise angle from the space y-axis
(see Figure 23). It is used by the program to calculate daylight glare. If not specified, VIEW-AZIMUTH
will be calculated by the program for a view direction parallel to the first window in the space (obtained by
rotating clockwise by 90 ( the horizontal projection of the window outward normal). In general, the daylight
glare contribution from a particular window is highest when the occupant faces the window.
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180

space

Figure 23 VIEW-AZIMUTH for four occupant view directions.
(Daylight glare from the window is greatest when facing window)

Task Lighting

The following keywords apply to task lights, which are small lamps, such as desk lamps, that have a
different schedule of use than the overhead lighting. The program assumes that task lights are fluorescent
when calculating the radiative/convective split by the heat from this lighting. It also assumes that 100
petcent of the heat from task lighting goes into the space, so the LIGHT-TO-SPACE keyword does not
apply. Unlike overhead lighting, which can have up to five subsystems, only one task lighting system is
allowed in a space.

TASK-LIGHT-SCH

Takes the U-name of a SCHEDULE for task lighting in the space. Schedule inputs are fractions of
maximum task lighting electrical input (see TASK-LIGHTING-KW and TASK-LT-W/AREA). If the
TASK-LIGHT-SCH is not input, the schedule value defaults to zero and no task lights are simulated.

TASK-LIGHTING-KW

The maximum electrical power required for task lighting. The actual task lighting power required in the
space during any given hour is the value assigned to this keyword multiplied by the fractional value of
TASK-LIGHT-SCH for that hour. If both TASK-LIGHTING-KW and TASK-LT-W/AREA are
specified, the program adds the values.

TASK-LT-W/AREA

Maximum task lighting power per unit of floor area of the space. The keyword LIGHT-TO-SPACE is not
appropriate because 100 percent of task lighting energy goes to the space. This keyword is an alternative to
TASK-LIGHTING-KW. TASK-LT-W/AREA times space atea times the value of TASK-LIGHT-SCH
determines houtly task llighting electricity use and heat output. If both TASK-LT-W/AREA and TASK-
LIGHTING-KW are specified, the contributions are added.
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Equipment

EQUIP-SCHEDULE

Takes a list of U-names of operation schedules to and up to five types of space electrical equipment.
Schedule inputs are fractions of maximum equipment power (see EQUIPMENT-KW and
EQUIPMENT-W/AREA). For example, if a spce has two equipment types, say computers and copy
machines, one with schedule SCH-COMP and the other with schedule SCH-COPY, then

EQUIP-SCHEDULE= (SCH-COMP, SCH-COPY)

If there is only one equipment type, with schedule SCH-1, the parentheses around the list is not required,
so that

EQUIP-SCHEDULE

SCH-1

and

EQUIP-SCHEDULE = (SCH-1)
are equivalent.

1f the EQUIP-SCHEDULE is not input, the schedule values default to zero and no space equipment loads
are simulated.

EQUIPMENT-W/AREA

Takes a list of values of maximum equipment power per unit floor area of the space for up to five types of
electrical equipment. An alternative to EQUIPMENT-KW. If both EQUIPMENT-W/AREA and
EQUIPMENT-KW are specified, the contributions are added. The program calculates the electrical power
in watts for all of the equipment in a space as

Watts = (EQUIPMENT-KW * 1000
+ AREA * EQUIPMENT-W/AREA) * (EQUIP-SCHEDULE value)

for all equipment types.

The EQUIP-SENSIBLE and EQUIP-LATENT keywords give the fraction of heat gain for each
equipment type that is sensible and latent, respectively. The total houtly heat gain from all of the equipment
(for all of the equipment types) is, therefore:

Qwatts = Watts * (EQUIP-SENSIBLE + EQUIP-LATENT)

EQUIPMENT-KW

Takes a list of values of maximum power required to operate up to five types of electrical equipment within
the space. This keyword is an alternative to EQUIPMENT-W/AREA. If both ate specified, the
conttibutions ate added. The description of the EQUIPMENT-W/AREA keyword, above, indicates how
the total hourly equipment electricity use and heat output are calculated. The actual equipment energy
required by the space during any given hour is the value assigned to this keyword multiplied by the
fractional value assigned to that hour (see EQUIP-SCHEDULE). The amount of equipment energy added
to the space may be specified by its components (see EQUIP-LATENT and EQUIP-SENSIBLE). If both
EQUIPMENT-KW and EQUIPMENT-W/AREA are specified, the program adds the values. Before
specifying a value for EQUIPMENT-KW, review SOURCE-TYPE = ELECTRIC, below. In
EQUIPMENT-KW you specify equipment; in SOURCE-TYPE you specify a utility demand.
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EQUIP-SENSIBLE

Takes a list of values, for up to five equipment types, of the fraction of EQUIPMENT-W/AREA or
EQUIPMENT-KW that is added to the space as sensible heat. The sum of EQUIP-LATENT and
EQUIP-SENSIBLE, for each equipment type, must not exceed 1.0. For example, assume there are two
equipment types in a space. The first has a maximum electrical use of 0.6 W/{t2, with a sensible fraction of
0.7 and a latent fraction of 0.3. The second has a maximum electrical use of 0.8 W/ft2, with a sensible
fraction of 1.0 and a latent fraction of zero. Then

EQUIPMENT-W/AREA = (0.6, 0.8
EQUIP-SENSIBLE = (0.7, 1.0)
EQUIP-LATENT = (1.0, 0.0

If neither EQUIP-SENSIBLE nor EQUIP-LATENT is specified, all heat from equipment is considered
sensible.

EQUIP-LATENT

Takes a list of values, for up to five equipment types, of the fraction of EQUIPMENT-W/AREA ot
EQUIPMENT-KW that is added to the space as sensible heat. The sum of EQUIP-SENSIBLE and
EQUIP-LATENT, for each equipment type, must not exceed 1.0.

Space Heat Sources

SOURCE-TYPE

Used when there are internal heating or cooling loads caused by a source other than people, lights, or
equipment. Associated code-words represent space heating (e.g., ovens) or cooling loads (e.g,, ice rink). See
note under keyword SOURCE-BTU/HR.

GAS The load contributes to natural gas use. Examples include natural gas for
ovens, kilns, or dryers. Do not use the code-word GAS to specify gas
heated hot water; instead, specify SOURCE-TYPE=HOT-WATER.
This will pass a demand for hot water to the HVAC program, where the
hot water heater is specified along with its fuel type.

ELECTRIC The load contributes to electricity use. Examples include electricity for
electroplating or battery charging. Do not use the code-word
ELECTRIC for specifying electrically heated hot water; instead, specify
SOURCE-TYPE=HOT-WATER. This will pass a demand for hot
water to the HVAC program, where the hot water heater is specified
along with its fuel type.

HOT-WATER The load contributes to the hot-water budget use in the HVAC program.
This load will be reported as a domestic hot water load. The hot water
loads will be passed to any domestic hot water heater defined in the
HVAC input.

PROCESS The load will not contribute a utility load. Examples of this type of load
are gasoline-powered fork trucks, oxyacetelyne welders, wood stoves, and
bottled gas equipment. Sum all the process loads in the space and express
the total with the keyword SOURCE-POWER. The portion of the total
process load that enters as a heating or cooling load is specified with the
SOURCE-LATENT and SOURCE-SENSIBLE keywords.
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SOURCE-POWER

The maximum power supplied by the source defined by SOURCE-TYPE. This is the power required to
operate devices, other than lighting and equipment, within the space. SOURCE-POWER is usually
positive, which means heat is added to the space. However, if SOURCE-TYPE = PROCESS and the
process involves cooling that removes heat from the space, then SOURCE-POWER should be entered as
a negative numbet.

The fraction of SOURCE-POWER that contributes to the space conditioning load is specified with the
SOURCE-SENSIBLE and SOURCE-LATENTkeywords, below.

SOURCE-SCHEDULE

Takes the U-name of the schedule (with TYPE=MULTIPLIER) for any source of internal energy (such as
process equipment within a space) other than people, lights, or electrical equipment. Schedule values are
fractions of SOURCE-POWER. If SOURCE-SCHEDULE is not entered, the schedule values will default
to zero and no source loads are simulated.

SOURCE-SENSIBLE

Fraction of SOURCE-POWER added to the space as a sensible load. The sum of SOURCE-SENSIBLE
and SOURCE-LATENT must not exceed 1.0 and is may be less than 1.0 if all such energy is not
necessarily added to the space load.

SOURCE-LATENT

The fraction of SOURCE-POWER added to the space as a latent load. The sum of SOURCE-LATENT
and SOURCE-SENSIBLE must not exceed 1.0 and may be less than 1.0 if all such energy is not added to
the space load.

Infiltration
The following keywords specify the outside air infiltration for a space.

INF-SCHEDULE

Takes the U-name of a schedule of TYPE=MULTIPLIER that contains values that multiply the calculated
infiltration values. A value of 1.0 would leave the infiltration rates unmodified. Any value below 1.0 would
represent reduction of infiltration such as that caused by pressurization from a supply fan. Any value above
1.0 would represent an increase in infiltration such as that caused by an exhaust fan, open window, or open
door. If INF-SCHEDULE is not input the schedule defaults to 1.0 for all hours. Ordinarily, INF-
SCHEDULE should not be used with INF-METHOD = CRACK or RESIDENTIAL method of
infiltration because the schedule will distort wind information from the weather tape.

INF-METHOD

Takes a code-word that identifies the method used to calculate infiltration for the space (Table 28).
Depending on INF-METHOD and associated keywords, the infiltration rate may or may not depend on
local windspeed and inside-outside temperature difference.

NONE No infiltration is calculated.

AIR-CHANGE The infiltration rate is calculated using the air-change method. AIR-
CHANGES/HR or INF-FLOW/AREA should be specified if INF-
METHOD = AIR-CHANGE. In this case the value AIR-
CHANGES/HR will be cottected for wind speed each hourt, but the
value of INF-FLOW/AREA will not be corrected. If both AIR-
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CHANGES/HR and INF-FLOW/AREA are specified, the resulting
infiltration rates are added.

The infiltration rate is determined by the values of RES-INF-COEF and
depends on wind speed and outside-inside temperature difference.

Sherman-Grimsrud Infiltration Method. Applies only to single-zone.
Uses keywords HOR-LEAK-FRAC, NEUTRAL LEVEL and FRAC-

LEAK AREA.

In the case of the Crack Method, a value should be entered for the INF-
COEF keyword in the EXTERIOR-WALL instruction, and for the
keyword INF-COEF in the WINDOW instruction.

AIR-CHANGES/HR
The number of infiltration-caused air changes per hour at a reference wind speed of 10 mph (4.47 m/s)
(see table under INF-METHOD). It has a correction for wind speed as shown by the following equation.

Infiltration in ach = (AIR-CHANGES/HR) * (wind-speed)/ (reference wind speed)

(This keyword should not be confused with a keyword of the same name in SYSTEMS.)

INF-FLOW/AREA

The amount of infiltration into a space expressed as a ratio of air flow to floor area.

Table 28
Infiltration-Related Keywords for Different Infiltration Methods

Associated SPACE Inside-Outside Temp
INF-METHOD Keywords Wind Speed Correction?*  Difference Correction?
AIR-CHANGE AIR-CHANGES/HR AIR-CHANGES/HR - Yes No
INF-FLOW/AREA INF-FLOW/AREA - No
INF-SCHEDULE
RESIDENTIAL RES-INF-COEF Yes Yes
INF-SCHEDULE
S-G FRAC-LEAK-AREA Yes Yes
HOR-LEAK-FRAC
NEUTRAL-LEVEL
INF-SCHEDULE
CRACK INF-COEF (for Yes No

EXTERIOR-WALL,
WINDOW and DOOR)
INF-SCHEDULE

* TInfiltration methods with wind speed correction depend also on the following SITE-PARAMETER keywords,
which affect local wind speed: SHIELDING-COEF, TERRAIN-PAR1, TERRAIN-
PAR2, WS-TERRAIN-PAR1,

WS-TERRAIN-PAR2 and WS-HEIGHT.
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RES-INF-COEF
For INF-METHOD = RESIDENTIAL, takes a list of three values that are coefficients in the following
equation:

Infiltration = valuel + (value2 x windspeed) + (value3 x (T)

where infiltration is measured in air changes/ht, windspeed in knots (ot m/s) at the building location and
(T is the absolute value of outdoor-indoor temperature difference) in F (or K).

NEUTRAL-ZONE-HT

For INF-METHOD = CRACK, used to compute a pressure difference between the inside and outside of
a tall building caused by air density gradient ("stack effect"). The value to be entered is calculated as follows.
Let the neutral pressure level (NPL) by the line on the building exterior where the pressure difference
between the inside and outside results solely from the stack effect equals zero. The height of NPL is
typically one half the building height. The value of NEUTRAL-ZONE-HT is the distance from the center
of the exterior wall of the space to NPL. This distance is positive if the space center is below NPL and
negative if above NPL.

HOR-LEAK-FRAC

For INF-METHOD = S-G, the leakage area and the leakage distribution are needed to compute the stack
effect term. HOR-LEAK-FRAC is the fraction of the leakage that is in the floor and ceiling. A value of 0.3
is appropriate if there are few ceiling penetrations. Otherwise, the default of 0.4 may be used.

NEUTRAL-LEVEL

For INF-METHOD = S-G, the dimensionless height of the neutral level. That is, it is the fraction of the
height of the space at which the indoor-outdoor pressure difference due to stack effect is zero. In general
this keyword can be allowed to default to 0.5.

Weighting-Factor Related Keywords

The following keywords affect the weighting factors for a space. See "Weighting Factors" in the DOE-2.2
Topies.

FLOOR-WEIGHT

Specifies the composite weight of the floor, furnishings, and interior walls of a space divided by the floor
area of the space. The input value determines the weighting factors associated with the space. Higher values
give a longer lag time between heat gains and resultant cooling loads, and greater damping of peak loads. If
0.0 is input (the default) the program will calculate Custom Weighting Factors. For other values ASHRAE
weighting factors are used

FURNITURE-TYPE
Takes a code-word that describes the thermal response of the furniture in the space. Used only for Custom
Weighting Factor calculation.

LIGHT represents a furniture density of approximately 40 Ib/ft3 (641 kg/m3) of
furniture (like pine furniture).

HEAVY represents a furniture density of approximately 80 Ib/ft2 (1282 kg/m3).

FURN-FRACTION
Fraction of floor area covered by furniture. Determines the fraction of the incoming solar radiation
absorbed by the furniture. Used only for the Custom Weighting Factor calculation.
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FURN-WEIGHT
Weight of the furniture divided by the total floor area of the space. For example, if the furniture weighs

1000 Ib and the total floor area is 500 ft2, then FURN-WEIGHT = 2.0. Used only for the Custom
Weighting Factor calculation.

Input Functions

The following keywords cause Input Functions to be calculated for the space. For more information, see
the description of the FUNCTION command. See also "Input Functions" in the DOE-2.2 Topies.

FUNCTION
Invokes a function calculation for this SPACE.

DAYL-ILLUM-FN

Invokes a function calculation for daylighting of this SPACE. This function is called in the LOADS
subroutine DINTIL, which determines the hourly daylight illuminance and glare index at each reference
point in a space

DAYL-LT-CTRL-FN

Invokes a function calculation for the daylighting controls of this SPACE. This function is called in the
LOADS subroutine DLTSYS, which determines the electric lighting reduction in response to daylight
illuminance at each reference point in a space.
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TROMBE-WALL-NV

This command is used to enter a Trombe wall. The Trombe wall consists of a heavy-weight wall (usually
concrete) covered on the outside by a window (usually insulating glass). The window is separated from the
wall by an air gap. The Trombe wall is not vented, i.e., the air in the gap does not circulate between the
adjacent room and the gap or between the outside and the gap. Trombe walls are used for passive solar
heating: solar radiation absorbed by the wall is conducted into the adjacent room after a time delay that
depends on the construction and thickness of the wall The simulation requires the following information:

1. The size, location, and otientation of the Trombe wall.

2. 'The glazing in the window that covers the wall. The amount and scheduling of window insulation.
3. The wall materials.

4. The channel width of the air gap and the emissivity of the wall.

Trombe walls are synonymous, in terms of keywords, with EXTERIOR-WALLSs. The Trombe wall
keywords are described under the EXTERIOR-WALL command.

Specifying TROMBE-WALL-NV tells the program to model an unvented Trombe wall in the given space.
The window that covers the Trombe wall is indicated by following the TROMBE-WALL-NV command
by a WINDOW command or specifying a WINDOW U-name for the WINDOWS keyword. Use of the
keywords SHADING-SCHEDULE and CONDUCT-SCHEDULE allows you to simulate movable
insulation placed over the glass. The material description of the wall is entered in the same way as a regular
wall, i.e., through the MATERIAL, LAYERS, and CONSTRUCTION commands. U-name may be used
to identify each Trombe wall. LIKE may be used to copy a previously-defined Trombe wall.

Rules
1. Only one TROMBE-WALL-NV is allowed per SPACE.
2. Each TROMBE-WALL-NV must have one, and only one, WINDOW.
3. The window area must equal the Trombe wall area.

4. To get time-delayed heat transfer through the wall, use a CONSTRUCTION of
TYPE=LAYERS. Also, be sure that the ABSORPTANCE keyword value in the
CONSTRUCTION is high in order to maximize the amount of solar radiation absorbed by the
wall.

5. The CONSTRUCTION command referenced by TROMBE-WALL-NV command must, in
turn, reference a WALL-PARAMETERS command.

6. 'The amount of solar heat that flows from the wall to the room will be enhanced if the outer wall
surface has a low-emissivity coating (low value of EMISSIVITY in WALL-PARAMETERS).

The WALL-PARAMETERS keywords used for Trombe walls are shown in Table 29.
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WALL-PARAMETERS keywords for TROMBE-WALL-NV

ENVELOPE

Keyword Input Value or Range Default
FOR TROMBE-WALL-NV -
EMISSIVITY 0.0-1.0 0.93
CHANNEL-WIDTH 0.0-1.0 ft (0.0 - .30 m) None
Example input:
TWLAY = LAYERS
MAT = ("CMU HW 12in ConcFill (CB17)")

TWPARS = WALL-PARAMETERS

FOR
CHANNEL-WIDTH

TWCONS = CONSTRUCTION
LAYERS
WALL-PARAMETERS

TROMWGLASS = GLASS-TYPE

GLASS-TYPE-CODE

SPACE1-1 = SPACE

TROMBE-WALL-NV
0.3333

TWLAY
TWPARS

2000

FRONT-1 = TROMBE-WALL-NV

SURFACE-TYPE
HEIGHT

WIDTH

X

Y

Z

AZ
CONSTRUCTION

WEF-1 = WINDOW
HEIGHT
WIDTH
GLASS-TYPE

WALL

8

20

0

0

0

180
TWCONS

8
100
TROMWGLASS
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UNDERGROUND-WALL
UNDERGROUND-FLOOR

These equivalent commands specify the size and construction of a wall (such as a basement wall) or a floor
(such as a slab-on-grade) that is in contact with the ground. Each UNDERGROUND-WALL or
UNDERGROUND-FLOOR instruction applies to the SPACE instruction preceding it and describes one
of the underground walls or underground floors of that SPACE. LIKE may be used to copy a previously
defined wall or floor. Note that the U-EFFECTIVE keyword in previous versions of the program is no
longer used. It has been replaced by PERIM-EXPOSED and PERIM-CONDUCT.

Example input:

Concrete slab-on-grade entered as an UNDERGROUND-FLOOR. $ See "Undetground Surfaces" in the
DOE-2.2 Topics for a description of how to input the floot's layers and how to choose the perimeter
conductance (PERIM-CONDUCT) and perimeter exposed to outside air (PERIM-EXPOSED). Note
that the construction should always contain a 12-in layer of soil on the ground side of the underground
surface.

LAY-SLAB-1 = LAYERS

MATERIAL = ("Soil 12in",
"Conc HW 140l1b 4in (CC03)™")
INSIDE-FILM-RES = 0.77

CON-SLAB-1 = CONSTRUCTION
TYPE LAYERS
LAYERS = LAY-SLAB-1

SLAB-1 = UNDERGROUND-FLOOR

HEIGHT = 50

WIDTH = 100

TILT = 180
PERIM-CONDUCT = 0.68
PERIM-EXPOSED = 300
CONSTRUCTION = CON-SLAB-1

SURFACE-TYPE

Takes a code-word that is used to set the default TILT value for the surface. CEILING or ROOF give
TILT=0, FLOOR gives TILT = 180, WALL gives TILT=90. These values can be overridden by
specifying the TILT keyword.

CONSTRUCTION
Takes the U-name of a previously-defined or library entry CONSTRUCTION command that describes the
layer-by-layer construction of the wall or floor. This is a required keyword.

One of these layers in the construction should be a 1-ft (0.305-m) layer of soil on the ground side of the
wall ot floor. This layer can be chosen from the Libraty; it is "Soil 12in".

AREA
Area of the UNDERGROUND-WALL or UNDERGROUND-FLOOR. Use either AREA or
HEIGHT/ WIDTH or LOCATION or POLYGON.
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HEIGHT

WIDTH

The height and width, respectively, of a rectangular wall or floot. Use either AREA or HEIGHT/WIDTH
or LOCATION or POLYGON. HEIGHT is the dimension along the y-axis of the surface; WIDTH is
the dimension along the x-axis.

AZUMITH

Clockwise angle between the parent space's Y-axis and the horizontal projection of the surface outward
normal. See "Geometry" in the DOE-2.2 Topics.

TILT

Angle between vertical and the surface outward normal. TILT = 90 for a vertical wall; TILT = 180 for a
hotizontal floor. See "Geometty" in the DOE-2.2 Topics. The default value of TILT is determined by the
value of the SURFACE-TYPE keyword. If SURFACE-TYPE is not specified, the default TILT for
UNDERGROUND-WALL is 90 and the default tilt for UNDERGROUND-FLOOR is 180. Note that
using SET-DEFAULT for UNDERGROUND-WALL will also reset the defaults for
UNDERGROUND-FLOOR.

X
Y
y4

Coordinates of the lower left-hand corner of the surface (as viewed from the ground side) in the space
coordinate system. See "Geometry" in the DOE-2.2 Topies.

PERIM-EXPOSED
The length of the petimeter portion of the sutface exposed to outside ait. See "Underground Surfaces" in
the DOE-2.2 Topies for examples of how to choose a value for this keyword. This is a required keyword.

PERIM-CONDUCT

This is a required keyword, equal to the effective conductance of the surface per unit length of exposed
petimeter. A value can be chosen from the tables in "Underground Surfaces" in the DOE-2.2 Topics. The
value depends on several factors, including:

1. The type of surface: slab on grade, basement wall or crawl space wall.
2. The placement and amount of foundation insulation.
3. Ifslab on grade, whether it is bare or carpeted.

MULTIPLIER

The number of identical underground surfaces located in the same plane. Multiplies the area of the surface.

LOCATION

If the surface is in a SPACE with SHAPE=BOX, then TOP, BOTTOM, LEFT, RIGHT, FRONT, or
BACK is used to indicate on which face of the box the surface is located. From this, and the SPACE
keywords HEIGHT, WIDTH, and DEPTH, the program determines the sutface's values of X, Y, Z,
HEIGHT, WIDTH, AZIMUTH, and TILT.

If the surface is in a SPACE with SHAPE=POLYGON, then SPACE-V1, SPACE-V2, etc., are used to
orient and size the surface in spaces where the SPACE:POLYGON keyword specifies the footprint of the
space. LOCATION = SPACE-V1 means that the lower left hand corner of the surface is located at the
vertex 1 of the space POLYGON. The program then positions the surface so that it is vertical (TILT=90)
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and its x-axis passes through vertex 1 and vertex 2 of the space POLYGON (which determines the
surface's AZIMUTH). The surface HEIGHT is set to HEIGHT of the SPACE and the surface WIDTH
is set to the vertex 1 to vertex 2 distance. A similar procedure is followed for LOCATION = SPACE-V2,
SPACE-V3, etc. If LOCATION = TOP (BOTTOM) the wall is positioned as a ceiling (floot) of the
space, with a shape that is the same as the space POLYGON.

POLYGON

Takes the U-name of a previously-defined POLYGON command. This keyword is used in place of
HEIGHT and WIDTH to describe non-rectangular surfaces. See the POLYGON Command. See also
"Geometry" in the DOE-2.2 Topics.

SOLAR-FRACTION

The fraction of the solar radiation entering a space that is absorbed by this underground surface. Used by
the program to calculate custom weighting factors for solar heat gain (see "Weighting Factors" in the DOE-
2.2 Topies). A caution message will be issued if the sum of the SOLAR-FRACTIONS for a given space is
not within 10 percent of 1.0, and the program will adjust the SOLAR-FRACTION:S so that their sum is
1.0. The program multiplies each SOLAR-FRACTION by a factor that accounts for the amount of
incoming solar radiation that is reflected back out of the space through the glazing.

If all SOLAR-FRACTION:S for a space are allowed to default, the program will assume that 60% of the
incoming solar radiation is absorbed by the floor; the remaining 40% will be distributed to the other
surfaces (excluding windows), according to their surface areas. If there is no floor, the full 100% will be
distributed to the surfaces (excluding windows), according to their surface areas.

To override this default procedure, you can explicitly specify SOLAR-FRACTION values for all the
surfaces or for some of the surfaces. If not all of the SOLAR-FRACTIONS are input, the program will
sum the values specified and distribute the balance (up to 1.0) to the other surfaces. For example, if you
specify SOLAR-FRACTION = 0.7 for the floor only, the program will distribute the remaining 0.3 to the
walls and ceiling, according to their area and INSIDE-SOL-ABS value.

The distribution of absorbed solar radiation depends on the space geometry and surface absorptances, as
well as on the hourly varying position of the sun relative to the space. It also depends on the houtly varying
proportions of direct and diffuse solar radiation entering the space. Since you can enter only one set of
SOLAR-FRACTION:S for a SPACE, the SOLAR-FRACTIONS should be chosen to represent a time-
average over the run period of the analysis, with emphasis given to those times of day and seasons of the
year when solar gain is greatest.

Note: SOLAR-FRACTION is not affected by MULTIPLIER; it applies to the surface area after
multiplication.

INSIDE-SOL-ABS

Inside surface solar absorptance. This is the fraction of the solar radiation incident on the opaque part of
the wall from the inside that is absorbed (the rest being reflected). The program uses the INSIDE-SOL-
ABS values to (1) determine the inside solar radiation distribution in sunspaces (see "Sunspaces" in the
DOE-2.2 Topies); and (2) to calculate SOLAR-FRACTIONS when not all SOLAR-FRACTION:S in a space
have been specified (see SOLAR-FRACTION keyword, above).

Note that SOLAR-FRACTION and INSIDE-SOL-ABS for a surface are related but are not generally
equal.

INSIDE-VIS-REFL
Inside surface visible reflectance (hemispherical average). Used only for daylighting calculation.
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FUNCTION

Invokes a function calculation for this surface. See the FUNCTION command; see also "Input Functions"
in the DOE-2.2 Topics.
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WALL-PARAMETERS

Specifies data used to calculate air flow across a sunspace INTERIOR-WALL. Also specifies emissivity and
channel width data for a Trombe wall entered with the TROMBE-WALL-NV command. The U-name of
this command is referenced by the CONSTRUCTION command for INTERIOR-WALL and
TROMBE-WALL-NV.

Example input:
WP-1 = WALL-PARAMETERS

FOR INTERIOR-WALL
AIR-FLOW-TYPE FORCED-RECIRC

ATIR-FLOW-RATE = 200
AIR-FLOW-CTRL-DT = 2.5
FAN-KW = -0.005
IWCON-1 = CONSTRUCTION
WALL-PARAMETER = WP-1
LAYERS = LAY-1
IW-1 = INTERIOR-WALL
CONSTRUCTION = IWCON-1

FOR
Takes a code-word specifying the type of WALL-PARAMETERS

INTERIOR-WALL the wall parameters are for a sunspace interior wall
TROMBE-WALL-NV the wall parameters are for an unvented Trombe wall

TROMBE-WALL-NV keywords
EMISSIVITY

The emissivity of the outside wall surface.

CHANNEL-WIDTH
Width of the air gap in a Trombe wall; i.e., the distance between the inside surface of the WINDOW and
the outside surface of the wall. Width between vented walls. Required for TROMBE-WALL.

Sunspace INTERIOR-WALL air flow keywords

The following keywords are used only for when there is airflow across an INTERIOR-WALL between a
sunspace and a non-sunspace. See "Sunspaces" in the DOE-2.2 Topics.

LOWER-VENT-AREA
UPPER-VENT-AREA
Area of the lower vent opening for AIR-FLOW-TYPE = FREE-RECIRC.

VERT-VENT-SEP
Center-to-center vertical separation between the upper and lower vents for AIR-FLOW-TYPE = FREE-

RECIRC.
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AIR-FLOW-TYPE

ENVELOPE

Takes a code-word that specifies the type of air flow across the INTERIOR-WALL (see Figure 24).

FORCED-RECIRC

FORCED-OA-PREHT

FREE-RECIRC

FREE-DOORWAY

A fan blows air through a vent from the sunspace to the adjacent space
at a rate equal to AIR-FLOW-RATE. Air is recirculated back to the
sunspace through another vent. All of the fan heat is assumed to be
picked up by the airstream flowing into the adjacent space.

A fan draws outside air into the sunspace where it is pre-heated, then
transferred across the INTERIOR-WALL into the adjacent space. The
fan is assumed to be located in the building exhaust airstream so that no
fan heat is delivered to the building. The flowrate of outside air drawn
into the sunspace is the same as the flowrate from the sunspace across
the INTERIOR-WALL.

Alr circulates through upper and lower vents in the INTERIOR-WALL
by natural convection. The heat transfer from sunspace to adjacent space
is calculated by the program as

0=31267C, P HTs =T (T,-T,)

NPT S E] E

Il T

where
Q is in Btuh
CP equals the heat capacity of air (Btu/1b-F)
P equals the atmospheric pressure (in. Hg)
h equals the vertical separation between vents pressure (ft)
TS equals the sunspace air temperature (F)
TR equals the air temperature of the adjacent space (F)
AU equals the upper vent area (ft2)
AL equals the lower vent area (ft2)

Alr circulates by natural convection through a doorway in the
INTERIOR-WALL. The heat transfer from sunspace to adjacent space
when the doorway is fully open is given by

3
Q=46WH?> [T, TR\% (7 -,

)

where

Q is in Btuh

W equals the width of the opening (ft)

H equals the height of the opening (ft)

TS equals the sunspace air temperature (F)

TR equals the air temperature of the adjacent space (F)
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Table 30
WALL-PARAMETERS keywords for sunspace INTERIOR-WALL
AIR-FLOW-TYPE
FORCED- FORCED- FREE- FREE-
Keyword RECIRC OA-PREHT RECIRC DOORWAY

LOWER-VENT-AREA Yes
UPPER-VENT-AREA Yes
VERT-VENT-SEP Yes
AIR-FLOW-RATE Yes Yes
AIR-FLOW-CTRL-DT Yes Yes Yes Yes
FAN-KW/FLOW Yes Yes
DOORWAY-H Yes
DOORWAY-W Yes

AIR-FLOW-RATE

Air flow rate across a sunspace INTERIOR-WALL for AIR-FLOW-TYPE = FORCED-RECIRC or
FORCED-OA-PREHT. Used only if AIR-FLOW-TYPE = FORCED-RECIRC or FORCED-OA-
PREHT.

AIR-FLOW-CTRL-DT
Threshold temperature difference for control of air flow across a sunspace INTERIOR-WALL. Air flow
will occur only if: T (sunspace)-T (adjacent space) > AIR-FLOW-CTRL-DT.

The default value is 3.0F (1.66K) for all AIR-FLOW-TYPEs except FORCED-OA-PREHT, in which
case it is -100F (-55K) (therefore the keyword has no effect if not specified for FORCED-OA-PREHT).

FAN-KW/FLOW
The electric power per unit air flow of the fan for AIR-FLOW-TYPE=FORCED-RECIRC or FORCED-
OA-PREHEAT.
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Sunspace air flow types

FORCED-RECIRC FREE-RECIRC
Sunspace 1 Sunspace I
FORCED-OA-PREHT FREE-DOORWAY
Sunspace Sunspace

Figure 24 Sunspace INTERIOR-WALL air flow configurations

DOORWAY-H
Height of the INTERIOR-WALL opening through which air flow occurs for AIR-FLOW-TYPE =
FREE-DOORWAY

DOORWAY-W

Width of the INTERIOR-WALL opening through which air flow occurs for AIR-FLOW-TYPE =
FREE-DOORWAY. Multiple openings of height Hi and width Wi in the same wall can be represented by
a single opening with DOORWAY-H = <H> and DOORWAY-W =

To get solar radiation transmitted across an unglazed opening, a WINDOW with GLASS-TYPE-CODE
= 0, GLASS-CONDUCTANCE = 0.0001, HEIGHT = same value as DOORWAY-H, and WIDTH =
same value as DOORWAY-W, should be placed in the sunspace INTERIOR-WALL.
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WINDOW

Specifies the size, position, number, and glazing properties of a window in an EXTERIOR-WALL orin a
sunspace INTERIOR-WALL. A GLASS-TYPE instruction must precede a WINDOW instruction. LIKE
may be used to copy data from a previously entered and U-named WINDOW. U-name may be specified.

Example input:

WEF-1 = WINDOW

X = 12
Y =3
WIDTH = 20
HEIGHT = 4
GLASS-TYPE = GT-1
X
Y

X and 'Y are the coordinates of the bottom left-hand corner of the glazed part of the window (when viewed
from the outside of the window) in the wall coordinate system. If X is not specified, the program will
center the window horizontally on the wall; if Y is not specified the program will center the window
vertically.

HEIGHT
Height of the glazed part of the window.

WIDTH
Width of the glazed part of the window.

SETBACK
Distance that the window is recessed into the wall; i.e., the distance from the outside surface of the wall to
the outside surface of the window glass. If a window has a frame, the frame is also set back.

MULTIPLIER
Specifies the number of identical windows in the wall. MULTIPLIER multiplies the area of window.

WIN-SPEC-METHOD
Takes a code-word that indicates the method of inputting the solar-thermal characteristics of the window
glazing.

GLASS-TYPE-INPUT Indicates that the GLASS-TYPE keyword will be used to reference a
previously-entered or library GLASS-TYPE command. This input
method is used when you want to describe the glazing by using the
shading coefficient approach, or by getting the glazing characteristics
from the Library. See the GLASS-TYPE command.

LAYERS-INPUT Indicates that the WINDOW-LAYERS keyword will be used to
reference one or more previously-entered or library WINDOW-LAYER
commands. This input method is used when you want to describe a
window layer by layer. See the WINDOW-LAYER command.

GLASS-TYPE
Takes the U-name of a previously-entered or libraryGLASS-TYPE command. This is a required keyword

when WIN-SPEC-METHOD=GLASS-TYPE-INPUT.
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Describing a Window Using Layers
A window can be described layer by layer using the following WINDOW-LAYERS keyword.

Example input: A window consists of a layer of glass named GLLASS-1, a gap named GAP-1 and a
blind named BLIND-1.

GLASS-1 = WINDOW-LAYER ....

GAP-1

WINDOW-LAYER ....

BLIND-1 = WINDOW-LAYER ....

WIN-1 = WINDOW
WIN-SPEC-METHOD = LAYERS-INPUT
WINDOW-LAYERS = (GLASS-1, GAP-1, BLIND-1)

WINDOW-LAYERS
Takes a list of up to nine U-names of WINDOW-LAYER commands or of window layers from the
Library. This is a required keyword when WIN-SPEC-METHOD=LAYERS-INPUT. A U-name
corresponds to a glass layer, a gap layer or a blind layer (see WINDOW-LAYER command). Figure 25
shows examples of layered windows for single- and double-glazed windows.
Glass layers in the Library are shown in Appendix G, "Glass Layer Library," in the DOE-2.2 Topics. Gap
layers in the library are shown in Table 31. Blind layers in the library are shown in Table 32. Pull-down
shade layers (pull-down shades modeled as closed blinds) in the library are shown in Table 33.
Notes:

1. The layers are entered from outside to inside.

2. There can be up to five solid (i.e., glass or blind) layers.

3. There can be at most one blind layer.

4. If there is a blind layer there must also be one or more glass layers; i.c., a layered window
consisting only of a blind is not allowed.

5. Adjacent solid layers are not allowed; i.e., solid layers must be separated by one, and only one, gap
layer.

6. Adjacent gap layers are not allowed; i.e., gap layers must be separated by one, and only one, solid
layer.

7. A blind layer can be the first layer (extetior blind), the last layer (intetior blind), or an intermediate
layer (between-glass blind).

8. The gas in the gap on the inside of an exterior blind or the outside of an interior blind must be air.

9. The gaps on either side of a between-glass blind must have the same gas (but this gas does not
need to be air).
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Table 31
Gap Layers in the Library
U-name Gas Thickness
Air-6.3mm Air 63mm  (0.25in)
Air-12.7mm Air 12.7mm  (0.5in)
Argon-6.3mm Argon 6.3mm  (0.25in)
Argon-12.7mm Argon 12.7mm  (0.5in)
Krypton-6.3mm Krypton 6.3mm  (0.25in)
Krypton-12.7mm Krypton 12.7mm  (0.5in)
Table 32
Blind Layers in the Library
Names Orient Thickness  Width  Separation  Tsol  Rfsol Rbsol Tvis Rfvis  Rbvis
Metal-lin-It Horizontal 2mm 25mm 19mm 0. 7 7 0. 7 7
(008in) (1.0in) (75in)
Metal-1in-Med Horizontal .2mm 25mm 19mm 0. 5 5 0. 5 5
(008in) (1.0in) (75in)
Metal-1in-Dark | Horizontal .2mm 25mm 19mm 0. 3 3 0. 3 3
(008in) (1.0in) (75in)

Note: All of these library entries have SLAT-ANGLE = 45.
These entties can be used for blinds that have different widths or separation from those in the library as long as Separation/Width = 0.75.

Key:

Orient = ORIENTATION Rfsol = REFL-SOL-BH
Thickness = THICKNESS Rbsol = BACKREFL-SOL-BH
Width = SLAT-WIDTH Tvis = TRANS-VIS-BH
Separation = SLAT-SEPARATION  Rfvis = REFL-VIS-BH

Tsol = TRANS-SOL-BH Rbvis = BACKREFL-VIS-BH
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Table 33
Pull-Down Shade Layers in the Library
Name T'sol Rfsol Rbsol  Tvis Rfivis Rbvis
Shade-Thin-T05-R10 .05 10 .10 .05 .10 .10
Shade-Thin-T05-R30 .05 .30 .30 .05 .30 .30
Shade-Thin-T05-R50 .05 .50 .50 .05 .50 .50
Shade-Thin-T05-R70 .05 .70 .70 .05 .70 .70
Shade-Thin-T05-R90 .05 90 .90 .05 90 90
Shade-Thin-T10-R10 .10 10 .10 .10 .10 .10
Shade-Thin-T10-R30 .10 .30 .30 .10 30 30
Shade-Thin-T10-R50 .10 .50 .50 .10 .50 .50
Shade-Thin-T10-R70 .10 .70 .70 .10 .70 .70
Shade-Thin-T10-R80 .10 .80 .80 .10 .80 .80
Shade-Thin-T20-R10 .20 .10 .10 .20 .10 .10
Shade-Thin-T20-R30 .20 .30 .30 .20 30 30
Shade-Thin-T20-R50 .20 .50 .50 .20 .50 .50
Shade-Thin-T20-R70 .20 .70 .70 .20 .70 .70
Shade-Thin-T30-R30 .30 .30 .30 .30 30 30
Shade-Thin-T30-R50 .30 .50 .50 .30 .50 .50
Shade-Thin-T30-R60 .30 .60 .60 .30 .60 .60
Key:
Tsol = TRANS-SOL-BH Tvis = TRANS-VIS-BH
Rfsol = REFL-SOL-BH Rfvis = REFL-VIS-BH
Rbsol = BACKREFL-SOL-BH Rbvis = BACKREFL-VIS-BH
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Figure 25 Example Layer Configurations for Single and Double-glazed
Windows with and without Blinds

Fins and Overhangs

The following keywords specify fins and overhangs that are positioned with respect to the glazed part of a
window and shade the window. The keywords refer to Figure 26

OVERHANG-A

OVERHANG-B

OVERHANG-W

OVERHANG-D

Even though overhangs and/or fins are specified under the WINDOW command, these shading surfaces
are attached to the wall where the window is located and thus shade both the window and the wall. Also, if
this WINDOW is referred to in another WINDOW command with the LIKE keyword, the attached
shades are also copied. Note that overhangs and fins are assumed to be opaque. Non-opaque shades can be
specified with the BUILDING-SHADE and FIXED-SHADE commands. Unused for interior windows.

Note: For overhang shading calculations to be performed, both OVERHANG-W and OVERHANG-D
must be specified. If either of them is specified, but not both, a WARNING message is printed and
overhang shading is not performed. If not specified, shading calculations will not be done.

OVERHANG-ANGLE
Is the angle between the overhang and the window. When set at 90, the overhang is perpendicular to the
window. If less than 90 it is tilted down,; if greater than 90, it is tilted up.
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Figure 26 Positioning of overhang and fins with respect to a window
(The values in this figure are all positive. If the value of L-F-B is input as
a negative, the left fin will originate at a point above the top edge of the
window; similarly for R-F-B. If OH-A is input as negative,the overhang
will originate to the right of the left side of the window)

LEFT-FIN-A
LEFT-FIN-B
LEFT-FIN-H

LEFT-FIN-D
Specify the location and dimensions of a fin to the left of the window. Note: either both LEFT-FIN-H and

LEFT-FIN-D or neither should be specified. If not specified, shading calculations will not be done.
Unused for interior windows.

RIGHT-FIN-A
RIGHT-FIN-B
RIGHT-FIN-H

RIGHT-FIN-D
Specify the location and dimensions of a fin to the right of the window. Note: either both RIGHT-FIN-H

and RIGHT-FIN-D or neither should be specified. If not specified, shading calculations will not be done.

Window Coverings

The following keywords can be used to model window coverings like drapes, screens, and pull-down
shades. These keywords should not be used for slat-type shades (blinids). Instead, use WIN-SPEC-
METHOD=WINDOW-LAYERS and explicitly enter a blind layer (see WINDOW-LAYER command).

Example input: Window glazing has a visible transmittance of 0.83. Operable drapes have a visible
transmittance multiplier2 of 0.35, a solar gain multiplier3 of 0.25, and a conductance multiplier4 of 0.85.
The drapes will be closed when incident solar radiation exceeds 30 Btu/ft2-hr (94.6 W/m2):
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SC-MULT-1 =
TYPE
THRU DEC 31

TVIS-SCH-1 =
TYPE
THRU DEC 31

COND-MULT-1 =
TYPE
THRU DEC 31

SOL-SCH-1 =

TYPE
THRU DEC 31

GT-1 =

SP-1 = SPACE
DAYLIGHTING

WIN-1 = WINDOW
GLASS-TYPE

WIN-SHADE-TYPE =

VIS-TRANS-SCH
MAX-SOLAR-SCH
SHADING-SCH
CONDUCT-SCH

SHADING-SCHEDULE

ENVELOPE

SCHEDULE

= MULTIPLIER
(ALL) (1,24) (0.25)

SCHEDULE

= MULTIPLIER
(ALL) (1,24) (0.35)

SCHEDULE

= MULTIPLIER
(ALL) (1,24) (0.85)

SCHEDULE

= RADIATION
(ALL) (1,24) (30)

GLASS-TYPE
GLASS-TYPE-CODE

2000

= YES

= GT-1
MOVABLE-INTERIOR
= TVIS-SCH-1

= SOL-SCH-1

= SC-MULT-1

= COND-MULT-1

Takes the U-name of a SCHEDULE (with TYPE=MULTIPLIER) that defines houtly values of a
multiplier on the solar gain through the window. This represents the shading effect of movable devices
such as blinds, drapes, or shutters. Items that change solar transmission may also affect heat conduction. If
so, a matching CONDUCT-SCHEDULE should be used. If the SHADING-SCHEDULLE is not input,
the schedule will default to 1.0 for all hours.

WIN-SHADE-TYPE

Takes a code-word giving the type of shading device when a shading device is present on the window for
sun and/or glare control. If SHADING-SCHEDULE is not assigned to a window, the window will be
considered to have no shading device and WIN-SHADE-TYPE will be ignored.

MOVABLE-INTERIOR

MOVABLE-EXTERIOR

FIXED-INTERIOR

FIXED-EXTERIOR

(the default) interior shade that can be retracted, such as drapes or
Venetian blinds.

exterior shade that can be retracted.
interior shade that cannot be retracted.

exterior shade that cannot be retracted.
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CONDUCT-SCHEDULE

Takes the U-name of a SCHEDULE (with TYPE=MULTIPLIER) that defines houtly values of a
multiplier on the heat conduction through the window. The multiplier values in the SCHEDULE should
be < 1.0. This represents the effect of movable devices such as blinds, insulating drapes, or shutters. If
these devices are present, a matching SHADING-SCHEDULE should be specified. If CONDUCT-
SCHEDULE is not input, the schedule value will default to 1.0 for all hours.

CONDUCT-TMIN-SCH

Takes the U-name of a SCHEDULE (of TYPE=TEMPERATURE) of values of outside dry-bulb
temperature below which movable insulation is deployed on a window. If CONDUCT-TMIN-SCH is
specified, a corresponding SHADING-SCHEDULE and CONDUCT-SCHEDULE should also be
assigned to the window.

MAX-SOLAR-SCH

Takes the U-name of a schedule (TYPE=RADIATION) of values of solar radiation (in Btu/ft2-hr or
W/m?2) incident on the outside of the window. (This is a change from previous versions, where transmitted
direct solar, rather than incident total solar, was used.) The schedule must have TYPE=RADIATION. The
incident solar radiation used by the program is the sum of incident direct and diffuse radiation after shading
by overhangs, fins or detached shading surfaces. The program will automatically deploy a shading device
whenever the direct-plus-diffuse solar radiation on the window without the shading device exceeds the
schedule value. The shading device will be retracted if the incident solar falls below the schedule value. For
example, the shades will be deployed if the incident solar is 50 Btu/ft2-hr and the schedule value is 20
Btu/ft2-hr (as long as the corresponding SHADING-SCHEDULE value is 1). If MAX-SOLAR-SCH is
specified, a corresponding SHADING-SCHEDULE (and CONDUCT-SCHEDULE if desired) should
be assigned to the window. The SHADING-SCHEDULE and CONDUCT-SCHEDULE values will only
take effect during hours when the shading device is deployed.

SUN-CTRL-PROB

May be specified if the sun control device on a window is manually operated. Gives the probability that the
occupants of a space will deploy the shading device if the incident solar radiation exceeds the MAX-
SOLAR-SCH value. Keyword can be used with or without daylighting.

OPEN-SHADE-SCH

Takes the U-name of a schedule (of TYPE=MULTIPLIER) whose value in any given hour is the
probability that the shading device will be opened if both the incident solar radiation and the glare (with
shade open) fall below the limits set by MAX-SOLAR-SCH in the WINDOW command and MAX-
GLARE in the SPACE command. If OPEN-SHADE-SCH is not specified, the shading devices will be
reopened as soon as both the solar radiation and glare fall below the specified limits. The shading devices
are reopened at midnight in any case. Unused for interior windows

SOL-TRANS-SCH

Takes the U-name of a SCHEDULE (TYPE=MULTIPLIER) that gives the solar transmittance of a
window shading device when it covers the window. Used only for exterior windows in a sunspace. The
program multiplies the schedule value by the direct and diffuse solar radiation striking the shade to
determine the houtly amount of (diffuse) solar radiation transmitted by the shade. The value of SOL-
TRANS-SCH in a given hour must not exceed the corresponding SHADING-SCHEDULE value. If it
does, the program will reset it equal to the SHADING-SCHEDULE value. WIN-SHADE-TYPE =
FIXED-EXTERIOR or MOVABLE-EXTERIOR should be entered if a sunspace exterior window has a
shading device on the outside of the window; otherwise, the program will assume the shade is on the inside.
See "Sunspaces" in the DOE-2.2 Topics.
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VIS-TRANS-SCH

Takes the U-name of a schedule (of TYPE=MULTIPLIER) that gives the daylight transmittance of the
window shading device when it covers the window; required for daylighting calculation if SHADING-
SCHEDULLE is specified. (If WIN-SHADE-TYPE = MOVABLE-INTERIOR or MOVABLE-
EXTERIOR, the program will use a transmittance multiplier value of 1.0 when the shade is retracted.)
Typical visible transmittance values for translucent drapes and shades are given in Table 34. A
transmittance schedule is used, rather than a single fixed value, to allow seasonal change in the
transmittance of the shading device. This schedule is used only for windows in a space with
DAYLIGHTING = YES. For these windows, be sure to specify not only VIS-TRANS-SCH, but also
SHADING-SCHEDULE (and CONDUCT-SCHEDULE if the change in window conductance with the
shade in place is significant). In the daylighting calculation, shading surfaces are modeled as petfect diffusers
with a daylight transmittance that is independent of angle of incidence. For this reason, slat-type devices,
such as Venetian blinds, whose transmittance is a strong function of the angle at which light enters the
device, should be modeled as a blind layer (see WINDOW-LAYERS keyword, above, and WINDOW-
LAYER command).

Table 34
Daylight transmittance of different window shading devices

Daylight transmittance
Window Shading Device  (value of VIS-TRANS-SCH)

Translucent Drapes

Light (white) 0.35

Medium (gray) 0.23

Dark (tan) 0.14
Translucent Shades®

Glossy White 0.18

Flat White 0.23

2 C.W. Pennington, et.al,, "Expetimental Analysis of Solar Heat
Gain Through Insulating Glass with Indoor Shading" ASHRAE
Journal, February 1964.

b R.C. Jordan and J.L. Threlkeld, "Determination of the
Effectiveness of Window Shading Materials on the Reduction
of Solar Radiation Heat Gain" ASHRAE Transactions, Volume
05, 1959.

GLARE-CTRL-PROB

May be specified if manual operation of a window shading device for glare control is desired. Gives the
probability that the occupants of a space will deploy a shading device when the MAX-GLARE value is
exceeded (see SPACE). Unused for intetior windows. This is a daylighting keyword; see "Daylighting" in
the DOE-2.2 Topics.

Window Frames

The following four keywords describe a frame around a window in an EXTERIOR-WALL. Frames
cannot be specified for windows in sunspace INTERIOR-WALLs.
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Window

4— width——>

—<— Glazing

<«— Height

/f =
XY

FRAME WIDTH

-«—— Exterior Wall ——>»

Figure 27 The dimensioning of a window with a frame.
(The WINDOW keywords X and Y, which indicate the position of the
window on the wall, refer to the lower left corner of the glazed portion,
not the lower left corner of the frame)

FRAME-WIDTH

Projected width of the frame in the plane of the glazing (Figure 27). We recommend that frames be entered
only if the frame area is more than 10 percent or so of the glazed area, which is generally only the case in
residential applications. The program assumes that the frame width is the same on all sides of the window.
If this is not the case, use the average frame width.

FRAME-ABS

The solar absorptance of the outside surface of the frame.

FRAME-CONDUCT
Conductance of the frame, excluding the outside air film but including the inside air film. Values for typical
frame constructions are shown in Table 35.

Table 35
Conductance of Typical Frame Constructions
Btu/ft2-F-h (W/m2-K)

FRAME-CONDUCT
Frame Type (excludes OA film) U-value?
Thermally unbroken aluminum 3.037 (17.24) 1.90 (10.79)
Thermally broken aluminum 1.245 (7.07) 1.00 (5.68)
External flush glazed aluminum 0.812 (4.01) 0.70 (3.97)
Wood with or without cladding 0.434 (2.406) 0.40 (2.27)
Vinyl 0.319 (1.81) 0.30 (1.70)
a U-value includes OA film at 15 mph [6.7 m/s] windspeed
FRAME-CONDUCT = [(U-value)-1 - 0.197]-1 Btu/ft2-F-h
FRAME-CONDUCT = [(U-value)-1 - 0.035]-1 W/m2-K
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Notes:

10.

11.

12.

You can define frames only for exterior windows, not for interior windows.

The program will do a frame calculation only if you enter FRAME-WIDTH. Otherwise, the
frame area will be zero.

The program automatically removes the overall window area, including frame, from the associated
exterior wall area.

The conductances in Table 35 are effective values that take two-dimensional conduction effects
into account.

Each hour, the program adds the effect of a wind speed-dependent outside air film to the user
specified FRAME-CONDUCT.

If a window has dividers (such as mullions or muntins), then HEIGHT, WIDTH, and FRAME-
WIDTH should be chosen so that

(HEIGHT) x (WIDTH) = total area of the glazed parts of the window;
and

[ HEIGHT + 2x (FRAME-WIDTH) | x [ WIDTH + 2x (FRAME-WIDTH) |

- (HEIGHT) x (WIDTH) = total area of frame (perimeter plus dividers)

The various elements of a frame (top, bottom, side, dividers, etc.) may have different
conductances. In this case, FRAME-CONDUCT should be an area-weighted average of the
different elements.

The program finds the overall window conduction by adding frame, edge-of-glass, and center-of-
glass contributions. Thus, all three of these contributions are included in each of the following
report quantities:

"Window Conduction" in summary reports LS-B, LS-C, LS-E, and LS-F;

"Window U-Value" and "Window Area" in verification report LV-D;

WINDOW houtly report vatiable #1, "Window U-Value".

A WINDOW multiplier also multiplies the frame.

Window fins and overhangs shade the frame as well as the glazing.

Shading devices, like blinds and drapes, that you specify using the WINDOW keywords
SHADING-SCHEDULE and CONDUCT-SCHEDULLE, affect only the glazed part of the

window. They do not affect the heat conduction through the frame.

If the window has a setback, the frame is also set back by the same amount.

Example input: The glazed part of a window is 3 ft wide and 4 ft high. The glazing is double-pane low-
E with 6-mm glass thickness and argon gas fill (GLASS-TYPE-CODE = 2635). The frame is 3 in (0.25 ft)
wide on all sides and has an absorptivity of 0.8 and a conductance, excluding outside air flow, of 0.6
Btu/ft2-hr-F.

WIN-1 = WINDOW
GLASS-TYPE = GT-1
HEIGHT = 4.0
WIDTH = 3.0
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FRAME-WIDTH =
FRAME-ABS =
FRAME-CONDUCT =

o O O
o o N

SPACER-TYPE
Takes a code-word that specifies the type of pane-to-pane spacer air in multi-pane windows. The type of
SPACER affects the edge-of-glass conductance.

ALUMINUM Aluminum spacer

BUTYL/METAL Butyl/Metal spacer

INSULATED Insulated spacer

STEEL Steel spacer

UE-EQ-UC Fictitious spacer that gives an edge-of-glass conductance equal to the
center-of-glass conductance (i.e., conductance of glass is uniform over its
area).

INF-COEF

Specifies an infiltration flow coefficient used to compute the infiltration resulting from cracks around the
window frame. Unused for interior windows. This entry is required if the crack method INF-METHOD
= CRACK) is specified in SPACE

The following equation is used to determine infiltration:
cfm = (INF — COEF) * (P, )** *L
where
L = window perimeter (ft)

Typical values for INF-COEF are:

Construction INF-COEF
1/8-in crack (0.3 cfm/ft) 1.342
1/4-in crack (0.5 cfm/ft) 2.236
1/2-in crack (1.1 cfm/ft) 4919

Window Blind Control

The following keywords are used to control slat-type window blinds. They apply only if WIN-SPEC-
METHOD=LAYERS-INPUT and one of the layers is a blind. See WINDOW-LAYERS keyword, above,
and WINDOW-LAYER command.

BLIND-ADJ-TYPE
Takes a code-word that indicates how the blind coverage (the fraction of the window covered by a blind) is
adjusted if a blind is present.
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NONE There is no adjustment; the blind coverage is fixed at the value of
BLIND-COVER in the blind's WINDOW-LAYER command.

SCHEDULE The blind coverage varies according to a user-defined schedule given by
BLIND-SCHEDULE.

SOLAR-INTENSITY If the direct plus diffuse solar radiation incident on the window exceeds
the value given by BLIND-TRIGG-SCH, the blind coverage is set to the
value of BLIND-COVER-MAX in the blind's WINDOW-LAYER
command. Otherwise, the blind coverage stays at BLIND-COVER.

ROOM-TEMP If the room temperature at the beginning of the hour exceeds the value
given by BLIND-TRIGG-SCH, the blind coverage is set to the value of
BLIND-COVER-MAX in the blind's WINDOW-LAYER command.
Otherwise, the blind coverage stays at BLIND-COVER. /[FOR
FUTURE IMPLEMENTAITON]

BLIND-SCHEDULE

Takes the U-name of a schedule that adjusts the blind coverage between the values of BLIND-COVER-
MIN and BLIND-COVER-MAX in the blind's WINDOW-LAYER command. This schedule is used
only if BLIND-ADJ-TYPE = SCHEDULE. It should have TYPE = FRACTION. A schedule value of £,
which should be between 0.0 and 1.0, gives

blind coverage = £* [BLIND-COVER-MAX] + (1-f) * [BLIND-COVER-MIN]

BLIND-TRIGG-SCH

Takes the U-name of a schedule of solar intensity values (it BLIND-ADJ-TYPE = SOLAR-INTENSITY)
or room temperature values (if BLIND-ADJ-TYPE = ROOM-TEMP) that are used to adjust blind
coverage. For solar intensity, the schedule should have TYPE = RADIATION and the schedule value
should be the sum of direct plus diffuse solar radiation incident on the window (after shading by overhangs
and other obstructions) per unit window area (Btuh/ft2 or W/m2). For room temperature, the schedule
should have TYPE = TEMPERATURE and the schedule value should be in °F or °C.

SLAT-ADJ-TYPE
Takes a code-word indicating how the slat angle is adjusted if a blind is present.

NONE There is no adjustment; the slat angle is fixed at the value of SLAT-
ANGLE in the blind's WINDOW-LAYER command.

SCHEDULE The slat angle varies according to a user-defined schedule given by
SLAT-SCHEDULE, below.

SOLAR-INTENSITY If the direct plus diffuse solar radiation incident on the window exceeds
the value given by SLAT-TRIGG-SCH, then:

1. The slat angle is adjusted to a value that just blocks direct sun if the
sun is in front of the window and SLAT-SEPARATION is less
than or equal to SLAT-WIDTH (the usual case).”F

2. If the sun is in front of the window but SLAT-SEPARATION is
greater than SLAT-WIDTH, then the sun cannot be fully blocked
and the slat angle is set to 900, which maximizes blockage.
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3. If the sun is in back of the window, the slat angle is set to SLAT-
ANGLE.

The above adjustments are made even on overcast days when there is no
direct sun.

ROOM-TEMP If the room temperature at the beginning of the hour exceeds the value
given by SLAT-TRIGG-SCH, then the slat angle is adjusted as desctibed
for SOLAR-INTENSITY. /[FOR FUTURE IMPL.EMENTAITON]

SLAT-SCHEDULE

Takes the U-name of a schedule that adjusts the slat angle to a fraction of SLAT-ANGLE-MAX or SLAT-
ANGLE-MIN. This schedule is used only if SLAT-AD]J-TYPE = SCHEDULE. A schedule value of /
gives

slat angle =/ * [SLAT-ANGLE-MAX], if /> 0
slat angle = f* [SLAT-ANGLE-MIN], if /<0

The schedule should have TYPE = FRACTION if only positive values of fare used, in which case fshould
be between 0 and 1. If positive and negative values of fare used than the schedule should have TYPE =
EXP-FRACTION, in which case fshould be between -1 and 1.

SLAT-TRIGG-SCH

Takes the U-name of a schedule of solar intensity values (if SLAT-ADJ-TYPE = SOLAR-INTENSITY)
or room temperature values (if SLAT-ADJ-TYPE = ROOM-TEMP) that are used to adjust the slat angle.
For solar intensity, the schedule should have TYPE = RADIATION and the schedule value should be the
sum of direct plus diffuse solar radiation incident on the window (after shading by overhangs and other
obstructions) per unit window area (Btuh/h-ft2 or W/m2). For room temperature, the schedule should
have TYPE = TEMPERATURE and the schedule value should be a temperature (°F or °C).

Switchable Glazing

The following keywords apply to switchable glazing. This is glazing whose transmittance and/or reflectance
varies actively or passively according to ambient conditions such as temperature or solar radiation. An
example is electrochromic glazing, whose transmittance and reflectance are controlled by a voltage. Only
extetior windows can have switchable glazing. See "Switchable Glazing" in the DOE-2.2 Topics.

GLASS-TYPE-SW

Takes the U-name of the glass type for the fully-switched (lower transmittance) state. GLASS-TYPE takes
the U-name of the corresponding unswitched (higher transmittance) state. An error will result if GLASS-
TYPE and GLASS-TYPE-SW have a different number of glass layers.

For electrochromic glazing, GLASS-TYPE and GLASS-TYPE-SW must be chosen from the Library (see
Appendix F, "Window Library," in the DOE-2.2 Topics). These electrochromic glass types have GLASS-
TYPE-CODE = 28MN, where MN = 01, 02, etc.

SWITCH-CONTROL
Accepts a code-word that specifies the control variable for switching. This keyword is used only for
switchable glazing in exterior windows. The choices are as follows:

NO-SWITCH No switching, the default.
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DIR-SOL-INC

TOT-SOL-INC

DIR-SOL-TR

TOT-SOL-TR

TOT-SOL-HOR

OUTSIDE-TEMP

SPACE-LOAD

DAYLIGHT-LEVEL

SWITCH-SET-HI

ENVELOPE

Intensity of direct solar incident on the glazing, after shading by
overhangs, setback, neighboring buildings, etc.

Intensity of total (direct plus diffuse) solar incident on the glazing, after
shadingby overhangs, setback, neighboring buildings, etc.

Intensity of direct solar radiation transmitted by the glazing in the
unswitched state.

Intensity of total (direct plus diffuse) solar radiation transmitted by the
glazing in the unswitched state (Btu/h-ft2[glass]).

Intensity of total (direct plus diffuse) solar radiation incident on an
unobstructed Horizontal plane.

Outside dry-bulb temperature.

Previous-hour thermal load per unit of floor area for the space that
contains the window (Btu/h-ft2[floot]). Note that cooling loads are
positive and heating loads are negative. Switching control based on space
load should be modeled only if the actual space temperature for hours
that the control is in effect is within a few degrees of the LOADS
calculation temperature (as given by the TEMPERATURE keyword in
SPACE).

Intetior daylight illuminance level. The visible transmittance of the
glazing is adjusted continuously between the values corresponding to the
WINDOW keywords GLASS-TYPE and GLASS-TYPE-SW in order
to provide a daylight illuminance that is as close as possible to the
illuminance setpoint at the first daylighting reference point. The solar
propetties of the glazing are adjusted accordingly. For this control option,
the visible transmittance (at normal incidence) for GLASS-TYPE should
be greater than that for GLASS-TYPE-SW, otherwise an error message
will result.

For rooms with a single window wall, if you locate the reference point
close to the window, where the daylight illuminance is high, it is likely
that, after the electrochromic adjusts, the daylight illuminance at the back
of the room will be too low. For this reason, we recommend that you
locate the reference point on the window centetline at about two-thirds
of the room depth from the window. For rooms with two reference
points, we recommend that the second reference point be located about
one-third of the room depth from the window. This arrangement should
give close to optimal utilization of available daylight.

The upper setpoint value for the switching control variable specified by SWITCH-CONTROL (see Figure
28). Unused if SWITCH-CONTROL = DAYLIGHT-LEVEL. SWITCH-SET-HI should be greater than
or equal to SWITCH-SET-LO. The units for SWITCH-SET-HI are given in Table 36 and by the code-
word you assigned to SWITCH-CONTR