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What Is DOE2P 
DOE-? is an up-to-date, unbiased, well-documented public-domain computer program for 
building energ!. analysis. DOE-2 predicts t h e  hourly energy use and  energy cost of a 
building given hourly weather information and  a description of the  building and its 
K \ X C  equipment and  utility ra te  structure.  D O C 2  is a portable FORTRAN program 
t h a t  can be used on a large variety of computers, including PC's. Using DOE2, 
designers can determine the choice of building parameters t h a t  improve energy efficiency 
wliile inaiiitaiiiing, thermal comfort. T h e  purpose of DOE2 is to aid in the analysis of 
energy usage in  buildings; it is not intended t o  be the  sole source of information relied 
upon for the  design of buildings. T h e  judgment  and experience of t he  architect/engineer 
still i*eniain the  most important  elenients of building design. 

About This Manual 
Dwii ig  the  15 years that DOE-'I has been in existence, i t  has grown to three t imes its 
origiiial size d u e  to the addition of new capabilities. As a result, using t h e  program can 
be diflicult not only for the iioyice but  also for t h e  experienced user. 

The eiioimous number of input  and output variables from which you can choose is only 
part of the  problem. U p  until now there  has been no a t t empt  to give you guidance as to 
i f * l i n t  ic; considei*t.ct "basic" and what. might be termed "finesse'?. Learning t o  use 
D3E-2  is analogous to learning a card game: first you learn how to bid, then  to follon. 
suit, t h e n  to r ~ * u m p .  I t  is only af%er t h e  "basic" rules have been mastered that the  idea 
of' a **finesse" can enter the  game. This manual  is ainied at introducing you t o  the basic 
1*\1le5 of DOE-?. 

DOE-.? B(1.51'c.S covers approsiinately 80% G f  normal simulation applications, yet requires 
you to  be hni i l ia r  w i t h  only 25% of the input  variables available in t h e  program. These 
\*ai*iaLIes 1Ial.e been chosen from ou19 long experience of assisting the most, experienced 
usei~.s p r e p m ~  t Iieir inputs.  

T11ei.e ir; a real danger in  preparing a manual with a limited set, of variables because so 
111311y ~ist.i'ul f ea tu re s  of' the  program are left ou t .  To compensate for this,  w e  have pro- 
~ i ~ l c d  i n  .\ppencli.; -A. a directory of the  more complex features of DOE-2. 
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Q t her Do c u men tat ion 
111 a d d i ~ i o i i  to this DOE-? Basics, there are six other pieces of documentsation: 

e 

0 

0 

0 

0 

R e j e r e w e  .I\Ia~ti ual  (2.1.4) 
- c k t  ailed instructions on how to use all featwes of Version 

2.1.4 of the prograni 

Siipplemeii i  (2.1E) 
- a companion volunie to the  Relerence MawtaZ ( M A ) ,  it contains 

detailed discussions and instructions for using the enhancements 
iiiti.oduced into subsequent versions of the program 

BDL .47uniniary (2.lE) 
- suniniarizes all input. commands and keywords 
- lists defaults, limits, abbrcviatioiis 

S o ? n p l e  Ruir E ~ o k  (2.1E) 
- sl101vr; inpu t  and  output for simple and complex buildings and systems 
- i l l w t  rat es most program features 
- a coinplcte set of sample inputs  and ou tpu t s  is available on the mainframe 

DOE-':! tape  for p u  to  examine, r u n ,  and/or edit; a reduced se t  of samples 
is disrriL)uted on diskette with the PC versions of DOE-?. 

C I I  9 I 11 e e rs J la 11 u (I I (2.1-4) 
- desci*ibes eiigineei*ing and m a t  liematical basis of program calculations 
- lists soui*ces of algorithms 

. A n y  p i*ogrm u s w  may  i-eceii-e t h e  User :'Yews free of charge. To be put. on the  distribu- 
ticm l b r ,  please wr i te  t h e  Siinulation Research Group, Bldg. 00 - Room 3147, Lawrence 
Ber*i;t.Ic~* L d w a  t or!., Berkeley, CA 0.1720. 
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D O E 4  manuals are available from the Xational Technical Information Service, 5285 
Pori RoJ*al Road. Springfield. \'A 22161; tel. (703) 487-4650, Fax (703) 321-8547. Con- 
t a c t  STTS for price and d e l i ~ e r y  information. 

Title of Document 
(sei*sion of DOE-?) NTIS Order Number 

-- 

R e l e r e n c e  Manual (2.1.4) LBL-8706, Rev.2 
S u p p l e  m en t (2.1 E) 
DOE-? Basics (2.1E) * 
BDL Suininary (2.1E) * 
Sample Run Book (2.1E) * 

* 

E n g i i i e e r s  ,hlaiiual (2.1A) DE-830-04575 

4: t l i t  I I : I , ~  i i l i . :  insnust H e n 1  to press.  YTIS reference n u m b e r s  had not ye1 been assigned 
-1SG-5711 c c  Ih? [ C J  1>101 48G.1089. lor reference n u m b e r s  

Please call Kathy Ellington at (510) 



W h a t  does a D O G 2  run look like? 
Follou*ing are t h e  i n p u t  (complete wi th  a system, plant,  a n d  energy rate)  and selected 
o u t p u t  reports for the  single zone building ashown below. (-4 more detailed version of this 
bui lding.  wi  t l i  five miles a n d  a plenum, is shov n in Appendix B,) 

BM034 

RIGHT-1 iur-i 
L-n', BACK-1 

! 

FRONT-1 

1 J L  
RIGHT-1 

Figure 1.1: Siinple Structure - Single Zone Building. LEFT-1, FRONT-1, etc. are 
user- defined iianies. 
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Sample Input  

LISE-: 'SIMFLE EXAVPLE FOR DOE-2 B A S I C S '  . ,  

ABORT 
DIASSOSTZC 
LOh2 S - REP937 

JAS 1 1 9 7 4  THRLl DEC 31 1 9 7 4  

ERRORS . . 
WARNINGS .. 
SUMMARY = (LS-C) . . 
$ CEICAGO LOCATION 

BXI21SS-L3tkTZO!i  LATITUDE = 42.0 LONGITUDE = 88.0 
A I ' I I T U D E  610  TIME-ZONE 6 
A t l M ' 3 ? H  = 0 .. 
S COXSTRUCTIONS AND C U S S  TYPES 

KA-: - 2  
R 2 - 1 - 1  

.. 

-LAYERS PATERIAL (WDO1, PW03, I N 0 2 ,  GPO1 ) 
- L A Y E R S  MkTERiAL t. (RCO1, B R O l ,  I N 2 2 ,  WDOl) 

INSZDE-FILM-RES . 7 6  .. 
LAYERS = RB-1-1 .. 
LAYERS 9 WA-1-2 . . 
U-VALUE .OS .. 
U-VALUE . 5  . . 
SHADINC-COEF . 9  PANES - 2  ,. 
SHADING-COEF = .e PANES = 1 .. 

S OCCiiFANfY SCHEDULE 

(WEE 1 

TiiRL: DEC 31 
( M O N , F R I )  ( 1 , 8 )  (0.05) 

( 9 , 1 4 )  (.9,.95,1,.95,.8,.9) 
(15,181 (1) 
( 1 9 , 2 1 1  (.6, . 2 ,  , a )  
( 2 2 , 2 4 1  (0.05) 
( 1 , 2 4 1  (.OS) .. 

T 2 R U  DEC 31  
(M%,FRI) ( 1 , 6 )  ( 0 )  

(9,11) (1) 
( 1 2 , 1 4 1  t . 6 ,  . 4 ,  .61 
(15,161 (1) 
(19 ,211  ( . 5 ,  .1, .11 
( 2 2 , 2 4 1  (01 
( 1 , 2 4 1  (0) . . 
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S OFFICE EQSIPHENT SCHEDULE 

1K:fIL-: 

S INFILTRATION SCHEDULE 

rSf i iED3LE THRU MAR 31 (ALL) ( 1 , 2 4  
THRU OCT 31 ( A L L )  ( 1 , 2 4  
THRU DEC 31 (ALL) ( 1 , 2 4  

S SPACE DEFINITXOK 

=S?ACE-C3K31: IONS PEOPLE-SCHEDULE * OCCUPY-1 
LIGHTING-SCHEDULE - LIGHTS-1 
EOCIP-SCHEDULE - EQUIP-1 
LI GHTTNC-TYPE - REC-FLUOR-RV 
LIGHTING-W/SQFT = 1.5 
EOSSPMENT-W/SQFT - 1 
AREA/PERSON - 110 
PEOPLE-HEAT-GAIN - 450 
FLOOR-WEIGHT - 70 
INF-METHOD AIR-CHANGE 
INF-SCHEDULE - XNFIL-1 
AIR-CHANGES/HR = . 6  . . 

=S?hCE SPACE-CONDITIONS OFFICE-ENV 
AREA - 5000 VOLUHE = 40000 , ,  

S KALLS, WSh'33WS, AND DOORS 

= f >: f & 2 3 -'h'pA,LL HEIGHT - 8 WIDTH 0 100 
AZIWdTH-180 CONSTRUCTION WALL-1 . .  

=ws?i33L; 

k ' I 3 T H  = 4 5  HEIGHT - 4 
GLASS-TYPE WINDOW-1 .. 
WIDTH - 8 HEIGHT - 7 
GLASS-TYPE - C-DOOR ,. S CLASS DOOR 

HEIGHT - 8 WIDTH 0 50 
AZIWJTH = 90 CONSTRUCTXON WALL-1 

IEX"'' T 1- - n - G~-WA' ,L  

= k' I ?; 3 3 +I' LIKE WF-1 WIDTH = 25 .. 
L E X - ~ - - ^ . '  --.- - V..r-h'hLL HEIGHT = 8 WIDTH = 100 

AZIMUTH 0 CONSTRUCTION = WALL-1 , ,  



LIKE WF-1 WIDTH = 45 .. 
WIDTH = 8 REIGHT - 7 
CONSTRUCTION(= D1 .. 5 WOOD DOOR 

=:EX T E R I  OR-WALL REIGHT = 8 WIDTA - 50 T FTT-: --. 
AZIMDTR = 2 7 0  CONSTRUCTION WALL-1 . . 

HI- i -WINDOW LIKE WF-1 WIDTH 125  .. 
TO?-: =ROOF BElGBT = 50 WIDTE - 100 

AZIMUTE 180 CONSTROCTION 0 ROOF-1 .. 
nn-- ".,-.3?-: =UNDERGR3;X3--FLOOR AREA 9 5000 

CONSTRUCTION = FLOOR-1 .. 

AC - SY S's 

=ZC!<Z DESIGN-HEAT-T = 72 
DESIGN-COOL-T 74 
HEAT-TEMP-SCH EEATSETPT 
COOL-TLMP-SCH * COOLSETPT 
OA-CFM/PER = 20 .. 

= S Y S X ?  SYSTEM-TYPE = SZRH 
MAX-  SUP P LY -T = 110 
MIN-SUPPLY -T - 55 
NIGHT-CYCLE-CTRL CYCLE-ON-FIRST 
FAN-SCHEDULE FANS-ON 
DRYBYLS-LIMIT 68  
OA-CONTROL = TEMP 
2 ONE - KAME S - ( O F F I C E )  .. 
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P1 =FLANT-ASSiGNKENT SYSTEM-NAMES = (AC-SYST) 
DHW-GAL/MIN - .222 
DH W - S C  11 = DHW .. 

. .  
Pl =?LAN?-ASSIGNMLNT .. 
SHW =PLAKY-EQ2IPKENT TYPE DHW-HEATER 

SIZE = -999 .. $ AUTO SIZED 

=FLAKT-ZgGTPKENT TYPE AW-BOILER 
SIZE -999 .. 

r g  b .* -.7 * - -3LANf-LS3IPMENT TYPE = REM-REC-CHLR 
SIZE = -999 .. 

BLf =21CCK-CSkRGE BLOCK1-TYPE ENERGY 
BLOCK1-DATA = (800, .075, 

1200, 095, 
l,.lO) .. 

RESOURCE = ELECTRICITY 
BLOCK-CHARGES = (BLCj .. 

=;'"" T T V - U T E  E L E t  '5 - k .z. : E .--*I - 

RESOURCE = NATURAL-CAS 
ENERGY-CHC .62 .. 

..n.-. -fl GAS - S. Y E =L. - - * - * Y - U T E  

e- - -  . .  

11 



Sample Output 
The f'ollo~sing pages show the output reports generated by the  sample input for Chicago 
weat her. 

"!-!E 

cl.000 
0.000 
0 .000  
0 .000 
0 a 000 
0 .  O O G  
0.000 
8.056 
0.0QG 
C~.O@U 
G . O P C l  
c .  000 

6.056 
-.--_ . 

0.000 
0.000 
0 a 000 
0.000 
0.000 
0.000 
0 . 0 0 0  
2.360 
0 t 000 
O.OO@ 
c . 0 0 0  
c .  000 

L. 360 
. - - - - -  

- 8 . 4 9 8  -2.490 
-65.669 -19.241 
-22.272 -6.526 

2.582 0 .751  
-1 .755 - 0 . 5 1 4  
0.000 0.000 

-7 .500  - 2 . 1 9 7  
0 .525 0.154 
2.744 0.004 

0.000 0.000 
-19.196 -5.624 

- 34 .6 l e  

o . e e 9  0.261 

- - - - - - - - - - - - . 
- ll8.144 

43.143. Uk: - 1 1 8 . 1 4 9  E B T U / H  - 3 4 . C 1 8  KW 
. I -  
..I . ; 5 t  K E X / F  IC 1- . c . F.L ;; :.: 

N.YE ;)THE AWVE LDADS EXCLUDE O V T S I D E  VENTILATION A I R  * 
LOADS 

IN CONSiL7ERATION 

- - - -  
t !TIMES GIVEN IN STRNDARD TIME FOR THE lBCATION 



Z O N E  
G.!! E 

OFFICE 

S U P P L Y  
FtoW 

(CFR i 

60: E .  

: * 020 5000.0 4 5  * 

RETUlw OWSIDE COOLING HEATING 
FAN ELK DELTA-T A I R  CAPACITY SDJSI BLE! CAPACITY 

tcm I (Kw) (FI RATIO ( K B T U I H R I  ( S H R )  ( K B T U I H R )  

0. 0.000 0.0 0.134 256.389 0.699 -342.822 

EXHAUST MINIMUM OWSIDE COOLINC MTRACT I ON 
now FAN FLOW A I R  FLOW CAPACITY SDJSIBLE RhTE 

COOL1 NG 
EIR 

B T U  / BT U 1 

0.00 

HEATING 
CAPACITY 

HEATING 
E 1  R 

BTU/BTU) 

0.37 

A D D I T I O N  
RATE 

(cm ) IKW) RATIO (CFM 1 ( K B T U / H R )  I S H R )  ( K B T U / H R )  ( K B T U / H R )  (KBTU/HR)  MULTIPLIER 

0. 0.000 1.000 927. 0.00 0.00 141.97 0.00 -283.93 1 .o 
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DOE-2.1E-005 Tue Mar 29 13:G2:28 1994SCL RUN 1 

E L E C -  - -  - - -  
WIMM 
COOL I NG 

WAD 
iKBTU/HR) 

wu(m 
HEAT1 NG 

MAD 
( K B T U / H R )  

ELEC- 
TRICAL 
ENERGY 

IKWH) 

HEATING TIME DRY- h"- 
ENERGY OF MAX BULB BULB 
(MBTU) DY HR TWP TEMP 

0.000 - 3 5 . 8 1 1  7 8 - l . F  - l . F  

- 2 8 . 3 9 0  1 3  8 5 . F  4 . F  

- 1 7 . 1 2 6  2 5  8 1 4 . F  1 2 . F  

- 3 . 5 2 5  8 8 3 0 . F  2 1 . F  

- 3 1 2 . 6  3 3  

- 2 9 3 . 8 6 7  

- 2 6 2 . 7  2 9  

- 1 8 9 . 4 2 2  

4 6 3 2 .  

4 0 0 1 .  

411  1. 

4095.  

4 1 0 6 .  

3154.  

4 1 0 6 .  

4 1 0 6 .  

3154. 

4 1 0 6 .  

3705.  

4 4 1 9 .  - _ _ _ - - - _  . 

1 6 . 8 1 1  

1 6 . 8 ; l  

I t . e x  

1 6 . 8 1 1  

1 6 . 8 1 1  

1 6 . 8 1 1  

1 6 . 8 1 1  

1 6 . 8 1 1  

16.811 

16 .81 ;  

16.61i 

1 6 . F ; l  

0.000 

c .  000 

- 0 . 8 0 6  1 3  6 4 3 . F  4 0 . F  

0.CC)O 17 8 5 4 . F  4 8 . F  

- 7 8 . 4 4 1  

- 0 . 0 8 4  

0.000 

0.000 

-11 6.905 

- 20 8 I 883 

- 2 3 1 , 9 8 2  

- 27 9 . 5 €  3 
- - - .  - -._-- 

2 1 6 . 1 3 4  

195.026 

I t ! .  544  

F 7 . t S E  

e : ,  3c3 

0.000 

0.000 

- 0 . 4 2 3  23 8 3 6 . F  3 4 . F  . . , ,..- - ... ¶ ¶ . - ' .  

- - .. : . .  :,: - - 2 . 7 2 0  2 1  8 3 0 . F  2 9 . F  

- 1 5 . 1 5 7  25 8 2 7 . F  2 5 . F  
, , . . .  . . _  . 1 5 . F  1 5 . F  

-1  t 3.0C6 489G1. 

- 31 2 . 6 3 3  1 6 . 6 1 :  

1 -1 



DOE-2.!E-005 T u e  Mar 29 !3:C;:28 1954P:L FUN i 

D'ERS? TYPE: ELECTRICITY NATURAL-GAS 
m ' I T S :  MBTU 

ARW LIGHTS 

MlSi EQCIPMT 

SPACE HEAT 

SFACE COOL 

HEAT REJECT 

PilMPS 6 HlSC 

".TAL 

7 4 . 7  

35.9 

8.5 

30.4 

5 . 1  

3.9 

56.2 

0.0 

0.0 

204.3 

0.0 

0.0 

0.0 

C.0 

2 1 4 . 8  256.0 

4 7 k .  P 2  MET" 9 4 . 2  KETU/SQfT-YR GRCSS-AfiEA 
9CC. 52 HETU 180.1  KBTU!SQFT-YR GROSS-AREA 

9 4 . 2  KBTU/SQFT-YR NET-ARE3 
180.1  KBTU/SQFT-YR NET-ARE4 
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DOE-2.SF-COL Tue Mar 2 9  13:C'I::c! 1 9 3 4 E X  Ra; 1 

1 2 3 4 5  

1 2  3 4  5 

62939. KWH 

2 5 6 0 .  THERM 

ENERGY COSTIGROSS BLOC AP.EA: 
ENERGY COSTINE3 BLDC, AREA: 

5982. 

1587. 

7569, 

1. 51 
1.51 

0.0950 

0.6200 

RATE USED 
ALL YEAR? - - - _ - - - - -  

YES 

Y E S  



Structure of DOEX 
DOE-? has  fi1.e parts, as shown in Fig.  1.2: one program for translation of the input ,  
and four simulation subprograms. The  four simulation subprograms a t e  executed in 
sequence, w i t h  the output  of one becoming t h e  input  to t h e  next. Each of the  four simu- 
lation subprograms also produces printed reports of t h e  results of its calculations. The  
sulprogi*ams are sunimarized below: 

1) BDL - The Building Description Language processor 
reads the  flexibly formatted d a t a  supplied by you and translates i t  into computer 
recognizable form. I t  also calculates response factors for the  t ransient  heat  flow in 
walls and  weighting factors for t h e  thermal  response of building spaces. 

2) LOADS - the loads simulation subprogram 
calculates the sensible a n d  la tent  components of t h e  hourly heating or cooling load 
for each user-designated space in the  building, assuming t h a t  each space is kept  at a 
constant temperature  selected by you. LOADS is responsive to weather  and solar 
conditions. to schedules of people, lighting and equipment, to infiltration, to  the  
t ime delay of heat transfer through walls a n d  roofs and to t h e  effect of building 
shades 011 solar radiation. 

3) SYSTEMS - the secondary' HVAC system simulation subprogram 
LO,4.DS pl*Oduces a first approsirnation of the  energy demands of a building. SYS- 
TEMS corrects this approsirnation by  t ak ing  in to  account outside air  requirements, 
hours of' equipment operation. HV.4.C equipment control stratlegies, and the  tran- 
sient response of the building when neither heating nor cooling is required to main- 
tain t h e  teniperature a n d  humidity setpoints.  The  o u t p u t  of SYSTEMS is a list of 
t h e  ac tua l  heating and cooling coil loads at the  zone and system levels. 

4)  PL,AVT - the primary. HVAC system simulation subprogram 
s i i n u l : ~ ~  e'c. t lie behavior of boilers, turbines,  chillers, cooling towers, storage tanks ,  
eic.. i i r  satir;f>*ing t h e  secondary systems heating and cooling coil loads. PL,4NT 
t 01 ;~s  i i i t o  account  the part-load characteristics of the  primary equipment in order to 
c.~lc .ulate  the  fuel and electi*ical demands  of the building. 

5 )  ECOn'Or\-fICS - t he  economic analysis subprogram 
cdcc.ilarez t h e  cost of eiiergy. It can be used to compare the  costs of different build- 
i l l $  design5 01' to calculate saivings for retrofits t o  an existing building. 

Tnc H O ~ ~ . L  P t t i r r i d o r y  a n d  primor) are historical t ermino logy  in  the  U . S ,  huildiag indus try .  T h e  "air s ide" equ ipment  (fans, 
tdu-!:  ~ n ?  c o i i : ~  I C  r 4 e r r b d  t o  as t h e  "secondary" system; whereas the boilers, chillers a n d  o t h e r  energy conversion equipment  
h : ~  a; lc  j ' i q r : i n a r j "  
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CONSTRUCTION 

BDL PROCESSOR I I 

LOADS 

LOADS 
REPORTS REPORTS 

ECONOMICS 
RE PORTS REPORTS 

Figure 1.2: DOE-3 Program Flow 
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Uses for DOE2 
Because of t h e  scope a n d  flexibility of its input ,  DOE-2 can be w e d  in many applica- 
tions, especially those in\:olJ*ing design of building envelops and systems, and selection of 
energy  conser\ving or peak dern and reduction alternatives. For example: 

Energy Conservation Studiea 

f > 

EfTef t of the  thickness, order, type  of materials, and orientation of 
exterior walls and roofs; 
Effect of thermal storage in walls and floors, and in energy storage tanks cou- 
pled to W.4C systems; 

Effect of occupant, lighting, and equipment schedules; 
Effect of intermittent operation, such as the shutdown of W A C  systems 
during t h e  night, on weekends, holidays, or for a n y  hour; 

Eflect of reduction in minimum outside air requirements and the  scheduled use 
of outside air for cooling; 

Effect of internal and external shading, t inted and reflective glass, use of day- 
light ins. 

Building Design Studies 
Initial design selection of t lie basic elements of the building, primary and secon- 
dary H\'..l\C syst enis, and energy source: 

During t h e  design stage,  evaluating specific design concepts such as system zon- 
ing. control strategies, and systems selection; 

Dui'ing construct ion, evaluating contractor proposals for deviations from the 
const r u c t  ion plans a n d  specificat ions; 
.A t w e  of compaihm for monitoring the operation and maintenance of t h e  
fiiikhed bui ld ing  a n d  syst+erns; 

.-I ii a 1 p i s  of ex i s t i 17 g b ui 1 d i 11 gs for cost - effect ive retrofits. 

How H a s  D O G 2  Been Validated? 
DOE-? ha.5 been \*el! fied against manual  calculations and against field measurements on 
esist i n g  1-)uildings in a DOE-sponsored project conducted by Los Alanlos National 
L d ~ c ) i ~ m x y .  For more inforniation o n  program validation, please refer to the following: 

0 DOE-? 1 'eri.Frattoii Project, Phase 1, I n t e r i m  Report, Los +41arnos National Labora- 
tor?.. Re1)01*t No. L-4-8205-XIS, 1981 

0 DOE-? 1'eri.ficatr'on Project, Phase I , ,  Final R e p o r t ,  Los Narnos National Labora- 
t OI*>*. R ei)Ol*t SO. L.4- 1 06-!Q-!t4S* 108G. 



\+'eat her Files 
The DOE-2 mairifranie t ape  comes with Chicago weather;  it  also comes with a weather 
proce~sor program for conyerting weather tapes into DOE-2 coinpatible weather files. 
h e r s  of the  PC versions of DOE-2 should contact their vendor for information on 
weather  files. N'e2ther files can be obtained from the  following organizations: 

TMY or TRY weather tapes National Climatic Data Center 
Federal Building 
AsheviIle, North Carolina 28801 
(704) 259-0871 Climate Data 
(704) 259-0682 Main Number 

CTZ weather tapes 

W T E C  weather tapes 

California Energy Commission 
Attn: Bruce Maeda, MS-25 
1516-9th Street 
Sacramento,  C-4 85814-5512 
1-800-772-3300 Energy Hotline 

ASHRAE 
1791 Tullie Circle NE. 
Atlanta ,  GA 30330 
(404) 636-8400 

Program-Related Software and Services 
Each issue of the  C's:r X e w s  contains a directory of software and services pertaining to 
DOE-2. This listing includes names and  addresses of consultants, information OR train- 
ing. v.Iiei*e to pui*cllase the ?C' versions of DOE-2, how to obta in  pre- and post-processor 
soft~~.=?i*e, etc. Because t l - e  information is subject to constant change, we decided not t o  
i~iclucle  i t  i n  UCLE-2 Basics. 
To get cui*i*ent infoj*ivatlon, please contact the 

Siniulation Research Group 
Bldg. 90 - Room 3147 
Lav r en ce Berkeley Laboratory 
One Cyclotron Road  
Berkeley, C4 94720 



BUILDING DESCRIPTION LANGUAGE (BDL) 

BDL Instructions 
I n  this manual. t h e  acronym BDL is used both as the name of the DQG2 input language and as 
the  name of the  DOE-:! s ibprogram that  translates DOE2 input instructions into a machine 
readable format. For a list. of basic BDL input commands arid keywords, see Appendix F of this 
manual  .4 complete list of commands and keywords can be found in the BDL Summary (8.lE'). 

To aid in understanding the  follo\t.ing sections, w e  recommend that you refer to tbe "Sample 
I i q i u t " .  starting on p . 7 .  

The primary element of BDL is the i i istruct iot i .  An instruction corresponds roughly to an 
Englisli sentence aiid always includes a command that specifies the subject. matter, and a terrni- 
nu to r  that ends t h e  command. An example is the BDL instruction that  defines the run period 
for t h e  s i m u l ~  ion (see "Sample Inpu t " ) :  

RI'X-PERIOD 5.45 1 1974 THRU DEC 31 197.1 .. 
Each instruction is assumed by BDL to stay in effect until it sees a terminator. If there is more 
c l a m  i t  assumes a n e w  instruction is coming and seeks out t h e  controlling command word of 
t1mt i ~ i ~ ~ i * u c r i o i i .  This process continues u n t i l  BDL reads the STOP command. Not: that no 
refereuce is m a d e  here to coming to the  end of a line. An instruction may stretch over many 
I~iics \ \ * d w ~ t  your needing to indicate that the second and following lines are continuations of 
t h e  first BDL assumes that  t h e y  are continuations as long 8s it I i a s  not discovered a termina- 
tor. and t h u s  allo\\s y o u  to arrarige t h e  i n p u t  any  way you wish. 

T e r m  in a tar 
The symbol for t h e  terim'riator is .. (two periods wi th  no space between them and one or more 
b l m k  spaces preceding t h e m .  Don ' I  /orget t o  e i d  each instruction wifh o terminator; otherwise, 
pages of error  messages may result.. 

C o  mmen t a  
. A n y  line ol' input may contain n comment: comment l i n e s  start and end w i t h  a dollar sign ($). 
Be sure t o  p u t  at least one space between the terminator and t h e  start of the comment line 
(.. $comment I 

IXPUT Command 
Bel'orc ~ l y ~ r r i l ~ g  d a t a  for a subprogr~arn, y o u  haye to use the IhT'CJT command to tell BDL 
\ \ .h i (  11 p r o g i * a n ~  d a t a  w e  being pi.esenied nest; for example: 

END Command 
E S D  tells BDL that t h e  program data  starled by INPUT command is complete. The l ines 
Ltjt\weii IXPL'T and E S D  must, contain all da ta  needed to perform the simulation for the sub- 
~)~.ogi*ain indicated. 
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COMPUTE Command 
C‘OAIPL’TE requests that a simulation be performed using input  data between the  previous 
IXPUT and EhD commantls.  I n  the  sample, COMPUTE LOADS requests a LOADS simulation 
and tha t  the LOADS d a t a  between IXPUT LOADS and EXD be used. T h e  sequence continues 
by telling BDL to accept SYSTENS d a t a  input  (INPUT SYSTEMS). 

Keywords* 
The description of a building is entered between INPUT and END with a series of commands, 
each of which accepts additional pieces of information tha t  describe the  content  of the corn- 
inand. T h e  identification of t h e  specific content is through keywords. 

Keywords always appear in the form keyword=value, or keyword---(a list of values), where you 
specify a “va.1ue” or “list of values”. As an example, the BUILDING-LOCATION command 
tells BDL that the data to folloi~ give the  building’s location and time zone. 

L.4TITUDE=43 
ALTITCJDE- 61 0 
A ZIh.IUTH=O 

LONGITUDE=88 
ThfE-ZOh!= 6 
HOLIDAS-NO 

In  this example there a re  six key~vord==ttalue pairs ( LATITlrDE==4!?, LONGITUDE=888, 
ALTITLDE--61 0, TIME-ZO?;E=G, .4ZIkfUTH=O, and HOLIDAY=NO ). 

Spacing Ixtu-een lines. commands, keywords, etc., is arbitrary except tha t  a blank indicates the 
end  of ;1 keyword=;.alue pair. For this reason blank spaces may not  be embedded within a s in-  
gle keyivord. For esample,  the  keyword TIME-ZONE is recognized as one word; if the  dash is 
oinirted ( T I M  ZOXE), then two words are produced and BDL won’t recognize either one as a 
keyword. Because spaces, commas, and equal signs may be used intlerchangeably as separators, 
BDL i l l  tcrpi-ets 

LATITUDE 43 
LATITUDE ,42 

L.\TITLlDE=42 
all  i n  t h e  same w a y .  H o w v e r ,  equal signs between keywords and their ttalues do make the input 
more readable. !Vote that for the  keyword, HOLIDAY, the value assigned (NO) is a code-word 
ra ther  t l n n  a number.  

U-Names and Referenced Commands 
Son-]? k e ~ x o ~ . d s  take values  that  are  user-defined names, called “u-names”. With u-names, 
~>i.e\ . i ,usl\ .-defiri~~l commaricls can he  referenced, allowing data from one instruction to be used in 
o ix  or niow sulwcluent irist ruct ions. 

To illustrrite t h e  use  of referenc*ed commalids a n d  u-names, we specify the construction of a wall, 
The first s tep  is to indicate the  different layers of the  wall starting from the outside surface. 
This is given by an instructioii whose command is LAYERS, which must be given a u-name, in 
this Case W.4-1-2. 

I___ - 
‘ Pku~ : d e r  t~ .4;0pen3i\ E for B list of ”horic”comrnands, keywords, and abbreviations. 
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Sac that .  i n  general, a command must  be t h e  first word in an instruction unless it is preceded 
by a u-name (preferably w i t h  an in t e rven ing  equal sign).* There are two other points to note in 
t h i s  example.  First: when a list of d u e s  is assigned to a keyword, the list. must  be enclosed in 
parentlieses ( ). Second: tlie values of some keywords are codewords;  in tbis example t h e y  were 
taken from t h e  list of materials described in Appendix D, the  h$ateria!s Library. 

Since tlie E.41’ERS command h a s  a u-name, it can be referenced in a subsequent instruction t h a t  
describes t h e  unique construction of a wall. Its value is the u-name you have given to the set of 
materials above. Thus 

\l*ALL-I ===-COX’STRU CTlON 

Here, the COYSTRL‘CTION command h a s  been given the u-name W A L L 1  to remind you t h a t  
it describes t h e  construction type of the exterior wall, and so t ha t  i t  can  be referenced later. 

To complete t h e  chain of referenced commands, t he  south-facing wall of the  building h a s  an 
exterior \\.all wit11 construction \!‘ALL-1: 

F HOXT-1 =ESTERIOR-\I’.%LL HEIGHT-8 
\I’IDTH-IOO 
AZIhlUTH-180 
CONSTRUCTlON=\3’ALLl .. 

Choosing u-names 
111 t h e  example above. t l i ~  commrsnd EXTERIOR-WALL has also been given a u-name, 
FROST-]. This is optional and is not required. However, there are reasons for u-naming 
specific walls. \i*indo\vs and t h e  like. The first is tha t  several of the optional reports in the 
LO.1D.G SLI bprogram are Yerifcat ions of input  organized in an informative manner. Unless the 
n m o u s  cornpoileiits are  u-nanied, i t  is difficult. to tell which wall, for example, is being described. 
.41iodier re3s011 is to m a k e  use of the  labor-saving keyword LIKE, which is described below. The 
rille for choosing u-names is this: a u-name is any alpha-numeric string of 16 or fewer symbols 
ii*liich h a v e  no embedded spaces and that .  are different from all commands, keywords and code- 
w d s  or t h e i r  corresponding abbreviations or reserved words. “Reserved” means that the  word 
is recognized 11) t he  program as a command or keyword or value. 

LIKE Keyword 
M w i y  ~.c7niina1itls sll01\. t h e  LIKE keyword. \+‘hen used, LIKE must be the first keyword follow- 
iiig the ( . c i n m : 1 I i c l  a n d  its symbolic value m u s t  be the u-name of a previously defined command 
~ l ‘  ~ I C  same t ~ * p c  This keyword i n s t r u c t s  BDL to assign to this command the same values of all 
t h e  k ~ y c , i ~ ~ l s  in  t h e  referenced command. For example, 

IlEIGHT=-I 
\\‘IDTH=45 
G L.4S S-TI’ P E= \VI XDO\V- 1 . . 

nllo\\s us tcb refe1.enc.e this \+.indo\\. and change its width, creating a new window, \VR-1: 
\ \ ‘ R e 1  SDO\\’ LIliE=\!’F-l M’IDTH=35 .. 
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Subcsmmands 
A subcon imn? id  is similar to a command except that it can be referred to by a subsequent com- 
mand th rough  t h e  use of a u-name. Un l ike  a command,  however, the keywords of a subcom- 
mand can b e  included within its associated command.  In the example, SPACE-CONDITIONS 
key\ \*ords  are referenced in t h e  SPACE command by specifying 
S P . ~ C f C O ~ ~ ~ T l O ~ ~ ~ O F F I ~ ~ E ~ ~ ’ .  In a multi-space building, this would allow the same 
SP,~CE-COSDlTlONS tfo be assigned to several spaces, t h u s  saving input effort. 

Building Description 
Qne of t h e  first s teps  in energy analysis is to obtain t he  architectural and mechanical drawings 
for tlic building tlo be simulated. Keep in mind tha t  the  goal is to create a model of the building 
iii order to analyze thermal energy flows and no t  to describe in minute  detail w h a t  t h e  building 
looks like architecturally. You can save input time and computer time by describing the build- 
ing from an energy perspective rather  than from an architectural perspective. 

To understand th is  more fully, it is necessary to know how DOE? treats tbe boundaries of 
spaces. DOC?  does 12ot a t tempt  to  reconstruct tbe space geometrically from t he  your descr ip  
tion OC t h e  bounding surfaces. Rather,  the  program calculates t h e  flow of energy only through 
t h e  surjwes you dehcribe. Itt does not. test whether walls meet or even whether the surfaces 
descr ibe  an enclosed three-dimensional space. I t  is possible, for example, to define a space with a 
floor area a n d  a ~ o l u m e  a n d  then  to describe only one exterior south-facing wall. DOE2 accepts 
y o u r  uord that  all y o u  wanted is to examine the  energy Row in the  space through t h a t  one sur- 
face Or >.ou may haye decided that the  energy flow through the other surfaces (perhaps interior 
\\*allsj   as i~egllgible. 

Internal Zoning 
T h e  first decision to make is how to divide the inside of the building into discrete spaces or 
2011~s. 111 LOADS these regions are referred to as %paces” and in SYSTEMS these identical 
regioiis are called “zones”.  When considering the  s t ruc ture  and use of a building the  word 
“space”  seems appropriate: however, when designing an HVAC system the centh.al concern 
relates to spaces that are under  t h e  same thermostatic control, i .e.,  zones. 

111 pi~ict i ra1 terms this means that you need not  be constrained by the details of the architec- 
tural  plau Con t iguous  rooms. tha t  can be expected to behave similarly from a thermodynamic 
j>ersyecrii*~..  can be described as a single SPACE in the LOADS input  and as a single ZONE 
( u  i i h  t h e  s a m e  u - n a m e )  in t h e  SYSTEhlS input .  T h e  objective from the perspective of reducing 
i n l J u r  preparat ion t ime and computer run time is to have as few zones as possible consistent 
wtl1 m d m g  a n  adequa te  model of the thermodynamic behavior of the  building. 

ii  is not ei’rn necessary to have zones separated by real partitions or interior walls. However, i t  
is comrnc7n in bui lding energ!. analysis to create one internal zone and four external zones (one 
TOY each esposui‘e - see PIppendis B). 

111 the  Example. we ha1.e chosen to input the building as one  SPACE in  LOADS and one ZONE 
ill .SVTEllS. Note tha t  if t h e  dynamics of a building system require transfer of heat from one 
zoiw IC) ; inotl ier.  such as a water source heat pump system, it is imperative to input multiple 
zwws  so t ha t  t h e  ri-ansfer can he simulated. 
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Use of Comments 
BDL allo\vs you to introduce comments in to  the  body of the  input  wi thout  affecting Lhe transla- 
tion of t h e  data. C o m m e n t s  help when  you return to DOEX i n p u t  af ter  a n  absence and  may 
have difficulty reconstructing the  original in ten t .  C o m m e n t s  are also helpful if someone else 
wants to use t h e  i n p u t .  

BDL recognizes the dollar s ign ,  $, as the  beginning and end of a comment .  Any s t r ing  of charac- 
ters between dollar signs is ignored by BDL in t ranslat ion b u t  is echoed back in the o u t p u t .  For 
example, $BUILT-UP ROOF$ is a comment,  in t h e  following instruct ion:  

ROOF-I =COX§TRUCTION LAPTERS=RB-1-1 $BUILT-UP ROQF$ 
Kote t h a t  a comment  that :pans several lines m u s t  h a v e  $ at the beginning of each line of corn- 
m e n t .  

Alternative Rune 
DOE-? allows you  to m a k e  a series of al ternat ive r u n s  in a single i n p u t  file.* Any number  or 
series of al ternat ive runs  is allowed in DOE-!? a n d  in any  combinat ion.  For example,  t h e  i n p u t  
of a 1nse LOADS run with two SYSTEMS alternatives,  followed by a single PLANT, is &s fol- 
lo \!.S : 

. 

' 

ELD .. 

.. 
.. S FIRST SYSTEM f 

( 'OWYTE SYSTEMS .. 
ISPI'T PL-LKT .. 

EYD .. 
COllPVTE PL=L"T .. 
IYP1'T SYSTEMS .. S SECOND SI'STEhI $ 

I r  is IIG! 1iec.essai-y to re-input the LOADS i n p u t  after the first SYSTEM, nor is it necessary to 
~ * e - i ~ i p u t  the  PL.-I\ST input after t h e  l a s t  SYSTEM; t h e  c o m m a n d ,  COMPUTE PLANT, is 
s u f l ' i c i c . ~ ~ ~  to 1.e-ca11 the  prei*ious PL.4XT input  a n d  t h u s  recompute  she effect of the  second SYS- 
TEM 011 i t .  

DOE-: PISO hlio\\s F O U  io makc parametric runs, i . e . ,  those that involve changing one parameter (or a number of related prrarnc- 
icr:: I C  ~ I I L I J Z +  11ic ef3'eq-i on energy use l'ou are referred LO the  Rt/trcnce Manual ( f . lAJ for a description of how to prepare the  
i n , n u i  io: j 5:5nr+trv ruirs 
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Schedules 
Hourly profiles of such quantities as l ighting power, occupancy, and thermostat  se tpoin t  are 
liiiown as "schedules'! in  DOE-?. There  are three basic types of schedules used in BDL for the 
entire program. 

SOIllf.AL \\'EEl:li-lsClIEDL'LE (hlON,FRI) LTG-1 
(SAT,HOL) LTG-2 

2) 

3) 

DAY-SCHEDULE 
Defines t h e  day 's  hourly profile; therefore, a separate  DAY-SCHEDULE is required for each 
type  of' day that needs to be defined. 

WEEK-SCHEDULE 
Defines each type  of day in the week [week-day, holidays, half-workdays, etc.]. 

SCHEDWLE 
Defines t h e  type of week in  the  year, thereby allowing for t h e  definition of calendar periods, 
s u c h  as  summer vacations, etc.  

DAY- SCHEDULE 
111 its simplest f o ~ - m .  t h e  input for DAY-SCHEDULES is: 

L'-S.JLllE = DAY-SCHEDULE (all 24 hours covered) (values for each hour)  .. 

I LTG-I = DAl'-SCHEDl;LE (1 ,24)  (0,0,0,0,0,0,0,0,0.3,0~6,0.8,1 ,1,1 , I  ,1,1 , I  ,O,O,O,O,O,O) .. I 
Oprionnlly.  this can be shortened by writ.ing 

~~ -~ 

rLTC;-I = D.Al'-SCHEDL'LE (1.8)(0) ( 9 , l l )  (0.3,0.6,0.8) (1?,18) (1) (19T?i) (0) .. I 
which is r e p r e s c ~ n t a t i ~ e  of a week-day daily profile. Note that  hour 1 is midnight to lam, hour  2 
is l a m  I O  ?am.  etc. For example, (12,18)(1)(19,24) (0), above, means that the lights are fully on 
from ] l a m  t o  6 p . ~  and f u l l y  off from 6pm to midnight. 

For u*eck-e~ids and  holidays. let's assume that:  

M'EEK-SCHEDULE 
The purpose of t lie WEEK-SCHEDI'LE should now be a p p a r e n t ;  
\w 1 1 : ~  I \\XI ( l a y  types - LTGI represents week-days, and LTG-2 represents week-ends and 
liolitl ;i!*s. The form of I he \\'EEI<-SCHEDULE is: 

____ 

l'siiig t lie prci*iously defined DAY-SCHEDULES, the example can be carried forward with: 
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u*h ere ( 5  IO?; ,FR I )  in cl u d es hlON , TL'E , \VED , TFJU , FRI an d (SAT, HOL) in cl ud es SAT, SLJ N ,HOL, 

r 1 

LIGHTS = SC'HED'C'LE THRU JUN 10 NQRhtAL 
THRU SEP 5 VACATION 
THRU DEC 31 NORh4AL .. 

\\-here (\\'I),) s t a n d s  for week-days and (WEH) for week-ends and holidays. If Sa turday  is con- 
sidered par t  of t h e  normal week, you  have  to write (hlON,SAT) LTG-I  and (SUN,HOL) LTG-2. 

SCHEDULE 
To illustrate t h e  purpose of SCHEDULE, assume we have a school t h a t  is closed in the  summer 
and 011 week-ends and holidays. Therefore ,  we need another week type: 

1 \'.iC.-ITlOS = \\'EEIi-SCHEDULE (ALL) LTG-2 

ivhere (.ALL) stands for all days of the week, including holidays, and LTG-2 was t he  
D.\I'-SCHEDL'LE represen ring lights as being "off" for 24 hours. 

I n  i\s simplest form. SCHEDULE takes the  form of: 

L'- M I l E  =SC'HEDVLE(THRV t)(G-N.4hlE of WEEIi-SCHEDULE referenced) .. 
A ~ ; i l e i ) d . ; ~ ~ .  Ijel ' iGd coYei*ed 

~ _ _ _ _ _ ~ _  ~ ~ ~~ 

Anotl ier  option, "nesting of schedules", can be very useful in lessening the  chore of preparing 
scl~eclules. I n  t h e  a h o y e  esample we could haye bypassed t h e  \1'EEI<-SCHEDULEs by "nesting" 
t h e  D.4Y-SC'l-KDVLEs in t h e  SCHEDULE itself. For example: 

THRU J U N  10 
THRUSEP 5 (ALL) LTG-3 
THRU DEC 31 (WD) LTG-I  (M'EH) LTG-2 0 .  

(M'D) LTC-I ( W H )  LTG-2 

F u r t l i e r .  it' there  had been no vacation period, the  DAY-SCHEDULE as well as t h e  
\!'E:Eli-*.C'l-IEDL'LE could h a w  been bypassed by "nesting" as follows: 

~ - - -  - 

1 LICiklTS = SCHEDL'LE THRLi DEC 31 (WD) (1,8)(O) (9,11)(0.3,0.8,0.8) 
(1%18)( 1) (19,24)(0) 
(M'EH) (1 ,!24)(0) S b  

I n  t h e  BDL for SYSTEhllS, there are special requirements for DAY-RESET schedules, in  
PL.4XT t fiere are D.41'-.4SSIGY schedules, bu t  they all follow the  same p a t t e r n  described 
a I,OY e .  
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Flexibility of Input Format 
Most users develop a format tha t  suits them and after a few inputs  have been prepared they will 
use their editor to patch sections of old inputs  into new ones, and t hus  reduce time of prepara- 
tion. For example. s tar t ing on p.1.9, the  entire sample input  down to the first SPACE is prob- 
ably wor th  saving as representative of office buildings. And as you will see in the SYSTEMS 
section of this manual, we have prepared alternative system inputs, any one  of which could be 
merged into the  file to replace the one in  this sample. 

T h e  following i n p u t  lines are identical to the  PLANT and ECONOMICS input  s tar t ing on 
p.1 .12 .  The purpose of t h e  example is to display t h e  freestyle formatt ing available to you and to 
display the use of abbreviations and lower case lettering. This also shows how confusing a jum- 
ble of input  styles can be and the importance of annotat ing your inputs  as you g o  along. 

If you organize the input so that. the  most important. items appear in the left column and indent 
the less pertinent information, your original intent  will be more understandable if you have to 
review the  input in  the future. To prove the  point, compare the  input  in t he  sample run to the 
input below, w h i c h  was prepared with  no recognizable format. 

INPl'T PLAXT ..' 
SH\\* = P-E TYPE = DW\V-HEATER size =-999 .. 
H\I'G = PL.4YT-EQUlPhlENT TI'PE NM'-BOILER 
SIZE - 4 9 0  .. 
CHR == PL.4NT-EQUlPlIENT TYPE = HERhl-REC-CHLR SIZE z - 9 9 9  
P-P BOILER-FLYEL = NATL'RAL-GAS HERh4-REC-COND-TJFE = AIR .. 
PL.iNT-REPORT S = (BEPU) .. END .. COMPUTE PLANT .. 

IXPL'T ECOSO?\IICS .. 
ELECT-R.4TE = UTILITY-RATE 

R = ELEC'TRICIT'I' B-C = BLC .. 
BLC = B-C BLOCK-TYPE = ENERGY 

BLOCK-DPIT.4 = (800,0.7~5,1~00,.090,1 ,.IO) .. 
6.4S-R.ATE = UTILITI'-RPITE 
E?;ERC;J'-CHCS = (.G2) .. R = n"4TURALGAS 

ECOSOlI_ICS-REPORT S (ES-D) .. 
ESD .. 
C'OM I'L'TE ECOXOWC'S .. 
STOP .. 
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L O A D S  

Int r od u c tion 
The LO.%DS section of DOE2 calculates t h e  heating and cooling loads of a building, assuming a 
fixed indoor air temperature .*  T h e  loads components  can be divided i n t o  two classes, external 
and internal .  

External  components  are the  loads d u e  to hea t  conduction through walls, 
heat conduction through windows, infi l tration through windows 
a n d  walls, and solar gain through windows. 

components a r e  the  loads d u e  to people, l ights ,  a n d  equipment  inside 
the building. 

The program first ca1culat.es the  external load components  for all the  windows and doors on a 
wd1. t hen  for all t h e  walls in  a space.  The wall loads are  then  combined in to  the  t o t a l  external 
load for t h e  space.  Next,  t h e  program calculates the  internal  load components  for t h e  space and 
combines  t h e m .  giying the total internal load for t h e  space.  The external  and internal loads are 
conibiiied to gke t h e  total load for t h e  space. Finally, t h e  space loads are s u m m e d ,  giving the 
tord Ixdcling load for t h e  hour. 
LOADS calcul3tes the  heat ing and cooling loads using .4SHRAE algorithms. For t h e  load calcu- 
Ia~ioiis i t  is as sumed  t h a t  no HY4C equipment is operating and  that! each space remains at a 
u s c i q ~ ~ c i f i e d  consIan t temperature .  Therefore, the  hourly load calculated by LOADS is t h e  
energ!. i*ecjuit-ed to ma in ta in  n constant  space tempera ture  wi thout  the  effects of ventilation air. 

The Iiuilding houri!. loads are a function of many parameters, including 
buildiiig latitude 
I iu i ld i i~g  longitude 
building a l t i tude  
b u i Id i 1’1 g loca t ion -- t im e- 201’1 e 
building orientation 
110 u 1.1). a m 11 ien t d r!-- I) u 111 t e 111 per  a tu re 
11 c, LI I *  1 y n n’i l j i e n t ive t - I> u 1 11 t.e m pe r at, u re 
liou1d!* 3 1  mosplieric* pi’essure 
l i o u i ~ l y  \\.indspeecl 
11 ou I+* 11. in  d d i r ec. t ion 
h ~ \ i i * l y  insolat ion 
scli ecl u Ies for occu pan t s  
sched u les for ligh t iiig 
scliedules for equipment 
h ou 1 . 1  >* in fi 1 t r a t ion rat  e 
size of estei-ior.  interior,  and underground surfaces 
c o n s t r u c t  ion of exterior,  interior, and underground surfaces 
posit ion of exter ior .  interior,  and underground surfaces. 

---__-.- 
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LOADS Input Instructions 

Limitation on Number of Commands 
Thr m a x i m u m  n u m b e r  of Loads Description Language (LDL) commands t4hat t h e  program can 
accept iii a single r u n  is as follows: 

Corn m and 
h4axim u m 
Number 

B111 LDI?c‘G-LOCATI ON 
CONSTRUCTl8N 

DOOR 
D.4Y-SCHED l1LE 

ESTERIOR-l2?ALL/ROOF 
GLASS-TYPE 
I h’TERIOR-\4’.4LL 
L .4 Y E R S 
LO.is,DS--REP ORT 
RUS-PERIOD 
SCHEDLJLE 
SPACE 
SP.4C‘E-CONBITI QNS 
TlTLE 
u-n ames 
L”n’DER GROL’XD-FLOOR 
~ ? ~ ~ E R G R O U N D - \ ~ ‘ A L L  
\1’EEII;-SCH EDLTLE 
\VI SDOW 

1 
64 

300 
64 

300 
32 

313 
64 
1 
1 *  

lo0 
128 
50 
5 ** 

332 *** 
64 
61 

200 
200 

Description of LOADS Input Instructione 
T h e  follo\\.iiig sect ion describes all LDL i n p u t  instructions that, are required to run the LOADS 
p r c g - a m .  

INPUT 
The ~ I I ~ U I  d a t a  far t h e  LO.%DS program begins w i t h  t he  instruct ion:  

0 .  Tllk m b s i m u m  n u m t j e r  refers to the number of keyword values, not the number of instructions. 
0 0 8  The us* of t h t  nested schedul ing  technique, described in t h e  BDL stction of this manual, will result i n  the  use of at least three 

of these u - n a n m  for each SCHEDL’LE specified. You specify one u-name for the SCHEDULE and the balance of the u-names 
a r c  inre:nsll! specified Ly i h r  LDL program. .41so. specifying a c o d t w o r d  for a MATERIAL, a LAYERS, or a CONSTRUC- 
TICIS in [ k c  DOE-? PreassernLIed Li t r a ry  results i n  t h e  use of one u-name, internally specified by t h e  LDL program, The 
:5n1c ;: t r u e  \ j h p n  si,ecifying o u t p u i  reporLs 111 codtHord  (L\’-A, LS-A, etc . ) .  
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RUN-PERIOD 
The RLY-PERIOD command is used t o  specify the init ial  and final da tes  of t h e  desired simula- 
tion period. T h e  in i t ia l  d a t e  is the first date of the simulation, given in t h e  form: month day 
!*ear TIM LDL code-words t h a t  specify the names of the  months are given below. T h e  day and 
year are specified as numbers with a separator (blank or comma) on each side. T h e  final date  is 
t h e  last simulat ion date.  specified i n  t h e  same manner as the  init ial  da te .  

The code-words for the months  are: 

u-name 

Rules :  
1 .  
'2. 
3 .  

4 .  

J.4N FEB MAR 
JLTL AUG SEP 

is not. allowed 

APR MAY JUN 
OCT NOV DEC 

.4 RUS-PERIOD instruction must be entered for a LOADS program run.  
Only one  RUSPERIOD instruction is permitted with up to 15 THRUs. 
The initial arid final dates specified in any one computer run must  all be in t he  same 
year The final d a t e  must be equal to or later than  the  initial da te .  
The d a y  n u m b e r  cannot be  greater than  the number of days  in t h e  month associated 
with t h a t  da te  (in other ivoi*ds. SEP 31 1978 is not valid). 
b e  The year d t h e  RVN-PERIOD should ordinarily be the  year of the  d a t a  on the 
w a t l w  t ape  be ing  used. T h e  program and the  weather tapes assume a 365 day year, 
e w i  for leap years For more information on this ,  see HOURLY-REPORT instruc- 
t io]). pjs.11 32-33 of the ReJereuce Manual (2.1A). 

E s ;I m 1) 1 e 
1 .  This ilistruction would r u n  the LO.4DS program for one year: 

RUN-PERIOD 3.4N 1 1979 THRU DEC 3 1  1979 .. 
To rui i  t h e  LO.4DS program for January and February to study the  winter heating 
p e h k .  aiid for June  and July to s tudy  the  summer cooling peak,  the LDL input 
i n  51 ru c t iGn w u  Id be. 

RUX-PERIOD J.4N 1 1979 THRU FEB 28 1979 
JUN 1 1979 THRU JVL 31 1979 .. 
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BUILDING-LO CATION 
The BULDlNG-LOC.4TION command is used to specify the location and orientation of the 
building and o the r  miscellaneous information about  it .  

u-name 

L.&TITI'DE 

LO 3 G I TL' DE 

is not. allowed. 

is the angular distance from the plane of the equator to the 
origin of the building coordinate system. I t  is specified in posi- 
tiye degrees for the  northern hemisphere and negative degrees 
for the southern hemisphere. T h e  allowable range is -66.5 t o  
66.5 degrees. If not entered here, the value will be taken from 
t h e  weather tape. 

is the angular distance from t h e  prime meridian to the origin 
of the building coordinate system. It is specified in either posi- 
tive degrees (west) or negative degrees (east) from -180.0 to 
+180.0. If not. entered here,  the  value will be taken from the  
went her tape.  

is t h e  clisance of the  origin of the building coordinate system 
above (positive) or below (negative) mean sea level. The 
default is 0.0, and the allowable range is -1000.0 to  200~.0 
feet. Note: if you want to input air flow rates  and not have 
the program adjust them for ak i tude ,  ALTITUDE should be 
set t o  zero. 

for a building location is specified by the number of time zones, 
each 1 hour from the  next, from the  prime meridian. The  
values range from -1 to 9-13 for zones east. of the prime meri- 
dian and from 1 to 12 for zones west of the prime meridian. If 
not entered here, t he  value will be taken from the  weather 
tape. The following table identifies the TIME-ZONE values 
within the United States  by common time zone names. 

TNE-ZOh'E 
T i m e  Zone Value Time Zone Value 
At  Ian t ic 
East ern 
Cent rd 
H a\+*ai i 

4 
5 
6 

10 

Mountain 
Pacific 
Yukon 

7 
8 
9 

means that one %-hour day occurs in the spring and one 23- 
hour day occurs in the  fall. T h e  building schedules are 
adjusted accordingly with respect to solar noon. T h e  entry is 
a code-word, either YES ( the  default) or NO, that communi- 
cates y o u r  desire for daylight saving time. 
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H OLID A Y The LOADS program can calculate holiday loads using 
different schedules than for normal weekdays. The code-word 
YES ( the  default) gives the holidays; NO gives no holidays. 
T h e  followjng table identifies the holiday list. You can change  
the holiday list using the ALT-HOLIDAYS command;  see S u p  

National Holidays of the United States 

JAX 1 (unless on Saturday or Sunday)  
JAN ?: if a hlanday 

Third Monday in JAN 

Third h4onday in FEB 

Last Monday in hUY 

JUL 3 if a Friday 
JUL 4 (unless on Saturday  or Sunday)  
JUL 5 if a Monday 

Firs t  Monday in SEP 

Second Monday in OCT 

NO\' 10 if a Friday 
NOV 11 (unless on Saturday  or Sunday]  
NO!' 12 if a h4onday 

Fourth Thursday in NOV 

DEC 24 if a Friday 
DEC 35 (unless on Saturday or Sunday)  
DEC 26 i f  a hlondag 

New Years Day (con'd) 
DEC 31 if a Friday 

New Years Day 

Martin Luther  King's Birthday 

\+'ash ing ton's Birthday 

Memorial Day 

Fourth of J u l y  

Labor Day 

Columbus Day 

Yet erans Day 

Th anksgiy ing 

Christmas 

orients the building relative to the  direction of t r u e  north. 
This entry is the angle between t rue north and  the Y-axis of 
the building. T h e  azimuth is expressed in degrees from 0 to  
3GO" (c lock~*ise  as seen from above) or 0 to -360' (counter- 
c l o c k ~ ~ i s e  as seen f r o m  above). The default is 0.0. Changing 
this angle has the  effect of rotating t h e  building about its z- 
asis (wrt ical  axis). 
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CROUXD-T is a l is t  of the local mean ground temperaturts for each month. 
The values should be in degrees Fahrenheit, and in a t w e l v e  
element list format.  If not entered here, these data  will be 
taken from the weather tape. The range is from -100 ,O to 
150. Ov. 

is a list of the local monthly elearn- numbers for each month 
of the year. This is applicable when the clearness numbers on 
the weather file being used are not appropriate. The allowab1e 
range is from 0.5 to 1.2. Table below is reprinted from 
ASHRAE Trans. ,  Vol. 64, p. 67. 

is the gross floor arm (outside dimensions) of the conditioned 
space of the building. The range is from 0.0 to lO'ft? Its 
default is the sum of the floor areas of all conditioned spaces. 
This keyword is used only for the BEPS (Estimated Building 
Energy Performance) Report in PLANT, which gives building 
energy use in Iatujsqft-gross  area/year. 

2 

3 .  

R 11 It.> 

1 One a n d  on)> o ~ i e  B't'ILDI!YG-LOCATlON instruction must be entered for each separate 
LO.\DS p r o g r a m  r u n  I t  shouItl be input before any commands that, describe tbe building 
or 3 n y 1 m g  associated w i t h  i t  (e.g., SPACE or CONSTRUCTION). 
11' GROI'SD-T and CLE.4RNESS-SThlBER are not  input,  the values will be taken from 
the \l~cat11t.r file 
I f  LOSGlT't'DE. LATITUDE, or TIhIE-ZONE are not specified, the values will be taken 
from the \\.eather file. 

B'C'ILDISG-LOCt.4TIOS L.4TITUDE 42.0 LOKGITUDE 88.0 
ALTITL'DE = 610 
.4ZIMUTbI = 0 HOLID.4Y = YES .. TIhlE-ZONE = 6 
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LAYERS 
tdls LOADS that  t h e  d a t a  to follow identify the layers of material t ha t  are in a construction, 
the order of t h e  layers. and t h e  layer thicknesses, It tells the LDL Processor to calculate the  
response factors for t h e  wall. 

u - n a m e  

IS SI DE- F I LS I-R E S 

is required for this instruct<ion. I t  is referenced in a CON- 
STRUCTION instruction. 

specifies the combined convective and  radiative air film resis- 
tance for the inside wall surface. T h e  default of .68 hr-ft2- 
v / B t u  is an appropriate  value for vertical walls. For horizon- 
tal surfaces, such m ceilings and  floors, the  euggested inside- 
film-resistance can be found in t h e  fallowing table. Because 
only one value is allowed for each surface, you should decide 
which is more impor tan t ,  cooling or beating. T h e  allowable 
range is from 0.0 to 40.0 hr-ft2-9;'/Btu. 

Cooling Heat in g 

Upward 
Ceilings Heat Flowing Heat Flowing 

Dow n w ar et 
.82 

Floors Heat Flowing 
Upward 

.e1 

Heat Flowing 
Down ward 

.€I2 

If you cannot decide which is more impor tan t ,  cooling or heat- 
ing. the default n l u e  of 4 8  can be used. For exterior walls 
and roofs, the outsidefilm-resistance is calculated by t h e  pro- 
gram depending on windspeed. For interior walls, the air film 
described in INSIDELFfLhl-RES is the  film on the side of the  
\wfl that is in the  SPACE where the wall is specified. For the  
calculation of the U-value for an INTERIOR-WALL, the  
1NSlDE-FILM-RES is duplicated on the o t h e r  surface (oppo- 
site side). 

idcn t ifies a list of DOE-!! pre-specified material codewords (see 
Appendis D). T h e  number of elements in t h e  list is the 
number of layers in the  construction. For an exterior WON, the  
sequence of elements in the  list is the  sequence of the material 
layers in the exterior wall, s ta r t ing  w i t h  the exterior layer and 
enciiiig wit 11 the  interior layer. Reversing this  sequence can 
notably affect t h e  thermal performance of a wall. 
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R u les: 
1.  

2.  

3.  

4 .  

5 . 

G. 
... 
I .  

identifies a list that gives the thickness ,  in feet, for each 
material in the construction and overrides the thickness in the 
immediately preceding MATERIAL instruction. The allowable 
range is from 0.0-t (a value greater than 0.0) to 10.0 ft 

The outside air film coefficient, of an exterior wall or roof should not be specified 89 a 
layer because i t  is calculated by the  LOADS program as a function of surface rough- 
ness and wiadspeed. 

The list identified by MATERIAL and THICKNESS must have a one-to-one 
correspondence. For example, the first material listed in MATERIAL h a s  a thickness 
equal to t h e  first value listed in THICI1;NESS. 

Both lists (MATERIAL and THICKNESS) must have the aame number of elements, 

A list element must be included in THICICNESS for layers specified by a RESIS- 
T.\XC'E. but i t  is a dummy variable, used only to make the list length :match with  
t lie lL4TERIAL list lengt 11. 

For an exterior wall or roof, both lists start with the outside layer. 

3 1 n i m u n i  list length for ht4TERIAL and THICKNESS is 9 elements each. 

sot all LAI'ERS can be specified by RESISTANCE (for 
one  mus t  be specified as a transient type layer. 

E s a m 11 le : 

\\'.A- I - ?= L.4 1.E R S h i 4  TER I A L- (\I'D01 ,P U703,IX02 ,GPO1 ) 

MATERIAL) only. At least 

.. 
I-F-R .76 - 0  
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CONSTRUCTION 
Ttiis inst ruct  ion is used to specify t h e  construction characteristics and properties of an exterior 
\\+all. exterior floor, roof, interior wall. interior floor, ceiling, underground wall, underground 
f l o ~ .  or non-glass door. 

u- 11 a m e 

LIKE 

\’- * .4 Lc‘ E 

musf be specified for t h i s  instruction in order to reference this  
COI\‘STRUCTION in a subsequent EXTERIOR-WALL, 

UXDERGROUND-FLOOR, or DOOR instruction. 
ROOF, INTERIOR-WALL, UNDERGROUND-WALL, 

may be used to copy d a t a  from a previously u-named CON- 
STRUCTION instruction. 

entry for this keyword is the u-name of a previously defined 
(and entered) LAYERS instruction. This identifies t h e  charac- 
teristics of the CONSTRUCTION and specifies heat transfer 
calculation by the dytiatitic, or delayed technique. 

may be used as a less accurate altlernative to LAYERS when 
the construction has little hea t  capacitance, and the  heat flow 
is not delayed. .4 steady-state, or ‘(quick” calculation tech- 
nique is used. For interior surfaces the  U-VALUE should 
include both film coefficients. For exterior surfaces only t he  
inside film coefficient should be included since the outside film 
coefficient. is ca1culat.ed hourly as a function of surface rough 
ness a n d  windspeed. The  range is from 0.0 to 20.0 Btu/hr-ft’- 
OF. Table ‘1.1 shows typical U-Values for some low-heat capa- 
ci t y w nl Is , 
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TABLE 3.1 

Esam ple U-Valu es for Coastru c tions 
W i t h  LOW Heat Capacity 

* 
Est erior \\'ails U-\'al u e 

0.35 
0.38 
0.34 

1 ,'",' Kood sheathing, studs, I/Y' gypsum board 
Xleta l  siding on I.!?" plywood, studs, 1/2" gypsum board 
Stucco on 3 3 ' '  pine ,  studs, 1/1" gypsum board 

* 
Roofs 

\l'ood sliingles on 1!3" plywood, 3 x 8 studs, 1/2" gypsum board 
Built-up roof on ply~*ood deck, 2 x 8 studs, 1/2" gypsum board w/acoustical tile 

Gypsum hoai*d, 1 T', on either side of metal studs 
Hardwood flooring on 1 /2'' deck, 2 x 8 floor joists, 

0.38 
0.27 

** 
Interior \l'alls and Floors 

0.32 

0.20 su I~floor, tile (ceiling to space below) 
* 
-*  Inc ludes  inside surface air film 011 both sides. 

Includes inside surface air film. 

51A doors w e  also defined u II 'Lr-\'alue CONSTRUCTION, The table below gives some typical 

TABLE 2.2 

' C'oefiicien ts  of Transmission (U-Values) for Slab Doors (Btu/hr-ft?-"F) 
No Storm Door Storm Door 

- Door Type  Thickness Storm Door w/Wood w /Me t a1 
Solid \\'ootl 1 i n .  0. G4 0.30 0.39 

1.25 i n  0.55 0.28 0.34 
1.3 i n .  0.49 0.27 0.33 
2 i n .  0.43 0.24 0.29 

A 0.50 I - 
B 0.19 - - 
c 0.47 - - 

SlW.1 1.75 in 

A = >lineral fiber core ( 9  1b/ft3). 
€3 = Solid u r e t h a n e  core w i t h  thermal break. 
C = Solid polystyrene core w i t h  thermal break. 

FOJ. addit io1131 jnformat ion on L'-\:alues, please see pp.III.80-85 of the Re-eret ice  Munual (2.1A). 
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specifies, as a decimal fraction, t h e  solar ra.diation absorptance 
of an exterior surface of an EXTERIOR-WALL or ROOF; this 
keyword is not appropriate to INTERIOR-WALL, 
UNDERGROUND-WALL, or UNDERGROUhD-FLOOR. 
T h e  default is 0.70. The  following table provides typical 
values for various exterior surfaces. 

TABLE 3.3 

Solar ABSORPTANCE for lrarious Exterior Surfaces (Clean) 

Material 
ABSORP- Pa in t  ABSORP- 
TANCE Pa in t  TANCE 

.4lumi i ium.  polished reflector sheet 

.4sphd1 p a w m e n t ,  weathered 
Brick.  I>U ff .. ligli t 
Bt*ic.k. red 
Brick. St.afford Iilue 
Brick. w h t  e glazed 
Ccnien t . uncoloi~ed asbest,os 
C'eineii 1. w h i t  e asbestos 
C'oncret e. black 
C'oiicrete. 1:,rowi 
Con cre t e ,  u II coloi-ed 
Film, ! 'd~*lar aluminized 
Felt. bituminous 
Felt. b i t  uniinous. aluminized 
Grayel 
I ron.  w11 i t  e-on-galvanized 
Lab vapor deposited coatings 
1larl)le.  i d 1  i t  e 
Roof'. w h h  b u i l t - u p  
Roofing. green 
Slate .  b lue-gra~ .  
Tin surrace 
\\'oocl. smooi 11 

0.12 
0.82 
0.55 
0.88 
0.89 
0.23 
0.75 
0.61 
0.91 
0.85 
0.65 
0.10 
0.88 
0.40 
0.39 
0.26 
0.02 
0.58 
0.50 
0.86 
0.87 
0.05 
0.78 

Aluminum paint  
Black, flat 
Black, lacquer 
Black, oil 
Black, optical flat 
Blue, azure lacquer 
Blue, dark 
Blue, medium 
Blue-gray, dark 
Brown, dark brown 
Brown lacquer 
Brown, medium 
Brown, medium light 
Gray,  dark 
C: *ay, light oil 
Green, lacquer 
Green, lacquer, dark 
Green, light 
Green, medium dull 
Green, medium Kelly 
Olive, dark drab 
Orange, medium 
Red,  oil 
Rust, medium 
Silver 
W h i t  e ,  gloss 
White ,  lacquer 
White ,  semi-gloss 
Yellow 

0.40 
0.95 
0.92 
0.90 
0.98 
0.88 
0.91 
0.51 
0.88 
0.88 
0.79 
0.84 
0.80 
0.91 
0.75 
0.79 
0.88 
0.47 
0.59 
0.51 
0.89 
0.58 
0.74 
0.78 
0.35 
0.23 
0.21 
0,30 
0.57 

T h e  tab le  a b o w  is a compilation of data from several sources including Passive Solar Design 
- -b iu /ys ikq by J.D. Bdcornb (DOE, Office of the -4ssistant Secretary for Conservation and Solar 
Eiicr*gy. Decem Iier 1979). 

L0:IDS 2.11 L0.4DS 



is specified as a code-number that, indicates the relative rough- 
ness of the  exterior surface finish of an EXTERIOR-WALL or 
ROOF. This keyword is not appropriate to 
I n'TERIOR-\I?ALL, UNDERGROUh?>-\YALL, and 
UNDERGROUND-FLOOR. T h e  code-numbers are given in 
the  table below; default is 3. 

- 

TABLE 2.4 

ROUGHh'ESS Code for Exterior Surface Finish 

Surf ace 
Finish \ b 1 1  Roof 

Code- 
number 

Rough Stucco Wood shingles or 1 

Brick or Plast.er 2 
Concrete (poured) Asphalt shingles 3' 
Clear pine 4 
Smooth plaster Metal  5 

Built-up roof w/stones 

Smooth Glass 
Paint. on pine 

6 

- 

* 3 is the  default  value 

R u les. 
1. 

'2. 

3 .  

4. 

Either LAYERS or L X 4 L U E  should  be entered, bu t  entering both, or neither, will 
generare a n  error message. 
If LPIYERS is specified. a transient heat t.ransfer calculation is performed. I t  is recom- 
mended  for all construct ions except very lightweight ones. 
If C-I'ALVE is specified, a steady-state heat transfer calculation is performed. I t  is 
recommended for very lightweight constructions. 
The L U L L - E  IS used to calculate heat transfer through interior walls, floors, under- 
grou ncl \ ~a l l s ,  and underground floors. 

Ex am 13 le : 

R OOF-I =COXSTRLC!TION L.41'ERS=RB-1-1 .. 

FLOOR-1=-CONSTRK"I0.1' U = 0.05 .. 
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GLASS- TYPE 
This instruction is used to specify the type of glass used in a window. 

u- 11 a m e 

LIKE 

SI3 .\DISG-CQEF 

is a mandatory entry for this command in order to reference 
the GLASS-TYPE in a \VjI?iTDO\V instruction. 

may be used to copy d a t a  from a previously u-named 
GLASS-TYPE in st r u c t ion. 

Number of panes of glass; the code numbers  are  1, 2, or 3 for 
single-, double-, or triple-pane, respectively. The default. is 
single-pane. 

is the  ASHRAE shading coefficient of the glass. This keyword 
value is a number between 0.0 and 1.0, and there is no default. 
M'hen SHADING-CQEF is entered, the program will first cal- 
culate the solar heat gain using transmission and absorption 
coefficients for clear, 1/8" thick, s ing lapane ,  double-strength 
sheet glass. This solar heat. gain is then multiplied by the 
value of SH.4DING-COEF to determine the  resultant solar 
heat gain. Thus ,  resul tant  solar heat  gain = SHADING-COEF 
s (solar heat gain for s tandard  glass). 

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, 
you may assign a SHADING-SCHEDULE to a window (see 
WWDOW command). T h e  resultant solar heat gain each hour 
will then be mult.ipliecl by the schedule value. For shading 
coefficient values of different glazing types with and without  
shading devices, see manufacturers'  d a t a  sheets or t he  
ASHRAE 1989 Handbook of Futzdanmta l s ,  pp.Y.26,27.3O-33.. 

is the conductance of the total window escept for the outside 
film coefficient I 

T h e  conductance given in  glass manufacturers'  d a t a  sheets 
usually includes t h e  outside air film resistance for a windspeed 
of i . 5  mpli (summer)  or 13 mph (winter). T h e  following table 
can be used to obtain t h e  corresponding value of 
GL.4 SS-C'ONDIi CT.4 W E .  For esam p le, 
if 

t h e n  
LJ (i.5 mph)  = 0.64 BtSu/ft,'-hr-'F, 

GL.4SS-COh'DLK'TANCE = 0.79 (by interpolation). 
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Note: if CLASS-CONDUCTANCE is not specified, it will 
default to 1.470 for PANES-1, 0.574 for PANES--2, and 
0.304 for P.4NES=3. 
For U-Values of difi'eren t glazing types, see manufacturers' prcl 
duct data sheets, or the ASHR4E 1989 Handbook of Futida- 
i i i e i i ta /s ,  pp.37.16- 17. 

Es am p le : 
IC- 1 -1-GL.4SS-TYPE PANES=!? SH.4DING-COEF=.45 0 .  

TABLE 2.5 

Correspondence between glass manufacturers U-Value 
(including outside air film) 

and 
DOE2 GL.4SS-COXDUCTANCE value (excluding outside air film) 

All values are in Btu/ft2-hr-T.  

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0 . i  
0.8 
0.9 
1 .o 
1 . 1  
1 . 2  
1 .3  

0.10 
0.21 
0.33 
0.15 
0.50 
0.73 
0.89 
1.05 
1.23 
1.43 
1 A4 
1 - 8 i  
'3 .13  

Winter U-value GL.4SS 
(15 mph windspeed) COhDUCTANCE 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1 .o 
1.1 
1.2 
1.3 

0.10 
0.31 
0.32 
0.43 
0.55 
0.68 
0.81 
0.95 
1.09 
1.34 
1a0 
1.57 
1.74 
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SPACE-CONDITIONS 
The primary use of t h i s  subcommand is to define the internal loads  in  the space. T h e  subcom- 
m a d ,  and  its associated keywords and c.ode-words, specify the conditions t h a t  are appropriate 
to a space (or to groups of spaces) in the building (any value listed here may be overridden in a 
SP.4CE instruct ion b y  re-entry of t h e  keyword with a different value). The conditions refer to 
people. lighting, process equipment, and infiltration. T h e  conditions are primarily specified as a 
function of their maximum values and their schedules. The conditions can be varied in time and 
amount  via the  use of schedules that. contain fractional value inputs. 

Before specifying t h e  input da t a  for SPACE-CONDITIONS, you should understand some of the 
logic Iiuilt into the DOL:! Program. All of the energy sources associated with a particular space 
do not necessarily affect the heating and cooling loads of t h a t  SPACE. Some energy sources 
contribute all of tIieIr energy to the space and other  energy sources contribute from 0 to 1 0 %  of 
their  energy t.o t h e  space. 

1. 

2. 

.4ii of the energy associat.ed with people, task  lighting, and infiltration is assumed to enter 
t he  space. 

0111y pclrt of the energy associated with  the other  heat sources in the SPACE (overhead 
light iiig, process eyuipm en t ,  and process utilities) enters the. SPACE. T h e  energy t h a t  does 
not enter t h e  space is coiisumed by a product  or process, is added to the return air duct or 
plenum. or is cashausted from the space. The portion of energy that enters t he  space, 
w ’ s u s  t h e  portion that does not ent.er the space, can be controlled by you through the use 
of I lie LIGHT-TO-SPACE key\\*oi*d a n d  t h e  “sensible and latent” keywords. 

T h a t  portion of the energy that does not enter the  space h a s  no effect upon the subsequent. 
sizing of I - K K ‘  equipment. in  the SYSTEhlS simulator. That. energy demand is, however, 
adclc~d to t h e  d e m a n d s  made  on the equipment, or purchased ut i l i t i es ,  in the PLANT simu- 
laror. I t  is  not chargeable to t h e  secondary HV.4C system. 

\\‘hen the  program at tempts to au t.omatically size equipment in the  PL.4NT simulator, it 
adds  all of the  space heatingicooling loads, all of the space process loads, and the  building- 
Ic-wl u t i l i t y  loacls ( e l e ~ a t o r s ,  exterior lighting. and domestic hot water) and then sizes the 
ecluiprnei i t  nc~ordingly to meet the tlotal. This way, the total utility demands for the build- 
ing \vi11 be cori’ect and the secondary HVAC syst.em wil l  not be charged with energy that 
r i g 1 1 i ~ ’ u I l ~  Mongs  to  the  process i n  the huilding. 011ly that  portion of the process load tha t  
e111ci.s tI1e qiaces as a heat ing ‘cooling load will show up i n  the secondary HVAC system. 

I t  is i i n p ~ i * r n n t  t h a t  all of the lighting, equipment, and utilities supplied to a space, for 
w11:lt ~ \ * e i *  i ‘ eas01~  be iricluded i i i  t h e  SPACE-COhDlTIOSS or SPACE instruction. This 
include> process equ ipmen t  a n d  process utilities. If any loads are omit ted,  the HY4C 
ecjuijimeii t m a y  be  properly sized but the PLANT equipment will probably be undersized. 
DG not. ho\iewr. inc lude  t h e  H Y A C  equipment items (fans, coils, etc.) because they are 
atlcli-essed sepnrh te ly  hF the program. Also, do not include building level loads such as 
cIoii.~est IC. hot \\‘ilter. e l e ~ t ~ o r s .  etc. because these loads are not associated with any particu- 
1;1r sp3c~ 11u t r i l t  h e r  a re  associated n’ith the en tire building. 

1-011 sliouIcl pay close a t  tentioil when specifying SCHEDULES. I t  cannot be oi’er- 
e r n p l i w z e d  how import ni i t  t h i s  is. All the SCHEDULES associated with 
SP.~C*E-C‘ONDITIONS. escept IXF-SCHEDULE, default  to the  off mode of operatlion. 
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This means tha t  even though the  maximum ou tpu t  of the equipment, lights, etc. has been 
specified, the equipment and lights will not be turned on ,  un le s s  you specify this  mode of 
operation in  the  SCHEDULES. Naturally, if you fail to turn  the equipment and lights on, 
t h e  simulation will be f au l ty .  

SPACE-CONDITIONS 

u-name 

LIKE 

PEOPLE-SC’H EDI’LE 

.\RE.-\ PERSON 

P C 0 P LE- I 1 E .A T-Ci .i I 5 

To sum up,  SPACE-CONDITIONS tells LOADS that the data 
to  follow specify the  temperature, floor weight, zone type, 
infiltration, and internal loads of a space. 

must be specified for this  instruction in order for it to be refer- 
enced in the  SPACE command.  

may be used to copy data from a previously u-named 
SPACE.CONDlTIONS instruction. 

is t h e  space air temperature  tha t  will be used in the  LOADS 
simulation, This is a f ist  with only one d u e  midway between 
the heating and cooling setpoints (DESIGN-HEAT-T and 
DESIGN-COOL-T, respectively) in SYSTEMS. If a zone is 
unconditioned, TEhPERATURE should be an estimated aver- 
age temperature for the  zone. T h e  default is 70T, and the 
range is from 0.0 to 130.00F. 
Example: TEMPERATURE = (73) 
(If the parentheses are omit ted,  egg.  TEMPERATURE = 73, 
a n  error message results.) 

is t h e  u-name of the schedule for space occupancy as a function 
of time. Schedule inputs  are fractions of the maximum 
hXXIBER-OF-PEOPLE. If PEOPLE-SCHEDULE is not 
ent,ered, the schedule value will default to zero, and will there- 
fore simulate the space with no people. 

is an a1 tern at ive keyword to  NUMBER-OF-PEOPLE; how- 
ever’, .4REA/PERSON is the preferred key word t o  use. 
AREAiPERSON defaults to 100 sqft per person. 

is t h e  rnasimum number of people occupying a space during 
t h e  simulation. T h e  act.ua1 number of people present, in the 
space during any given hour is the  value assigned to this key- 
\ \ w d  mult~iplied by the fractional value assigned for t h a t  hour 
(set. PEOPLE-SCHEDULE). T h e  default is 0 and  the  range is 
from 0 t<o 10000. 

is the  combined maximum latent and sensible heat gain per 
person to the  space. T h e  balance between latent and sensible 
heat is calculated by the program. T h e  keyword value is 
iearied with respect to time and quant i ty  of people by the 
PEOPLE-SCHEDULE and NLJhfBER-OF-PEOPLE or 
.4REk’PERSON.  T h e  range is from 350.0 to 2OOO.O Btuihr -  
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PEOPLE-HG-LAT 

PEOPLE-I-JG-SE?;'S 

LIGH TIKG-SCHEDL'LE 

LIGHTING-TJ'PE 

person. The default is zero; therefore, a value must  be input 
or the  alternative method of specifying people beat gain, by 
inputting PEOPLE-HC-LAT and PEOPLE-HG-SENS, should 
be used. For typical values for different degrees of activity, see 
the ASHRAE 1989 Handbook o j  Fundameiitals, Table 3, p.26.7,  

is the  maximum latent heat  gain per person to the space by 
t h e  occupants. T h e  default is 0.0, and the range is from 0.0 to 
3000.0 Btu /h  r-person. 

is the maximum sensible heat gain per person to the space by 
tlie occupants. T h e  default is 0.0, and the range is from 0.0 to 
f?OOO.O Bou/hr-person. 

is the u-name of the schedule for space overhead lighting. 
Schedule inputs are  fractions of maximum lighting energy 
input (see LIGHTING-Ii\V or LIGHTING-WISQFT; see also 
LIGHTING-TYPE and LIGHT-TO-SPACE). If not specified, 
the LIGHTING-SCHEDULE value will default to zero. T h i s  
will result in simulation with no lighting, even if lighting is 
specified b y  keywords LIGHTING-IW or 
LIGHTING-\I'/SQFT, etc. 

t akes  a codeword that specifies the type of overhead lighting 
used in the space .  T h e  fol lo~l ing table shows the codewords  
t h a t  can be used. The default is SUS-FLLJOR. 

I Code-word LIGHTING-TJTE 

Sl: S-FLUOR Suspended fluorescent 
REC-FLUOR-hT Recessed fluorescent - not  vented 
REC-FLUOR-RY Recessed fluorescent vent  to return air 
REC-FLUOR-RSV Recessed fluorescent vent to supply 

and return air 
INC.4ND Incandescent 
SUSPENDED I n can d esc e n t 

For mixed types of lighting within the same space, t he  recom- 
mended procedure is to select the  dominant. type and adjust 
the  percentage of heat produced by the lighting, using the 
LIGHT-TO-SPACE keyword below. 

is the  maximurn amount. of e le~t~r ica l  energy required to operate 
t h e  main or overhead lights within the space. I t  is not neces- 
sarily the  sensible heat added by t h e  lights to the space (see 
LIGHT-TO-SPACE). T h e  actual space lighting energy 
required by the space d u r h g  any given hour is t h e  value 
assigned to this keyword multiplied by the fractional value 
assigned for that, hour (see LIGHTING-SCHEDULE). T h e  
default is 0.0, and  values can range from 0.0 to 200 k\Y. 
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L 1 C; 1-1 1’-TO-SP .I C‘E 

Infrared 31 72 
Convect ion-cond uct ion 36 18 
Ballast 14 0 

If both LIGHTING-K\I’ and LICHTINC-W/SQFT are 
specified, the program adds  the ~ a l u e s .  

Note that  the  ~alues  for LIGHTING-KM‘ and 
LlGHTING-U’/SQFT are amounts  of electricity consumed by 
lamps and ballasts. 

is an alternative method (to LIGHTING-KW) for specifying 
the maximum overhead, or general, lighting energy use. T h e  
dimensions are wat ts  of lighting energy use per square foot of 
space floor area, The default is 0.0, and values can range from 
0.0 to 10 \Y/ft2. The actual  overhead lighting energy required 
by t he  SPACE during any given hour is t h e  value assigned to 
this keyword ~ ~ u l t i p l i e d  by t h e  square feet in the  spwe multi- 
plied by t he  fractional value assigned for t h a t  hour (see 
LIGHTINC-SCHEDULE). 

Xote t h a t  there is a distinction between the  amount  of illumi- 
nation produced and the  power consumed for incandescent and 
fluorescent lighting ( the  keywords describe the  power con- 
sumed). Thus, if the  same values of LIGHTING-KW or 
LICHTINC-M’/SQFT are specified for an  incandescent light, 
and for a fluorescent, light, the  amount  of illumination from 
the  fluorescent light will be approximately twice that from the  
incandescent light. T h e  distribution of the energy for these 
t x o  is approximately given by the following table. 

Fluorescent Incmdescen t 1 Type of 
Energy percent percent 

is the fraction, if any, of“ the lighting energy that is added to 
t h e  space energy balance as a sensible heat gain. T h e  remain- 
ing energy is added (in SYSTEMS) to the ductwork if 
RETURN-.4IR-PATH = DUCT. T h e  default is 1.0 for 
SUS-FLUOR, REC-FLUOR-hV, and INCAR?); 0.8 for 
REC-FLVOR-RV and REC-FLUOR-RSI‘. See also Supple- 
melit (?. ]E). p.P.81, “Distribution of Heat jrom Lights”. 

Note: When specifying any zonal system ( tha t  is, if 
SYSTEM-TYPE in SYSTEMS equals UHT, C‘VT, HP, TPFC, 
FPFC, TPW, FPIU, or PTAC) the value of 
LlGHT-TO-SPACE is automatically set equal to 1.0. 

is the u-name of the schedule for task lighting in t he  space. A 
t a s k  light is any  small lamp, such as a desk lamp, that, would 
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have a diffcrent scfredule of ure than the main space overhead 
lighting. Schedule i n p u t s  are fractions of maximum task light- 
ing energy input (see TASIi-L1GHTINGKM' or 
TASIi-LT-W/SQFT). If the  TASK-LIGHT-SCH is not 
input, the schedule value will default to zero and no task lights 
w i l l  le simulated. 

T.4 Sli -LIC HTl SG-l<\l'  specifics t h e  maximum electrical energy required for tmk light- 
ing. All of this energy is added to t h e  space. The default is 
0.0, and the range is from 0,O to 200.0 kW. The actual task 
lighting energy required in t he  SPACE during any given hour 
is the value assigned to this keyword multiplied by the frac- 
tional value assigned for tha t  bour (see TASK-LIGHT-SCH). 
If both TASK-LIGHTINGKW and TASK-LT-W/SQFT are 
specified, the program adds the values. LIGHT-TO-SPACE is 
not appropriate to this keyword because 100% of task lighting 
energy goes to t h e  space. 

E41  ' I  P-SC'H E Dl' LE 

is an alternat iw keyword for TASli-LfGWTING-I<\V and is 
based on watts of task lighting per square foot of floor area of 
the slmcc'. The default is 0.0, and ranges from 0.0 to 10.0 
U*,v f t '. LI GHT-TO-SPACE is not appropriate to this k ey- 
word because 100% of task lighting energy goes to the space 

is the u-name of the schedule for space equipment operating 
scl~cdule. Schedule inputs are fractions of maximum equip- 
men t energy i n p u t  (see EQUIPhlENT-104' or 
EQ~llP~1ENT-\I'IISQFT). If tbe EQUIP-SCHEDULE is not 
input. the schedule value will default to zero and DO space 
equipment loads will be simulated. 

is the maximum amount of energy required to operate electrical 
equipment w i t h i n  the space and is not riecessarily the sensible 
a n d t o r  latent heat, added by the  equipment to the space (see 
EQUP-SENSIBLE and EQUIP-LATENT). The default is 0.0 
and t h e  range is from 0.0 tlo 200.0 k W .  T h e  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 
a m o u n t  of equipment. energy added to the space, if any, may 
lie specified by its components (see EQUIP-LATENT and 
EQUIP-SENSIBLE). If both EQVIPhENT-KW and 
EQVlPhlENT-\V/SQFT are specified, the  program adds the 
v a I u es . 

EQL*IPSlE ST-\!' SQFT is an alternative keyword for EQUIPMENT-ICW and is based 
on wat ts  of equipment energy per square foot of floor area of 
tlic space. The default is 0.0 and the range is from 0.0 to 
100.0 \\* ' r t  ?. 
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EQI'I P-L.4TEST 

is the fraction of EQUIPh.IEXT-fW, if any, that is added to 
the space energy balance in the form of sensible heat. The sum 
of EQUIP-SENSIBLE and EQUIP-LATENT must not exceed 
1.0; range is 0.0 to 1.0. 

is the fraction of EQLJlPhIENT-K\Z: that is added to the space 
energy balance in t he  form of latent heat. The sum of 
EQUIP-LATENT and EQUIP-SENSIBLE must not exceed 
1.00. The default is 0.0. If neither EQUIP-SENSIBLE nor 
EQUIP-LATENT is specified, all heat from equipment will be 
considered sensible. 

The k ey words SOCRCE-TYPE, SOl~RCE-BTU /HR, SOURGE-SCHEDULE, 
SOURC'E-SESSlBLE, and SOt~RCErLATEh?, described below, must be considered IU a group. 
SOLRC'E, in t h i s  context, implies a utility demand, not equipment. Depending upon how the  
sourcc is specified, i t  may or may not result in EL apace heating/cooling load. Also, I mutce may 
or m a y  not result in  a u t i l i t y  load on PLANT. It is possible to specify only one source per 
space. 

SOL'R CE-TI'PE 

ELECTRIC' 

is used when there we internal heating or cooling loads caused 
by a Source other than people, lights, or equipment. The possi- 
ble codewords  for th is  keyword are: 

The load will contribute to the natural gas use budget in 
PLANT. Examples include natural gas for ovens, ki lns ,  dryera, 
e t c .  CAS is the default. 

The load will contr ibute  to electricity use budget in PLANT. 
Examples include electricity for cooking, electroplating, battery 
ch argin g, etc. 

The load will contribute t o  the hot-water budget (natural gas 
or fuel oil) in PLANT. This  load will be reported aa a dome* 
tic or service hot water load. The  HOT-WATER loads will be 
passed to any dotiiestic hot water heater defined in t h e  
PL.4NT-EQUPhfENT command.  

Load \vi11 not contribute a u t i l i t y  load on PLANT (e .g . ,  cooling 
load caused by a self-contained, portable energy source or other 
industrial  processes). Examples of this type of load are gase 
line powered fork torucks, oxyacetylene welders, wood stoves, 
1,ot.tIed gas equipment, etc. You should sum up all the PRO 
CESS loads in the zone, be they electrical, gas, hot water, 
solar, nuclear, etc. and express the total in Btu/hr .  This total 
\palue should be expressed with the keyword 
SOURCGBTU/HR. The  portion of the  total PROCESS load 
that. enters the zone as a heating or cooling load is then 
specified by using the SOURCE-LATENT and 
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SOVRCE-SENSIBLE key words. 

SOt'RCE-BTC' ;HR 

SO 1' R C'E - L.4 TE YT 

Thls keyword is not operative unless SOURCE-SCHEDVLE is 
defined. 

Now: Do not use the codeword ELECTRIC for specifying 
clectricaily heated hot water. A b ,  do not uae the codeword 
GAS to specify gas heated bot water. In both cmes, specify 
SOURCLTYPE - HOT-WATER. This will p m s  a demand 
for hot water to PLANT, where the hot water beater is 
specified along with its fuel type. The first approach will pass 
the wrong type of demand to PLANT. 

ia the maximum amount of energy rrupplied by the wwce 
defined by SOURCE-TYPE. This  is the maximum amount  of 
energy required to operate devices, other than lighting and 
equipment, within the space and is not necessarily the sensible 
and/or latent heat added by the source(s) to the load on the 
space (see SOURCEMENSIBLE and SOURCE-LATENT). 
The default is 0.0, and the allowable range is from 
-10000000.0 to 1000000.0 Btu/hr .  A negative value represents 
heat r e t t ~ o t d  from the  space. 

The actual source energy required by the space, during any 
given hour, is t h e  value assigned to th is  keyword multiplied by 
the fractioiial value assigned to that hour (see 
SOI'RC'E-SCHEDULE). This amount  of SOURCE-BTV/HR 
energy added to the load of the space, if any, may be specified 
by SOC2tCE-L.4TEn"T and  SOURCE-SENSIBLE. 

is t h e  u-name of the schedule for any source of internal energy 
(such as process equipment withiti a space) other than people, 
l ights,  or electrical equipment. Schedule inputs  are fractions of 
SOUK"-BTU/HR. If  the  SOURCE-SCHEDULE is not 
entered, the schedule value wi l l  default to 2ero and no 
SOURCE loads will ))e simulated. 

is t lie I'raction of SOURCE-BTUIHR (after being multiplied 
by t lie hourly fractional value in SOURCE-SCHEDULE) that  
is a d c l d  to the  space energy balance in the form of sensible 
he3  t 9 The s u m  of SOURCE-SENSIBLE and 
SOVRCE-L.+TEI\'T must not exceed 1.0 and is likely to be 
less t h a n  1.0 since all such energy is not necessarily added to 
t h e  space load. The default is 1.0, and it can range f w m  -1.0 
to 1 .o. 
is t h e  fraction of SOURCE-BTUIHR (after being multiplied 
by the hourly fractional values in SOURCE-SCHEDULE), if 
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RESIDES T I.4 L 

any, tha t  is added to the space energy balance in the  form of 
latent heat. T h e  dium of SOURCE-LATENT and 
SOURCE-SENSIBLE must  not, exceed LO and is likely to be 
less than 1,O since all such energy is not necessarily added to 
the space load The default is 0.0. 

equals 8 codeword that identities the method used to calculate 
infiltration for the space. The possible code-words (italicized) 
are as follows (the default is NONE). 

No infiltration is calculated. 

The infiltration rate is calculated using the air-change method 
as described below for keywords AIR-CHANGES/HR and 
INF-CFM;SQFT. One of these keywords should be specified 
if INF-hilETHOD-AIR-CH.4~~E. AIR-CHANGES/HR will 
give a \r.indspeed-depcndetaf infiltration rate. IN-CFM/SQFT 
will give a H.inds~~ed-independe,ll infiltration rate. 

The infiltration rate will depend on both windspeed and 
inside-ou tside temperature differences ~ks described below for 
keyword RES-INF-COEF. 

is a list of 3 i~alues whicli are coefficients in the following for- 
mula: 

Iiifiitration = value1 + (value2 x windspeed) + (value3 x AT) 

wI1ere infiltration is measured in air changes/hr, windspeed is 
ill knots (taken from the weather tape) and AT (absolute value 
of outdoor-indoor temperature differential) is in ?F'. The key- 
word RES-INF-COEF is appropriate only if IW-METHOD 
= RESIDENTIAL. T h e  default coefficients are 0.352, 0,0251, 
and 0.0084. The range is from 0.0 to 20.0 for each coefficient. 
is the number of infiltration-caused air changes per hour at a 
windspeed of 10 mph for a space with 
INF-hlETHOD-AIR-CH.4NGE. The default is 0.0 and range 
is from 0.0 to 30.0. If this keyword is specified, the program 
will make a windspeed correction each hour to the infiltration 
rat e, so that: 
A c t u a l  air changes per hour - 
(.4lR-CH.ANGES,/HR) x (windspeed)/(lG mph)  
(This keyword should not to be confused with a keyword of 
the same iiame in SYSTEh4S.) 

----- 
On. 0: ! ~ t h  of the  h t , i \ t o r d 3  .41R-C'HANCES/HR and I!VF-CFM!SQFT should be entered. If both are tntertd their tflrcts w e  

SL;lrlii+ 1 
C I c I W  $t,:ldl: I + I Jsrd en H Ilctllcr or noi I Hindspeed correction is  desired 
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ISF-CFSJ SQFT* 

INF-SCHEDULE 

FLOOR - \lT=IGMT 

is the amount  of infiltration into a space wi th  
1KF-h.IETHOD=AIR-CHANGE. I t  is expressed 85 the  ratio 

(infiltration cfm)/(floor area). 
There is no correction for windspeed. The default is 0.0 and 
t h e  range is from 0.0 to 20.0 cfrn/ft2. 

is the  u-narne of a schedule t h a t  specifies a multiplier on the  
amount  of air infiltration into a space aa a function of time. 
The schedule should contain values that modify the calculated 
infiltration values. A value of 1.0 would leave tbe  infiltration 
Yalues unmodified night and day ,  year round.  Any value 
below 1.0 would represent reduction of infiltration such as t h a t  
caused by pressurization from a supply fan. Any value above 
1.0 would represent an increase in infiltration such as t ha t  
caused by an exhaust fan,  open window, or open door. If 
INF-SCHEDULE is not input  the schedule will default to one 
for all hours. 
Ordinarily, INF-SCHEDULE should not be used with 
1 NF-hIETI.1 OD =p: RES1 DENTIAL method of in fi 1 t r at ion 
because the schedule will dis tor t  wind information from t h e  
weat her tape. 

is used to specify t h e  composite weight of the f loor,  furnish- 
ings. and interior walls of a space divided by the floor area of 
t h e  space. The value input  by you will determine the  weight- 
ing factors associated with the space. Higher values give a 
longer time lag between hea t  gains and resultant cooling loads, 
and greater damping of peak loads. The  default is 70.0, and 
t h e  range is from 0.0 to 200.0 lb/ft'. 

Ex 3 m 11 le 
OFF lC'E-E\l* = SP.\CE-COI\Z>ITIOXS 

PEOPLE-SCHEDL'LE 0cCUPJ'- 1 
L I GHT 1 NG- SCHEDULE == L I GHTS - 1 
EOL'1 P- SCHEDULE I EQUIP-1 
L I CWTl NG-Tl'PE 
L I GHTI KC;-\f*/ SQFT = I . 5 
EQI' I P3EhT-\\'~ SQFT = 1 
ARE.4, PERSOS = 1 1 0  
I ?;F -3 ETI4OD 
1 NF- SCHEDt'LE = INFIL-1 
.4 I R-CH.%!GES ,'HR = 0 . 6  
PEOPLE-HE.AT-G.4J N = 4 50 

= REC-FLUOR-hV 

= A I R - W 4 ? ? E  

e. 

ar*  5 u ~ n r n * ~ l  
011. or i4:*t t, or t tlc I;?! words AIR-CH..\NCiES:'tIR and l!W-CFhl/SQFT should be entered. If both arc entered their effects 

CIloi ' b  ~ ! I C J U ~  .! 1 s t  l lair. l  on M hethzr or not a windsptcd correction i s  desired. 
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SPACE 
The SPACE instruction is used t o  specify all the information that is associated with a space. 
SP.4Cc'E tells LOADS t h a t  the data to follow specify the characteristics of a space. 

u-name 

LIKE 

FLOOR-A.fL'LTIPLIER 

ARE.\ 

m u s t  be specified for this instruction aa the u-name is refer. 
enced in SYSTEM. 

may be used to copy data from B previously u-named SPACE 
instruction. This does not include walls and windows belong. 
ing  to that SPACE. 

is used t o  simplify the ir.put for a multistory building. This 
keyword equals the number of the floors that are therm* 
dynamically iden t i c d  and where there is negligible heat 
transfer f rom floor-to-floor. The default is L O  and the range is 
f rom 1.0 to 200.0. 

is the floor area of the space. Thois keyword is required and its 
range is from 0.0-t t o  100000.0 ft'. 

is the space air volume, used to calculate the infiltration rate 
by the  air-change method. This keyword is required and its 
range is from O.O+ to 10%~.  

identifies a previously u-named SPACE-COhDITIQNS 
instruction and associates all of the data in it with the space. 
Any or all of the keywords associated with a 
SP.J\CE-C'ONDITION instruction may also be directly input in 
a SPACE instruction. 

1 .  The SP.KE-C:OSDITIOXS default, values are assumed if the SPACE-CONDITIONS 
k e y \ w r d  is iiot gi\qen an entry. 

2 .  The u - n a m e  of ti SPACE i n  the LOADS program must be identical to the u-name of a 
ZOXE iJ1 t h e  SI'STEAIS i n p u t .  

3 Only SP.KX and SP.K'E-CONDITIONS keywords data are transferred by the LIKE 
k e y w i * d  used in SP.\CE. The keywoi*d data for EXTERIOR-WALL, WINDOW, etc. 
ni'e rrof t railsferretl. 

Ex n m 1) le 
OFF 1 C'E = SP.4C'E 

SP.QC'E-COSD 1 TI OYS = OFF I CE-Ehll' 
-4RE.4 = 5000 

\*OLI.hE == 40000 ,. 
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EXTERIOR-WALL (or ROOF) 
This instruction is used to specify t h e  size, construction, and position of an exterior surface of a 
space such as an esterior wall, roof, or exterior floor (such as above a breezeway or carport). 
ESTERIOR-\!'ALL and ROOF are synonymous within the program. Each EXTERIOR-WALL 
insrruction is assigned t.o t h e  SPACE inst#ruct.ion immediately preceding itl and describes one of 
the esterior walls of that space. 

u-name 

LIIiE 

GXD-R EFL.EC'T.AXCE 

MCLTIPLIER 

may be used to identify a wall surface. 

may Be used to copy data from a previously u-named 
EX TERIQR-IYALL inst r u c t ion. 

is t h e  solar reflectance of the  ground; i.e., the fraction of sun- 
light incident on the ground that is reflected. The following 
table provides typical values for various surfaces. T h e  default 
is 0.2. 

I Surface GND-REFLECTANCE 
.4sph a1 t,, paved 
Con c re t e  , b i t u  m in ou s 
Concrete, light colored 
Coiicrete, old 
Field, green 
Field, wheat 
Grass, dry 
Ocean 
Rock, crushed surface 
Soil, dark 

0.18 
0.10 
0.32 
0.?2 

0.12-0.25 
0.07 
0.24 
0.05 
0.20 
0.08 

is used tlo specify the total number of identical (except for posi- 
tion) exterior wall panels located in tbe same plane. This 
reduces t h e  amount of data input. It. multiplies the net area of 
t h e  extIerior wall (exterior wall area minus window area minus 
door area). It also multiplies any W h D O W  area and DOOR 
area associated with t h i s  exterior wall panel. The  range is 
from 0.0 t o  99.0, and default is 1.0. 

is t h e  az imuth  of the exterior wall. The default is 0' (north- 
facing wall), and the range is from 0' to 360'; east-facing is 
90'; sout h-facing is 180'; west-facing is 270'. Intermediate 
angles are acceptable. 

idcn tifies t h e  u-name of a previously defined CONSTRUC- 
TION instruction that  describes the effective U-Value of this 
ESTERIOR-\V4LL (or ROOF). This keyword is mandatory. 
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H E IC; H T 

WI D TH 

T I L T  

-# 
*5 . 

is the  dimension of t h e  exterior wall parallel to t h e  Y axis. 
This is a required keyword,  a n d  the  range is f rom 0.0 to 2000.0 
feet. 

is the  dimension of t h e  exterior wall parallel to t h e  X axis. 
T h i s  is a required keyword, a n d  the range is from 0.0 to 2000.0 
feet. 

is t h e  inclination of t h e  exterior wall f rom t h e  horizontal  plane. 
T h e  default  is 90.0°, which corresponds to a vertical  surface. 
An upward  facing horizontal  surface h a s  TILT = 0; a down- 
ward facing horizontal  surface h a s  TILT = 180. Note  t h a t  if 
t h e  command ROOF is used, then TILT will still default  to 90' 
(vertical surface).  T h u s ,  for a horizontal  ROOF, you ivould 
have to explicitly specify TILT = 0. 
T h e  range of TILT is 0 to 180'. 

.J .SP--K*E insr~*uCtioii must  precede any  EXTERIOR-W4LL or ROOF inst.ructions. 

.I11 ESTEP,lOR.-\\'.4LL or ROOF instruction must  immediately precede t h e  \\I?- 
DO\\' : I I ~  DOOR instruct ions that describe the windows and doors in the  wall. 

Thy 3 1 ~  ('HEIGHT times WDTH) of the  EXTERIOR-WALL or ROOF must  be 
eclu31 T C ~  cr greater than  t h e  area entered for t h e  WhDO\2' and DOOR instructions 
3 s 5 ~ : ~ c ~ 1 ~ e d  wit 11 t I1e ESTERIOR-\Y44LL or ROOF. 

E S:, ITI 11 IF.'. 
FRO\T- I = EATER 1 OR-\YiLL 

HE I GHT = 8  
\\-I DTH = 1 0 0  
-42 I l K T H  = 1 8 0  
C'OXSTRLCTI OX = \1:4LL- 1 .* 

k I w  I t '  W I  t=srmI:,r w a l l  (or 1.00fj is not shaded  by obstruct ions such  as neighboring buildings or 
trt-ys. i t  i; siifji~*it-i~i in  DOE-? to describe the  wall geometrically by specifying only HEIGHT, 
\\lDTI-I .\ZI\lt'TH. and  TILT. If s h a d i n g  is involved. t h e  keywords S, Y, and  Z @he origin of 
tl,e I\ :Ill i1-1 t lie S ~ A W  c x ~ o i * d ~ n a r e  system) should also be entered.  See Reference :llanual ( i? .~4) ,  
p 111 s 
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WINDOW 
This instruction is used t o  specify t h e  size, position, and number of windows and the properties 
of t h e  glass, Each M’INDOW command applies to the  EXTERIOR-WALL instruction preceding 
i t  nnd describes the windoivs on that exterior wall. Nofe: Glass doors in  ezterior walls 5 h o d d  be 
i r e a i e d  as u ’ i u d o u j ~  rather t l ta t i  doors. 

u - n a m e  m a y  be specified. 

LIKE 

HEIGHT 

\\-I DTH 

SH.4 D 1 SG -S;CHEDL‘LE 

3 L IS-S 0 L . i  R -5 CI-l 

may be used to copy data from a previously entered and u- 
named WINDOW instruction. 

identifies the  u-name of the GLASS-TWE instruction tha t  
describes t h e  glass in this window. This  is a required keyword. 

is t h e  height of the glazed par t  of the window. This keyword 
is required, and the range is from O.O+ to 40.0 feet. 

is t h e  w i d t h  of the glazed pa r t  of t he  window. This keyword is 
required, and the  range is from O,O+ to 10oO.Q feet. 

Note: T h e  window area (HEIGHT times WIDTH) is automati- 
cally removed from the  associated wall area. 

is t h e  distance that t h e  window is recessed into the  wall. The 
range is from 0.0-t to  10 feet. It. defaults to 0.0, that is, no 
setback . 

accepts as input the u-name of a schedule t h a t  defines hour ly  
values of a multiplier on the g lass  shading coefficient (see 
SHADIn’C;-COEF keyword in GLASS-TWE command). This  
represents the shading effect of movable devices such as blinds, 
or drapes. Note that items tha t  change light transmission may 
also affect conductance. If so, a matching 

.\*‘de: lf the  SH.4Dl.h7C-SCHEDULE i s  not itiput, the schedule 
will de/clult t o  1 for all 24 hours. 

CONDUCT-SCHEDULE should be used. 

is t l ~ e ~ u - n a m e  of a schedule of direct solar gain values in 
Btu W - h r .  The  program willo autlornatically deploy a shading 
device if the  heat gain per ft’ from direct (beam) solar radia- 
tiori t r o ~ 2 ~ n i i t t e d  through the window exceeds the specified 
~ a l u e .  If hL4S-SOL.4R-SCH is specified, a corresponding 
SH .&Dl X - S  CHE D C? LE (and CONDU CT-SCHED ULE, if 
desired) should be assigned to the  window. The 
SH.4DlNG-SCHEDL’LE and CONDUCT-SCHEDULE values 
will only take effect during hours when t h e  shading device is  
deployed. 
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COSDI'CT-SC'HEDL'LE 

CO?;Dt'CT-T3II N-SCH 

identifies the  u-name of the  schedule tha,t describes any change 
in the  heat  conductance of the  window relative to the 
GLASS-COADUCTANCE. T h e  factor in  the schedule may be 
less than, equal to, or greater than  1.0. T h e  factor is used as a 
multiplier against GLASS-CONDUCTANCE. This represents 
the change of conductance associated with s torm windows, 
insulated shut ters ,  etc. 

A n y  accessories t ha t  are  added to the  window (such as a storm 
window) t h a t  change the  conductance may also significantly 
change the light transmission properties of the  window. If so, 
a matching SHADING-SCHEDULE should be used, 
h'ote: I j  the CONDUCT-SCHEDULE as not input, the 
schedule value will dejault to I for a11 24 hours. 

is a schedule of values of outside dry-bulb temperature below 
which movable insulation will be deployed on a window. If 
tliis keyword is specified, a corresponding 
SH.4DING-SCHEDULE and COhTDUCT-SCHEDULE should 
be assigned to the  window. 

\ \hdoi t*  overhangs and fins may be specified with the  following keywords: 

O\'ER H.\XC;-D 

Units are feet, 0.0 is the default, and there are no limits. 
See Fig. 2.1. 

U n i t s  are feet, 0.0 is the default, and there are no limits. 
See Fig. 2.1. 

h i t s  are feet, 0.0 is the default, and the range is 0.0 to no lim- 
its. See Fig. 3.1. 

h i t s  are feet, 0.0 is the  default, and the range is 0.0 to no  lim- 
its. See Fig. 3.1. 

01 'E R H.4 S G - -4 S GLL is the angle between the overhang and the window. When set  
a t  goo, t h e  overhang is perpendicular to the  window ( the  
default); if < goo, it is tilted down; if > 90°, it is tilted up. 
The range is 0.0 to 180.0'. 
Note: For overhang shading calculations to be performed, 
bot 11 OYERH.4YG-I!' and OWRH-4NG-D must be specified. 
If ei ther of them is specified, b u t  not both,  a M7.4RhlNG mes- 
sage is pr inted and  oyerhang shading is not performed. 
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Window 
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*R-F=A- 

OH-ANG 

R-F-H 

1 
Figure 2.1: Positioning of owrhang a n d  fins with respect to a window. The values in this 

figure are a l l  positive. If the  value for GF-B' is  input as negative, then the  
left fin i v i U  originate at a point abotie the top edge of the window, and simi- 
larly for R-F-B. 

LEFT- r I S- ..i 

LEFT-FIS-B 

LEFT-I: I S-13 

LEFT-FIX-D 

R I C; Id T- F 1 S -.La 

RIG1 IT-FI 3-B 

Units are feet, 0.0 is the defaul t ,  and there are no limits. See 
Fig. 2.1. 

Uni t s  are feet. 0.0 is the defaul t ,  and there are no limits. See 
Fig. 2.1.  

Units are feet, 0.0 is the  default, and the range is 0.0 to no lim- 
it.s. See Fig. 2.1. 

h i t s  are feet .  0.0 is t h e  default, and t h e  range is 0.0 to no lim- 
it,s. See Fig. 3.1. 

U n i t s  are feet. 0.0 is the defaul t ,  and there are no limits. See 
Fig. 2.1 .  

Units are feet, 0.0 is the defaul t ,  and there are no limits. See 
Fig. 2.1. 
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R1 GHT-FIX-H U n i t s  are feet, 0.0 is the  default,, and t.he range is 0.0 to no lim- 
its. See Fig. 2.1. 

RIGHT-FIX-D Units are feet, 0.0 is the  default ,  and the range is 0.0 to no lim- 
its. See Fig. 2.1. 

For fin shading calculations to be performed. both of t h e  pair, -FIN-H and -FIN-D, must be 
specified. If e i the r  one of the pair is specified, but not both, a warning message is printed and 
fin shading is not performed. 

Sotc: Even though oi*erhangs and/or fins are specified under the MThDOW command, these 
shading  sui*faces are attached to  t h e  wall where t h e  window is located and thus shade both t h e  
window a d  t h e  wall. .Also, if this WINDO\+' is referred to in another WINDOW command w i t h  
t h e  L IKE keyword the  attached shades are also copied. 

R u les: 
1 .  

2,  

.4i1 ESTERIOR-\Z'ALL or ROOF instruction must precede a \+?MIOM' instruction. 

.A C;L.%SS-T\'PE ins t ruc t  ioii m u s t  precede a \I'INDO\Y instruction. 

LOA D S 2.30 LOADS 



DOOR 
This i n s t r u c t i o r i  is used to specify t h e  size, position, and number of doors and their heat-transfer 
charact erlst its Each DOOR inst  ruc t  ion applies to the EXTERIOR-WALL instruction preceding 
i t  and describes ;L door 011 that exterior wall. Note:  Glass doors should be treated as windows 
r a t h e r  thui i  doors 

u-name 

LIKE 

HE 1G li T 

\VI DTI 1 

SETB.4Cli 

may be specified. 

may be used to copy data from a previously entered and u- 
named DOOR instruction. 

is the height of the door. This keyword is mandatory. The 
range is from 0.6t to 40 feet. 

is the width of the door. This keyword is mandatory. The 
range is from O.O+ to 1000 feet. 

identifies the  u-name of a previously defined CONSTRUC- 
TIOS iiistrtction that describes the effective U-value of this 
door. This keyword is mandatory. 

is the distance that  the door is recessed into the wall, measured 
p=trallc4 to the 2 asis or the surface coordinate system. T h e  
range is from 0.O-t to 10 feet, and defaults to 0.0, t h a t  is, no 
set I>acl;. 

Suty O\.ci*li3ilqc. s i ld  fins c3n be applicd t h e  same as for \VINDO\I’ command.  
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IN TERIOR-WALL 
The INTERlOR-\1'.4LL instruction is used to specify the size, construction, and adjacent space 
for an interior wall .  ceilinga or interior floor. The I!VTERIOR-\VALL will be considered &s a 
heat  t 1-ansfer sui*face h y  t h e  LOADS and SYSTEMS programs. Each INTERIOR-WALL 
inst ruct ion applies to the  SPACE instruction preceding i t  and describes one of the interior w d h ,  
ceiliiigs. or h t e i  lor ~ ~ G O I ' S  of that space. 

u-name 

LIKE 

.4R E.4 

?\'EST-TO 

may be specified. 

may be used to copy data from a previously u-named 
INTERIOR-WALL instruction. 

is the surface area of the interior wall ceiling, or interior floor. 
The range is from O D +  to 100000.0 ft , and there is no default. 1 

is the u-name of the space that shares this interior wall, ceil- 
ing, or interior floor as a boundary with the space under con- 
sideration. This keyword is required if INT-\WLLTYPE = 
ST.WD.4RD or AIR;  otherwise, i t  is unused. 

is used t o  identifj., by u-name, the  previously entered CON- 
STRIK'TIOX instruction that defines the type of construction 
used in this wall. This i s  a mandatory entry. 

P.UT I T I OS I I T E R  I OR-\YjiLL 
.*E.\ = 3.30 
C~O3STRIKTIOY = P I  
SEXT-TO = SPACE- 2 
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Ur\l'DERCROUND-WALL 01' UNDERGROUND-FLOQR 
This instruction is used to specify the  size and construction of an underground wall, under- 
ground floor. 01' a floor on t h e  ground (slab-on-grade). Each URDERCROUhD-WALL or 
LDSDERGR01'.1'D-FLOOR instruction applies to the  SPACE instruction preceding i t  and 
describes one of the underground \valls or underground floors of that SPACE. 

Specifying thc  LWaJue and the area of a floor in contact with the soil calls for some engineering 
j u d g m e n t .  t h i n g  t h e  total area of the floor will drastically overestimate the beat loss through 
the  floor, because the floor will tend to raise the  temperature  of the surrounding soil. Therefore, 
you should specify an effective (lower) area. For slab-on-grade, the effective area is that of a 
one-foot-wide band around the perimeter of the  surface. For below-grade walls, the effective 
area is that of a one-foot-high band at the top of the wall. 

u -name  

LI liE 

AREA 

may b e  specified, 

is analogous to LIKE for INTERIOR-WALL. 

is the effective area of the UNDERGROUND-WALL or 
UI\I'DERGROWND-FLOOR, The range is from O.O+ to 
~00000.0 ft', and there is no default. 

is the  u-name of a previously defined CONSTRUCTION 
i n s t ruc t  ion that describes the LAYERS (response factors) or 
the effective tl-\'alue of this UNDERGROUND-WALL or 
UNDERGROUND-FLOOR. This keyword is required if 
USDERGROUND-WALL (or -FLOOR) is specified. 

The associated SPACE i n s t r u c t i o n  must precede an UNDERGROllhD-WALL or 
L* 3 D E R Ci R Ol' N D- F L 00 R i n s t r u c t ion . 

Before an V?I;I)ER GROL'ND-\Z'ALL or UhDERGROUhD-FLOOR instruction is 
specified, you must  specify a CONSTRUCTION instruction having a U-VALUE or 
LAYERS keyword. 

e .  
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LOADS-REPORT 
This ins t ruc t ion  defines which L0.4DS reports will be output. Users can select from ueri’cotion 
reports and s u u w t a r y  reports. \‘erific;ltion reports echo y o u r  input,  summary reports show cal- 
culat ion i.esuIts. usuall!* m o n t h l y  and annuallj~.  

Format: 

LO..iDS-REPPORT I’ERIFICATION - (codeword list) 
S V h N A R Y  = (codeword list) .. 

iv i f l  print verifitat ion report L\’-D, “Details of Exterior Surfaces in the Project”, and summary 
rq-wts LS-€3 “Spatac Peak Load Components”, and LS-D “Building Monthly Loads Summary”. 
.\ d e s c i y - t  ion of the basic LOADS reports, with corresponding codewords  is given in Appendix 
C‘ . 
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S Y S T E M S  

I n t r o d u c t i o n  
DOE.:! i q u u e a  a fnii. amount of undcrstaading of how systems operate. A general descrip- 
tion of t!ps of systems is given in this manual. Once you have understood the  s t ructure  
used for t h e  LO.4DS input, there should be little difficulty in learning the procedure for 
usembling B S'I'STEhlS input .  T h e  major problem most users have is t h a t  DOE2 offers a 
high degree of Aesihility and a large choice of options for SYSTEMS input .  To use t h i s  flexi. 
Lility wisely you are required to know more about HVAC systems than  waa required by pre- 
Yious energy analysis programs. In t h e  earlier programs, you could simply assign the name 
of t h e  desired system and the program would pull from i t s  Ale all of t h e  necmsary input. To 
a degree thk can be done with DOE2 by relying on default values and prestored control 
methods. f lowever,  this IS not the  recommended procedure and is an option to be used only 
unt i l  t he you feel comfortable w i t h  explicitly specifying the  many commands and  keywords 
i n  DOE-2. 

General Discussion of' Systems 
I n  tliis sullsection w e  describe the general properties of HVAC systems Tor users whose 
knouledge  I I I  this area is l imited .  11 i A  irnporlunt  t o  h o w  what tlarious systems do and not 
s imply  ktrotiq i l r t i r  t i o i i i e s .  \\*e will stress the common features and heritage of various sys- 
tems r d w r  than concentrating QII their differences. 

1 .  

? 

3 

-1. 

5 

Generall!.. air syrstcbms can be split in to  five distinct categories: 

\'ariahle A i r  Temperature  Systems (Constant Volume) 

Reheat Systems (Cons tan t  Yolurne) 

. A H  lf ising S y s t e m  (Constant  l 'olume) 

\ ' a r i d ~ l e  .4ir Yolume Systems (Constant. Temperature)  

H ! h ~ d  Systems - -4 mis tu re  of Systems 1 through 4 

3.1 SYS TE hl S 



Re 

Variable Ah Temperature Syrtanis (Constant Volume) ( S z W ,  Psz)* 
\ ' a m b l e  air tcmperat ure systems are totally rmponsive to the master control zone's sensible 
lieat gains and lasses. As heat gains decrease, the temperature of the supply air increases 
ptoporticriiattly, and yice-versa. Usually the heat ing  coil is placed in front of the cwling coil 
for frceze protectiort and the two coils are cont.rollcd in sequence by the space thermostat, 
The single zone system IS representative of this type of system, with the added feature that 
subtone reheat coils can be used to adjust for the heating requirements of tbe arubzonea that 
di fhr  f rom that of t h e  first named zone ( in  the  list of zones assigned to the syrtem), 

BM004 

Return 

zones 
Subaono 

rcrhw? coils 

Figure 3.1: \'ariaL)e .4ir Temperature System 
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Reheat Systems (Constant Volume) (RHFS) 
Rtlient Systems were a iiatural outgrowth of the single zone variable air t,emperature system; 
the  i d w i l i n g  coil IS located downstream of the cooling coil so that all supply air is cooled as 
\sell as dcliumidified ( t h e  supply air is maintained a t  a constant temperature), This makes 
the rooling energy use unresponsive to space loads, whereas the  reheat is responsive to space 
loatls. b u t  inversely so. For example, when space heat gains are at their maximum, reheating 
is not i*eyuiIed to hold space temyeratwes,  However, $s space heat gains decrease, reheating 
must illcrease to compensate  for t h e  disappearing space heat  gains. Under  all conditions the 
cooling coil cools t h e  air  to a constant temperature fixed for the  maximum anticipated load- 
iag. This is: therefore, an energy intensive system. 

BMM5 

Figure 3.2: Reheat Sys t tm 
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Air Mixing Systems (Constant Volume) (DDS, MZS, PMZS) 
These s!*stems arc  c*omrnonly referred to as Dual Duct  and hlulti-Zone Systems.  They con- 
trol space temperatures  by t h e  mixing of two air streams, one of which is normally above the 
space temperature and the other normally below the space temperature. In this constant  
Yolume confrgurat ion they are also energy intensive, 

7 

To understand why air mixing systems can be large energy users, it is necessary to under- 
s tand  the  effect the  hot deck temperature has on t h e  systems energy consumption during 
cooling periods. Given a s p w e  t h a t  requires partial cooling, a given quant i ty  of cold air is 
needed to satisfy t h e  load; however, t h e  excess air t b a t  is no t  used to satisfy the load must 
still go to t h e  space because the  system is constant volume. 

It follows t h a t ,  of t h e  total supply air t h a t  remains in excem of t ha t  required to satisfy the 
space load, the hot s t ream and the  cold stream must  mix thermally to cancel each other. If 
t h e  cold deck is 55T, the  space temperature 7 5 T ,  and the  hot deck 9 5 T ,  the  two air 
s t reams will mix. i n  equal par t s  to cancel each other. 
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Figure 3.3: 
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Variable Air  Volume (Constant Temperature) Syetemr (VAVS, PVAVS) 
l 'ariahle PIir  l ' o l u m e  systems are t h e  easiest to understand. With a decreasing heat  gain in 
the space. the system responds directly with a corresponding decrease in (cold) air supply to 
the space. hlost systems have a minimum stop beyond which the air supply is no longer 
decreased. The ratio of this minimum air-flow-rate to the design air-flow-rate is referred to 
as NI?;-CFM-R.4TIO. If an interior space is occupied, the heat  gain from lights and peop1.e 
will require sufficient air flow to remove the load; however, in perimeter spaces the heat 
losses may offset t h e  hea t  gains from lights and people, resulting in a load t h a t  is close to 
zero. Then it is necessary to set t h e  h!fiN-CFhf-RBTIO to provide sufficient ventilation air; 
either reheat or baseboard radiation is used to offset t h e  cooling effect of the minimum allow- 
able air supply and to supply heat. to offset t h e  heat losses. 
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Hybrid Systems 

a. Hybr id  Systems are defined here as a combination of any of the first' four  syst.ems 
descrilied For e s a m p l t  w e  have YAY-Reheat Systems with a minimum stop on the 
s u p p l y  bos specified by h4IK-CFhl-R.4TIO. Typically, this  system acts  as a VAV sys- 
t t m  if t h e  total  air supply is above the hilN-CFhGR.4TIO setting. Whenever the  sys- 
tem supply air needed is less than tha t  allowed by the  h.1IN-CFh4-WATI0, the  system 
confo rms  to a s tandard  reheat system. 

b. .4nother f o r m  of Hybritl System is the  YAY-Dual Duct System. Again, only when the 
total supp ly  air requirement is less than  that allowed by the hQN-CFM-RATIO, does 
t h e  system act as a typical dual duct system which mixes two  air st reams to satisfy the  
space thermostat. 

c. Po\\.ered l ~ i d u c t i o n  Units (PILI) are a variation of the  VAV system with the addition of 
a s m a l l  fail to pull air from tlie ceiling plenum and mix it with air supplied from t he  
Cenrral s\*stem. 

Other System Types in DOE-2 

a .  Fan  Coil (TPFC and FPFC). Fan Coil Units are either 4-pipe or ?-pipe. T h e  &pipe 
u n i r s  u s u a l l y  have t w o  coils (one heating and one cooling), b u t  may have one dual  pur- 
pose coil. T h e  u n i t s  modulate the  flow of water to the coil(s); t h i s  conforms to a vari- 
a b l e  3 i r  temperature system. Outsicle air for fan coil systems is usually introduced by a 
separa te  \*elit ilation system: however, outside air  may be introduced directly into the  
1'317 coil u n i t .  

h .  Packaged ['nits (PSZ. PMZS, PVAVS, and PTAC). These systems are similar, 
sclieniatically, to t lie systems already described except t ha t  they are usually unitary 
( I ' nns .  compr~~ssors and condensers are physically cased i n  a single unit). I n  D O E 2  they 
pc'rfoi-irl cooli~ig w t  11 direct  esliansion coils, which require d a t a  about  ambient wet  and 
d r y  I ~ u l l J  tenipt.r;ltui*es. -4s a result ,  t h e  entire cooling calculation is done in SYSTEMS 
a i i d  OIII!' [ l i t .  i .esuIiii~g electrical load is passed to PLANT. 

(' . Ii1crerneiit31 Heat Pump (HP). Also referred to as the  Wate r  Source Heat  Pump,  Water  
LOO~J H m  t- 'un lp ,  or \\'atel* A i r  Heat Pump.  These systems are composed of small 
seI~'-c.onrai~ied cooling Iieating un i t s  connected to a common water loop. Units on cool- 
111g reject I W N  t o  tlic circuit; u n i t s  on heating draw heat from t h i s  source and  pump i t  
111' 10 3 I~Jglier le\*el -4 hot water  generator is a supplement.al heat. source when the  
n in jo r i ty  of ui i i i s  are heating. An evaporative cooler (closed circuit cooling tower) is 
used t o  reject hea t  to t h e  atmosphere when the majority of units are cooling. These 
la t  I W  n ~ u s t  be i n p u t  ill PL.%NT. 
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Residelitin1 System (RE 
s\'stenis: appropriat.e t o  
accomplislied with an ai 

S ' S ) .  I t  is possible to simulate the following combinations of 
a residential building modeled as a single zone. Cooling may be 
r-cooled electric-driven air conditioner; heating may be provided 

by ti f'orced-air furnace, electiic resistance air coil, or hot water baseboards. Alterna- 
t i \ * d y .  both Iieatiiig an t l  cooling can be supplied by an air-to-air heat  pump with sup- 
plclm ei: t a1 electric 1.esist3nc-e heating. 

Heating Only Systems. DOE3 can simulate a number of heating-only systems. They 
a re: 

i.  Unit Heaters (UHT) 
i i .  Unit Ventilators (UYT) 
i i i .  Baseboard Radiators  

'C'I-IT and 'C'I'T heating-only u n i t s  are described later in detail. They  are especially use- 
f u l  i i i  analyzing buildings constructed before air conditioning became popular. 

Bw+oarcl radiators call only  b e  simulated in cornhination with the air  systems. You 
must specify a ~ a l u e  Tor the keyword B.+SEBO.&RD-RATING (the heating capacity of 
t h e  l j se lmnrds  in B t u  i'lir). I11 addition, you must  specify the  kind of 
B.-\.SEBO-4RD-COSTROL, eitlier OUTDOOR-RESET ( the  default) or THERMOS- 
TATIC'. 

Recowry Systems. The DOE-? progl~irn allows you to simulate either a coil run-around 
heat reco\*ery cycle or a heat wheel. T h e  heating effect due  to heatl exchange between 
i*erurii a i r  and colder outside air is the only configuration available. (The  cooling effect. 
due to h a t  eschange between return air and warmer outside air cannot  be simulated.) 

Specific W A C  Distribution Systems 
The SYSTEMS program simulates the heat s n d  moisture exchange processes t h a t  occur in 
secondary 1-iIv.4C' distribution systems. Likewise, i t  simulates the  performance of air circu- 
lating fans used i l l  these systems. You select appropriate systems (plus options) from a list 
of 16  tliflei-ei~t s t ; l i idat*.~ or familial. t y p e s  of systems. There are an additional 10 system 
types i h i  ~ I Y  used less c o m m o i ~ l y  or are very difficult for a new user to input ;  see the Rejer- 
e i i c e  .\hd (2.1.4) and or the Suppletirent (P.iE). T h e  SYSTEMS subprogram cannot  
simulnte twc) c11fj'~lrenr types of air  systems in one zone a t  the same time. For example, it is 
not possible to s imula te  the cooling of a zone by both a Single Zone P a n  System (SZRH) and 
a T\VG Pipe Fan Coil System (TPFC). 

System t ?*pes i n  DOE-? have been categorized in to different generic types, built-up systems 
Y S .  pack  :Iged systems antl central systems 1's. zonal systems. 

Built- l'p Systems Depending upon the system types chosen, built-up systems 
contaiii preheat coils, main heating coils, cooling coils, zone 
(reheat.) coils, basebozrd heaters, fans  (supply, re turn,  and 
ex h aust  ), t h  ermos t a ts, humidifiers, dehumidifiers , econom- 
izers, outside air dampers ,  mixing dampers ,  throttling 
dampers ,  and air ducting. However, built-up systems are 
not usually self-coiit ained: the central equipment (Le., 
boilers, ch illws, cooling tlowers, pumps ,  etc.) that, produces 
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Ptr ckaged  Systems 

hot or chilled water a n d  electrical energy is separated from 
the  distribution system. That equipment is simulated in  
DOEYs PLANT subprogram. Built-up system simulations 
result i n  demands tha t  are passed to PLANT, for hot 
water, chilled water, electricity, gas, and/or  oil. These 
demands may be met in PLANT by purchased utilities or 
en ergy con ye rsion equ i pm en t . 
Packoged Systems are usually self-contained units. 
These uni ts  are usually produced as one or more modular 
pieces of prematched equipment t h a t  only require installa- 
tion. They possess all the necessary equipment for energy 
ConIfersion and distribution and they, too, produce a utility 
demand for electricity, gas, and/or oil. 

Reference is sometimes made to a tonal system, 
defined herein t o  mean a n y  system with an air-handling 
unit in each zone and controlled by a thermostat  in that 
zone. I t  may be a packaged self-contained system (fueled 
only by a utility) or it may be supported by a central sys- 
t e m  (supplying hot water ,  chilled water, warm air, or cool 
air). Zonal systems are UHT, W T t  TPFC, FPFC, HP, 

Z o m l  1:s. C'e i i t rd  Systems 

a i d  PT-AC. 

The DGE-:! s\*stems listed helow are  clescrihecl in  the following pages of this section. 

\'ariahle temperature const ant  volume air-handling uni t  
Reheat constant volume air-handling u n i t  
h h l t  izone constant volume air-handling unit 
Dua l  duct constant volume or variable volume air-handling unit. 
I'ariable volume air-handling unit 
Powered Induct  ion unit variable a i r  volume air-handling uni t  
Two pipe fan coil 
Four pipe fan coil 
Residential furnace a n d  packaged condensing unit/heat pump 
Packaged single ZOIM variable temperatlure DS unit 
Pack aged mu I tizoii e DX u11 i t  
Packaged varia1)le volume DS un i t  
Packaged terminal air conditioner,/heat pump 
Pack aged to ta l  gas solid desiccant 
L i i t  heater 
h i t   ent ti la tor (heat only) 
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El-aporat ive cooling uni t  
Pack aged Y ariable-volume, Y aria ble- t em per at u re u n  i t  
Residential variable-volume, var iable- temperature  uni t  
W a t e r  source heat pumps connected to a common water  loop 
Ceiling bypass u n i t  
Two pipe induction uni t  
F o u r  pipe induction u n i t  
Ceiling induction u n i t  
Heating and Yentilating system 
F o u r  pipe induction uni t  

111 I i~ t- I N  m s i  t h a t  fOllO\\.S. you will find 
-4 l ' u l i  clt~,c.i*iptjoii of each system type ,  including a schematic  of t,he system shoit*- 
i i l ;  : h e  l i , c 3 t i ~ i i  of' fans-. heat ing and cooling coils, ductwork and control devices. 

1 I 

2 For each  s p t e m  type.  a suggested i n p u t  that, provides a no-frills s imulat ion of 
t h 3 t  system. Square-bracketed numbers  in t h i s  i n p u t  are keyed to t h e  bracketed 
num1)ers  i n  t he  system schematic. A compatible  PLAKT i n p u t  is also gii-en.  This 
i i l p u i  is compatible wit11 the  example on p.1.9 a n d  therefore could be used to 
rep lace  t h e  example's SYSTEMS and PL-4NT i n p u t  and t h u s  build a new input  
fi It. 

3 1  F G ~ .  each s!*stem t y p e .  a list of other  capabilities that  can be s imulated.  ivith 
p ~ I i i t e i * s  sllo\\.ing \\*here you can find an example or a more complete description. 
. i g a i i i  square-bracketed numbers are keyed to the bracketed numbers in t h e  sys- 
ICI-I-; sclier~r1tic.. 
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Single-Zone Fan System with Optional Subzone Reheat (SZRH) 
In  its most basic configuratioii SZRH provides constant volume, forced-air heating and cool- 
ing  for a single zone (p lus  subzones) from an air-handling u n i t  containing a heating coil, cool- 
i n g  coil. filters (not shown), and supply fan. Exhaust  fans are optional for any or all zones. 
The t e m p e r a t u r e  or discharge air is contIolled from a thermostat that senses space conditions 
in t he  control zone. This zone is specified as the  first zone entered under tbe keyword 
ZONE-NAMES. T h e  system may be small and located within the space to be conditioned, 
or may lie remotely located w i t h  ducted air distribution. I t  may provide outside air ventila- 
tion. 01' merely r ec i r~u la t~e  conditioned air. 
,Vote: Uti ilie schematic, items d o w n  it1 dashed boxes w e  optional components. 

Bh.1008 

1 rHr.A= i 

CENTRAL ZONE 

Figure 3.5: Singlezone Fail System w i t h  0pt.ional Subzone Reheat 
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SI'STEllS-REP ORT SC"3 l314Rl'=( SS-A ,SS-0 j 

$ SYSTEMS SCHEDULES 

F.4NS-OX = SCHEDL'LE THRU DEC 31 

COOLSETPT = SCHEDULE THRU DEC 31 

HE-ATSETPT = SCHEDULE THRL' DEC 31 

DH\\' = SCIIEDI'LE THRI' DEC 31 

OFFICE = ZOSE 

(\ID) (1,7)(55) 
(8,18)( 72) ( 19 ,ad)( 55) 

(WEH) (1,34)(55) .. 
(IW (L7)(0) 

(8,18)( 1 .O) ( 19 ,?4)(0) 
(WEH) (1,24)(0) .. 

D €SI G I\'-HEAT-T 
D ES16 N-COOL-T 
HE-AT-TEhIP-SCH 
COOGTEhIP-SCH 
0.4- CFh 1 / PER 

SYSTEhI-TYPE 
h*I.\X-SI'PPL\'-T 
hlIX-SUPPLJ'-T 
XIGHT-CI'CLE-CTRL 
F.4 N-SCH EDLJLE 
EC'ONGLIhllT-T 
0.4-CONTROL 
ZOXE-X.4XIES 

72 
74 
WEATSETPT [I] 
COOLSETPT [i] 
15 .. 121 

SZRW 
110 13) 
55 141 

FANS-ON [SI 
68 I71 
TEMP 171 
(OFFICE) 

CYCLE-OX-FIRST [s] 

(AC-SYST) 
lo000 
DH \2' l. 

I81 
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PL.AST-P.sR.UiETERS HERhI-REC-COND-TJ'PE = AIR .. 
EXD .. 
COMPCTE PLAXT .. 
.4 ddit io  rial capo  lilit i es  j o t  this system : 

PI To enable an exhaust fan add the keywords EXHAUST-CFM - Value (CFM) and 
ESHAL'ST-li\l' = Value (.OOOl is typical) to the ZONE keyword list. 

1101 
To enable a humidifier which requires beat to evaporate water into the air add 
~l l~- I i~?WDlT ' i '  = \ 'due (35%. is typical)  to the SYSTEhI keyword list. 

To enable heat recoi-ery to exchange relief air heat wi th  outside air heat add 
REC'O\'ERY-EW = I'aiue (0.G is typical) and RETURN-l<W= Value ( .0003 is typi- 
c a l )  t o  t h e  SYSTEM ke!*wortl list. Ill1 

To rlisalilt. h e  economizer change OA-COhTROL = TEMP to 
0.4-COXTROL = FlSED. 

(121 
To enable relie3t coils at suhzones add REHE.4T-DELTA-T = I'alue (OF) to the SYS- 
TEll k e!*~\*ord list. 

To disalile t h e  mec~lianical cooling year-round, so that the system operates as a Heating 
a11d Ye1111131 iiig b i t ,  insert a schedule l ike this: 

COOL-OFF = SCHEDULE THRU DEC 31 (ALL) (1,24) (0) .. 
311tl 3dd 

COOLISG-SCHEDULE = COOL-OFF 

c 
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Conatantvolume Reheat Fan Syrtem (RKFS) 
I n  its most basic configuration, RMFS provides constant volume forced-flow heating and cool- 
ing to a n u m b e r  of individuaHy controlled zones from an air-handling unit consisting of a 
filter (iiot S ~ I O \ V I I ) .  heat ing  and cooling coils, and a draw-through supply fan. Exhaust fans 
are optioiiai for. any  or all zones. A reheat coil is installed in the supply air distribution duct 
servitig each i n d i ~ i d u d  zone Space t e m p e r a t w e  is controlled by throttling heating fluid flow 
to these reheat coils. The Btu equivalent of moisture added to the air stream to maintain a 
minimum humidi ty  is passed to t he  PLAXT program &s a heating load. 
N o t e :  011 t h e  d e n l a t i c ,  i t e m s  d iouw i i i  dashed bozes QTC optional components. 

Bh4009 

EXH.41 
AX R 

Figure 3.6: Constant-\’ohme Reheat Fan System (RHFS) 
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Suggesled i n i i ~ i m a l  input  for RHFS system u d h  an economizer: 

INPl 'T SYSTEMS e o  

SJ'STEhlS-REPORT SL!hlS44RY-( SS-A,SS-0) 

$ SSSTEhlS SCHEDULES 

F.4XS-OS a SCHEDULE THRU DEC 31 

COOLSETPT = SCHEDULE THRU DEC 31 

HE.4TSETPT = SCHEDULE THRU DEC 31 

DH\\' = SCHEDL'LE THRV DEC 31 

OFFICE = ZOSE DESIG ?;-HEAT-T 
DESIGS-COOL-T 
H EAT-TEMP-SCH 
COOL-TEMP-SCH 
OA-CFh*l,/PER 

SYSTEhl-TYPE 
hLU-SUPPLY-T 
hlIN-SL!PPLY -T 
NIGHT-CYCLE-CTRL 
F-4s-SCHEDULE 
0.4-CONTROL 
EC:ON 0-LIh4lT-T 
R EHE.\T-DELTA-T 
ZONE-IV.OlES 

PI P14.-\ST-.4SSlGNXIEKT SJ'STEhl-NAhIES 
DH\!'-BTU/HR 
D H \$?- SC H 

73 
74 
HEATSETPT (11 
COOLSETPT 111 
15 .. [ Z ]  

RHFS 
110 Is) 
55 [ri 
CYCLE-ON-FIRST [a] 
FANS-ON [6] 
TEMP (7) 

(OFFICE) .. Io] 

68 171 
53 PI 

(AC-SYST) 
loo00 
DHW .. 
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PL.+ST-P.4R.ijIETERS HERII-REC-COS?>-TYPE - AIR .. 
ESD * b  

COSIPVTE PLAST .. 
.-I d d i ' h i m f  capol i l i t ies  f o r  this system: 

To end:& a11 e s h u s t  fan add the keywords EXHAUST-CFM = lg*alue (CFhl) and 
E X H . K S T - l X  = G.tlue (.0001 is typical) to t h e  ZOXE keyword list. 

Trl e1~3111e :I humidifier which requires heat to waporate water i n t o  t h e  air add 
S~~S-H~~SfILNT'i = h i l u e  (255 is typical) t o  the  SYSTEN keyword list. 

TI:, e11:d:~It- 11r:~t r e c a w ! .  t o  exchange relief air heat with outside air h e a t  add 

10; 

REC'OJ'ERY-EFF = \ ' d u e  (0.6 is typical) and RETWR3-IiW= Value (.0003 is tj'pi- 
c . l i  1 I * . #  I 11; Sl'S'I'E>f k e y w o r d  list I121 

Tc4 c l i d ; b  t l i e  eccjiiomiter change the  O.4-COSTROL = TEMP to 
O.-I-C'OYTI? OL = F ISED. 171 

Tri e:? di le  supply a i r  t e m p e r a t u r e  reset using a discriminator control insert 
COOL-C'OSTROL = N.\R!dES'T in t h e  S\'STEP\.I keyword list. 1131 
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Multizone Fan Syotom (MZS) 
In its most basic configuration hfZS provides constant flow, forced-air heating and cooling to 
multiple.  mdwidual ly  controlled zones from an air-handling un i t  containing EL filter (not 
shou 11 1 .  b i o w h r o u g h  type supply fan, heating and cooling coil (each located in a aeparate 
casing on the discltarge side of the fan). and one set, of mixing dampers per zone served. 
Exhaust fatis are optional for any  or all zones, The program w u m a  there ir a preheat coil 
and calculates a preheat load, if and when the mixed air temperature falls below the required 
PREHEAT-T. To control the temperature in each zone, two air atream8 at different tam- 
perattires (hot deck and cold deck) are mixed by dampers located in the air-handling unit 
aiid ducted separately horn the discharge of the air-handling unit to each zone, 
, W e :  011 the sclreniatic, ifsrns ehouui irt dashed boaw ore optional components. 

BM0 10 

MEAT I IJO 

Figure 3.7: Multizone Fan System (hlZS) 
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F,4?;S-O5 - LCC'HEDlILE THRU DEC 31 

COOLSETPT = SCHEDULE T W R U  DEC 31 

HE-ATSETPT = SCWED'I'LE THRU DEC 31 

DHb '  = SCHEDt'LE THR'C' DEC 31 

OFFICE = ZOSE 

(\\'EH) 

(M'D) 

(IVEH) 

DESI GY-HEAT-T 
DESIC 3-COOLT 
HEAT-TEhlP-SCH 
COOL-TEhIP-SCH 
0.4 - CF 5 1 /:PER 

S 'I' S TE PI 1- TI'P E 
ht4S-SI.l PP L\'-T 
hlI N-SUP PLl'-T 
31 GHT-CJ'CLE-CTRL 
F.%S-SCH EDWLE 
O.L\-COSTR OL 
ZO S E- X.4MES 

Sj'STEA 1-N.4MES 
DH\\'-BTCl/'HR 
DH\\'-SCH 

( 1 ,7)(0) 
(8,18)( 1 S O )  ( 19,24)( 0) 
(1,24)(0) .. 

72 
74 
HE.4TSETPT 
COOLSETPT 
15 .. 121 

I11 
PI 

h4ZS 
110 [a] 
55 I4 
C\"CLE-ON-FIRST [&I 
FANS-ON [e] 
FIXED [7] 
(OFFICE) .. [s] 

(A C-SY ST) 
10000 
DH\V .. 
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PL.4ST-P.AR.UlETERS HERl.I-REC'-CQ.I?)-TSPE -.c-- AIR 0 0  

ESD 
C'OSlPI'TE PL,S?;T .. 
Addit ional  capabili t ies fo r  t h i s  system: 

IQl To enable an economizer, add OA-COhTROL - T E h P  and ECONO-LIMIT-T - 60 
to t h e  SYSTEM keyword list. 

1101 
To simulate a discriminator control of the cold deck supply air temperature add 
COOL-CONTROL = WARXIEST to the SYSTEM keyword list. 

1111 
To simulate a discriminator control of the hot deck supply air temperature add 
I-IE.%T-CONTROL = COLDEST to the SSSTEh4 keyword list. 

. \ I t e ~ m i t i ~ ~ e s  to items 3 and 4 above are reset of cold and hot deck supply air tempera- 
ture . h i  esamplt. of this control is is covered in the Sample  Run Book (PJE), 31-Story 
OfI'm Buil t l i i~g.  Run 1. 

To simu13tt turning off the hot deck whenever the outside temperature is above 6S0F1 
insert a new scliedule like this: 114 

HE.-iT-OFF = SCHEDLILE THRU DEC 31 (.4LL) (1,21) (65) 

a i d  add 

to t h e  SYSTEM kepvord list. 
HE.~TISC;-SCI'J~Dr_'LE = HEAT-OFF 

To eliable a n  esliaust fan add the keywords EXHAUST-CFh4 = Value (CFhl) and 
ESH.KST-li\~' = \ ' d u e  (.0001 is typical) to t h e  ZONE keyword list. 1141 

Tc, e i i , hk  a humitf i f ier  which  requires heat to evaporate water into the air add 
Sl lS-H\*~l IDlTY -.- Yalue (2.55 is typical)  to the SYSTEM keyword list. 1151 

To e~i:rljl(a lieat recowry to eschange relief air heat with outside air heat add 
RECO\'ERY-EFF = Yalue (0.G is typical) and RETURI";-I<\!'-- Value (.ooO3 is typi- 
c a l )  IO d i e  SYSTEM keyword list. 
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Dual-Duct Fan System (DDS) 
DDS can be either constant voluin e or variable uolume. 

~ 7 1  
omsroE 

A I R  

Cons.ta7~t-1rolu~ne is identical to the  multizone type of system (see the  description for MZS), 
escept thar t h e  hot and  cold air starearns (from t h e  warm air duc t  and cold air duct)  are 
extended to  indi \*iclual  mising boxes, located in the  zone being served, where the  t w o  air 
s t reams are m ixecl. 

The var iab le  i!olut~ie dual  duct system is similar to the  constant-volume except t h a t  the type 
of mixing bos used i n  this system is capable of reducing flow in response to a decrease in 
cooling d e m a n d .  Mixing of the cold and hot air s t reams occurs only after flow has been 
reduced to a prescribed minimum; thus ,  total energy usage is reduced. 

Exhaust fans are optional for any or all zones. DOE3 assumes there  is a preheat coil and 
calculates t h e  preheat load, i f  and when t h e  mixed air temperature  falls below t h e  required 

K G ~ :  011 t h e  sc l ie i i id ic .  i t e m s  shouvi in d a h e d  bores are optional components. 
PR E H E .4T-T . 

BMOl1 

L 

I ZONE 
I N0.3 

ZONE 
I N0.2 

Figure 3.8: Dual -Duc t  Fail System (DDS) 
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Suggested m i n i n ~ a l  i i iput  j o r  DDS' system: 

INPI'T SYSTEhIS .. 
51'STEllS-REPORT SChfAiSLRJ'=( SS-A,SS-0) .. 

$ SYSTEMS SCHEDULES 

F-iNS-OS = SCHEDULE THRU DEC 31 

COOLSETPT = SCHEDULE THRU DEC 31 

HE.Al'SETF'T = SCHEDVLE THRL: DEC 31 

DI-Ilj' = SCI-JEDl'LE THRll  DEC 31 

OFFICE -- ZONE DESlG N-H E.4T-T 
DESIGN-COOL-T 
W E.4 T-TEhlP-SCH 
COOL-TEh4P-SCH 
OA-CFh l/PER 

SYSTEhl-TYPE 
h'L4X-SUPP Ll'-T 
hllN-SUPPLY-T 
NI GHT-CI'CLE-CTRL 
FAN-SCHEDULE 
0.A-CONTROL 
R ETlrRN-ST.4TIC 
R ETL'RN-EFF 
ZOSE-N.4hIES 

72 
74 
HE.4TSETPT 
COOLSETPT 
15 .. [2] 

DDS 
110 (31 
55 [41 
CI'CLE-ON-FIRST (6) 
FANS-ON [SI 
FIXED [7] 
1.0 [E?] 
.55 [E?] 
(OFFICE) .. 
(AC-SYST) 
IO000 
DH\Y .. 

PI 
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PL.4XT-REPORT SL'APtL4Rl. = (BEPS) .. 
TI'P E = DHW-H EATER SIZE = -999 . a  

T\'PE = H\Y-BOILER SIZE -999 .. 
TYPE = HERhl-REC-CHLR SIZE --z -999 .. 

PL.4YT-P.4R-AhlETERS HERhI-REC-COhD-TYPE = AIR .. 
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-4 ddi l l 'o i in l  capabi f i t i es  JGT this system: 

To simulate  a variable volume dual duct. air system add MIN-CFM-R.4TIO = ,S (i,e., 
a m i n i m u m  ctop of 50%) to t h e  SYSTEM keyword list. 

To s i m u l a t e  i*ar ia i~ le  speed control of the  fan motor add 
F.\?;-CONTROL = SPEED to t h e  SYSTEM keyword list; th i s  will override the 
default  of INLET control.  

To enable  t h e  economizer add OA-CONTROL = TEMP a n d  
EC'OKO-LIYIIT-T = 60 to t h e  SYSTEM keyword list. A second al ternat ive is to 
s imula te  an enthalpy controlled economizer by changing OA-CONTROL = TEMP to 
0.4-COXTROL = ENTH-ALPY and raise ECONO-LIh4IT-T = 70 

To simula te  turn ing  off t h e  hot deck whenever t h e  outs ide tempera ture  is above 65OF 
and always dur ing  the  summer  m o n t h s  of JULY 1 through AUGUST 30, insert  a I I ~ W  
sc l~ec lu le  like this:  

HE.4T-OFF-SCHEDULE THRU JUN 30 (ALL) (1,24) (65) 
THRW AUG 30 (.4LL) (1,24) (0) 
THRU DEC 31 (.4LL) (1,24) (65) .. 

alid add HE.4TIYG-SC'HEDL'LE = HEAT-OFF to the  SYSTEM keyword list. 

To eiialile a n  exhaust fan add the  keywords EXHAUST-CFM = Value (CFM) a n d  
EM-IAUST-IX = \'alue (.0001 is typical)  to the ZONE keyword list. 

To enable a humidifier which requires hea t  to evaporate  w a t e r  i n t o  the a ir  a d d  
~llX-ll~~~llDlTY = Yalue (25.; is typical) to the SYSTEM keyword list. 

TG eiiable heat r e c o ~ e r y  to exchange relief air heat  with outside air  hea t  a d d  
REC'O\'ERI'-EFF = I'alue (0.6 is typical) a n d  RETLTRN-ICW= Value  (.0003 is typi- 
d) to t h e  SYSTEM key\vord list, 

To s i m u l a t e  a discriminator control of the cold deck supply air tempera ture  a d d  
COOL-CONTROL = U'.ARXIEST to t h e  SYSTEM keyword list. 

To s i n i u l n t e  a discriminator coiitrol of the hot deck supply air t empera ture  a d d  
HE.\T-COXTROL = COLDEST to t h e  SYSTEh4 keyword list. 

. ~ l t e l m t i \ * e s  to itenis 8 and  0 above are  reset of cold and hot deck supply air tempera- 
t U I Y .  ,411 example of t h i s  control is is covered in t h e  Sample Run Book (2.1E), 31-Story 
Ol11ce Building.  R u i i  1. 

To simula te  turn ing  OK the hot deck whenever the outside temperataure is above 65'F, 
insert  a new schedu le  like this: 

HE.AT-OFF = SCHEDL'LE T H R U  DEC 31 (.4LL) (1,24) (65) ., 
aiid 3cltl l-lE.L\TISG-SCIHEDVLE = HEAT-OFF to the SYSTEM keyword l ist ,  

[141 

I151 

1191 
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Variable-Volume Fan System w i t h  Optional Reheat (VAVS) 
In its most basic configuration \'AI'S consists of a central air-handling u n i t  w i t h  filter (not 
shown). cooling and optional heat ing coils, and a draw-through t y p e  supply air fan. Exhaust  
fans a re  optional for any or all zones. A duct system dist,ributes supply air ( a t  a tempera- 
ture determined by y o u )  to Yariable-air volume (V.41') terminal units, located in the zones 
being served. 

T h e  \*A\' boxes (controlled by a room thermostat) vary the  amount of primary air to the 
space to control temperature. When the space demands peak cooling, the VAV box allows 
masimuni  air flow. .4s space cooling requirements diminish, the  primary air flow to t h e  
space is reduced proportionately to a specified minimum flow rate. If less cooling is required 
than t h a t  g j w n  at minimum air flow, t h e  reheat. coil is activated (if specified). When in the 
heating mode. t he  supply air fiov rate is held at a constant value equal to 
P\IIS-CFM-R.&TIO. The supply air flow rate will rise above the h0N-CFM-RATIO 
only I' y o u  h a w  set THERhlOSTAT-TYPE = REVERSE-ACTION. 
The Btu equivalenr of t h e  moisture that. is added to the air stream, to maintain a minimum 
h u m j d i t . ~ .  is passed to the  PL.4XT program as a heating load. 
.\'ore. 01, t l r e  scliemcit i r ,  i t ems .  shown in dashed boxes are  optional cotnpo.twits. 

Bh4012 

Figure 3.9: ~*ar ja l~ le-Yolurne  Fan System w i t h  Optional Reheat (YAYS) 
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S 1' S T E 1 1 S - R E P 0 R T S CT h l3 3.4 R 1 * ( S S -A S S - 0)  . 
$ SYSTEhlS SCHEDULES 

FAYS-OS = SCHEDULE THRU DEC 31 ("Q) 

COOLSETPT = SCHEDULE THRU DEC 31 (\!TI) 

(\VEH) 

HE.4T.SETPT = SCHEDL'LE THRU DEC 31 (\$TI) 

(\I-EH) 

(\WH) 

OFFICE = ZONE D ESIG N-HE.4 T-T 
DESIGK-COOL-T 
H EAT-TEhlP-SCH 
COOL-TEMP-SCH 
THERhlOSTAT-TYPE 
0-4-CFXI/PER 

Sl'STEhl-TYP E 
hl.4S-SGPPLl'-T 
HE.%"-SET-T 
,I 11 N-SL'PPLI'-T 
N1 GHT-C'i'CLE-CTRL 
FAN-SCHEDULE 
RETL'RK-ST.4TI C 
RETURN-EFF 
0:I-CONTR OL 
ECO !Y 0-Llh31T-T 
hlIN-CFhI-RATIO 
REHEAT-DELTA-T 
ZONE-IYAhlES 

72 
74 
HEATSETPT [i] 
COOLSETPT 11) 
REVERSE-ACTION 
15 .. IS] 

I'AVS 
110 [4] 
70 161 
55 PI 

1.0 [e] 

CJ'CLE-ON-FIRST 
FANS-ON [S] 

.55 [SI 
TEMP [io] 
68 [io] 

(OFFICE) .. [ la]  

.3  [ll] 
55 I121 

(-4C-SYST j 
10000 
DH\Y .. 
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Tcl enr(L1i. ;~IJ esl iaust  fan  a d d  t h e  keywords EXH.4UST-CFhI = Value (CFM) and 

To e ~ ~ i i l j l r  3 1 ~ u m I ( I i f i e 1 ~  1~11jcIi requires heat t o  e v a p o r a t e  water  into t h e  air add 

EX€-lM.*.Sl*-IdY = \ ' d u e  ( 0001 is t!.pical) to the  ZONE keyword list. 

Y lS-~ lL-~ l lDlTY = \ ' a h  (25% is typical) to t h e  SYSTEM keyu*ord list. 

I141 

I151 

TG ~ I I ~ I ~ I c J  h e a t  recowry to exchange relief air heat with outside air heat add 
REC'OI'ERY-EFF = Value (0.6 is typ ica l )  to t h e  SYSTEhI keyword list. [le1 
Tc, dis;il.]. r t h e  economizer change the 0.4-COYTROL = TEhIP to  
O.d-C*OXTROL = FIXED. 1171 

TG reset .the supp l~*  air as a funct ion of outside air t e m p e r a t u r e  see example  of th i s  con- 
t 1 ~ 1 1  bs  S I I G M  11  i n  [ l i e  Sumple  R m  Book (P.IE), 31-Story Office Building, Ruii 1. 

TG e i d k  C J I ~ C , ~  of n i a s i rnum humidity whenever the supply air temperature  is reset, 
~ I : > ~ : I * I  ~ ! . ~ ~ l ~ ~ ~ - ~ l - H ~ ~ ~ I D I T ~ .  = Value (130% is allowed i n  t h e  new -4SHR.4E 90.1 
51 . i l- . , ! . l l  I 11; i I w  SYSTEM keyword list, i l8 ]  
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OUTSIDE 

AIR 

Powered Induction Unit (PIU) 
The basic. PIL' consists of a central  air-handling u n i t  with filter (not shown), cooling and 
optional  h e a t i n g  coils. a n d  a draw-through type supply a i r  fan. A return air fan is also usu- 
ally used. Exhaust fans are  optional for any or all zones. The powered induction boxes are 
a ~ a i l a b l e  in two configurations: series and paral le l .  
,\'ole: 011 ilre sche i i ia t ic .  i i e v i s  s h Q u w  iri dashed bozes ore optional components. 

BM013 

I H c a t  1 

EXHACST - 
AIR 

. -  -- 
onomizcr 'eeat 

Coil 
131 ! ( P H .  
;-T- ( 1 9 1  I - 
- - - 1  
RETURN 
AI R 

I, 
n I m  
A I R  
CONTROLS 

Figure 3.10: Powered Induct ion U n i t  System with Optional  Reheat 
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T h e  following suggested minimal i n p u t  for PIU system with an economizer is shown for 
series type  u n i t s  configurrad like t h e  sketch belows There  must be more than one zone. 

BM014 

flSecon 
\ Primary 4 

dary 

Figure 3.11: Series PI1 

ISPUT SYSTELlS .. 
SI'STEAlS-REPORT S~hn~4R~'=(SS-A,SS-O) .. 

9; SYSTEhlS SCHEDULES 

F.4NS-ON = SCHEDL'LE THRL' DEC 31 

C'OOLSETPT = SC'HED'C;LE THR1' DEC 31 

HE..\TSETPT = SCHEDL'LE THRLI DEC 31 

(WD) (1,7)(99) (8,18)(76) 
( 19 ,%)( 99) 

(\Z'EH) (1,24)(99) e *  

(\I'D) (1,7)(55) (8,18)(?2) 

(N'EH) (1,24)( 5 5 )  .. ( 19,24)( 55) 

(WD) (1 ? ) ( O )  
(8,18)(l.O) (19,24)(0) 

(WEH) (1,24)(0) .. 
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CORE = ZO\T 
111 

OFFICE = ZONE 
121 

DESIGN-HEAT-T 
DESIGN-COOL-T 
H E.4 T-TE h'IP- S CH 
COOGTEhIP-SCH 
TERM NAG-TYPE 
CFhl SQFT 
0.4-CFhlI PE R 

LIICE CORE 
TERM NAG-TYPE 
ZONE-FAN-RATIO 
ZONE-FA N-ICW 
INDU CED-AIR-ZOhT 
REHEAT-DELTA-T 

SYSTEhl-TYPE 
h 14 S- S U P P Ll'-T 
HE.4T-SET-T 
hlIN-SUPPLY-T 
NIG N T-CYCLE-CTRL 
F.4 K-SCHED ULE 
RETURN-ST.4TI C 
RETLTRN-EFF 
0.4-CONTROL 
ECONO-LI hIIT-T 
h I 1  S-CFhl-R.+TI 0 
2 ONE-NAhlES 

71 
74 

- 
- I 
- - HEATSETPT 
_I - COOLSETPT 
- - SVAV [a] 

.7 - - 
- - 15 *. 16) 

SERIES-PIU 
1 0 

55 .. [16] 

.OOO33 [a] 
CORE [i] 

[31 
PI 

PIU 
110 171 
70 PI 
55 101 

1.0 [12] 
.55 1121 
T E h P  [is] 

.3  PI 
(OFFICE) .. (21 

ZONGFANS-OhZY 
FANS-ON (11) 

68 [13] 

(AC-SYST) 
lo000 
DMW .. 

= (BEPS) .. 
T\'PE DHM'-HE.kTER SIZE = -999 .. 
Tj'PE H\!'-BOILER SIZE =-9Q9 .. 
Tj'PE HERhl-REC-CHLR SIZE = -999 .. 
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Following is t h e  suggested minimal  input  for para l l e l  type PILI units  like the sketch below: 

Figure 3.12: 

ISPL'T SYSTEM .. 

('OOLSETFT = SC'HEDI'LE THRL' DEC 31 

14E.ATSETl'"r = SCHEDL'LE THRC' DEC 31 

Dl-I\\. = SC'HED'C'LE THRI.; DEC 31 

3 .?(I 

Secondary 

(1,7)(55) (8,18)(72) 
( 10,24)( 55) 
(1,?1)(55) .. 
(1  t7)(0) 

(1,?4)(0) 0 .  

(8,18)( 1 .O) (19,24)(0) 

(\\a>) (1,7) (55) (8,18) (73) (19,21) (55) 
(\\'EH) (1,24) (55) .. 
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OFFICE = ZOSE 
121 

D ES 1 C N-H E AT-T 
DESIGN-COOLt-T 
H E.4T-TEhlP-SCH 
COOL-TEh.1P-SCH 

0.4-CFhl!PER 
T ERhiI N.4 L-T'i? E 

LIKE CORE 
TERhlINAG-TYPE 
ZOSE-F.4N-RATIO 
ZOXE-FAN-KM' 
ZOWE-FAN-T-SCH 
INDUCED-AIR-ZONE 
REHE.4T-DELTA-T 

SJ'STEhll-TYPE 
hL4X-SW PP LY-T 
HE.AT-SET-T 
h 11 X-S LJ P P Ll'-T 
Nl GHT-CYCLE-CTRL 
F-AN-SCHEDULE 
R ETL; R S-ST.4'13 C 
R ETCR K-EFF 
0-4-GOSTR OL 
E CON 0-LI h IIT-T 
hlIK-CFhl-RATIO 
2 0 YE- Y.k!  IE S 

c 

c - 

z 

c 

c - 

72 
74 
HUTSETPT 
COOLSETPT 
S\?AV (4) 
15 *. 161 

PARALLEL-PIU 
* *  I61 
.00033 [a] 

55 0 .  [la] 

START-&FAN 
CORE [i] 

PIU 

70 [e] 
110 [7] 

55 PI 
ZONE-FANS-ONL\' 
F.4NS-ON [i I] 
1.0 1121 
.55 [ l a ]  

- 3  141 

TEMP [13] 
68 [is] 

(OFFICE) .. 
(AC-SYST) 
lo000 
DHIY e a  

TI'PE = DH\I'-HEATER SIZE -909 .. 
TI'PE = H\t'-BOILER SIZE = -999 .. 
Tl'PE c HERhl-REC-CHLR SIZE = -999 .. 

PL.A.\'T-P.AR.UlETERS HER?\I-REC-COhD-TI'PE = AIR .. 
ESD .. 
CO.\lPCTE PL.L\ST .. 
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1, 

2 !  

31 

- 
4 

To ena!;le 3 humidifier w h i c h  requires heat to eyaporate water  into the air add  
l~b--HC!41DITY = l ' a lue  (23% is typical) to the  SYSTEM keyword list. I171 

Tc, el~sli lt .  Ileait r e c w e r y  to exchange relief air heat w i t h  o u t s i d e  air h e a t  add 
REC'Q\'ERY-EFF = Yalue (0.6 is typical) to the SYSTEM keyword list I181 

Til <i 153 1) le t lie economizer 
0.4-C'OSTROL = FlSED 

change O.4-COYTROL c TEhdP 
119: 

to 

Tcl w w  the  s ~ p p l ?  a i r  as a function of outside air tempera ture  see an example of th is  
C ~ L W I C ~ !  11:  dit. S u ~ ~ i p l e  Rut3 Book (P.1E). 31-Story Office Building, R u n  1. 
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Two-Pipe Fan Coil System (TPFC) 
T h e  TPFC' system provides both heating and caoling to individually controlled zones. How- 
ever .  all zones s;eri*ed by the TPFC must  her operating in the aame mode ( i s ,  either heating 
or cooling) at any given time. 
TPFC' consists of a filter (not shown), combination heating/cooling coil, and fan, The coil is 
connected to a piping system that  p r o ~ i d e s  either hot or cold water, according to the prevail- 
ing mode of operation 88 defined by the HEATING-SCHEDULE and 
COOLIXG-SCHEDULE. The unit provides a fixed quantity of outside air ventilation or 
merely recircL lates conditioned air. Exhaust fans are optional for any or all zones. 
Tcmperat u r e  corit rol is achieved by thrott.ling the flow of water through the heating/cooling 
coil. The cont ro l  thermostat commonly used for this type of system bas separate heating 
aiitl cooling setpoints. 
Tlie pumping energy associated with this system is accounted for in the PLANT program, 
rather r h a n  in t h e  SYSTEhfS program. 
The !'an coil u n i t s ,  particularly the smaller direct-drive units, may not  be available with a 
f a i l  capac i ty  that matches the calculated value. Therefore, assignment of the fan capacity 
for a specific. c o m m e ~ ~ i a l l y  a~ai lable  un i t  is recommended for improved simulation accuracy. 
.Yofe: On t h e  d t e i w i t i c ,  if enis shou~ii iii dashed boses are optiotial components. 

BMOl6 

Figure 3.13: ' I ' i d 3 p e  Fan  Coil System (TPFC) 
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S'uggesie d 11) iri i r , i  n l  ill p u t  j o  r TPFC system: 

INPLT SYSTEMS .. 
SYSTEl IS-R EPOR? SLM3lARY=( SS-.4,SS-O) .. 

$ SJ'STEhlS SCHEDULES 

F-kXS-03 == SCHEDL'LE TMRU DEC 31 

( WEH)  

HE,\TSETPT = SCHEDL'LE T H R V  DEC 31 (\I'D) 

(14EH) 

DI-II\* = SC'MEDL'LE THR'C' DEC 31 
' -* 

OFFlC'E = ZOYE 

(1 t7)(0) 
(8,18)( 1 .O) ('19,24)(0) 
(1,24)(0) .. 

THRL' M A Y  15 (ALL) (1,24) (1) 
TIIRL' SEP 15 (ALL) (1,24) (0) 
THRL' DEC 31 (ALL) ( 1 , ~ )  (1) .. 
TIIR'C' hl-41' 15 (-4LL) (if%) (1) 
THRL' SEP 15 (-4LL) (1,24) (0) 
THR1: DEC 31 (ALL) (1,31) (1) .. 

DESlGX-h L4T-T 
DESIGN-COOL-T 
HE.4T-TEhdP-S CH 
COOL-TEhIP-SCIi 
0.4-C:Fhl /'PER 

S1'STEh 1-Tl'PE 
HE-JITlXG-SCH EDULE 
C'OOLlXG-SCHEDULE 
hIAS-SCTPPLY-T 
SfI 5-SIJPPLY-T 
FIGHT-CI'CLE-CTRL 
F.4Y-SCHEDI'LE 
20 NE-N-4hlES 

72 
74 
HEATSETPT [3] 
COOLSETPT [s] 
15 .. [a] 

TPFC 
H EAT- ON 
CQOIrON 
110 [5] 
55 PI 
CYCLE-ON-A h'y 
FANS-ON [8] 
(OFFICE) .. 

171 
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END .. 
COIIPVTE Sl'STE?r*lS *. 
IXPYT PLANT .. 
PI PL.AST-ASSlG?&lENT .. 
PL.4NT-REPORT SUXlhL4RJ' = (BEPS) .. 
SHI!' PLANT-EQ1~IPhIENT TYPE = DH1.V-HEATER 
H\\'G = PL..1INT-E&UIPhlEn'T 
CHR = PLANT-EQ'C'IPhlENT 

TJ'PE = HM'-BOILER 
TYPE = HERAI-REC-CHLR 

(AC-SYST) 
lo000 
DHM' .. 

101 
1) To f ? m \ J k  211 exhaust  far1 a d d  the keywords  EXHAUST-CFhl = Value  (CFh4) a n d  

E X H - K S T - l N  = Yalue (.0001 is typical) tlo the ZONE keyword list. 
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Four-Pipe Fan Coil System (FPFC) 
The F'PFC qas te rn  is identical LO t h e  TPFC w i t h  t h e  following exceptions: 

1) instead of an a combiiied h e a t i n g ,  cooling coil, the  fan coil un i t s  have separat .e heating 
a11d cooling coils; 

2 j  each coil is connected to a s epa ra t e  piping s y s t e m ,  one circulating cooled fluid a n d  one 
circularing heated fluid. Thus, t h e  fan coil(s) in one zone can cool at t h e  same t ime 
t h a t  those i n  another zone are heating; changeover energy losses are minimal. Exhaust 
fans are optional for a n y  or all zones. Except. s noted above, t h e  discussion of system 
design features ,  options, and DOE-? i n p u t  for TPFC applies to FPFC. 

.\'de: 011 the scheinatic, items. shouw it] dashed  bozes are optional component,.. 

Figure 3.14: Four-Pipe  Fan Coil System (FPFC) 

SYSTEMS 3.3.5 SYSTELIS 



Suggested minimal  input  j o r  FPFC system: 

INPL'T SYSTEMS .. 
S)'STE55.S-RE:PORT SL1311L4RY=( SS -A,SS-0) 

$ SYSTEMS SCHEDULES 

FANS-OS = SCHEDC'LE THRU DEC 31 ( \m ) 
(WEH) 

COOLSETPT = SCIIEDULE THRU DEC 31 (149) 

(M'EH) 

iIE.4TSETPT = SCHEDI'LE THRL' DEC 31 (WD) 

(\Z'EH) 

DH\\' = SCHEDL*LE T H R V  DEC 31 

OFF'IC'E = ZONE 

(WEH)  

DESIGN-HE.4T-T 
DESIGX-COOG'I' 
H EAT-TEh'lP-SCH 
COOL-TEhlP-SCH 
0.4- C F h i  1' PER 

S j' STEh 1 -Tj'P E 
h L i S  -S 1' P P Ll'-T 
hlI 3- Sl-1 P P L'1' - T 
NlGHT-C'I'CLE-CTRL 
F.4X-SC'HEDIiLE 
ZO5EXAhlES 

S 1' STE h 1- X.411 ES 
D Wlf'-BTU /'HR 
D H \\'-SCH 

( 1 t7 )(O) 

(1,24)(0) .. 
(8,18)(1.0) (19,24)(0) 

72 
74 
WEATSETPT [I] 
COOLSETPT [I] 
15 .. [ Z ]  

FPFC 
110 131 
53 141 
Cj'CLE-ON-.4hrY ( 5 )  
F.4NS-ON (SI 
(OFFICE) .. [7] 

(AC-SYST) 
loo00 
DH'W .. 

SI' STE hl S 



T'j'PE DH\I'-HEATER SIZE -898 .. 
TJ'PE H\j'-BOILER SIZE = -999 .. 
TJ'PE = HERhI-REC-CHLR SIZE = -999 .. 

END .. 
COMPI'TE PL.4ST 

Addi t io i ia l  cupobiliiie$ for  this system: 

1) To enable afi exhaust  fan add t h e  keywords EXHAUST-CFh4 = Value  (CFM) and 
EXH.\t'ST-I<~Y = I ' a l u e  (.oOOl is typical)  ta3 the  ZONE keyword list. I101 

2)  To disable t h e  a\-ailal)ility of either cooling or heating, insert schedules like t h a t  shown 
for TPFC: Iio~vever ,  y o u  may en t.er values representing outs ide air t empera tures  above 
a n d  l)elo~v which  t h e  cooling a n d  h e a t h g  is on, as follows: 1111 

mxr-oK = SCHEDVLE THRU MAY is  (ALL) (i,34)(70) 
THRU SEP 15 (.4LL) (1,24)(0) 
THRU DEC 31 (ALL) (1?24)(70) *. 

C'OOL-OS = SCHEDl'LE TMRU hl-41' 15 (ALL) (1,24)(60) 
THRU SEP 15 (.4LL) (1,34)(1) 
THRU DEC 31 (ALL) ( I , % ) ( G O )  .. 

3 )  Most f r in  coil systems do not I w e  outside air  intakes and make-up air  is supplied to 
t h e  CC)l I*IdGl '  01' to t h e  back side of the  fan coil u n i t .  To simulate t h i s  configuration 
t h e r e  has 10 lie a corridor zone to which air can be supplied, because DOE2 does not 
allov T W O  a i r  systems to lie assigned to the same zone. See the  example in t h e  Sample 
Rut1 Bi/d* ( 2  ] E ) ,  33-Stor~. Office Building, R u n  3. 1121 
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Residential System (RESYS) 
RESj’S models a split system w i t h  a clii.ect expansion air-cooled condensing uni t .  Residences 
t h a t  do not include unconditioned zones (cra\v1 spaces and  at t ics)  can be simulated as a 
single-zone residence seryed by one sys tem.  

This is the onl ,~ system in DOE-? tha t  s imulates  openable windows for na tura l  ventilation 
and cooling. T h e  veiitilation is simulated t h i a u g h  the  keywords 
n’.~T~!R.~L-\‘E?;T-SCH, VENT-TEMP-SCH, a n d  N.4TURALVENT-AC. See p.4.76, the  
SYSTE\l-.jLIR sect ion, for a discussion of s imulat ion t h e o r y .  

RES13 CY) be r u n  with a cooling-only condensing uni t  plus a heat ing coil or with a 
cooliiig heat ing heat pump condensing uni t :  

Residential System with DX Cooling and Heating Coil: This version of RESYS p r e  
\ .ides heat ing through a hot water  coil, electric heater,  gas furnace or oil furnace.  I t  also 
includes a cooling coil connect.ed to an air-cooled condensing uni t ,  supply fan ,  and openable 
windows io proi*icle na tura l  ven tiiation and cooling. Ordinar i ly ,  the electric load for both 
t h e  supply fa11 a11d cornpressor are  included in t.he c o o h g  EIR. 

I 

C 031 P RE S SO R 

CONIjESSOR 
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Residential System with Heat Pump: This version of t h e  s y s t e m ,  the  Residential  Air-to- 
Air Heat Pun-ip. 1s also for a single-zone c o n s t a n t - \ ~ o l u m e  sys t em intended for homes or 
ofl'ices The rules  s ta ted  in t h e  RESI'S system description apply to th is  version of the sys- 
tem. This u n i t  proi*ides forced-air heating and  cooling I n  its basic configuration it consists 
of a compressor. a four.-\vaj. \*alve for r e i w s i n g  t h e  refrigerant flow direction, air-cooled con- 
denser u i t l i  f a n .  evaporator  i v i t h  fan. filter (not s h o w n ) ,  a n d  thermosta t .  T h e  condenser also 
serves as an e\.aporator and t h e  evaporator as a condenser,  depending on whether  the uni t  is 
in t h e  heat ing or cooling mode. T h e  supply ( indoor  air) fan and the outdoor  fan operate in a 
q d i n g  mode .  T h e  u n i t  may be specified with an auxiliary electrical heater. To use this 
tl'pe of RESYS specify HE.4T-SOURCE = HEAT-PUMP. For addi t ional  heat pump caga- 
bilities. see ' .Heat  ? u m p "  p . A . 5 .  

I t 31 

/ i i i 
E43 [53 

BPENPBLE \WINDOW 
-1 

Figure 3.17: R t ~ s i d c n t i a l  .4ii--to-.4ir Heat. Pump 
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( \4,D ) 

TH H I' 
T H R V  
THR 1' 

D ES 1 G N- H E-4 T- T 
DESlGK-COOL-T 
H E :\ T - TE A 1 P - S C I 1  
C' 00 L- T E h 3 P - S C k l  

APR 15 (ALL) (1,24) 
QCT 15 (ALL) (1,24) 
DEC 31 (ALL) (1,24) 

73 
74 
HE.4TSETPT [i] 
COOLSETPT .. 111 
RESYS 
110 121 
55 [SI 
10 141 
\$'I ND U\VS - OP E N hB L E 
FURNACE 161 
$ or HEAT-PUMP It] 

= (OFFICE) .. 
- (AC-SYST) 

10000 .- - - DHM' .. 

SI' STE hl  S 



SH\\- = PL.ANT-EQU1PhlEXT TJ’PE DHj!’-HE.kTER SIZE = -999 .. 
END .. 
COSIPL’TE PLAXT .. 
A d d i t i o n a l  copabi l i ty  for t.his system: 

1) To disable the a~ailabiliry of either cooling or heating, insert schedules like that shown 
Tor TPFC; howeyer, you may enter ~a lues  representing outside air temperatures above 
and below which the cooliiig and heating is on, as follows: 

HE.AT-OS = SCHEDULE THRU hIAY 15 (ALL) (1,24)(7@) 
THRU SEP 15 (ALL) (1,34)(0) 
THRU DEC 31 (ALL) (1,24)(70) .. 
THRU SEP 15 (-4LL) (1,%)(1) 
THRU DEC 31 (ALL) (l,!N)(GO) .. 

COOL-OX = SCHEDULE THRU DEC 31 (ALL) (1,24)(60) 
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Packaged Single Zone  Air Conditioner with Heating and Subzone Reheating 
Opt ions (PSZ) 
This hybrid s!*stem:’plant, usualljv larger t h a n  a PTAC, cools by the  direct  Fxpansion of a 
rcfrigeran t a n d  may opt ionallj.  hea t  wit 11 gas, hot water, or an electric resistance beater.  
This un i t  is usua l ly  considered a commercial u n i t ;  it provides cons tan t  volume air to a con- 
trol zone and constant- or yariable-air volume flow to opt ional  subzones.  If y o u  want  var i -  
able volume air  to  all zones, that call be modeled by using t h e  PVAVS system. This forced- 
air packaged u n i t  may be either a unitary system ( r d ’ t o p  u n i t  or outside-the-wall uni t )  or it 
may be a split unit  (partially inside a n d  partially outside).  I t  may or may n o t  require duct-  
ing. 111 i ts  most basic configuration, PSZ consists of a compressor, air-cooled condenser, eva- 
porator with a fan supplying cooled air to t h e  indoors,  filter ( n o t  shown) ,  and thermosta t .  
PSZ can optionally be specified with a central  heat ing device, subzone reheat ing device($), 
ou ts ide  ventilation air ,  and economizer cooling. The supply fan may be ei ther  a blowthrough 
or a d r a ~ v t h r o u g h  t y p e .  with t h e  fan motor  either inside or outside t h e  air s t r e a m .  The con- 
denser fan opera tes  automatically on demand.  An exhaus t  air fan and/or a re turn  air fan 
m a y  optionally be specified. The thermosta t  may be specified with night  setback and night 
cy d e  con t 1-01 I 

. \ d e  4 011 tlre , ~ c h e m d i c .  i t e i ~ s  s l r o u ~  in dndiec l  bores w e  optional components. 

Figure 3.18: 

t r l  

BhliOf! 1 

Packaged Single Zone A i r  Conditioner with Heating and Subzone Reheat- 
i l l  g 911 t ions (PSZ ) 
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S; SYSTEMS SCHEDULES 

F.4SS-OS = SCHEDL'LE THRU DEC 31 

C'OOLSETPT = SCHEDLLE THRL DEC 31 

HE.4TSETPT = SC'HED'C'LE TIiRU DEC 31 

DEI\\' = SCHEDL'LE TIIR'C' DEC 31 

DES 1 G N-I3 EA T-T 
DESICiN-COOGT 
H E.4T-TEhIP-SCH 
C'OOL-TEhlP-SCH 
OA-C'Fhd/PER 

SYSTEhj-TYPE 
hl.4S-SLJ PPLY-T 
h3IN-SUPPLI'-T 
XlG'HT-C~'C1,E-CTR L 
F.4 N-SCHEDLTLE 
O.4-C'OYTROL 
EC'OSO-LIhlIT-T 
H E.LZT-SOLTRCE 

72 
74 
HEATSETPT 11) 
COOLSETPT [I] 
15 [2] 

PSZ 
110 [3] 
55 [41 
CY CLE-ON-FIRST [ 5 J 
F.4NS-ON ($1 
TEh4P [7 ]  

FURNACE [e] 
$ or HEAT-PUMP, 
$ ELECTRIC, or 
$ HOT-WATER 
(OFFICE) .. 

60 I81 

(AC-SYST) 
10000 
DMW .. 
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ESD .+ 

CO31P'C'TE SYSTEhIS .. 
ISPI'T PLANT .+ 
P 1 = PL.i?;T-A.SSIGMfEST 
PL-%ST-REPORT SVhBL4RI'  (BEPS) .. 
SH\I' PL.4ST-EQUIPhlENT TYPE = DH\I'-HEATER SIZE = -999 0 .  

END .. 
COMPUTE PLPINT .. 
-4 ddi t io l ia l  rnyabi l i t ies  Jot this system: 

I101 
1) To enable an exhaust fan add the keywords EXHAUST-CFM = Value (CFM) and 

EXH.\c;ST-Ii\I' = \'slue (.0001 is typical) to the ZONE keyword list. 

2 )  To disable t h e  economizer change 0.4-CQYTROL = TEMP to 
0.4-CONTROL = FIXED. 

3j  To enable control of masimum h u m i d i t y  and use compressor superheat for reheat, 
insert ~I . \SI~f I ' I \~f -NI .7~l ID1T~ '  = Value (60% is allowed under the n e w  ASHRAE 90.1 
51antl31*d) a n d  also ?\1[.4S-COKD-RCI'RY = Value (.5 is typical) in the SYSTEM key- 
I \ - G I ~  list. S o w  t113.1 REHE.47'-DELTA-T must also be specified. 1121 

4 )  If HOT-\1'.4TER is the  t y p e  of HEAT-SOURCE selected, you must also insert a hot 
ivater generator in  PL.%NT. 

5:) \ Y a w  cooled condenser ancl w a t e r  side economizer options are available for this system. 
See ' W a t e r  Cooled C:oiidense~* Option for Packaged Units PSZ, PVAVS, and PWT" in 
t h e  S i i p p l e m e / ~ t  ( ? . I € ) .  
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Packaged ,Multizone Fan System (PMZS) 
PhiZS is a multizoiie coiist.ant-\*olu~n~ i'ol*c.etl- air system (actually a hybrid sys tem/plan t )  
t h a t  cools by the direct espansioii 01' a refi*igerant and heats  with gas, hot water, or an elec- 
t r i c  resist z n w  heat el,. Ph1ZS may 11a1-e h m  recovery from condenser coils. PMZS usually 
consists of a n~ai iufcd~ture~~-rna t~c l ied  set of coniponen ts within a single enclosure that is roof- 
top mGuiitetl. but i t  m a y  also lie a split u n i t  (partially inside and partially outside).  I n  its 
most basic configuration. PhlZS consists of' one or more refrigeration compressors,  one or 
more air-cooled condensers w i t h  a fan discharging heat to the outdoors, one or more eva- 
pora tors  widi a fan supplying cooled air  to the indoors,  a heat ing device, filter (not shown), 
and  a thermost.at  i n  each zone. PhiZS can optionallg he specified with outs ide ventilation 
air. economizer cooling, an eshaust, fan and a return fan.  It has a blowthrough fan ,  with the 
fan motor  either inside or outside the airstream. The condenser fan operates automatically 
on d e m a n d .  The thermostat  may be specified with n ight  setback and night cycle control.  

I n  t he  DOE,-? simulation of PMZS. thcrc is individual control of temperature in the  different 
zones. \ v i t h  110 preconditioiiing of outside ventilation air. 
X o f e :  011 the  s rhemd  ic. iieius slroiri, I ' l l  da .4ed bores. ore optional components. 
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END a b  

COMPUTE PLAXT .. 
A d d i t i o n a l  capabi l i t ies  j o r  this sysieui: 

(91 
To enable  a n  exhaust fan acltl t h e  key\vorcIs EXHAUST-CFM = Value (CFM) a n d  
ESH.4I'ST-I\;\1' = \ ' d u e  (.0001 is typical) to the ZONE keyword list. 

T o  disable t h e  economizer cliniigcd tlie 0.4-CONTROL = TEMP to 
0.4-COSTROL = FIXED. 

P I  To s i n 1 u l 3 t ~ .  a c l i s c i~ i in i i~n to r  c~iitrol o!' the  cold deck supply air temperature a d d  
COOL-C'OSTROL = \4'.4€?1~l~S'l' 1.0 t Ire S1'STEh.I keyword list. 

(121 
T o  s imula t e  a discrimhator c.oliirol of' t h e  hot. deck supply air temperature a d d  
HEAT-COSTROL = COLDEST to t h e  SYSTEM keyword list. 

. ~ 1 1 ~ 1 * 1 1 ~ t i ~ * e s  IO items 3 a n d  -I nl>o\*e arc' reset 01' cold and  hot deck supply  air tempera- 
t u i ~ .  .411 i esample  ol' this coiitrol is is covered in  t h e  Sample R u n  Book (2.1E) 31-Story 
Ofl'ice Building. Run 1. 

Y 
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Pack aged Variable-Air-Volume System (PVAVS) 
P\'.4\'5 IS a ~ a r i a l ) I t . - ~ * o l u m e  systern p l t i i 1 i  tha t  cools the  zones by direct expansion of a refri- 
g e r m  t and opt ionall!. h e a t s  t h e  zoiies 14 i t  11 gas. fuel oil, ho t -water ,  or an electric resistance 
hea ter .  111 t h e  cooling mode  the  supply air temperature  is usually constant. and t h e  volume 
of air  is varied from minimum to m a s i m u m  to satisfy the zone requirements. In the  heat ing 
mode the  supply air temperature  is Yariecl i n  response to t h e  zone requirements and t h e  
\ ' o h m e  of air 1s held at  t h e  minimum (cons tan t ) .  In its most basic configuration, PVAVS 
consists of a compressor, air-cooled condensci~ with a fan discharging heat  to t h e  outdoors ,  
evapora tor  with a f a n  supplying cooled air to the indoors, reheat coils at, the zone level, filter 
(not shown). variable-volume control boxes, and thermostats. PVAVS unit  can be optionally 
specified with outside 1-entilating air .  eshaus t  fan, return air fan, and economizer control.  
The supply  f a n  may be either a blowthrough or drawthrough,  with the  fan motor either 
iiiside or outs ide t h e  airstream. The tIiei*mostat may be specified wi th  n i g h t  setback a n d  
night cycle control.  
,2'ote: 011 i h e  schenia i ic ,  itenis shouvi i l l  dnshetl bore& a r e  optional components. 
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F-iNS-ON = SCHED'CILE THRL' DEC' 31 

COOLSETPT = SCHEDlrLE TIIR1' DEC' 31 

HE.4TSETPT = SCHEDVLE THRI-1 DEC 31 

DH\\' = SC'HEDL'LE THRI' DE(' 31 

OFFICE =: ZOSE DES IC; 5.-H EAT-T 
DES I ( N-(.\OOL-T 
H E .-\'I.- T E I P - S C H  
COOL-TEh LP-SCH 
T H  E R 3 10ST.4 T--Tj'P E 
O.d-C'Fhrf.:PER 

(1,7)(55) ($,18)(73) 

( 1 ,%)( 55) 
( 19,24)( 55) . 0 

(1,7)(0) 

(1,21)(0) .. (8,18)( 1 .O) (19,24)(0) 

72 
71 
HE.4TSETPT [I] 
COOLSETPT [i] 
REVERSE-d4CTION 
15 .. 13) 

PV AVS 
110 [4] 
70 I51 
55 PI 

e 3  PI 
55 [lo] 

CYCLE-ON-AhT 
FANS-ON [e] 

TEMP 1111 
60 111) 
ELECTRIC 1121 
ELECTRIC [i3] 
(OFFICE) .. 
(-4C-SY ST) 
lo000 
DHW .. 
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ESD .. 
COk 1PI'TE SYSTEL 15 a 

ISP'L'T PLANT (. 

PL.iST-REPCIRT Sl'3L\14RJv = (BEPS') .. 
P1 =z PL.4ST-.ASSIG?;?\IENT .( 

SH\I' = PL-4NT-EQL'IPhIENT TI'PE = DH\\'-HE.4TER SIZE = -999 .. 
ESD .. 
COllPL'TE PL.4YT .. 
i l dd i t i ono l  copabilities jor this syste i i i :  

I141 
To enab le  an  exhaust fail adti \ h e  keywords EXHAUST-CFhf = Value (CFM) and 
ESH.41'ST-Ii\\' = Value (.0001 is typical) to the ZONE keyword list. 

To  enal j le  a humidifier i ~ h i c . 1 1  ~*t.yuircs heat to evaporate water into the air add 
~ ~ l ~ - l ~ L ' ~ ~ l D l r i ' Y  = Yalue (3% is t.ypic.al) to the  SYSTEh4 keyword list. 

TG cl i s~hle  the e~~onomize r  c l r ~ ~ t g e  O.A-('OSTROL = TEhlP to 
0.4.-C'OSTROL =L FIXED. 

To e11iib1~. \ . : i r iabk speed coiit rol of the fa i l  motor, insert 
F.\X-C@NTI!OL = SPEED t o  t h e  SJ'STEAf keyword list, 

1151 

11 71 
To s i rnu la re  riding t h e  fan C U I I T  i v i t h  ne i the r  inlet vanes nor speed control, insert 
T;'.%X-C'QSI'P,OL = DISCH.ARCiE to t h e  keyword list. 

\\'att.r r.mletl condeiiser and w a t  (T sick ecoiiomizer options are available for this system. 
S w  . W ~ I  tv C'001t.d Condenser  Opt ioii I'or Packaged Units YSZ, PYAVS, and PWT" in 
t lie . > i / / i / i i t t t i ~ t ~ /  ( 2  I E ) .  
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Packaged Terminal Air Conditioner (PTAC) 
PT.4C sl-sterns are designed primaril!. fcjr rommercial i n s t a l l a t ions  to provide total heating 
and cooling for a room or zone: t h e y  a re  specifically designed for through-the-wall ins ta l la -  
tioii T h e s e  h\*brid system plan t  uiiIts a re  mostly used in hotelirnotel guest rooms, apart-  
ments ,  hospitals. nu r s ing  hc,mes. an0  office buildings.  All PTAC u n i t s  d 
inro t h e  space  without duc twoi -k .  

PTAC with DX Cooling and Electric Resistance Heating 
This pai*t icula~* PTAC provides cooling by the d i i w t  expansion of a refr 

sch arge air J i rec t ly 

gerant and h e a t i n g  
by a n  electric resistance heater.  I n  its most bnsic configuration it consists of a compressor, 
air-cooled coridenser w i t h  a fan i!ischarging heat to the  out*doors, evaporator usua l ly  with a 
two-speed fan supplying cooled air to t h e  indoors, electric heater ,  filter (not shown), and 
thermosta t .  T h e  u n i t  may be specified wi th  outside ventilation air, This PTAC u n i t  has no 
return f a n  option a n d  t h e  supply fail is assumed to  be a blowthrough typc with t h e  fan 
motor located i n  the airstream Optionall!*, the  unit may be specified w i t h  a thermostat, 
w i t h  night se tback  

Bh.1024 
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PTAC with Air-to-Air Heat P u m p :  
This t!*pe of PT.AC provides !*ear-roui id  forc.ed-nir hea t ing  and cooling. It consists of a sin- 
gle air-to-air heat p u m p .  I n  its basic configuration t h e  heat pump unit  consists of a 
compressor. fou r - \ j  a)* va lve  !'or re\*ei'siiig t Ire refrigerant flow direction, condenser with fan, 
e\*apoi*ator usually \ \* i t  h a tw-spee t l  ~ I I .  filter (not shown),  and thermostat. The condenser 
also seri'es as ai l  evaporator a n d  t h e  e\-aporator as a condenser, depending upon whether  t h e  
u n i t  is I I I  ( l i e  heating 01. cooling mode of operation. T h e  unit may be specified with outside 
ventilation ail.. in  which  case t h e  supply f a n  runs continuously ra ther  t h a n  cycling with the 
compressor T h i s  PT.4C has no returii fail option; the  supply fan is assumed to be a twcl- 
speed b l o w  hroubl i  t y p e  w i t h  t h e  fan motor locat<ed in t h e  airstream. Optionally, t h e  u n i t  
may be specified w i t h  a thermostat  with night  setback. 
A.ote. 011 t h e  sctientut ic, i tems diou* i i  i?] dashed  bores a r e  optaonal components. 
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F.4SS-OS = SCIIEDL'LE THRI' DEC 31 

C'OOLSETPT = SCHEDL'LE THHL' DEC 3 1  

(1.7)(55) (8,18)(72) 
(10,24)(55) 
(1,24)(55) .. 

72 
74 
HEATSETPT 
COOLSETPT 
15 .* (21 

PT.4C 
110 [SI 

- - 
- - 
- - 
I - 
- - 

55 (41 
CY CLE-ON-Ah?' 
F.4NS-ON [e] 
ELECTRlC [7 )  
$ altern atively 

(OFFICE) ., $; HE./\T-PLb,IP 

(-4 C-SI'S T) 
10000 
DHW .. 
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.4 dciit ioiial  rapc ib i l i t y  f o r  !hi& sys!e i i i :  

1 )  To enable an exhaust fan add t h e  keywords  EXHAUST-CFM = Value (CFM) and 
ESH.KSST-I\\\' = Yalue (.0001 is typical) to  the ZONE keyword list. [Q I 
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Packaged Total Gas Solid Desiccant System (PTGSD)* 
This is a ne\\. system tha t  has recently appeared on the  m a r k e t .  I t  is a small ( 5  to 10 ton, 
1800 - 3600 c f m )  packaged u n i t  t h a t  uses a desiccant wheel in  conjunction with direct  and 
indirect eyapornt ive cooling. instead of t h e  usual DX coils. It, uses a gas-fired hydronic 
hea te r  to regenerate the desiccant a i d  t o  pro\*ide heating. T h e  result is  a unit- t h a t  pri- 
marily consumes gas to proyide heating a n d  cooling. 

T h e  u,iit consists of supply a n d  r e w n  air fans, a 1it.hium chloride impregnated desiccant 
\\*heel. an indirect eyaporat ive cooler, a heat ing coil, a direct evaporative cooler, a n d  a reac- 
t iyation air heater  coil (see schematic).  I n  t h e  cooling mode, t h e  supply fan blows 100% out- 
side air o1it.o t h e  d r y  half of t h e  desiccant wheel. Hot, dry air emerges from the other  side of 
t h e  iv1iet.l. T h i s  air is then cooled by an air-to-air heat. exchanger,  the o t h e r  air s t ream being 
eyaporatively cooled return a i r .  Finally,  t h e  air is cooled even further by a direct evapora- 
tive cooler. T h e  resulting supply air is then ducted to t h e  zones. R e t u r n  air is drawn 
through a direct e v a p o r a t k e  cooler and is then heated by passing t h r o u g h  t h e  air-to-air heat  
exchanger ( t a k i n g  heat from t h e  supply air emerging from t h e  desiccart wheel). More heat  is 
added by the  reactivation air heater  coil T h e n ,  the r e t u r n  a i r  passes through t h e  o t h e r  half 
of the  wheel. i q e n e r a r i i i g  the  desiccant by carrying off the moisture  absorbed by t h e  l i thium 
chloride.  Firia~ly t h e  re tu iw air is esliausted to tlie outside.  

The s u p p l y  antl return f ans  a re  assumed i o  be variable speed. The  zone air tempera ture  is 
controlled 1)) -t*ar!.ing the flou. of t l ic  suppI>+ air;  tlie system is a variable air volume system. 
The first nnmetl zone  i i i  t h e  ZOSL-X.-WE+ list is t h e  control zone. 

In t h e  heating nioclc. the  t'ans art. r r s \ i n i ( d  IO be at minimum speed. T h e  minimum a m o u n t  
of outsick a i r  is lirouglrt i n ,  niisctl w i t 1 1  w u r n  air ,  and heated by the hea.ting coil. T h e  
\ t k 4  niotctr, react kation hertTei* (.oil. 1 r 1 1 d  both humidifiers (direct  evaporative coders) and 
their p u m p s  a r e ,  of course. t ,u~*ned ofl'. 

T h e  u n i t  is simulatecl as operat ing in  several intermediate modes. One such mode is to 
o p r ~ t e  the unit  as aii evaporat ive cooler. Only the  supply air humidifier a n d  t h e  indirect. 
eu tpora t i \ . e  cooler ( re turn  air humidifier and air-to-air h e a t  exchanger) are opera ted ,  no 
del i~micl i fyi i ig  is cloiie. a n d  no gas is c*ons~irnetl. Another  m o d e  i s  to cool wi th  outs ide air 
only.  01' \ \ . i t  11 a m i s t w e  of outs ide antl r ( m ~ r n  air. You have no control over which operating 
mode  is selecwd i'or ench hour t ime stell. The simulat.ion determines which modes  a re  capa- 
ble of' Ineetiiig t h e  load and.  of thew, \\*11icli is most eRicient. Thus, t h e  uni t  is simuIat,ed to 
u w  t l i c  n ~ i n i m u m  possible e n e r g y .  
The PTGSD system hlUST be sized by you.  ?'lie DOE-? design rout.iiie will not. esti- 
m a t  e :I 3izr f r c m ~  t h e  LOAD peaks if.; i t  clotas for ot he]* system types.  T h e  two keywords 
Iequ I i w l  31.e SL'PPLY-C'FM (or S \WLY-FLOW) and HE.4TING-C.4PACIT'I' in the  SI'S- 
TE11 C'GITI m 311 d . 
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Figure 3.23: Packaged Tot a1 Gas Solid Desiccant System 

(1  :7)( 55) (8,18)( 72) 
(19,%)(55) 
(1 ,'24)(.55) e *  

:3 . .; (j SYSTEMS 



DH\\' = SC'HEDL'LE THRI: DEC 31 

OFFICE = Z,OI\;E D ES 1 C; N- H EA T-T 
DESIGN -COOL-T 
HEAT-TEhlP-SCH 
COOLTEhIP-SCH 
0.4 -C Fhl [PER 
B.4SEB0.4RD-CTRL 
BASEBOARD-RATING 

SYSTEhII-TYPE 
F-4Y-SCHEDULE 
St'PPLY-CFhl 
H EATING-CAPACITY 
?:lC~l4T-C3'CLE-CTRL 
ZOXE-NAh IES 

= 72 
= 74 
= HEATSETPT 
= COOLSETPT 
= 15 
= THERMOSTATIC 
= -3oooo 0. 

= PTGSD 
= FANS-ON 
= 5000 

== STAY-OFF 
= -100000 [2] 

= (OFFICE) .. 

EI\'D .. 
COSIPL'TE SYSTEM .. 
ISPLT PL.\ST .. 
PL-4ST-REPORT S L w l l 3 L \ R l *  (DEI'S) 

'2 )  

3 ) 

TG enalile an exhaus t  f an .  3dtl t h e  keywords EXHAUST-CFM = Value (CFhI) and 
EXH.413T-KU. = l ' a lue  (.OO01 is rypical)  to t h e  SYSTEM keyword list,. 
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Unit Heater (UHT) 
T h i s  s imula t ion  is for a unit heater serieing one zone. h4ultiple systems, that is, mult iple  
zones wi th  one u i i i t  heater each, may 'he s imulated.  This u n i t  is not capable of in t roduc ing  
outs ide a i r .  Space tempera ture  control  is accomplished by on-off cycl ing control of t h e  fan. 

Bh11027 

- ,.I 

HEA SUPPLY FAN 131 

SPACE [ 5 ]  

Figure 3.24: [ 'nit H e a t t r  (L!HT) 

HE.\TSCl'T,T = SC'HEDI'LE THRl' DEC 31 (\I'D) (1,7)(55) (8,18)(72) 
(19,14)(55) 
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(\I'EH) (1,34)(55) .. 
DH\\' = SCHEDL'LE THR'I' DEC 31 (\ID) (1,7)(0) 

(8,18)(1.0) (19,24)(0) 
(WEH) (1,24)(0) .. 

72 - DESIGN-HEAT-T - 
HE.4T-TEhiP-SCH - - HEATSETPT .. [I] 

UHT - SYSTEhl-TYPE - 
FAK-SCHEDULE - - FANS-ON [SI 
h4AX-S UPP LY-T - - 110 [2] 

HEAT-SOURCE - - ELECTRIC 

ZONE-NAhES - 
$ or FURNACE [4] 
(OFFICE) .. - 
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Un i t  V e n t  il a to r ('CrVT) 
This siniularion is t h e  same as that described for Un i t  Heater (LJHT), except that t h e  un i t  
 ent ti la tor is also capable  of introducing a fixed amount of outside air d u r i n g  heat ing and 
operating ai) outside air damper* for cooling. 

F igure  3.25: I ' n j t  \ 'en tilalor (WT) 

HE.-\T.%;E'I'PT = SC'HEDI'LE THI? I' DE(' 3 1  (\\D) (1.7)(55) (8,18)(72) 
(19,%)(55) 
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OFFICE = ZOSE 

6 

DESIGN-HEAT-T 
H E-AT-TEhlP-SCH 
OA-CFhliPEH 

S~'STEhl-Tl'PE 
hL4S-SUPP LY-T 
FAY-SCH EDULE 
HEAT-SOURCE 

(1,24)(55) .. 

72 
HEATSETPT .. 
15 .. [2] 

PI 

U VT 
110 [3) 
FANS-ON [4] 
ELECTRIC [s] 
$ or FURNACE 
$ or HOT-WATER w i t h  
$ a HWG in PLANT 
(OFFICE) .. [e] 

( AC-SYST) 
10000 
DHM' .. 
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Description of SYSTEMS Input Instructione 
Limitat ion on the Xurnber of Commands 
The m a l l m u m  number .  of‘ each SYSTEMS command that the program can accept i n  a single r u n  
is slici\*n helo\\ .4 building that cannot  be specified within these l imits should be modeled as 
t\vo s e p a r a t e  Iiuildings 

C o m m a n d  
Maximum 
Number 

D.U-RESET-SC‘H and I or DAY-SCHEDULE 

RESET-SCHEDULE and or SCHEDULE 
SY ST El 1 

PL.\ST-.ASSIGX?rlENT 

S J’ S T E h 1 - ,A I R 
SJ’STE3I-C‘OXTROL 
SJ’ STE 3 1-E QL* I P h I E XT 
SJ’STE>I-FA XS 
Sl’STEll-FL~*ID 
SJ* STE5 I -TE R 3  11 3.9 L 
SJ‘STEAlS-REPORT 
TlTLE 
u - 1 l 3 111 e 3 
\\‘E Eli- SC’H ED l‘ LE 
ZOSE 
Z OX E-.\ I R 
ZOXE-CONTROL 

300 combined 
4 
100 combined 
100 
50 
50 
50 
50 
50 
50 
1 command (200 reports) 
5 

180 
300 
128 
50 
50 

Description of SYSTEh4S I n p u t  Instructions 
ThJi S P C I I C ~ J I  contains tlescript ions of‘ all SYSTEhlS i n p u t  instruct ions required to run the SYS- 
TEll5 ~ I * G ~ I * ~ I - I - I  3t  a I n s i c .  le\*el: fidditional c o m m a n d s  and keywords are listed in t h e  Reference 
. \ l w i i r c r l  ( . i ’ . ~ - l j  ~ I K I  I h e  .5’qpleiuei?l (2. JE/ .  T h e  order  of presentation follows t h e  hierarchy of 
t h e  UDL S i 1 1 1 1  i icory [i). IC/ .  

In  tile pre \ . ious  dvscriptioll  of‘ DOEX system typesI only two commands were used: ZONE and 
SI.STL3J. 1rr I lie i‘ollon.i~~g n i a t e r i a l ,  SI’BCOr\fX1.4YD.S are re-introduced; remember in the  dis- 
cussiou of loads i n p u t  (LO.4DS) tha t  SP.4CE-CONDITIOIS was introduced 8s a subcommand 
of I Iw 5P.AC’E c.cjin~nancl. S u I x m I r n a I d s  are used to “group” keywords of similar  meaning and 
use imo a q m m e  lis( that n i a h  discussion of t h e m  a maimgeahle task .  You have t h e  option 
of citlivr s e p a r h t i n g  t h e  i n p u t  into sepi iraie  lists using sui)-commands or combining them all into 
OIW lis1 i i i i t l ( ~  t h e  C G I I I I I I : ~ I I C I  itsell‘. a s  NY d i d  i n  t h e  “suggested minimal inputs” for different sys- 
tem [ > . I > ~ s .  p.3.10.  

Bt.cmse sc.Iiecl\~les i n  SYSTEMS follow t h e  same pat tern of those i n  LOADS, tlleir explanations 
w11 I I O ~  Iw ~ ~ p r a r e d  here .  RESET scheduIc~s. howe\*er1 h a v e  some unique rules t h a t  need to be 
C G W I ~  aiitl t Ile discussion wi l l   art wit I I  theni. 
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Reset Schedule Instructions 

DAY-RESET-SCH and RESET-SCHEDULE 
The func t ion  of t h e  reset schedule instruction is to define the relationships between a system 
conti*ol p a r a m e t e r  and t h e  o u t s i d e  a i r  tenlyerature for each hour of t h e  RUN-PERIOD. The 
instruct ions are applicable t.0 coli t rol of h o t  deck ternperatwe, cold deck temperature, and base- 
board heating. 
RESET-SCHEDL'LE is almost identical to SCHEDVLE. The LIKE keyword is not  applicable to 
RESET-SCHEDL'LE. but  i t  is applicable to D.41'-RESET-SCH. In the  DAY-RESET-SCH 
instruction, rather t h a n  entering 2-1 hourly ~alues ,  as usually entered for a DAY-SCHEDULE 
i n s t r u c t i o n ,  f o u r  keywords and their usociated values are entered. All four keywords are 
required if t liis comm an d is specified. 
DAY-RESET-SCH defines ho\v a sys t em control parameter is to  vary in response to changes in  
outside air ternperat ure. A U-name for each D.4Y-RESET-SCH instruction is required in order 
to refeience i t .  
.An example of a RESET-SCI-IEDVLE is shown in the explanation for the keyword 
B.\SEBO.4RD-SC'I 1 ( u~ lde r  Sl~Sl 'E~l-C*ONTROL), 11.3.7-1. 

S1.P P LJ'-H I 

OL'TSI DE-HI 

OI'TSI DE-LO 

is the  uppe r  supply air setpoint temperature corresponding to 
t h e  usc.1-input value f o r  OUTSIDE-LO. When t h i s  instruction 
is specified for the reset of cooling air or heating air tempera- 
ture. the  user-input is a temperature. The range, in this case, 
is from 0.0 to K!O.O°F. (See keywords HEAT-RESET-SCH 
a i d  COOL-RESET-SCH in the SYSTEhl-CONTROL sub- 
~ o m n l i ~ l l d  .) Fig. 3 . 3  illustrates this  application. When this 
iristi~iction is specified for baseboard heating, the user-input is 
a hea t ing  output  ratio. (See keyword BASEBO.4RD-SCH in  
r he S'I'STEhl-CONTROL subcommand.) The heating output  
1s esprt.ssed as a decimal fraction of the maximum zone base- 
bosl~d heating capacity (see keyword BASEBOARD-RATING 
111 t Iic ZONE-CONTROL su bcommand). Fig. 3.27 illustrates 
t his app l i ca  t ion 

is t l i e  1owcr supp ly  air setpoint temperature (or output  ratio) 
c o ~ ~ i ~ ~ s p o ~ ~ d i n g  to the input  ~ a l u e  for OUTSIDGHI; see also the 
cl iscussion for SUPPLY-HI. T h e  range, for temperature input ,  
is from 0.0 LO 120.O"F. 

is t h e  outside d r y b u l b  air temperature which corresponds to 
t h e  input value for SUPPLY-LO (lower supply air setpoin t 
t eniperat u re ) .  

is t h r  outside dry-bulb air t empera twe which corresponds to  
the  input value for SUPPLY-MI (upper supply air setpoint 
rrinprrature). T h e  value for OUTSIDE-LO must not be equal 
to or greater than the value for OUTSIDE-HI ( the  program 
will ahor1 a n d  give an error message if this occurs). 
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0 
LL 120 
Y 

h 

Lr, 
0 
U 

Y 

O I  
P L I  I 

0 7 0  
0 UTSIDE-LO OUTSIDE-HI 

Outdoor Temperature (OF) 

u 
g 55 
E 
0 60 80 
0 

OUTSIDE-LO OUTSIDE-HI 
Outdoor Temperature ( O F )  

Figure 3.26: Typical DAY-RESET-SC'H when used for simulation of hot deck or cold 
deck  temperature c011t 1.01. 

Bh1030 

1 .O 

0 

-OS 

F i g u r e  3.27: 

SUPPLY - L O  

0 
0 UTS I D E- LO 

0 u t d 00 r Te m p e ra t ure 

70 
OUTSIDE-Hi 

( O F  1 
for simulation of baseboard heat ing 
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The correc t  i i t p u t  looks like this. 

DSn-1 DAJ'-RESET-SC).j 
sC:PPL\'-HI = 120 
SC:PPL)*-LO = i O  
Ol.'TSlDE-Hl = i O  
OL'TSIDE-LO = O ., 

PIS1 = RESET-SC'HEDI'LE THRU DEC 31 (ALL) DSR-1 .. 
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ZOKE-CONTROL 
ZOSE-C'OTTROL pro\*ides inrormat iori 011 zone t empera twe control charactmistics such as set- 
point, t l iwniostat  t y p e .  and tlirotitling range. A number of ZONIGCONTROL instructions may 
be entered to account for zoiie-t~-zo~ie variations in these characteristics and /o r  to permit com- 
parison studies ZO!KE-C'OI\'TROL is a "subc.ammand" of the ZONE command and ,  as such,  
can l e  used to i n p u t  it sulxct of data  to ZQXE 
u-n ame 

DESIGS-HE.4T-T 

H E .AT- TE 3 1 P-S CH 

is required. 

specifies the space tempcrat,ure t h a t  the program use8 to calcu- 
late the supply air flow rate required to m e e t  peak (or design 
day) heating loads for t h e  zone. The defaul t  is 70q;'. 

IS the u -~ iame  of t h e  SCHEDULE instruction that specifioe the  
setpoint of the zone heat ing thermosta t .  If no data ent ry  is 
made. t he  program assumes t h a t  the zone haa no zone  
activated heating control.  

specifies the space temperature used t o  calculate the  supply air 
flou ra te  required to meet peak (or design day) cooling loads 
for tlic zone, T h e  default is 76'F. 

1s t Iw u - i i u ~ n r  of t h e  SCHEDULE inst ruct ion that, specifies the 
setpoilit of the zone cooling thermostat. If no data entry is 
mitdc.. the program assumes t h a t  the  zone h a s  no z o n e  
3(*\ i \*ated cooliiig c.ont+ro). 

I n p u t  !'or this keyword is a code-word t h a t  specifies t h e  
metliod used for controlling the  o u t p u t  of t h e  baseboard heat- 
iibg elcrnciit i n  t h e  zone. T h e  applicable codewords are: 
( d r f a u h )  t empera ture  control of the  baseboard element is by a 
t IieIiriostat located within the  zone. 

i t .~np(+rature  control of t h e  baseboard element is by a thermos- 
t a t  located outside the building. . 

JI c d ~ - \ t * o r d  THERlfQSTATIC is entered, the program 
assunies that  the bueI1oat.d element adds heat as required. up 
m t h e  maximum capacity of the element, to maintain zone 
t ~ t n ] > e i ~ ~ l i i i i ' e  within the heating throttling range. The base- 
boards are sequenced on prior to zone reheat coils (if any) in 
r e spon~e  to a drop in  space temperature. 
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iderttilies the  type of thermostat action to be simulated. Note 
thnt  t h e  program assumes the same type of thermostat action 
for Lot11 cooling and heating. The applicable code-words ate: 

(default) Thermostat throttles heat addition rete (or heat 
extract ion rate) in linear proportion to the difference between 
zoue setpoiat temperature and actual zone temperature. 
You input the proportional band (see keyword 
TH R OTTLl NG-RANGE). 

Specifies an on-off type thermostat (which is simulated &s B 
w r y  narrow fised throttling range around each setpoint). This 
code-ivord is only used for the Residential System (RESYS). 

I n  variable air volume systems, this thermostat type allows the 
air ftoiv rate to go above the design minimum cfm for heating, 
as clefitwd by h.IIN-CFhl-R.4TIO. Otherwise, the effect is the 
same  ~ t s  for. THERhlOSTAT-TYPE==PRQPORTIONAL. 

spwifits the  number of degrees that. room temperature must 
cliarige io go from full  heating to zero heating and/or from f u l l  
cooling t o  zero cooljng. Zone temperature setpoint is assumed 
to b e  at the  midpoint of t h e  throttling range. This keyword is 
ap 12 1'0 jwia t e tgo PROPORTIONAL and REVERSE-ACTION 
t liermostats only. 
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ZOZ\'E-MR 
.AI] m quan t i t i e s  sliould be i i i p u t  at  yea Irvel (standard) values because the program makes a 
wi.rection fclr a l t i tude  Input  of a i l  qunatities corrected for altitude above sea level wiil result, i n  
a doulh  correction ZOSE-AIR 1s a b ' ~ ~ b c o r n m a n d "  of ZOATE and, as such, can be used to 
i n p u t  a suhset of dara to ZOKE. 
u-name is I ~ U  ired. 

ASS1 CSED-CFbI allows you to set (in standard cfm) the design supply air flow 
rate (sometimes referred to as the recirculated air rate) for the 
zone. If data entry is omitted for ASSIGNED-CFM and for 
the following two keywords (AIR-CHANGES/HR and 
C'Fhl SQFT), the program will calculate design flow rate based 
on peak heating/cooIing loads calculated by the LOADS pro- 
gram and the  temperature differential between design supply 
and z o n e  conditions. Note that if you want to input design air 
flow rates a n d  not haye t he  program convert them to sea-level 
r m s .  ilie :I LTITUDE keyivord in the BUILDING-LOCATION 
command In LOADS should be set to zero. 

CFSl  SOFT 

sets the mitiimum design supply air flow rate that is to be 
gi\en to the zone. It is expressed in terms of the number of 
times per h o u r  that this Row rate would replace the total 
\*olume of a ir  in the zoiie ASSIGNED-CFhl takes precedence 
O\*PJ this i n p u t .  

set3 tllc miijimum design supply air flow rate that is to be 
given to t h t .  zone. I t  is expressed as the ratio of the design 
s u p p l , ~  air Aow rate ( in standard, or sea level, cfm) to the total 
Iloor area of the zone. ASSIGh%D-CFhll takes precedence over 
t 11 is h p u  t I 

O'C'T3 1 DE - :\ 1 R - C'F3 1 ser5 or spec~fies the minimum flow rate of outside air (in stan- 
d r t ~ d .  01' sea l e ~ e l ,  cfm) for the zone. 

0.4-C'FSI P E R  

IS the r n i r i i m u r n  flo\v rate of ovtside air for the zone expressed 
1 1 1  ternis of t h e  n u m b e r  of times per hour that this flow rate 
\\.auld r c j h c e  the tlotal volume of air in the zone. 
OI'T.51DE-.UR-CFhl takes precedence over this  input. 

IS the minimum flow rate of outside air (in standard, or sea 
i e w l ,  cfm} per zone occupant at peak occupancy. 
Ol"~SlDE-.WC-CFhl takes precedence over this input. 

3 .69 



EX H.4U ST-EFF 

is t h e  flow rate ( in  standard, or sea level, cfm) of direct exhaust 
From t h e  zone. This data e n t r y  can be omitted if there is no 
exhaust f't*om t h e  zone, or i f  there is only central exhaust by 
w a y  of the  system return. DOE3 will not, allow 
MN-Ol'TSIDE-AIR to be less than t h e  sum of 
GSIl.~L'Sl'-CFhls for all zones divided by the sum of supply 
cfm's for all zones. That is, hllN-OUTSIDE-AIR will not res- 
trict the  operation of exhaust fans. 

is the total pressure (in inches of water) produced by the 
exhaust fan serving the zone. This data entry is applicable 
only il' i\ c1at.a e t w y  is made for the keyword EXHAUST-CFhll. 

is the conil>ined efficiency of the zone exhaust fan and motor at 
design conditions. This  data entry is applicable only if a data 
entry  is made for the  keyword EXHAUST-CFhll. The  pro- 
gram calculates exhaust fan horsepower on the [basis of the 
I * ~ U C  of this d a t a  entry and the entries for the keywords 
E:SIi.WST-C'Fhl and ESH.4UST-STATtG. The exhaust fan 
i3 m s u r n d  to be constant flow (not greater than the supply air 
flo\\. r a w )  and to operate only when the system supply and 
ret U I ~  f a n s  operate (see t h e  keyword FAN-SCHEDULE in t he  
SYSTES 1 - F.4 r\'S i nsr.i.uc tion). 

ia an  alternrtti~e t.0 using EXH.4CJST-STATIC and 
EXHXST-EFF.  I t  provides information about- t h e  electrical 
energy consumption of the exhaust fan in this zone. I t  is 
e x p w ~ A  i i i  k U '  consumed by the fan per cfm of exhaust. 
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ZOXE 
The ZOSE mst rwt ion  is used to  spec4'y inlormation on those secondary HVAC distribution sys- 
tem characteristics specific to a t l w n d  zoiitt. This inc ludes  air flow rate (supply air, exhaust 
air. and ou t s ide  a i r  1. space \ e m p c . i - a ~ t r e  set point. thermostat characteristics, and maximum heat- 
ing and or cooling capacity. Ea(+ zone t.0 be simulated must also be listed in t h e  
ZOSE-N.ilIES key\\-oi*d of t h e  SJ'STElI command for the system serving the zone. 

u-n;lme 

ZOSE-COSTROL 

2 0 3 E -.\I R 

B.1 SE B 0.4 R D - R :I TI N C; 

is required for ZONE; i t  must, match u-name used for SPACE 
in LOADS 

takes the u-name of a previously defined ZOhlE-CONTROL 
su bcom man d . 

take5 the u-name of a previously defined ZONE-AIR subcom- 
mand. 

is t h e  Iiaseboard heat ing element, capacity for the zone. The 
i n p u t  for this keyword should be a negative number. 

3'\ :i \ ' 

sjiwitiea t 1w t y p e  of terminal serving t h e  zone for a PILI sys- 
t.em. The same type of terminal box does not have to be used 
for the  e n t i r e  system. Typically, a PIU system will contain a 
i n i s t u r t .  of' fan powered terminal boxes and regular VAV or 
toiw W I I  \*olume reheat units.  The available code-words are: 

( t h e  clefauh) st.ands for Standard Variable Air VoJume; i.e.,  
regu hi. Y.W or cotistm t. volume. 

i ~ ~ ( i I ( * i ~ \ t > >  ~ h ; i i  t h e  fail draws  air from both the  secondary and 
pr i i i i : t i *y a i r  strea~ns,  alid that t h e  blower runs all the time. 

i ~ d J ( . ; ~ i ~ + ~  I hi i h  f a n  clraws air from the secondary air stream 
( w i l i n g  plcnuii~)  only, a n d  that the blower runs intermittently. 

( w ( ~ i i i t d  k e y w o r d )  rakes as a value the u-name of another 
Z O I W .  l t  is assunied that the PIU zone is taking its secondary 
air froiii t h e  return air of the zone named as the 
lKD\*~ 'ED- - .~ lR-ZOKE.  Lkually, the core zone, served by a 
Il0lI-P 11' term i n a 1, will be designated the 
ISDl'<'ED-.41R-ZONE. Zones with PIU boxes will usually be 
exterior zoncs that need the heat reclaimed from the core zone. 
.-hi c s c q ~ t i ~ ~ i  ~voulcl b e  a zoiie (such as a classroom) where the 

3.7 1 SYSTEhlS 



REHE.4T-DELTA-T 

2 os E- T: :\ I\: - I i \ \ *  

h 11 S - C * F l  I- R .A TI 0 

priinai-y concern is a.ir movement, not energy conservation. In 
such a case,. the  corridors can be specified as the  
I?;DUCED-AIR-ZOn'E even though there is no heat to reclaim 
from them. The  program treats  this situation in the same way 
as it. does when a core plenum is at a temperature lower than 
t h e  exterior zone. For zones i n  which T E R h f l N A L T Y P E  = 
SERIES-PIU or PARALLEL-PIU, 

sl~ould lie specified (if reheat or booster heat is desired) for the 
PJU system only. This is a keyword in both the SYSTEM and 
ZONE commands, and the ZONE level use takes precedence 
over the SYSTEM level. (At t he  zone level, this keyword does 
not. apply to any other  system types.) 

a1lows y o u  to size the  fan. If ZONE-FAN-CFM is not 
specjfictl. the program will size the  fan assuming series PILI 
fans. The blower is sized to t h e  zone cfm; i.e., the  maximum 
of' the  ~1'111 input via ASSIGNED-CFh4, AIR-CHANGES/HR, 
01. CFhPSQFT; or the cfm d e r k e d  from the heating and cool- 
iiig p e a k s  from LOADS. 

For p ~ d l e l  PWs.  ZONE-FAN-CFM must be input .  The 
ZONE l c w l  cl'm keywords are assumed to refer to the  primary 
a i r  froin the central system. The range is from 0.0 to  
900(3009(3.0 d'm. 

allo\vs you to enter a value which sets the  ZONE-FAN-CFhl 
a s  a fracrion of t h e  pr imary air. If both ZOh'E-FAN-CFh4 
a11 tl ZOXE-FAR-RATIO are specified, ZONE-FAN-CFh4 
t a k e s  pw-edence. 

specifics the power consumption of t h e  fan. The default. is 
.0003:3 H V ,  ( h i .  The range is from 0.0 to 0.01. 

is t1w L I - I I ~ I J I I ~  of a schedule which gives, for zones w i t h  parallel 
P I L .  t lie spnce temperature at which the terminal blower 
t u r n s  011. This temperature must be abolre the  heating range. 
This keyworcl is required for zones with 
TERhlIX44L-T1'PE = P.4R.4LLEL-PIU. 

sl~ouItl lie specified for PIU a t  the ZONE level. The  usual 
i n p t ~ r  Tor PK' terminals should be to specify a ratio tha t  just 
satisfies the minimum ventjlation air requirements of the zone. 
This kcy\vor.d applies to other types of YAV systems and will 
o\.er.i*itle a n y  v a l u e  assigned a t  the  Sl'STEhl level. 
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is t h e  u-name of' a schedule which h a s  values that are to be 
used in place of t h e  hUN-CFM-RATIO keyword to allow an 
liourl!. variation of hllIN-CFM-RATIO. This schedule will 
always override the value specified or calculated for 
h~lIN-CIFhl-RATIO, unless the scheduled value is equal to 
-990.0 for an hour. When the value is equal to-999.0 ,  then the 
calculated or specified value of MIN-CFM-RATIO (found on 
report 5 L 4  for each zone) is used for t h a t  hour. This 
schedule cau be used with a value of 1.0 during warmup 
periods and -999.0 for other hours to simulate full open VAV 
bows durii ig a warmup cycle. 
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SYSTEM-CONTROL 
The SYSTEhI-C'OSTROL insrruction pro\ ides information on supply air temperature  (setpoint, 
control s t ra tegy .  and limits) and h u m i d i t y  l imits,  and identifies the  appropriate  equipment' 
operar ing schedules.  SYSTEhl-CCNTROL is a "subcommand" of SYSTEM and, as such, can 
be used to i n p u t  a subset or d a t a  t.0 SYSTEXI. 
u-n m e  is required. 

is the  highest allou~able temperature jot. air entering the 
ZO:YE(s), that. is, the highest allowed diffuser temperature. 
The program will use this value to determine the design air 
flow rate. This ~ a l u e  is also used as an upper limit for supply 
air t-emperatwe control. h1U-SUPPLY-T should be greater 
t lian DESlGS-HE.4T-T. 

is referenced by the u-name of the  SCHEDULE instruction 
tha t  specifies the t ime periods (hours and days) during which 
hecrti i iy is  uoailable from lire platit jot. this system. If no data 
entry is macle, t he  program will assume that heating is always 
a ~ a i l d i l e  when needed, A zero value for this schedule means 
t h u t  Iieatiiig is not available. A non-zero value indicates that 
niechnnical heat ing is available. If the HEATING-SCHEDULE 
is set LO a ~ a l u e  greater than 1.0, the  program interprets this  
value as 331 outside ambient temperature above which the 
Iicating is unavailable or off. 

J I ~ ~ I L I I  I'or this k q * ~ * o r d  is the code-word that identifies the 
s r r i w g y  to tic used for control of the heating air temperature 
l e a ~ i n g  t 1w main system heating coil. See COOLCONTROL 
i'or t l ic  toclc-words and a brief description or the control stra- 
tegy each represents. 

iiw t w o  m a i n  funct.ions depending upon the type of system 
beiiig specified. 
A .  For syst.ems t h a t  use the keyword HE.4T-CONTROL 

(hIZ3. DDS, and PAIZS), this is the value used as the 
supp ly  air temperature  setpoin t when HEAT-CONTROL 
is equal to CONSTANT; it defaults to hL4.X-SUPPLY-T. 

11. For variable volume systems it is always advisable to  
i i i p u t  HEAT-SET-T because it. enables a main air- 
I ~ : ~ n c l I ~ r  heating coil; the  value assigned is the maximum 
r e m p e r a t u r c  off this  coil. For single duct systems (\7.41?3, 
P\ ' . 4 \3 .  a i d  PJU), the default is MN-SUPPLY-T (indi- 
cat jug 110 central heating coil). 
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H E -4 T- SET- S C' 1-1 

HE-AT-RESET-SCH 

is the u-name used t o  identify the schedule for controlling 
heati i ig air supply t.einperature when HE.4T-CONTROL = 
SC'kJEDULED. For example, define: 
HOT-COIL-SCH-1 = SCHEDULE 

THRU APR 30 (ALL) (1,24) (130) 

T H R U  DEC 31 (ALL) (1,24) (130) .. THRU SEP 30 (ALL) ( 1 , ~ )  (go) 

T h e n ,  in  SYSTEM, t he  schedule is referenced by set t ing 
HE-AT-CONTR OL = SCHEDlJLED 
HE.4T-SET-SCH = HOT-COIL-SCH-1 

is t h e  u-name of t h e  RESET-SCHEDULE instruction t h a t  
defines t h e  relationship between heating air temperature  and 
outside a i r  temperature ,  and specifies t he  days of the  year dur- 
ing wli ich t h i s  relationship applies. This keyword is used only 
if I 1 . r ~  RESET control strategy is selected. 

The foilo\viiig is an example. First define: 
HOT-DECK-I = D.4)'-RESET-SCH 
Sl-'PPL\'-HI = 130 

OL!TSlDE-HI = 'io 
supru*-Lo = 70 

OL!TSlDE-LO= O .. 
H O'r-RESET- 1 = RESET-SCHEDULE 

THRU DEC 31 (.4LL) HOT-DECK-1 .. 
Tlic.11. in  SYSTEhI, the  schedule is referenced by se t t ing  
I-1E.-IT-CONTrCOL = RESET 
I-IE.41'-R ESET-SCH = H OT-RESET-1 

is t IICJ lowst allo\~al)le temperature  for air entering t h e  
ZOXE[s); Le., it is t h e  lowest allowed diffuser temperature. 
The program will use this temperature to determine design 
supply air flow ra.t.e. 

is u - n a m e  of the SCHEDI'LE instruction t h a t  specifies the  t ime 
periods (hours  and days) dur ing  which cooling i s  available froin 
/ / l e  p h i  j o t  this syslem. If no data entry is made, the pro- 
g r a m  u*jll assume that. cooliiig is always available when needed. 
.4 zero \ * d u e  for t h i s  scliedule means t h a t  cooling is not avail- 
n I h  escept through \*en t ilation from an air economizer. A 
noii-zc.ro \ d u e  indicates that mechanical cooling is available. 
. ~ d d i t i o ~ i a l l ~ * .  if the  schedule has a value greater than 1,0, 
DOE-? in ic .~*l~re ts  t h i s  value as an outside ambient  temperature 
l ) ~ l o \ \ ~  w1iic .h the mechanical cooling is unavailable or off. 

3.7.; SYSTEMS 



COOL-COSTROL 

COLDEST 

RESET 

COOL-RESET-SCII 

COOL- 5ET-SC1-l 

Input for this keyword is a codeword  that identifies the stra- 
t.eg,v to be used for coiitrol of the air temperature leaving the 
system (central)  cooling coil. T h e  code-words and a brief 
desoriptioii of t h e  control strategy each represents for either 
heating 01' cooling are as follows: 

Sets Iwatiiig supply and/or  cooling supply air temperature to a 
fixed value. Values shouId then be entered for keywords 
HEAT-SET-T and /or COOL-SET-T, respectively. 

Sets t h e  heating coil (hot deck) temperature each hour  to ad+ 
quately heatl the 2 O h l  with the  lowest temperature. T h e  lim- 
i t s  011 the supply air temperature are governed by coil capaci- 
t ies, 11 ea t i  ng sch ed u les, an d h4AIl-S WPPLY-T. 

Sets the  cooling coil (cold deck) temperature each hour to ade- 
quately cool the  ZONE w i t h  t h e  highest temperature. T h e  lim- 
its OIJ the supply air temperature are governed by coil capaci- 
t ivs. cooling sclied d e s ,  and  hlIN-SUPPLY-T. 

Specifies use of HEAT-RESET-SCH or COOL-RESET-SCH 
for con t 1.01 of heating and/or cooling air supply temperature, 
I m e d  upon outdoor air tlernperature. 

Specifies use of HEAT-SET-SCH or COOGSET-SCH for con- 
t m l  ol' heat ing and/or  cooling air supply temperature. 

is t h e  u-name of the  RESET-SCHEDULE instruction tbat 
dekines the  relationship between cooling air temperature  and 
ouIside a i r  t .e~nperat~ure, and specifies the days of the year dur- 
ing \ \ - l~ ich  this relat.ionship applies. This da ta  entry is used 
only wlieti t h e  RESET control strategy is selected and entry 
for kc. ,~\+~ord COOL-CONTROL = RESET. 

is t1w u-n i in le  used to identify the schedule for controlling 
rooliiig air s u p p l y  temperat.ure when 
C!OOLC!ONTROL = SCHEDULED. 

is t h e  Iiigliest allowable relative humidity in  the  return air 
f i m i  zones served by t h e  system. Because the program calcu- 
1a1es the  relatii'e humidity in the  return air, dehumidification 
is 1)rwt.d on the  average humidity condition for all the  zones 
ser\*ecl b y  the system, as weighted by the  relative return air 
How ~ * n \ c  fro111 each zone. This data entry should be used only 
1'01. those systems that have t h e  components required for con- 
trol 01' WTSS humit1it.y (Le., a humidistat and a heating coil 
d o \ \ ~ ~ ~ s t ~ * r n m  of the cooling coil). If no d a t a  entry is made, the  
~ ) r o g ~ * i ~ n l  \id1 assume that humidity control capability does not 

-- -- -- --I_. 

N:J!* : l i h ~  1 he  i i a ! t ~ , t z ~ - ~ t  \+oi*d: in [ t i (  IttI ~ * ~ l u ~ i i i i  a r t  rodf-treorir  no\ krsHords. 
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esist. The  default value of 100% is intended to specify no 
upper l i m i t  011 humidity, that! is, no humidity control. 

DOL:! will not force the cooling coil to perform beyond its 
dehumidificatioii capabili ty The program will not be able to 
hold a specified hLLS-HLMDITY if hlIN-SUPPLY-T is not 
lo\\. eiiough. Fig, 3.38 shows one type  of dehumidification 
cycle. 

hL%X-MUh/flDITY causes t h e  simulation to function differently 
for system types SZRH, PSZ, and PVAVS. For SZRH, if the 
hLLLHUhl/IDITY level is exceeded, the system reverts to a full 
reheat. T h e  cooling coil I e a ~ i n g  air temperature is driven lower 
and wheat is added at the fan unit to satisfy the first-named 
zone. Further, for PSZ and PVAVS systems, specification of 
hlLX-COND-RC\'RY will activate the use of condenser 
recovery t.0 accomplish a similar result. If a lower 
hl.4X-HL~hIlDlTY is recluired to meet desired space conditions, 
a l owr  hlIX-SUPPLY-T should be entered. 

is i lie Jo\i*c~st allo\i*al)le relative humidity in the return air from 
zoi~c'.~ sei*wcl  b y  the system. This data entry should be used 
oiil>- I'GI those systems that, have the components required for 
rn in imun \  humid i ty  control (Le . ,  humidistat and humidifier). If 
110 c l a ~  e n t r y  is made,  t h e  program will assume that minimum 
h u n i i d i t y  control capability does not exist. The program simu- 
lates t h e  use of a humidifier and the required heat for 
humidification is passed to PLANT as a steam or hot water 
Icsad . 
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If MIN-SUPPLY-T is not equal to or less than 
this temperature, MAX- HUMIDITY will be reset 
upwards. 

BE\103 1 
Rel :~  t ionship of !ILL.X--HL.'~~IDITY to AjlIS-SUPPLY-T 

c .-I 5 E 13 0.i R ri - .s c' H is t h e  u-name of t h e  RESET-SCHEDULE instruction t h a t  
defines t h e  relationship betiveen baseboard heat  o u t p u t  and 
outs ide air tempera ture ,  and specifies t h e  days of t h e  year dur- 
ing which this relationship applies. T h i s  keyword applies only 
if the  ZONE-CONTROL keyword 
B.ASEB0.4RD-CTRL = OUTDOOR-RESET a n d  t h e  capacity 
is defined using BASEBOARD-RATING = value  (negative) at 
the  zone level. 

EC*OSO-LI>llT-T is t h e  outs ide air tempera ture  above which the economizer 
re turns  t o  minimum outs ide air operation a s  shown in  
Fig. 3.30 .  ECONO-LIhllT-T will default  to  t h e  re turn air 
t ernperature.  

is t h e  minimum t empera ture  of air leal-ing the  preheat coil. 
The SYSTEhlS program calculates t lie necessar). p~*ehea t  coil 
eiiei*gy i n p u t  to m a i n r a i n  this teniperature .  
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S Y S  TEM-AIR 
The WSTEM-.W? Iiistt.uct io11 pro\*itlc~ iiifoimat ion 011 system supply air and outside air flow 
r a t e  SYSTEM-.4lR is I I  **suhcori-.lmi\nd" ol' SYSTEhl a n d ,  as such,  can be used to input  a sub- 
set of d a w  to SYSTEM All air quant i t ies  slmutd be input as sea Ievel (s tandard)  i9alues because 
the  program makes a correction for altitude. I n p u t  of air quantities corrected for altitude above 
sea lewl will result in a double correcrioii. 

u-name is required 

SC' P P L1'-CF hi 

I\ I I S- Ol. ' T .S I DE - .A 1 I? 

is the dcs~gii capacity (in standard, or sta  level, cfm) of the 
system air suypIy fan. TJiis entry ia normally omitted, unless 
f w i  crcyacily is. o k w w t t  value and dtfetent from the air flow 
rule6 calculated by the prograna. You will improve the simula- 
tion accuracy for existing buildings by inputting known system 
S W P L L C ' F h l .  The program proportions the  specified total 
supply air i i i t .0  zone air quantities as foliows: 

* (Calculated Zone Air) 1 SL'PPLj'-CFhl> .Adj C'FM = [ Calculated Zone Air CFhls 
wliei*c. Adj. CFhl = .4djusted Zone Air CFM. 

Sot c.' that user-inputs sf zone-level ASSIGNED-CFh4 and 
ESI-J.AUS1'-C.'Fhl replace the  "Calculated Zone Air CFM" in  
I h e  su ninint io11 (Iiu t only when t h e  latter exceeds calculated 
Z O I J ~  C'Fhl). 

15 t I I P  minimum acceptable constant flow ra te  of fresh air, 
~ x j ) i . t ~ w t l  its a decimal fraction of the  maximum air supply 
f i ~  ra te .  You may alternatively, or additionally, specify out- 
d* nit. qu;ui t i r  ics at  t lie zone level (keywords OA-CHANGES, 
O+-('FSI PER.  or OI'TSIDE-.4IR-CFhl in the ZOILTE-AIR 
inst r * u c . h i ) .  I f '  a yalue is specified for this keyword and values 
:tre also specified for the zone level keywords 
OL'TSIDE-.4IR -CFhl, O.A-CH.\NGES, O&CFhl/'PER, or 
ESI4.WVl'-CFhll t h e  zone l e ~ e l  values take precedence over 
t h e  system l e ~ e l  \*slue. If no zone level \*alue(s) are specified, 
t h e  ~ n l u ~  specified here will be used, If hlW.4IR-SCH is 
used. t h e  value of t h e  outside air flow ra te ,  to be used in the  
deslgn c a l ( d a t i o n s ,  should be specified either i n  this keyword 
01' in the  zone level keywords. The program will not allow 
r\fl?i:-OVTI;IDE-.41R to be less than t h e  sum of 
ENl.WS'l'-CFMs for all zones divided by the sum of all sup- 
ply  d i n ' s  for  all  zones. T h a t  is, the exhaust fan operation wi l l  
O \ - O ~ I * I ~ C  311X:-OL'TSlDE-.%IR, if hlIN-OUTSIDE-AIR is set 
100 lo\\ 
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FIXED 

TE.\ if’ 

aIlo\vs a11 houtly variation of the minimum outside air. A n y  
f1~act1o1131 I J I ~ U ~  defines the hourly value of the minimum out- 
side air damper posirrori as a ratio of design flowrate; it also 
e n a l ~ l c ~ ~  t I IV woiiomizer The two exceptions to this definition 
are i v l w i ~  I tit. schedule h a s  B value of either zero or -990.0, in 
14wh (LLW spccial meanings are assumed. When the  value is 
xero. H no outside air situation wi th  no movable dampers 
(economizeiv inactive if specified) is simulated, This usage is 
common for nighttime heating or a warmup cycle. If this 
scheduk h a s  a value of -999.0, the calculated or specified value 
for AIW-OUTSIDE-AIR (found on report SV-A for the SYS 
TES1 or for each zoiie for zonal systems) is used BS the 
minimum damper position for the current hour. If this value 
is zero. the discussion above for that special value applies. 
During a warmup period, this schedule is normally set to zero 
and Ci31) then be set t.o -999.0 during other hours to allow the 
spw~fit.tl or ciilculijted ventilation minimum damper position to 
I3e I14 

h p u t  for this keyword is the code-word for the type of outside 
air ~ ~ i i t 1 . 0 1  strategy selected. See code-worcls below. This key- 
woi-d must equal FIXED if you do not want an economizer; 
otl~eri~ise ,  i t  will default to TEhlP, which will simulate a 
t e r n j w ~ t u r c - c o n  trolled economizer. If no outside air has been 
specified. no  mwable  dampers are simulated, even if 
O.-\-C’ONTI<OL equals TEMP or ENTH44LPY. 
No moval)le dampers. Outside air quantity is a fixed amount. 
s)jerified. cdcu la ted ,  or scheduled. 

Tcmpei*at uw-con t rolled economizer. In response to the mixed 
: i i r  I ~ I I ’ I J I C I - ~ ~ U ~ ~  goirig above the controller setpoint (equal t o  
(Ire ~ p p l y  air setpoint for the hour), the o u t d e  air damper is 
cq)e~ i td  (Tliis ~LW.II~WS a cooling mode a n d  that, the outside air 
13 c.ooler. t h i i n  the return a i r . )  The outs ide  air quantity returns 
to  11s ririnirnum (ouiside air dampers close but, minimum out -  
sI ( I (~  air tlnrnpers remain open)  when the outside air tempera- 
I uiv  IS a t  or a l m w  the ECQNO-LlMlT-T. 
Eitt Iralp! cont i*olletl economizer. Same as TEMP above except 
t h i  11‘ L it.‘ I W U I W  air enthalpy is less than the outside air 
t 4 u i h a I p . ~  tlrc dampers are forced to minimum outs ide  air posi- 
t iGIt 

1% ; i p p l i ( d ) l ~ *  only i o  those systems provided with heat recovery 
cod- (or otlrer dwices)  for the eschaiige of heat between the air 
t 4 1 : i t i ~ w I  1’1orii the Iiuilding (by the return air fan) and the 
1’1 PSI) nil-  suppli4 to the building. The input is the ratio 

-_- - - - - - -  
.‘\(.*I * e : ~  . z + !  H ~ I I  I -  I ~ (  i t 1 (  I C I I  I ~ 1 u ~ 1 , i 4  I ~ ’  t o A 1 . i 1 u r r f ~  not he!\\ordJ 
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(decinral fraction) of the  energy aet ually exchanged t o  the total 
sensible eiwrgy that i ~ o u l d  be exchanged if t h e  exhaust air 
were c~olect to outside air temperature .  The program uses this 
ratio (plus outside air and return air temperatures and return 
ail. flow ra te)  to calculate the energy that can be added to the 
outside HII '  make-up. I f  the recoverable energy is greater than 
that ticeded by the supply air, the program will use the  smaller 
quant i ty .  I f  t h e  outside air temperature is above the tempera- 
ture sctpoiiit of the mixed air, no energy is exchanged. If the 
difference between ret urn and outside air temperatures is less 
thaii 10 degrees, no recovery is simulated. 
Note: heat recovery can be simulated only when tbe return air 
is uwvi ie t  t han  t h e  outside air. 
( I f  the heat recowry occurs through a single heat exchanger, 
1.e.. heat pipe or t'hermrrl wheel, then RECOVERY-EFF is 
ideiitical t . 0  the  heat exchanger cfTecti\'encss. See Kays and 
Loiitlo~r. C'ompati  Heat  €zchangera, ?nd edition, hlicGraw-Hill, 
196-1 1 

~ t w p i -  ir~a t ~ i p u t  the  u-name of a schedule giving the hourly 
niiiitmuii~ tetiiperat ure setpoint for t h e  natural  venting a l p  
I * ) \  1 1  I N  TI) IS k e , w  old is appropriate to syst ern type RESYS 
only. TIw hou i* Iy  values that  should be specified in the 
WJlElX~LE referenced by \'EKT-TEMP-SCH are the indoor 
d r y - h  1 i t  I e111 perat u res. cooled through natural  ventilation in 
lieu 01' rnecliaiiical coohng. This hourly temperature is gen- 
erally belov the hourly temperature in the SCHEDULE 
refer reti io b y  C'OOL-TEh.IP-SCH. This latter schedule 
s p e c i h w  the zone cooling thermostat setpoin t. The windows 
arc t i . ~ ~ i i e c l  to be closed if the temperature in the room falls 
below t his point. If VENT-TEh4P-SCH is not specified, all its 
liou rIy SC'HEDlltE Yalues will default to the temperature at 
t l i c  mp of t h e  heating THRQTTLlNG-RANGE as defined by 
WE.4'T-TEhIP-SCH. 

ic \Ire p c a k  iiumber of air changes per hour due to natural  ven- 
t i l ; r  t 1 0 1 1  I I i r  ougli ope11 ~vindows. This value is constan t and is 
Iiot a I'urictioii of wind speed. This keyword is appropriate 
only to systcni t y p e  RESYS. 

13 ihr u-name of a scliedule which determines when the win- 
tio\\s mi lit. open YS. when they are always closed. The bourly 
\ d u e s  g i \ m  i n  t he  SCHEDULE (and referenced by tbk h y -  
\\.ord) ate 0, 1. or - 1 .  This keyword is appropriate only to  sys- 
tern t y p e  RESYS. 
;.\ scliedulc ~ a h e  of zero (0) indicates that the  windows are 
d w y a  d o s d  J'or this hour .  

.j s c i d u l e  v a l w  of one (1)  iiidicates t,hat t h e  windows will be 



opened.  Tor part or all of this h o u r ,  only if this provides 
piiougli cooling to keep the z m e  temperature within or below 
the throttling range associated with COOLTEh4P-SCH. The 
zoiic.' m a y  be cooled down to the hourly minimum value 
3plecifit.d b y  VENT-TEMP-SCH. Note that thig awumes the  
oc-cirpaiit  ill open the  windows if  the condition is met. 

schedule value of minus one ( - 1 )  indicates that the windows 
 ill be opcncd, for part or all of this hour, only if the condition 
Tor the value of one (1 )  is met (above) and also that the out- 
aitlc ~ J I .  eiithatpy is lower than the inside air enthalpy. The 
zoiw may be cooled down to the hourly minimum value 
specified b y  VENT-TEMP-SCH. This aasumca the occupant 
1141 open the windows if both the condition8 are met. 

TG further  i l lustrate.  assume that  the occupaiit arista at 6:OO a,m.,  goes to work at 8:W a ,m. ,  
r e t u r n s  from work at 5:OO pm.. and retires at 1O:OO p.m,  every day of the year. The 
D.A\'-SC'WEDL'LE clemibii)g t lie t\*ii.rclo\\* niaiiagemen t IV uld be: 

VEST-D.4Y = DALSCHED1'LE i 1,G)  (0) ( 7 , 8 )  ( 1 )  (9.17) (0) (IS??) (-1) (233) ( 0 )  .. 

* *  

~IEC')I.-C'i)c^,GTE~lY = SC'HEDL*LL T11121' D I X  31 (-4LL) ( 1  ,e) (78) (9,17) (90) (18.24) (78) .. 
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T h e n .  undt.1. ZONE-CONTROL, YOU should specify COOLTEMP-SCH - 
!+IECI-l-C'OOL-TEUP. while u n d e r  SYSTEN-AIR, VEKT-TEMP-SCH should be set to 
MlS-\'ES'f'-TESfP The prewdiiig example can be restated as the following: 

, 

SC'HED'C'LE l~ou t*s (clock t inw) 

(midnight to 6 a . m . )  

Temperature Range* 
4 

1 ,G 7 8 T  max 
(provided by mechanical cooling) 

i .8 
(6 a . m .  t o  8 a .m.  

% I 7  
( I  a . m .  to 5 ~ . I I L )  

7 P F  mas 
(provided by mech cooling) 

68OF min (provided by 
occupant operating windows) 

90oF max 
(provided by mechanical cooling) 

78'F max (provided by mechanical cooling) 
68'F inin (provided by oceupan t 
opera t i 11 g w in d oivs) 

23 2-1 %OF max 
(10 p n - ~  to rnidniglir) (provided by mechanical cooling) 

i 

* SGW t l ~ t  during the  hour- i i l w i ~  t h  u ~ I 1 i d o ~ ~ ~ s  ate constantly closed (10 p.m. to 6 a.m. and 8 
a . m .  t C  3 1) m .  1.  the teinpc.r.c3t UIYS r*e.f'er.c~tic~cJ b ~ .  YENT-TEMP-SCH are disabled. Note also 
t h a t  \ * E Y b T € W - S C ' l i  does iiot nc.c-essar.ily say that. cooling by natural ventilation will be 
doiie sjatisI'actor*il~* \*E5'I'-TEUP-SCI4 only sets the  minimum indoor temperature limits for 
n a t u r a l  ventilar ion Ttw coiiditioiis specified i n  3.4TUR.4L-lrENT-SCH, determine when, and 
if ' .  c c x ~ l ~ n g  11) 1131 u 1.31 \*en t i l ~  ioii 13 d o n e .  
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SYSTEM-FANS 
The f u n c t i c j n  of t h e  SYSTEN-F.4SS ius t ruc t ion  is to provide information on supply and re tu rn  
fan operatliig scfiedules. coatrol modes. si at it pressures, and efficiencies. I n  short, this instruc- 
tion p r o ~ i d e s  e~e i -y t l i ing  t h e  program needs to know ( w i t h  the  exception of fan capacity and 
flow ra te )  for calculatioii of t h e  eiiergy consumed by and the hea t  i npu t  from these fans.  The 
same t y p e  of info~*rnation is providcd for e x h a u s t  fans, if any, at t h e  zone level (keywords 
ESH.WST-C'FM, ESH.WST-ST.4TIC', etc .  in ZONE-AIR instruction). SYSTEM-FANS is a 
' 'subcommand' '  of SYSTEhl a n d ,  as such ,  can b e  used to input  a subset  of d a t a  to SYSTEM. 
u-name is requirecl. 

FAX-SCHEDL'LE is the u-name of the SCHEDULE instruction giving the  time 
periods (hours and days) during which this system's fans  (sup- 
ply,  return, and eshaust,) are operat ing and not operating. If 
t h e  hour1y values in  the SCHEDULE t h a t  is referenced by 
F.4X-SC'IiEL)ltLE are positive, such as 1, the fans are  on. If 
the hourlg SCHEDULE values are 0, t h e  fans are off b u t  may 
be I ui*necl on by NIGHT-CSCLE-CTRL if 2Oh% tempera- 
t u r m  w a m w  i t .  If the hourly SCHEDULE values are nega- 
t i w .  such as - 1 ,  tvhe fans are not permitted to be on for any 
reaitsoi~ I f  you don't specify a SCHEDULE, t h e  program will 
a?jsuin* the hiis run contiiiuously. When t h e  fans are 

F .A S - C 0 S T R 01, 

c ~ t l  to be off, baseboard uni ts  (if specified) can be opera- 

ii c~ocltwoi*d t h a t  specifies the kind of flow reduction or 
inerlmls to  be simulated. Listed below are  t h e  code- 

a n d  a brief description of the method each represents. 
The pi*ogi*nni calculates the part-load horsepower consumption 
f'or tlw siipply fan  and return fan (if any), on the  basis of the  
part-load w w s  fan horsepower charaxtteristics that are typical 
for the  c.onti*ol mode selected (see Fig. 3.30). The program 
iwmnies that both supply and return fans have the  same kind 
of flo\\. colltIqol. 

\ ' n r i a I h  speed motor (Curve #l  in Fig. 3.30). [For systems 
that  Jm.e  varialile flow central air-handlers only.] Note, the  
PTCW s , w  e111 d e i a d t s  to SPEED control. 

Fan iiilet \ 'anes (Curw #'L in Fig. 3.30). 
I i a w  vili*inl>le f l o ~  central air-handlers only,] 

[For systems that 

Di\n~l)t ' i*  in faii discliargr (Curve +3 in Fig. 3.30). lFor sys tems 
t liar I w e  \.ai*ial)le flow central air-handlers only.] 
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Figure 3.30: 
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T ~ . p i c d  p w i *  i *equ ir~c~ i i~c i i~s  31 part-load operation for four different met hods 
01' capac i i j .  coiit i d  (Sole t h a t  wit11 the CYCLING code-word, the 
~ l l L F . ~ S - H ~ \ ' T i O  is ~iir;iiiiiigIc~ss for those hours when the fan is off.) 

ii; I I W ~  i i i  conjunctioii with SUPPLY-DELTA-T. It is the  
dwgt i  J'irII load po\\+cr caisumytion of the supply fan per unit 
d'  upp ply a i r  mo\*ecI for one hour .  I t  is espressed in k\l'/cfm 
n i  W~ l e \ d  (01 '  k \ \ '  staiiclard cfm) and its default \value can be 
I'ou l i d  i n  'h I ik 3.1 I Ixised on SYSTEM-TYPE. 

SYSTEMS 



TABLE 3 .1  

Effect i \*  e 
D ei'au I t 
l 'alue for 
SLl P P LY- 
DELTA-T 

Default \'aiue 
for Tot a1 
SUPPLI'-li\l: 

Defau  I t  
Value for 

TYPE (OF) ( l ib '  'std . cfm) (inches, WG.) (fraction ) 

SZRH 2.42 .000783 4 .6 
RHFS 3.11 .00101 6 .7 
NZS 2 * 733 .00088 4.5 .6 
DDS 3.37 .00109 6.5 .7 
1 -A 1 3  3.3T .OO 109 6.5 .7 
PII' 3.37 .00100 6.5 .7 
TPFC' 2 1  8 .oooo'; .3 .5 
FPFC' 2 1  $ .OOOOi .3 .5 
R E S 5  .306 .00012$ I .e .55 
PSZ 1 .SI 5 .OOOr,K 3 .6 
P W S  2.117 .000685 3.5 .6 
y 1 * .A \ - s 2,117 .000Cid3 3.5 .6 
P T.-I C ' t l  -31 $ .00007 .3 -5 
PTCSD 1 .'1 
L- 1-1 rr ...) 8 .00007 .3 .5 
VI'T * 182 * 0000 5 9 .3 .6 
* 

SYSTEhl- 

* * rc 

~ G I  spplic*aljle as supplj* 1'311 nncl p i i n i p  eiiergy are included in a fixed 
Electric.-ln~;rut ol' ,096 I\* 'C'FSI Tor t I1 i4  s>'srem a t  f u l l  load. 

E fl'ec t h *  e D ef au 1 t 
Value for 
F.4IV-STATIC' 

FAN- 
EFFICIENCY* 

is uscd i i i  c.orijui~ctiori w i t h  RETURN-IW'. I t  is the tempera- 
t.uw ri .sv in t h e  a ir  stream across t he  return air fan. It is 
~ s p w ~ d  l i :  O F  a n d  its default  value is zero. 

ih I I S ~  ~ J I  c,oiijuiict ion with RETURN-DELTA-T. It is the 
tle.sigir I U I I  loncl po\i.er consumption of the return fan per unit 
01' 1 x 4 1  11 1'11 a i r  11101wI I'or one hour .  It is expressed in kW',kfm at 
WI J ~ v c l  (or  k \ 2 '  ost andard cfmj and its default value is zero. 
You niusi m e r  a Value i n  order for t h e  program to simulate a 
].et u rii l ' i ~  1 1 .  

1 1 1 p u i  l o r  this keyword is the  code-word t h a t  specifies t h e  
Iieliavior of the syst.em fans when the  FAN-SCHEDULE is off. 
Tlie hiis a r e  ofT 1~11en t h e  hourly values i n  the  SCHEDULE 
r l ia t  is ref'ereiicetl by FAN-SCHEDULE are equal to 0. If the  
Iiou1*1y SC'HEDVLE ulues are positive, the fans are on and if 
h e  Iiourly SCHEDULE yalues are negative, the  fans are not 
pcriiiii 14 LO Le on u l ~ d e r  any circumstances. 
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ST.4 }'-OFF 

NIGHT-CYCLE-CTRL also cycles fans on when the ternpera- 
t U I Y  goes above t h e  COOLTEhIP-SCH's thro t t l ing  range. To 
lock out this feature  you  must input a -1 in t h e  
F.4S-I;;CHEDL'LE for the su mrner (cooling) period. 

NIC1'1.]1'-C'~'C!LE-~'TRL only affects t h e  fan operat ion. Once 
rlic I'nns 1iiwe cycled on, tlie availability of heating or cooling is 
controlled by t h e  HEATlSG SCHEDULE and 

1'11 e cod+\s.orcls for XIGHT-CYCLE-CTRL are: 
COOL1 NG-SCHEDULE. 

indicmics t11a.t regardless of conditions,  the fans are to stay off 
(defa u 1 t \f a h  e). 

ineaiw t h a t  i f  t he  tempera ture  in any ZONE in the SYSTEh4 
fall3 I)elo\v the  THROTTLING-RANGE for heating. t he  f a n s  
nile c ~ * c l e d  011 for that h o u r .  

iii(1icntc.s tlm. if t h e  temperature in the first, or control, ZONE 
iii r1w SYSTEAl J'aJIs below t h e  THROTTLIIVG-R.4NGE for 
h w i i i g .  t lie 1'311s are cycled on for. that hour. 

:ippli(- oiily I O  1'11'. If input ,  the main or central  system PIL. 
l'iiil u d l  I ~ ~ J l ~ i ~ ~ I l  OB'; hoivever, t h e  individual zone terminal fans 
i v i l l  cycle 011 srpai*ately to satisfy t h e  heat ing setback tempera- 
(11 1.v l'ov each zone. 



SYSTEM 
The S'51'STE.If i n s t i * u c t i o n  gives specificat ioiis l'or t h e  secondary HVAC distribution system. T h e  
information provicletl includes system type. size. zones served, opt ional  components ,  operating 
sched ulcs. t e m p e r a t u r e  and Iiumidit y l imits ,  cont . rol  strategies, outside air requirements, and fan 
s t a t i c  pressui*es a n d  efficieiicicls. I n  addit.ion. vou may reference ' ( s u b c o m m a n d s "  
(S'I'STELI-C'OSTR OL. SYSTEM-AIR a n d  SYSTEhl-6 AYS) that contain t h e  needed informa- 
t.1011 

rey u i rwl i 11 p u t f o r  SYSTEM 

identifies ilw type  of system to be simulated. Y o u  must, select 
one of 16 typej: of co~nmonlp  used energy dist r ibut ion systems.  
.A discussion of talle features of each system and a "suggested 
rniiiirnd input" for each system type can be found on p.3.10ff. 

1 C'+dr-\vl:lrd Description of System Type Generic Type I 
~ 

Single Z m e  Fan System 
w i t h  Oprional Submne Reheat 
C:cmst~nt I 'olume Reheat Fan System 
Mulr izoiir Fan System 
D i i ~ l  Duct Fan System 
1-3ri3blc 1'r;luoie Fan System 
wii h Opticma1 reheat 
Powerrd liiductioii Lhit 
TIVQ Pipe Fan Coil System 
FGUI Pipe Fan Coil System 
Resident 131 System 
Pdckaged Single Zone Air Conditioner 
\r.itIi Optional Heating and Subwne Reheat 
Pac kaged hlultixne Fan System 
P3c kaged I'ariable .Air l'olume System 
PAC k3ge Terminal A i r  Conditioner 
P a c k a g e  Tcltal Gas Solid Desiccant 
1:iiii He31 er 
1:iii1 \'ri-it i131or 

bu i It up /'em tral 

bu 1 1  tc up/cen t ral 
bu i It up / cen tral 
builtup/cen tral 
builtuplcentral 

built-up!central 
bu i It - up I/ zon ai 
bui I t  up ,'zonal 
packagedicentral 
packaged/ central 

packaged/central 
packagtd/central 
packaged /zonal 
packaged i central 
bu I It up / zcm a1 
bui It up /wnal 

SYSTEMS 



HE .iT- SOL'€? C'E 

EL E C* Tl? IC' 

M 0 T-  1 I :-1 ?'If? 

is the  keykiord that identifies t h e  heat  source for t h e  distribu- 
tion system for heating coils. This is the  appropriate keyword 
for UHT, WiT, TPFC, FPFC and P T A C  zone heating coils 
since they are all sewed by a central distribution system. 
HE.4T-SOURCE defaults to GAS-HYDRONIC for t h e  Pack- 
aged Total Gas Solid Desiccant (PTGSD) system; i t  should not 
be changed nor applied to a n y  o ther  system type.  

The following HEAT-SOURCE codewords also apply to 
ZONE-HEAT-SOVRCE, PREHEAT-SOURCE, and 
B:ISEBO.JrR D-SOURCE. 
The source 0 1  heat is a n  electric resistance element. This 
cod c-i\*ortl is appropriate  for central  heat ing coils, preheat  coils, 
I)a.staljoai*cl hcaters, a i d  zone heating coils. 

The  s o u i ~ e  of heat is a furnace,  which will be simulated in  
51'STE:h 15. 

.JIpplies i o  B.ASEBO.4RD-SOlJRCE a n d  HEAT-SOURCE for 
P X S D  sys l (w 0111,~. T h e  source i n  this  case is a gas-fired h o t  
\ \ 'a t  (*I* generator .  

The soui*ce of heat is an electric air-to-air hea t  pump. Note: 
Tlh c*otlw\or.d is appropriate o n l y  as a HE.47'-SOURCE for 
\l ie RESYS. I?%, and PT.4C systems, I t  should n o t  be used 
I'or c711y oi lw sys t cm types.  

Tire 3,011 r w  01' heat is hot-water, provided by conventional 
e-cjir i p r i l c l t i l  qwcifietl i l l  t h e  PLANT program. This code-word 
is ; ~ I ) ~ I ~ o ~ I ~ ~ ~ I I c  I'or central  heating coils, preheat. coils, baseboard 
11 i':~ I crs, i~ I I  d zon c 11 e a t  iii g coils. 



Z OS E -I I E .AT- S 0 u t  C E 

SI Z I S C;-R .-! TI 0 

Z 0 SE - S.4 1 1 E 5 

i c l w r i f i t . . . ;  1.hv heat  source l'or the  zone heating coils (reheat 
c.oiluj i n  ce i l  t ral air handler systems. See HEAT-SOURCE for 
t lie npplitalile c.ode-\+.orcls, and Appendix F for default values. 

identifies t h e  heat source for the preheat coils. See 
HE.4T-SOI1RCE for the applicable codewords ,  and Appendix 
F for default. Yalucts. 

identifies the heat  source for the  baseboard heaters. See 
HEAT-SOL1RCE for the  applicable codewords, and Appendix 
F for clefnu I t  values. BASEBOARD-SOURCE defaults to 
Ci.4S-Hl'DR ONlC for the  Packaged Total Gas Solid Desiccant 
(PTCSD) sj 'stern: i t  should not be changed nor applied to any 
other  sys t em t y p e .  

( I d i n e s  t Iw source of lieat used to provide humidification i n  
t Iiow SYS'I'Eil-TYPEs that  allow hlIN-HUh.lIDITY t o  be 
spt4iwI. I t  t nkes one of the standard heat  source code-words: 
I-IOT-U'ATER ( d e f a u l t  ), ELECTRIC or FIJRNACE. Use t h e  
f 'uwace sou~ce \\*it11 caution since the same  HIR and part-load 
f'uiictioiis arc used as Cor other  furnaces specified in the same 
s>-sr en 1 .  

is ua id  to deliberately owrsize or undersize all equipment i n  
t he S p l  ('111. 

is ii liyt of zoiie names (enclosed in parentheses) of the  ZOS'Es 
t h a t  a r e  assigned to this S1'STEh.I. This data entry, with the 
u- i iame of' at  least one ZO,\'E, is required. I f  the  SYSTEh4 
Iieing siniulsred is the type that serves both a central zone and 
o w  or more subzones ( L e . ,  SZRH, PSZ and RESYS), the u- 
113111e 01' die c*ontrol 20332 must ,  be listed first. 
Estt i1-iljle' ZONE-N.UIES=( ZONE-1 ,ZOnTE-2) 

ei1n1)Ic.s i.eco\*ery of rondenser heat from packaged single zone 
uiiiis (P.52). The input.  is the fract.ion of recoverable heat from 
t lie contlci\scr for reheating. 

is I I I C  111 ilsi11l\ilil increase in tempera tme for supply air passing 
t I W G H ~ I I  t Ire z.oiw (or subzone) reheat coils. The  value specified 
I i i ~ 1 4 c 1  ; i j ) p l i t * 3  I O  311 zones i n  the system. 

i.5 I J W  i ~ i i i ~ i i i i w ~  allo\\*able supply air f l o ~  rate, expressed as a 
dec.imd ~ C I  io11 of cl(:sign flow rate .  This keyword applies only 
I O  \ ~ n i ~ i a I ~ I ~ - \ ~ o l u n - r e  t ype  syst.ems. (This keyword appears also 
uiitlcr t h e  XOKE command. T h e  value specified here in the 
SWl 'El l  c~oiiimaiicl applies to all zones in the system that  do 
iioi liiiw a11 overr*icIiiig specification at the  zow level in the 
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ZONE command.) .4 low value for h4lN-CFhl-RATIO can 
I * ( W I I I  i n  reducing the flow of air below that set by 
MIS-O1"TSIDE-.41R. t h u s  simulating the  syst.em operation 
lielo\\ miriiinuni vent  ilat.ion criteria. 

is required for the PTGSD system and is input as a minus  
\ d u e :  you must size it. 
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PLAIT-ASSIGNMENT 
The PLAT\'T-ASSIC\XEST c o n m a n 0  15 used to i d e ~ ~ t i f y  both the sys tem or group of systems 
that  compose t h e  PLAYT. aii0 illso 1 1 1 ~  %uilding resources", which are sources of energy that 
do not c o i i r r i b u t e  to t h e  space  heatiitg or cooling loads.* I n  the  following. t h e  type of fuel 
(nat u r d  gas. 011. et  c .  i ajsociat cd ~ Y I I  l i  hc4-related Lejxords (IKT-FUEGBTU:/HR, etc.) is 
spcci fietl \i.ii 11 t 11 t.' E X  Ii CiJ'-R ES0L.R C 'E rain ni an d in PLhNT (p .4 .1  G). 

Is a lisr of the U-iiamcs of all systems that. make up this partic- 
ular platit assignment.  

IST-FL'EL-BTL' HR Is t,lie c*onsumption in  Btu,/hr of fuel that is consumed in the 
interior of the  huilding, but  t h a t  does not. contr ibute  to the 
space cooling load. See "Building Resources in SYSTEhlS" in 
the Srrpplement (2 JEj, p.3.13. 

Idelit i l i ~ 3  t l i t 8  sc. l~cdule that is used to specify the building-level 
twl I I W  i-13 a f'uirc.t~oi~ of time. Schedule inputs  are fractions of 
1 Iw c ju : l i i~  i t \ *  g i \ w  by t lie keyword INT-FUEL-BTC'/HR. If 
l Y J ' - I ~ ~ ~ I X - S C ' 1 - l  is not input,  the schedule values will all 
( IpI ' i i l l l~  I O  z1c10 and IIO fuel usage will occur, regardless of the 
\* 'I I I I c s 1) v c i  f i  et1 fo I' 1 ST- F UEL-BT U / HR I 

is I I J Y  c o ~ ~ ~ u n i p t i o i ~  i~i Bt.u,%r of fuel that is consumed exterior 
I O  h e  I)uiltling. Decorathe gas torches and pool heaters are 
C'S 3 IIi )) les 

S;clrc~tl d e  of estei.ioi* electricity use. 
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sparr thermal loads The  hot watier demand calculated from 
t h i %  a n d  t h e  l'ollowing DHW- keywords is passed to PL.4NT 
\ s . ~ ~ c . I Y  i t  13 satistied by  a domestic hot water heater or boiler. 

Is t h e  sclicclule of building-level domestic hot water inlet tern- 
p e i ~ i i  U I Y  (OF). T h e  clefaulto is the monthly ground temperature 
from t l it .  weat her tape. 

Is n proc.ess hot w a t e r  load in B t u / h r .  This load increases the 
total plaiii heating load as shown in report SS-D, and is 
p a m d  011 1 0  d i e  boilers or other heating equipment in  PLAKT. 
A msnul ' ;wrur i i ig  process which  uses hot water is an example 
01' a pi'owss hot water  load. 

1- t lw  d w c l u l e  for the  process hot water load. 

13 i t  piocc 's~ (.hilletl \ w e r  load in Bt*u/hr .  This load increases 
t I r t .  total j h r t  cooling load as shown in report SS-D, and is 
p . w d  oil to  t h e  chillers or other cooling equipment in PL4NT. 
.A c o i i q ~ u  I er room \r*Iiich h a s  computers directly cooled by 
c l ~ i l l ~ ~ d  \ v a w  is ari esnmple of a process cooling load. (The 
elec*t r i c . i t > *  c*onsumed b y  these computers should be input using 
I 1w lST-ELEC-li\\' keyword .) 

1s t h  wl1c.d ule for t.he pi*oc.ess chilled water load 



SYSTE-MS-REPORT 
This iiisrl*uction defines i \* l~ id~ S\'STESfS reports will be output,  Users can select from 
t*er$rnIhr i  i*epoi*rs and 3 u / ) w u r ' y  reports. Yetifitat ioii iqor ts  echo user-input; summary reports 
shoii rniculatioii  results. usually monthly a n d  annually 

Format: 

Sl'STESfS-REPORT YERIFICATIOS = (code-word list) 
S'C'hLU4RY = (code-word list) * a  

Ex a rn p le: 



P L A N T  

Introduction 
The PLAST program translates t h e  energy supplied to space heating and cooling equipment 
isto the  energy actually consumed by boilers, chillers, pumps,  engines, etc. It Burns the  hourly 
demands of the electricity used by lighte, fans, and equipment and of the fuel used by boilers 
and engines. It also accounts for any heat recovered. From them totals it generates reports on 
mont lily a i d  yearly usage, 

For each hour s imulated rhc following information is plwed from SYSTEh4S to PLANT: 

For Boilerr, Chiller, Electric Utility or Total Energy Plant 

A8 
modified 
by 
SYSTEh4S 

Heating Load in Btu/hr 
Cooling Load in Btu/hr 
Electric Load in k\I'  
Hot water  i n  Btu,,'hr 
Gas i n  R t u h  
Oil 111 13tuihr  

For Coaling Tower Simulation 
Arnbic.nt 3ir temperature in 'F 
I l u m i d i t y  ratio in Ib water/Ib dry air 

U ~ I l i t y  usage is based on a cont.ersion fac tor  called SOURCE-SITE-EFF; it reflects the energy 
consumed at t h e  source used t80 create t h e  utility-supplied energy. All energy conversions are 
based on a c t u a l  t u r w  fits of rcprescntatiue equipment. You sbouId examine the default parame 
te1.s 1 0  be sure t h a t  they represent the  equipment you want to simulate. 

Suggested Sequence of PLANT Program Input 
Firit e i ~  te r  a11 

IWT PLOT .. 
inst 1 uct I C ~ I I  N-bst . descrilje ea( 11 piece of equipment (boiler, chiller, cooling tcwer, e tc . )  in the 
pl311t U S I I I ~  ;t 

PL.4 XT-EQL'I P I  E S T  
i i w i w t  1011 T h e  following itistructions may then be entered aa desired or required: 

P.4 I? T- LO.4 D- R .4 TI 0 
P L .4 S'r -P .4 R .U f E T E R S 
tlL.4T-REC'O\'ER\' 
E S E R  C; 1'- R ESOL' R CE 

.4f'ter d i e  k e ~ - \ ~ o r t l s  a i d  values requi cdd by ( .he abo * e  in tructions are specified, an END instruc- 
tioil is entered to indicate t h a t  the input data is finished; finally, an instruction is entered that 
tells t h e  PLAST program to peiform the desired comput'ations: 

EXD .* 
COW'L'TE PL.4ST .. 

r LA ST 4 . 1  P L.4 3.T 



.4 descripticin of each t y p e  of plant equipment. 

.4 sample input  for each type of equipment. For trial purposes, these inputs can be used to  
replace the PLAST input on p.B.11 (Appendix B). 

.4 list of o t h e r  capabilities for each type of equipment. 

Description of ELEC-STM-BOILER 
The clectric boiler in DOE-2 is B multi-staged electric resistance unit.  The default condition is 
no electricity use for feed water or condensate pumps. Suggested minimal input for 
ELEC-STLI-BOILER IS: 

Sn1-B  z=c PL.4~T-EQC’I €%E!” 
nT’E ELEC-SThl-BO1 LER 
SIZE= - 9 9 9  * a  

Xotc t113t SIZE =E -990 will cause the program to automatically size the boiler b a w d  on the 
peak clemancl calculated by SYSTEhlS. 

Additional Capabilities for ELEC-STh1-BOILER: 
1 .  To s imulate  additional electricity use for feed water or condensate pumps, insert the com- 

mand 
P.U?T-LO.LU)-R4TIO T1’PE ELEC-SIh4-BOI LER 

E-I-R - 1 . O S  .. 
This pro\Ars  a 3r; additional electric requirement for pumping, which is assumed to vary pro- 
port i o n 3 I C l y  to t h e  load on the boiler. 

Description of STM-BOILER 
The s t c a m  boilei. 111 DOEX is gas-fired w i t h  an induced draft fan. The default for the  combined 
electricity use of’ the power burner and draft fan is 2.2% of the boiler size. Suggested minimal 
i n p u i  for STN-BOILER is as folio\~s: 

1. To si inulbte  an oil-fired rather than a gas-fired boiler, insert the command: 

2.  To sirnulate additional electricity use for feed water or condensate pumps, refer to the 
* 5 . ~ d d  it )anal C a p  bilit ies for ELEC-SThl-BOILER” above, 

Description of HW-BOILER 
Tile hot \vatc.1 Imi1t.r is also referred to as a hot water generator. It is a gas-fired unit with a 
d e h u l t  ol’ 2 25  added electric for power burner and an induced draft fan. A hot water tecircu- 
la l ing pump is automatically included by the program and is sized to the system peak. Sug- 
gesicd r n i i ~ i m d  i n p u t  for HM‘-BOILER is as follows: 

PL.4 ST 4.3 PL.4 hT 



Addit i m a l  Capaliilit ies for H\V-BOILER: 
1. To siniulate a u n i t  without a power gas burner and induced d ,ft fan, ins r t :  

P.iRT-LO.4D-R.\TIO TYPE - H\\?-BOILER E-I-R 0 

2. TG change either the pumping requirements or the  efficiency of tbe  burner, there are a 
number of k e y w r d s  to use: 
PL.4 ST-P.AR.UlETERS HCIRC-SIZE-OPT = INST-PLANT-EQUIP 

H C1 R C-P LMP-TYP E 
HCIRC-DESIGN-T-DROP = value desired 
HCIR C-HEAD = value desired 
BOILER-HIR = 1.?5 .* $ l/efficiencg 

= VARIABLGSPEED 

Description of ELEC-HVV-BOILER 
The electric hot water boiler is a multi-stage electric resistance hot water  generator with a hot 
i t .3  t cr p u  nr 11 See W\S-BOILER. 

Description of ABSORI-CHLR 
TIM onestage al~sorption chiller in DOE-? is a u n i t  that can be supplied by either l W b  steam or 
2d0°F i w t e i  The solutjo~i j:,urnps for the u n i t  require only 0.4% additional electric energy based 
on t h e  size ef t h e  u n i t .  .A c.liillcrCi water pump is called automatically and sized an the peak sys- 
t em i*~( lu i i en ien t  You musr input either a steam boiler, a hot water  boiler, or district s team to 
suppl>.  lieat to d r i w  t h e  alxorptioii chiller. A cooling tower is also called automatically; you can 
h p u t  1 1  i f  y o u  wan t .  b u t  y o u  are  cautioned not t o  input either the  size or the number of units. 
S l r g g e s d  m i n i m a l  i n p u t  for ABSORI-CHLR is as follows: 

.AB - C'II LR P L.O'T- ESQU I PAlEhT 
TJ1'PE == ABSORI-CHLR 
S I Z E  = - 9 0 0  .. 

..tddii ioiial Capaliilit ies for .4BSORI-CHLR: 
1 .  To iiic+r*ease tlic electric requirements for solution pumps  insert: 

P.Ip.1'- LO..ID-R-\T 10 Tj'PE = ,4BSORI -CHLR 
E - 1 - R  = v a l u e  d e s i r e d  

\\i suggest you !lot e n t e r  the  size of the tower; in DOE2, size refers to t h e  tower cell size 
and  lMT,~LLED-?;C'M3ER refers to t h e  number  of cells. 
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3.  To change t h e  pumping  requirements to suit specific project needs, use 
PL.4ZT-P.4R.k!IETERS: 

PL&YT-PAFLQ.lETERS CHI LL-\3TR-T = v k l u t  d e s i r e d  
ABSORI-HIR = .66 I S  d e f a u l t ,  b u t  o l d  

u n i t s  may h a v e  d e a r a d e d  
to as  low a3 4 

'XW - SETPT-CTRL = F l X D  or METBULB-RESET 
nV3- SETPT-T = v a l u e  d e 8  i r t d  

7W?-DESICW-WTBtrLB = v a l u e  d e s i r e d  
nV2-PUhlP-HEAD = v a l u e  d e s i r e d  

CCIRC-DESIGN-T-DROP = v a l u e  d r r i r e d  
CCl RC-WIEAD = v a l u e  d e s i r e d  

( u s e  r f  FIXED r e l o c t e d )  

( c o n d c n a c r  water pump) 

CC 1 RC- S I ZE-OPT = I NST-PLA)rJT-EQUI P 
CC 1 RC-PUhfP-TlPE zs= VARIABLE-SPEED .. 

4 .  To s u p p l y  steam to the building for space heating or for the absorption chiller from a dis- 
t i i c t  s team (or hot water) system, use: 

ESERC;j'-RESOI'RCE RESOURCE = STE.4hI .. 
Description of ABSOR2-CHLR 
The t w - s t a g e  absorpt ion chiller in DOG2 is the same as the one-stage chiller 
(.ABSORI-C'HLR). except that i t  operates with J3Wb steam or 400T hot water. The electric 
requii*cmtnt for solu~ion pumps in 0.7ql of the unit size. All of the additional capabilities 
descrilwd for the  .\B;SORl-CHLR also apply here. Suggested minimal input for 
.%B5OR?-CHLR is: 

AB.L'-C'IILR = PL.4NT-EQL'JPhIENT TYPE = ABSOR3-CHLR 
SIZE = -999 * 

Description of ABSORG-CHLR 
Tlir d i i w t  g s - f i ~ * e d  alsoi*ption chiller can also operate as a hot water generator. Therefore, all 
accessories (5,uch as the  cooling tower. chilled water pump, condenser water pump, and hot water 
p u m p )  SIT called. The solurioii pumps default to 0.7% of the unit size since this, too, is a two- 
sr r i p  u i i i t  A11 of t lie addit  iond capabilities described for ABSORI-CHLR apply, with the fol- 
I O N  ing ;idtlitioris. 

P 1 .A YT- P:I R .A3 1 ET E R S .4 BS OR G -H I R 
ABSORG-HEAT-XEFF 

= value desired (1.0 is default) 
= value desired for the HWG 

efficiency (decimal fraction) .. 
Des c r i pt io n of HERM- CEN T-CHLR 
T h e  i iernietic centrifugal  chiller in DOE2 h a s  a default COP of 4.55 and a KW/Ton of .77, 
v-hich make5 i t  a w r y  c o i i s e r ~ a t i ~ e l y  rated unit for present, day practice. The cooling tower, 
c.cl11clenser water  j i u r n p ,  and chilled water pump are all called by default; however, you can 
nlotlrlj t l ie select ion of I Iiese nusiliaries by using the keywords described for ABSOR1-CHLR. 
S u g q w d  niinimal  i n p u t  for HERM-CENT-CHLR is as follows: 
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TYPE = HERhl-CEXT-CHLR SIZE = -999 .. 

.Add i t  ion a1 C3 palilit ies for HERhl-CEXT-CHLR: 
1 .  To change to a n  air-cooled condenser,  specify: 

PL.AST-P.4R.UdETERS HERhf-CENT-C0~7>-T~"PE = AIR .. 
2. To change t h e  COP of the unit .  to 5.0 (0.7 KW/Ton), set ELEC-INPUT-RATIO, which is 

tlic inverse of COP, as follows: 

P.iRT-LO.AD-RATI0 TYPE = HERM-CENT-CHLR E-I-R = .3 e. 

Description of HERM-REC-CHLR 
T h e  hermetic. reciprocating chiller in DOE? is a unit, characteristic of multi-compressor or 
unloading compressor types.  I t  h a s  a default COP of 3.65 or a IC\I'/Ton of .96, which is still 
reasonable for today. You can change the uni t .  to an air-cooled condenser ( the  default is a cool- 
ing tower \ i* i t l i  condenser water  pump)  and chilled water pump. T h e  unit can be modified as 
descri\:,cttl for .JrBSOR1-CHLR. Suggested minimal input for HERhll-REG-CHLR is: 

CHL = P L.4 NT-E QUI P h f E NT 
PL.4ST-P.4R.43lETER S 

TI'PE = HERhI-REC-CHLR SIZE -999 .. 
HERh.l-RE~-COND-T~'PIE = AIR .. 

Description of DBUh'-CHLR 
T h e  double buncllc chil ler in  DOE2 is a centrifugal type chiller with two condenser tube bun- 
dles. o n e  of \ i . l ~ i c . l ~  is piped 1.0 t h e  cooling tower and t h e  other  piped t o  the building hot water 
heating c i r cu i t .  T h e  u n i t  operates as a s t ra ight  chiller whenever there is no call for heat and 
operates as a heat p u m p  to reject heat to the heating circuit up to i t s  maximum capacity: i t  is 
t l m  supplemented by a hot water boiler. Suggested minimal input for DBUN-CHLR is: 

= FL.4!KT-EQUIP.hlENT TYPE = DBUN-CHLR SIZE = -999 .. 
=z PL.4NT-EQL'lIPhlIEh'T TJ'PE = HlV-BOILER SIZE -999 .. 

1 I n  t h e  I i l d i n g  hea t ing  mode. to change tlie leaving water temperature from the condenser 
( C I C ~ ' L I U I I  = 105'F). iiisert: 

P L.i ST-PA R .AS 1 ETER S DBI'N-COND-T-REC = Yalue desired .. 
I f  I ~ J C I * C  is a chi l ler  otlier than the double bundle, t h e  program will s tage t h e  units to favor 
tile d o u l ~ l e  liundle ivheri hea t ing  is required. W h e n  entering another chiller, you  should size 
1,oth u i i i t s .  s ince the program doesn't know what split is required. 

CIILR PL.\ST-EQt7IP3IENT TYPE = HERM-CENT-CHLR 
SIZE = value (millions of Btu/hr) 

Description of EXG-CHLR 
Th gas ei igi i~e cliiller i n  DOE-? is 3 nominal 150-t.on t w i n  screw compressor chiller driven by a 
modifi?cl c11t.scl engine. Tlie u n i t  capacity is controlled by varying the  speed of the engine t.0 
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meet t h e  building load: it has a default evaporatoriengine COP of 1.4. I t  is possible to recover 
heat from the engine to satisfl' space heating loads and/or  provide service hot water. T h e  u n i t  
defaults to cooling tower but can also be air-cooled. Suggested minimal input  for ENG-CHLR is 
as follow: 

ECHL = PL.~ST-EQL'lPh4EhT TYPE = ENG-CHLR SIZE = -899 

Additional Capabilities for ENG-CHLR: 
1. To recoyer heat from the  engine for both space heat and service hot water ,  insert: 

HE.4T-RECOI'ERY SUPPLY-1 = (ENG-CHLR) 
DEhZ4hD-1 = (SPACE-HEAT,PROCESS-HEAT) 

2. To change the  u n i t  to air-cooled, insert: 

PL.4?;T-P.4R.i.??lETERS EYG-CH-COXD-TJ'PE = AIR 

Description of COOLING-TWR 
The cooling tCtwer in DOE-? is an induced draft tower with a propeller type fan at the top. 
There are n u m e r o u s  plant parameters that allow you to  modify the  design w e t  bulb temperature 
and to satisfy other specific requirements. Most users d o  not input  the tower because DOE2 
auroriiaricnlly calls for one and sizes it whenever one is  needed. However, the  default design wet 
liulb is 78°F. which  is acceptable Tor some locations but not all. Suggested minimal input for 
C'OOLI SC;-T\\'R is as follo\vs: 

CT\\' = PL.4ST-EQL1IP3IENT TYPE = COOLINC;-T\VR SIZE = -999 .. 
.Ad dit ion a1 Ca pabili t ies for COOLING-T\\'R : 

1. To change  the  design wet bulb, insert: 

PL.CXT-P.4R.UlETERS T\VR-DESIGY-WETBULB = value desired .. 
2 .  To ch:lngtL f r o m  a one-speed fan  ( t h e  default) to a multiple-speed fan, insert: 

PL.4 ST-P.AR.L.llETERS T\l'R-C.4P-CTRL == TiZ'O-SPEED-FAN .. 
o 1' 

P1.A 1;T-P:IR.UIETERS T\j 'R-CAP-CTRL = VARIABLE-SPEED-FAN .. 
Description of DHW-HEATER a n d  ELEC-HEATER 
T h  s e i ~ w e  hot water heaters in  DOE3 are s tandard units. The DHW-HEATER is gas fired 
(def';iuIt). There  is no pumping assigned to either unit type,  but y o u  can use the  
P.ART-LO.4D-R.4TIO command to assign pumping if desired. If y o u  want  to recover waste 
heat (pre\*iously demonstrat-ed for EYG-CIILR), a hot water heater must  no t  be entered because 
i t  locks our recovery. Also, to simulate an indirect exchanger inside the hot water  generator for 
ser\*ice hot w a t e r  heating. a hot water heater should not be entered. 
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Description of PLANT Input Instructions 

Limitation on the Number of Commands 
The maximum allowable number of PLAXT instructions for specifying required PLANT da ta  is 
as f o l l o i ~ ~  

1 ~nstruction Maximum Numbe: 

ENERGY-RESCURCE 7 
HE.4T-RECOVERY 1 
PLA !VI‘-.4 SSlG NhlENT 1 
PLANT-EQUIPMENT 60 
P LA NT-P44R.4h?llETERS 1 
PL.kNT-REPORT 1 command 
TITLE 5 
u-names 118 

PLAYTT-E$C?PMENT 
This command tells t he  PDL that t h e  following data specifies plant equipment. If at least one 
PL.CYLEOL‘IPlIEST jiist i.uct.ion is not entered, then the PLANT program generates an error 
message. 

u- n n m e  

TYPE 

is not required b u t  is advisable in order to identify equipment 
in  reports. 

is the type of equipment to be used. See Table  4.1 for allowed 
code-words. 

is t h e  nominal rated ou tpu t  capacity, expressed in units of one 
million Btu’s per hour (hlBtfu/hr), for the  item of equipment 
being specified. For example, a lWton chiller should be 
specified as SIZE = 1.20 since the  conversion factor is 12,000 
Btu,’lir per ton. A ten million Bt,u/hr boiler is specified as 
SIZE = 10.0. 

If SIZE = -999 is entered, PLAXT automat.ically sizes, in  
accordance with peak loa.d, the following types of equipment: 
all boilers, chillers, towers, and diesel and  gas electric genera- 
tors. Steam turbine generators will not  be automatically sized. 

Hot water and chilled water circulation pumps are always 
aut.omatically sized by the PLANT program. The flow rate, 
electrical power, and heat  gain are calculated from the values 
of PL.4NT-P.4RAhlETERS keywords a~ follows: 
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Flotv R a t e :  

Power: 

Heat Gain:  

D esi g n-Loa d 
X-DESIGN-T-DROP x 60 rnin/h x 8.34 Btu/gallon-T CPLI, = 

S-HE.4D s GPMn x 0.643 Btu-min/ftgallon-hr 
X-hlOTOR-€?FF x X-IhlPELLER-EFF Elect, = 

Gain, = (Design-Load )I X-LOSS) + (Electp x X-MOTOR-EFF) 

ISST-ALLED- N l l l B E R  is t h e  total number of uni ts  of the  t y p e  and size previously 
specified. As an example,  if three ItWton chillers have been 
specified, enter INSTALLED-MJhBER = 3. 

S o t e :  i n p u t  t h e  actual  sizes and n u m b e r  of equipment when k n o w n  (such as in retrofit studies) 
in order  to i m p r o w  t h e  accuracy of the  simulation. 

TABLE 4 .1  

T\'PE Code-\Vords for PLANT-EQUIPMENT 
Equipment  Code- Word 

Cooling 
Oiiestnge absorption cli iller 
Tu.o-st age al~sorptioii chiller w i t h  economizer 
-4 bsorp t ion c h  iller 'HU'G (gas fired) 
Herme t i c  centrifugal compression chiller 
I jermet  ic reciprocating compression chiller 
Double Lundlc chi l ler  
C'mliiig t ~ \ \ . e i *  
Gas Engine dr i \*cn reciprocating chiller 

' 
~ 

Domestic Hot  Water* 
Dcmest it. l~clt-  \\.a t er lieat er 
C I (TI  r i c  donwst ic 11 ot - wa t er h eater  

ELEC-STM-BOILER 
STM-BOILER 
HW-BO1 LER 
ELEC-H W-BOILER 

ABSOR I-CHLR 
ABSOR24HLR 
ABSORG-CHLR 
HERhi-CENT-CHLR 
HERM-REG-CHLR 
DBUN-CHLR 
COOLINGTM7R 
ENG-CHLR 

DH\V-HEATER 
ELEC-DHW-HEATER 

* It n tlclnwstic hot \vater heater is n o t  input, hot water loads i n p u t  in  SYSTEMS 
t hougli  I lie PL.4?iT'-.4SSIC;I\ThfENT instruction or through the SOURCE-BTU/HR 
key vorcl in t h e  {LOADS) SPACErCONDlTIONS subcommand will be passed to other 
I i ea t i~ ig  equiprnr~i i .  I f  no heating equipment is def ined ,  the domestic hot water 
c lcmant l  will appear  as a load not. met .  
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PLANT-ASSIG NMENT 
PL.4ST-.1SSiC!WEST identifies t h e  E-n'.4C system or systems supported by PLAhT. The 
irisri*uction has \he Form 

u -name  = PL.4YT-.4SSIC;?;T\lENT .. 
w h e r e  u-name is t h e  name of t h e  corresponding PLANT-ASSIGhMENT instruction defined i n  
t h e  SJ'STE3lS program input. 

PART-L O D - R A T I O  
T h e  e q u i p m e n t  P.4RT-LO.4D-R.ATIO instruction specifies the nominal electric power input 
rat io to operate  talle equipment and/or  support ing electric auxiliaries. PART-LOAD-RATIO 
tells t h e  PL.4XT processor tha t  the d a t a  to follow are related to t h e  part-load operation of a 
specific t y p e  of equipment .  

TYPE is the  code-word selected from Table  4.1 t h a t  identifies the 
t y p e  of equipment that applies to the part-load rat ios  specified. 
Only one TYPE may be specified per instruction. 

E LE C '- I SP I' T- R .dTIO The electric input  to nominal capacity ratio is expressed as 
electric power input to  electric auxiliaries (Btu/hr) 

noniinal capacity of equipment. being defined (Btu/hr) ratio = 

01' 

ratio = 1/COP for refrigera.tion machines 
See Table 4 .3  for default values. 

This e n t r y  should inc lude  t h e  electric power to move and con- 
trol the working fluid flowing through t h e  equipment plus the  
primary power input  to the equipment itself. For an absorp- 
tion refrigeration chiller, t h e  electric power input to the  solu- 
tion pump must be considered. Similarly, for a fossil-fueled 
boiler, the  electric power i npu t  to the  boiler draft fan and 
power burners must  be considered. However, when defining 
the ELEC-INPUT-RATIO for t h i s  equipment ,  you should 
realize tha t  t h e  electric power delivered to the hot, chilled, and 
condenser water pumps is calculated separately and size and 
capacities a re  con trolled through PLANT-PAR.4hETER key- 
words This is also t rue  for cooling tower fans.  
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TYPE 
Cod e- \\'ord 

__ 

TABLE 4.2 

Equipmen t  PART-LQAD-R.4TIO Default) Valiies 

Electric 
Input  to 
Nominal 
Capaci t.y 

Heating Equipment 
ELEC-ST3I-BOILER Electric boiler 
STr\l-BOILER Steam boiler 
H \\'-BO1 LER 
ELEC-H\Z'-BOI LER 

Hot water boiler 
Electric hot water boiler 

(d efau 1 t) 
1 .OOo 
0.0?2 
0.022 
1 .OOo 

Cooling Equipment 
.4BSOR1-CHLR One-stage absorption chiller 0.004 

.AB.SOR G-C'MLR 

I-1 ERL 1-R EC*-C'HLR 

E 5 G- C' H LR 

ABSOR~-C'I< LR Two-stage absorption chiller w/economizer 0.0071 

HER31-CENT-CHLR Hermetic centrifugal chiller 0 * 2?0 

DBl'  5-C'H LR Double-bundle chiller 0.220 

G' as- d r I v e n a bsor p t ion c h i 11 er 

Her rn e t  ic reci p r oc at in g chiller 

Tu. i n sc r e IY co m p r essor c h i 1 le r 

0.0071 

0.374 

0.0053 

Domestic Hot Water 
DI-I\\'-HE.4TER Water  heater 0.OOO 
ELEC-DI I \l'-HE.ATER Electric water heater 1 .Ooo 

I T31c rtvucd 11/01 J 
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PLA?VT-PARA??ETERS 
PL.4!TT-P.AR.klfETERS is used to change the  value of many of the  variables used by t h e  
PL.A?;T program i n  the  simulation of plant components .  Detailed descr ipt ions of how the  vari- 
ables represented by each keyword are used in the  PLANT program calculations are  provided in 
the  DOE-2 Et igrneer6  :\lanual, p.\'.l3fl. Following is addi t ional  discussion of specific keywords.  

Chillers 

CHILL-II'TR -T is the  chilled water  temperature at t h e  middle of the throt t l ing 
range for chillers. Default) is 44'F. 

h f I ?;- CO XD -,\I R -T is t h e  minimum enter ing air  t e m p e r a t u r e  allowed for an air- 
cooled condenser (OF). T h i s  is t h e  m i n i m u m  operat ing tem- 
perature  below which control action is init iated to maintain at 
least t h i s  t empera ture  

is t h e  full-load h e a t  i n p u t  ra t io  for a l - s tage  absorption chiller. 
The heat input  ra t io  is the ratio of hea t  energy input  t o  cool- 
In g en e1.g)' o u t p u t .  

is (,he full-load heat  input  r a t i o  for a ?-stage absorption chiller 
v i 1  h an economizer (see ABSORl-HIR). 

is t h e  full-load heat, input  r a t i o  for a direct  gas fired absorpt,ion 
cli iller. 

.4BSORG-HE.\T-SEFF is t h e  efficiency of the  hot w a t e r  heat exchanger used in the  
heating mode. T h e  default  is 0.8. 

E S C; - C'H-C'O P is the  overall COP of the  engine driven reciprocating chiller, or 
the evaporator capacity of t h e  chiller divided by t h e  hea t  i n p u t  
of the  engine. T h e  defaul t  is 1.4, which is appropriate when 
tile engine operates at nominal  speed to meet i t s  design load. 
A COP in the  range of 1.1 to 1.2 should be entered for a 
machine t h a t  is anticipated t,o opera te  at full speed to meet the  
d esigii load. 

ESC;-CH-C'OSD-T~'PE accepts a code-word that specifies how heat is rejected from 
the chiller. T h e  defaul t  is TOWER and t h e  al ternat ive is AIR 
(for air  cooled). 
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? 1 E ~ S I - C ' ~ ~ T - C O ~ ? > - T ~ ' r E  accepts a code-ward that specifies the  condenser heat rejection 
method for a hermetic centrifugal chiller. The  default code- 
word is TO\j'ER, used when heat is rejected through an eva- 
porative cooling tower. T h e  alternative is AR, which implies 
an air-cooled condenser. 

HER?.l-REC-COND-TYPE is the code-word that specifies the condenser type for a her- 
metic reciprocating chiller (see HERM-CENT-COND-TYPE 
k e y IV or d d escr i p t ion). 

DBl'?I'-CO?;D-T-REC 

Towers 

111 S-T\\'R -\\'TR-T 

is t h e  leaving condenser temperature when the  chiller is in the 
heat recovery mode. This parameter is used in calculating 
adjustment factors for the capacity and power consumption. 
The leaving condenser temperature in both tbe heat-recovery 
mode and the non-heat-recovery mode at the design point 
(calculated from DBUN-COAT)-T-ENT, 
ELEC-INPUT-RATIO, and DBUN-TO-TM'R-WTR) is used 
to calculate t h e  condenser temperature rise in the heat recovery 
mode. T h e  temperature rise is then used in the functions 
DBUS-CAP-FTRISE and DBW-EIR-FTRISE. 

specifies the minimum temperature for leaving tower cooling 
v a t  er when TWR-SETPT-CTRL = WETBULB-RESET. if 
the temperature falls below this minimum operating tempera- 
ture, control action is initiated to maintain a t  least this tem- 
perature. The default is 65'F. 

TF\\'R-DE~IC;S-\\'ETBI'LB is t h e  \vet-bulb temperature used i n  the cooling tower design 
calculations. The default is 78v. 

T\\'R -C..AP-C*TR L accepts a code-word that specifies the control method for regu- 
lat i i ig the tower water exit temperature. Acceptable values are 
ONE-SPEED-FAN (the default), TWO-SPEED-FAY, 
\ 'A R I A €3 LE- S P E ED- FA nl , a n d F L C I D -BY P ,4 S S . 

T\\'R-PL'-\lP-H E.4D 

T\\'R-SETPT-CTRL 

T\\-R - 3 ETPT-T 

is t h e  pressure head in  the tower water  circulation loop. The 
default is GOft. 

accepts a code-word that  defines how the exiting water tem- 
perature is to  be determined. FLXED (the default) controls t h e  
tower to the fixed setpoint specified by TWR-MrTR-SE?PT. 
\Z'ETBL'LB-RESET causes the setpoint to drop as the wet 
bulb drops. 

sjiecifies the exiting water temperature setpoint when 
T\I'R-SETPT-CTRL is set to  FIXED. The default is 80v. 
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Boilers 

STII\I-BOILER-HI R 

Domestic Hot-Water Heatera 

P u m p s  

CCI RC*-DESlC;S-T-DR OP 

C'C'I I'iC-LOSS 

HC'IRC-DESIGX-T-DROP 

I-1 C'I R C'-L os s 

CC'I R C*- SI ZE-OPT 

For a hot-water boiler i t  is the  ratio of fuel input  (Btu) to heat 
energy o u t p u t  at full load. 

for a steam boiler it is the  ratio of fue l  input  (Btu) to heat 
en erg!' ou t  pu t I 

For a domestic water heater at full load it is t h e  ratio of fuel 
input (Btu) to hea t  energy produced. 

is t h e  temperature  drop in the chilled water circulation loop at 
design; i t  is used to establish the  appropriate  water flow rate. 

is the head pressure in the chilled water circulation loop. Set- 
ting this keyword to zero will result in a circulation pump 
power of zero. 

is the fraction of the design load the  chiiied water circula- 
tion loop t h a t  is lost to the environment and therefore does no 
useful cooling. 

is t h e  temperature  drop in the ho t  water  circulation loop at 
design conditions. I t  is used to establish the  appropriate water 
flow rate .  This keyword is ignored if you have input a 
SThl-BOILER, ELEC-STh4-BOILER, or FLJRNACE. Note 
also that the heating load satisfied by a DHW-HEATER or 
ELEC-DHW-HEATER is not considered to be a part  of this 
heating circulation loop. 

specifies the head pressure in the hot  water circulation loop. If 
this is set equal t,o O.,  circulation pump power will also be set 
to zero. 

is t h e  fraction of the  design load t h a t  is lost to the environ- 
men t  from the hot water circulation loop and therefore does no 
useful heating. In  the case of a hot water boiler, this  value 
does not inc lude  hea t  gain caused by pump energy. If you  
have input  a FURN4CE, this keyword is ignored. 

accepts a code-word tha t  indicates how much load the  chilled 
water circulation pumps  will be sized to meet. T h e  allowable 
code-words are SYSTEh/l-PE.41< ( t h e  default) and 
I S S T - P LA NT - E Q C: I B I S p e c i f y i n g S YST E3 1 - P E.4 I< w i 11 
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CCIRC- P L.3 IP-Tj'PE 

H c'l R C '- I' L.11 P - T'i'P E 

C'C'I I? c - 1 I I \ - P L R 

result in the pumps being sized to meet the peak load passed 
from SYSTEMS. Specifying INST-PLANT-EQUIP will result 
in the pumps being sized to meet the total installed capacity of 
PLANT-EQUIPhlEhT specified (regardless of whether this  
equipment was specified by default or i npu t  by you) .  

accept8 a codeword  t h s t  indicate8 how much load the hot 
water circulation pumps will be tiized to meet. The allowable 
code-worda and definition8 are identical to those available for 
C!CIRC-SIZE.-OPT. 
accepts a code-word tha t  specifies whether the chilled water 
circulation pumps are fixed- or variablespeed pumps, The 
allowable code-words are FIXED-SPEED ( the  default) and 
I'ARIABLE-SPEED. If t h i s  keyword is se t  equal to 
YARIABLE-SPEED, then losses will be determined on the 
basis of the actual loads being served by the pumps. 

accepts a code-word tha t  specifies whether the hot water circu- 
lation p u m p s  are  fixed- or variable-speed pumps. The allow- 
able code-words and d e f i d  ions are iden tical to those available 
for CCIRC-PUMP-TYPE. 

accepts  a numeric value between O.O+ and 1.0 that places a low 
limit on t h e  electricity consumption of the chilled water circu- 
lation pumps.  It, is expressed as as a fraction of the  fu l l  load 
electricity consumption of the  pumps. The default is 0.50. 

accepts a numeric value between O.O+ and 1.0 tha t  places a low 
limit on the electricity consumption of the hot  water circula- 
tion p u m p s .  I t  is expressed as fraction of the full load electri- 
city consumption of t h e  pumps. The default is 0.50. 
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WEAT-RECOVERY 
The )1E..\T-RECO\'ER\' in s t ruc t ion  specifies the  equipment or process from which energy can 
be recot.el*ecl and directs  that  energy to a process or other equipment. Only one 
I-IE..\T-RECQ\*ERS iristruction is allowed per PLANT run. If a doublebundle  chiller is 
specified wit liout drfiiiiirg a HE.4T-RECOVERY instruction, the heat rejected from the dovb le  
bund lc  is d4ivert.d o n l y  to space heating. See p.V.77ff of the DOE-P Etigitaeers A4anual for a 
description of heat recovery in equipment simulations. 

SI'PPL\'-I t hru SL'PPL\'-5 You enter a list of codewords  tha t  describes the  equipment or 
process that supplies recoverable beat. For example 

assigns the  waste heat from t he  double bundle chiller to the 
highest temperature level to meet demands.  Among the  chill- 
ers i n  DOE-3, heat can also be recovered from the gas engine  
chiller, ENC-CHLR. 

SUPPLY-I =E (DBUN-CHLR) 

DI3LC'KD-I thru DEM.%\T)-5 You enter a list of code-words t ha t  describes the  equipment or 
process that deinartds recoverable heat. For example, 

specifies t h a t  the heat from the  source9 indicated in SUP- 
PLY-1 is to go to fulfill the  unmet  demand for space heating 
and for domestic hot water or process hea t ,  which will be done 
i n  proportion to their corresponding loads 

DEhL4ND-1 = (SPACEHEAT, PROCESS HEAT) 
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EXERGY-RESOURCE 
ESERCS-RESOC'RCE allows you to enter information about the types of energy used in 
PLAST The instruct ion can be used to specify u p  to seven diflerent types of energy. An 
ESERGY-RESOt'RCE command must be entered if a steam/hot.-water (code-word STEAM) or 
a d i l l e d  water  (code-word CHILLED-WATER) utility is to be used. 

RESOl*RC'E accepts a codtword that tells the simulation which fuel or util- 
ity wi l l  be used. It is assumed that only one type of fuel is 
used. However, the Supplement (e . lE) ,  p.4.5-6, describes how 
multiple fuel types may be simulated. Acceptable codewords 
are these: 

COAL 
DIESELOIL 
ELECTRIC1 TY 
F'ClEL-OIL 
LPC; 
METHANOL 
N.4 TU R A G. G ,4 S 
STEAM 

CHILLED-\VATER 

is the generating efficiency of the fuel or utility prior to its use 
in  the building being simulated. Failure to specify an 
ENERGY-RESOURCE command for a fuel or utility will 
result  in the  use of the default values for SOURCE-SITE-EFF 
listed below. 

- - 

TABLE 4.3 
Source to-Site Generating Efficiency 

Default l'alues for Eh?RGY-RESOCRCE 
RESOL'RCE SOL'RCE-SITE-EFF 

- ~ - -- 

C'HI14LED-\~'ATER 1.5* 
c 0.4 L 1 .o 
DIESELOIL 1 .o 
ELECTRICITY 0.333 
FCEL-OIL 1 .o 
LPG 1 .o 
I\IETHANOL 1 .o 
X .ATL: R.4 L-G .4 S 1 .o 
STE.431 0.60* * 
* 

* *  

Efficient electrically-driven chillers in a central 

Steam p r o d u c e d  by heat-only boiler in a central 
chilled-water plant.. 

steam generation plant. 
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Format: 

PL.ISST-REF'OF<T \~ERIFIC'ATlO?i = (code-word list ) 
St*llSl4RY = (code-word list) .. 

Ex ample: 

PL.4ST-REPOR T 
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E C O N O M I C S  

Introduction 
In t i i t  EC'OSO3IICS sub-program there w e  three basic c o m m a n d s  used for the calculation of 
e1;e1 gy cclst s. they are r'TILITJ0-R.4TE, BLOCK-CHARGE, and SCHEDC'LE 
0 

0 

0 

T h e  C'TILITY-R.4TE command describes the most basic features  of a tariff: uni ts ,  uniform 
energy and demand costs, monthly charges,  minimum charges, etc, 

The BLOCIi-CHARGE command is used to  define energy or demand charges that vary 
according t o  t h e  a m o u n t  used. 

The SC'HEDVLE command is used to coordinate the operation of UTILITY-RATES and 
BLOC'li-CH..IRGEs. 

Example ECONO-WCS Input 
TIM best tvay 16 learn to input  tariffs in ECONOhllCS is to  study the  input examples in coli- 
j u w t  ian t v i i h  I lie Eclllo~viiig command and keyword descriptions. A simple example is giyen 
belou.. See also Appendix B and Examples 1 through 5 at the end of this section. 

ELEC*-T.U? I FF == I'TI L I T7r'-R4TE 
R E 3 OLRC'E = ELECTRlCI'I1' 
BLOCli-CHQGES = (IRI'BLK) .. 

1 SSBLL == BLOCli-C'HLIUIGE 
BLOCIil -"l'PE c ELERGY 
BLOC'liI-D.iT.4 == ( 5 0 0 ,  , 0 5 3 5  

4 0 0 ,  . o x 5  
1 ,  . 1 2 4 5  

= X4TLR4L - G4S 
== ( 1 5 . )  
L - 3 5  b b  

b .  

.. 
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Description of ECONOMICS Input Instructions 

Tlis w t j m  c s n t a i n s  descriptions of the input instructions required to run t h e  energy cost calcu- 
1 ~ i o n s  in EC'OSOMICS at a basic level. Additional commands and keywords are listed in the 
S i / p p l ~ ~ ~ ? ~ ~ !  ( 2 .  I € / .  (The ECONOhlICS program can also be used t o  do life-cycle cost analysis: 
see t h e  R e a f t r e r i c e  .\lariuol (e.1.4).j 

UTILITY-RATE 
Thi, cir117111ancl contains  the most basic features of a tariff: un i t s ,  uniform energy and demand 
cast i*ate.s. montli ly charges. minimum charges, etc. One  UTILITY-RATE command is entered 
fcpr e';tc.Ii type of energy or fuel used in the previous PL44NT run.  UTILITY-R.4TE also allows 
cos' IC) be tiefined for energy tha t  varies by time, b u t  no t  by quant i ty .  For charges that \tar!. 
1)). q u m t i t y .  siic.11 as blocks of energy with different costs, this command references one or more 
BLOCII;-C'H.-\RGE commands. When energy is billed in a time of use format a 
UTlLlTY-P,.+TE k e p - o r d  accepts t he  u-name of a schedule which defines these charges for the 
e n t i r e  \*e:ir. Tinie of use demand charges are more complicated and must  be  defined using the 
BLOC'Ii-C'H-iR GE com m an d . 

011 a11 Iioui*Iy 1):isis. each I'TILIT'Y-RATE defined in ECONOMICS sums  t h e  energy in to  total 
ani1 p e d ;  i - d u e s  l'cr each l ~ i l l i i ~ g  period. If a time of use energy charge schedule has  been defined, 
i lw  1 ~ ~ u r l y  ~ a l u e 5  w e  multiplied by  the scheduled value and summed for the billing period. T h e  
1"1'1LIT'I'-I?.L\TE  SO passei t h e  hourly da t a  to the  associated BLOCK-CH.4HGEs. During 

i l  l;iI!iitg cycle. d i e  t'TILITY-R-4TE adjusts  the metered energy and demand values for any 
I N ~ I I ~ ~ I J L I I I  qu:wiries requiiwi. These adjusted billing quantities are then used as the  basis for 
t h e  e i~ergv  cast c.;k ulri t  ions. Block costs computed by any associated BLOCIGCHARGEs are 
1 1 ~ 1 ,  x!&iI The COSTS a r e  then  adjusted by any minimum monthly charges a n d i o r  ra te  limita- 
t iGli > 

u- 11 fi 111 e required so t h a t  each ra te  can be listed in the  summary 
reports. Up to 15 different UTILITY-RATES may be defined. 

is a required keyword tha t  determines which fuel or energy 
type  is being valued. T h e  code-words associatled with this  key- 
word are the same as in PL-4NT: STE.41It 

DIESEL-OIL, FUEL-OIL, COAL, hIETHAYOL. or 
OTHER-FL'EL. When OTHER-FUEL is referenced. the 
0THER-FI;EL-NLIIE as defined in PL.4XT will be used in 
all reports as the  RESOURCE. 

CHILLED-\j'ATER, ELECTRICIT\', N.4TL'RAL-GAS, LPG,  

accepts a list i n  parentheses of up  to  13 numeric values that  
add a fixed monthly charge to each billing cycle. h4any ut i l i -  
ties refer to this as a customer charge. This value can range 
from 0.0 to 100,000 $/month and defaults to 0.0. If a single 
~ a l u e  is entered, the  1,alue will be used for all 12 billing 
periods. If fewer than 12 are entered, the last value entered 
will be used for all remaining billing periods. This is t r u e  of all 
numeric lists in ECONOMICS. 
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ESEI? GJ'-C'HG accepts a numeric  value t h a t  allows you  to specify an energ!. 
charge t h a t  is cons tan t  with t ime and  quant i ry .  T h e  u n i t s  are  
$/UNIT a n d  can range  from $0.0 to $~OO,OOO,OOO,'UXIT. In  
the  absence of any  o ther  charges,  th i s  keyword will default in  
accordance with T a b l e  5-1. The UNT value is the  u n i t  as 
defined or defaulted in t h e  EXERGY-RESOURCE command 
of PLAXT. 

Table 3.1 

Defau I t ElERGY-CHG 17211 ues for CTILIT\'-R4TE 

RESO'L'RCE VALUE $/UNIT 

C HILLED-\j'.\T€R 12,000 Btu/ton 0.12 

DIESEL-OIL 138,700 Btu,.'gal 3.05 

FI'LL-OIL 138,700 Btu /ga l  1.19 
LF'L 95,500 Bt u!gal 0.97 
1 !E 3-1-1. SOL 63,500 B t u i g a l  1.13 

X.4 TI-- R .-\ L- (i .I 5 100,000 B t u  ,'therm 0.50 
07'14 E T? - F L- EL 1 .OOO,OOO B t u j u i t  0.9.5 
<TE.O! 1 .OOO.OOO Bt u /un i t  13.00 

C*OA L 24,580,080 B t u / ton 30.00 

ELEC'TRI CITY 3,4 1 ? .97 B t u / k  Wh 0.07 

accepts the  u-name of a SCHEDULE which specifies an 
ESERGY-CHG t h a t  \varies by time of d a s ,  week and,'or sea- 
son.  T h e  uni ts  in the  schedule should be $,%KIT. T h i s  
schedule is used for all t ime of use energy billing (demand t ime 
of use billing is more comp'?x, a n d  requires t h e  use of multiple 
BLOCK-CH.4RGEs). If both an EhTRG'I'-CHG a n d  
ESERGY-CHG-SCH are defined, t h e  values will a d d .  

accepts  a list i n  parentheses of 12  values t h a t  allo\vs you  to 
specif!. a d e m a n d  charge tha t  is cons tsn t  with quantit!. bu t  
may vary by billing period. T h e  u n i t s  are peak-UNIT a n d  
can range from W.0 to 8100,000,000, peak-UNIT.  T h e  default  
is 0.0. As w i t h  o t h e r  lists, as few as one ~ a l u e  may be entered 
in t h e  list, a n d  t h e  last value will be used for t h e  remaining 
hilling periods. 

5.3  ECOSOMlCS 



SflS-1 10s-DE1 1-CHGS 

R .-I T E -L 11 1 I T.4 TI 0 S 

accepts a list in parentheses of up to 10 u-names of 
BLOCK-CH.4RGEs. These  BLOCK-CHARGES ' can be used 
to calculate either energy or demand charges that ya ry  accord- 
ing to quant i t -y .  In addi t ion,  t ime of use demand charges are 
ca1culat.ed using t h e  BL0CII;-CHARGE f o r m a t .  

accepts a list in parentheses  of 12 values  t h a t  place a floor on 
the  cost  of a fuel or utility for each billing period in which 
costs are calculated.  This value can range  from $0 to 
$100,000,000 per m o n t h  a n d  defaul ts  to $0. As with other  
lists, n o t  all 12 values need be entered;  t h e  last value entered 
will be used for all remaining billing periods. Note t h a t  the  
minimum charge excludes any  customer charge,  taxes ,  sur- 
charges,  or energy cost ad jus tments .  

accepts a list. in parentheses  of up to 12 values that .  specify a 
variable minimum month ly  charge calculated on t h e  basis of 
billing demand.  The value entered h a s  u n i t s  of and  the 
default is 0. Some utilities do not charge directly for demand.  
b u t  embed demand charges in k\\'h/k\\' ra te  s t ructures .  T h i s  
keyword allows demand charges to be  lesied in the event 
act u a1 demand is except ion ally high relative to total  energy 
use. T h e  total  minimum m o n t h  charges will be t.he sum of the  
constant and  variable minimum charges as specified by 
MIX-MOK-CH Gs and MIS-MOT\'-DEXI-CHGs. 

accepts a numeric value in dol lars  per un i t  t h a t  places a ceiling 
on t h e  maximum effective r a t e  that  will be assessed on a u t i l i t y  
or fuel for a n y  m o n t h .  T h i s  value can range from $0.0 to 
8~00,OOO,OOO/UNT and defaul ts  to S;~OO,~O,OOO/UXIT. T h e  
R.4TE-LIMITATIOY excludes MONTH-CHGs a n d  charges 
arising from Eh'ERGJ'-COST-ADJust.m en t s. In addi t ion,  the 
RATE-LIhIITATJO?Y cannot  cause t h e  t o t a l  bill 1.0 drop  below 
the  fixed ?\IIX-MOX-CHC;s plus t h e  hlI?;-MOS-DEM-CHCs. 

accepts a list in pareiitliesrs of u p  t.o 12 ~ a l u e s .  If you input 
less than 12, the  l a s t  value entered \vi11 be the  default for all 
uneiitered ~ a l u e s .  The default  is 31, or the  last day of the 
montl i .  ,411 costs, etc.  reported in o u t p u t  reports will be based 
on the  billing-day. For esample ,  i f  t h e  billiiig-day is I i ,  energy 
usage for each month  listed in the  repor t s  will be from t,he 
18th day of t h e  previous mon th ,  th rough t h e  17th day  of t h e  
current m o n t h .  You m a y  elect to explicitly enter  t h e  billing 
d a y  for each month when i t  is desired to closely match  esisting 
utility bills. T h i s  may be i m p o r t a n t  if the  meter  is not regu- 
larly read on t h e  s a m e  day each m o n t h .  
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BLOCK-CHARGE 
BLOC'li-CH.4RGEs are used to  calculat,e energy or d e m a n d  c0st.s that, vary according to the  
i imc~un?  cc?n.;unied. BLOCK-CH.4RGEs are alsQ used for t ime of use demand charges.  U p  to 30 
BLOC'Ii-C'H.4RC;Es ma!* be defined, and up to'lO may be referenced b y  each UTILITY-R.kTE. 
Tile smie  BLOC'I\-C'H.U?GE may be referenced by more t h a n  one lTTILITI'-R.4TE; the pro- 
g i . m  a u t o n ~ ~ ~ i c ~ l l l y  makes  a s  niany working copies as are  required.  

u-name 

BLOC~li I-TI'PE 

is a unique user-defined n a m e  t h a t  m u s t  b e  entered tlo identify 
t h i s  c o m m a n d .  

accepts t h e  u-name of a SCHEDULE which defines t h e  period 
over which energy or d e m a n d  specified in t h e  parent  
UTILITY-RATE is accumulated.  For all energy charges, t h e  
schedule is used only for seasonal changes in block charges.  
such  as winter  17s. s u m m e r  rates;  t i m e  of use ra tes  should be  
defined directly in t h e  UTILITY-RATE Iris t h e  
ENERGY-CHG-SCM. I t  is  not  necessary for seasons too begin 
and end on t h e  BILLIKG-D.4YS; t h e  program will p rora te  
charges when a seasonal change occurs  in t h e  middle.of the  bil- 
ling period. You sliould lie careful, h o i r e ~ e r ,  tlo ensure t h a t  
one or more o ther  BLOCIi-CHARGEs are  defined for t h e  
periods in which th i s  BLOCK-CH.4RGE is inactive.  

T h i s  schedule may be used to define as m a n y  seasons as m a y  
be  required. For convent ional  block demand charges,  seasonal 
changes are handled identically to energy block charges. F o r  
demand charges levied on  a t ime of use basis, such as peak ,  
shoulder ,  and off-peak, t h i s  schedule may vary on a n  hourly 
and daily basis, as well as seasonal basis. 

specifies the flag value in t h e  B L O C I S C H  t h a t  indicates 
when t h i s  BLQCIGCHARGE is active.  T h e  default. is 1.0 

accepts  a code-word used t.0 define t h e  t y p e  of block calcula- 
tion that.  will follow. 

the  default;  used when t h e  cost calculatjons will be done  on a 
per un i t  basis of energy consumpt ion .  

is used to specify calculations for energy consumption where 
each block size is defined as a multiplier on d e m a n d .  \\'hen 
the  number of k W h  t h a t  can be in a given k\Vh,/k\Y block is 
limited t.0 a m a x i m u m  value, a limit. can be specified (see 
BLOCJI;-DATA). 

is used when t h e  s u m  of t h e  k W h  in a series of ENERGY 
blocks is limited by a k\\'h/k\Y u l u e .  T h e  maximum ~ a l u e  is 
specified i n  t h e  BLOCIGD-4T.4. 

-------- 
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specifies t h a t  this set of BLOCK-CM.4RGEs will be used for 
calculating demand charges.  

accepts  a list enclosed by parentheses  of u p  to 10 sets of d a t a .  
For ESERGI' and DEN4hD blocks, each set  consists of t w o  
en tries in t h e  order  (block-size, cos t /un i t ) .  For I<\VH,X\l' and 
IC\\'H/Ii\Z'-LIh?ITSUh~ types,  each set  consists of three entries 
in t h e  order  (block-size, cost /uni t ,  l imit) .  

T h e  first entry of each set  indicates t h e  size of t h e  block t.o 
which t h e  cost /uni t  will be  applied.  Blocks are increments;  
hence each successive BLOCK-DATA ent ry  covers t h e  next 
size block and i ts  cost. R a t e s  wri t ten as "up to X" m u s t  be 
t rans la ted .  T h e  range is f rom 0.0 to 100,000,000 a n d  there is 
n o  defaul t .  
T h e  second entry of each set  indicates  the  cos t /un i t  to be 
applied against  t h e  energy or d e m a n d  fall ing within this  block. 

F o r  I<WH$\l- and IC\2'H/IC\2'-LI~IITSljhil types,  the  third 
en t ry  is t h e  limit. An en t ry  of 0.0 means  there  is no limit .  

1. 

2. 

\\'hen the  BLOCIGUNIT is I<U~H,4<W, t h e  limit 1 1 s  
u n i t s  of k\Vh and is t h e  maximurn quant.it.y of energy 
that,  can be charged in this  block. 
\\'hen t h e BLOCK-U NT is I< W H  / IW-LIh!tITSL~~ I ,  
th is  e n t r y  h a s  units of k\2%,;'k\\' and, when multiplied 
by d e m a n d ,  is t h e  maximum s u m  of all energy t h a t  can 
be charged in this  block and al l  preivious blocks. Usu- 
ally, one limit will apply tlo a series of blocks. I n  this 
case. the  s a m e  limit. should be entered for each of t h e  
affected blocks. 

Example:  A u t i l i t y  charges $0.05 for t h e  first 5,000 k\\ 'h,  $0.0-1 
for t h e  next, 10.000 k\VIi ,  and $0.035 for the  remainder .  I n p u t  
is as folloi~s: 

BLOCK1-TYPE ZENER CA* 
$k\l 'h ,  COST 

BLOCIiI-D.4T-4 =( 5000, .Os, 9: SET #I 
10000, ,Od, $ SET #2 

1: ,035) S; SET #Q 

Assuming tha t  the  BLOCM-D.4T.4 is not followed b y  an 
en t ry  for BLOCK?-D.AT.4, all remaining energy tvil l  go into 
t h e  l a s t  block; therefore, its size does not m a t t e r .  Note  also 
t h a t .  wliile t h i s  format  is easy t.o read ,  i t  is not mandatory .  
-411 d a t a  could have been entered on a single line. 

When energy calculations are being m a d e ,  this keyword alloiss 
t h e  type  of energy calculation to change.  For esample.  a u t i l -  
it!. ma!* s t a r t  with a series of EKERGI' blocks and theii 
change to N ' h / N '  blocks. .4 l te rna t . i~e ly ,  energ!. blocks may  
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s ~ ~ i t c h  to d e m a n d .  

is This keyword used in  an identical  fashion to 
BLOCIi1-DATA. When BLOCK2-TYPE is t h e  same rn 
B L O C I i I - T Y P E ,  this keyword allows an addi t ional  10 sets of 
d a t a  to be entered.  If t h e  previous example also contained 
k\Vh/k\!' blocks, inpu t  might be as fo l lo~~~s:  

BLOCIil-DATA = 

BLOCIi3-TYPE = 

COST 
.05, $ SET #I 
.04, 8 SET #2 
.035) S SET #3 

COST 
.03, 
.02, 
.015, 

Note  t h a t  da ta  for kWh/k \2 '  is entered in sets  of three,  
with the  third en t ry  being t h e  h i t .  T h e  limit must 
be specified. even if i t  i5 zero (no limit) .  

Same 

Same 

T h i s  keyword is used only with a t ime of use ra te  where 
different BLOCK-CHARGES are  used at  different t imes of the  
d a y ,  a n d  is required only when seasonal changes in ra tes  occur 
on a d a y  which does n o t  coincide with t h e  billing-day. I n  this  
case, t h e  t w o  B L O C I G C H ~ ~ R G E ~  o w r l a p  in t h e  s a m e  billing 
period and m u s t  be linked so that.  t h e  correct energy and :or 
demand charges can he determined for both  blocks. (Charges 
for each block must  be based on t h e  s a m e  use period. s u c h  as 
on-peak.  and  then prorated based on the  n u m b e r  of hours  each 
block wits active d u r i n g  t h e  billjng period. See t h e  sect io~l  011 
I 'ear ly .  Seasonal,  and  T i m e  of h e  BLOCI\;-CH.4RGEs for 
111 ore i n  form at ion). 

I n p u t  is a list of u-name(s) in parentliesis of t h e  liiiked 
BLOC'Ii-CH.4RGE(s) which share  t lie s a m e  I)illing period. 
Both BLOCK-CH-4RGEs must reference each o ther  via this 
keyword. If only two seasons a re  used. this BLOCK-CHARGE 
u-ill overlap wi th  only one o ther  BLOCK-CHARGE, so tha t  
only one  u-name is entered.  If more t h a n  t x o  seasons are 
used, such as win te r .  spr ing,  s u m m e r  and  fall. this 
BLOCIi-CH.4RGE will o ~ e r l a p  i v i t h  two other  
BLOCI<-CH.~RGES. For e s a m  p le, a BLOCX-CH.4R GE 
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representing spr ing will overlap \vi th  both winter  and s u m m e r  
BLOCK-CHARGES. In t h i s  case, the u-names of the  \vinter 
and  summer  BLOCIGCH.4RGEs a re  input .  

If a VTILITY-RATE h a s  a block s t ruc ture  for both energ!. 
and demand charges,  t h e  same BLOCIGCH.4RGE may be 
used to model b o t h .  W h e n  modeling b o t h ,  t h e  energ?. and  
demand BLOCIGTYPE keywords may be specified in any  
order. Alternatively,  separa te  BLOCK-CHARGES can be used 
for energy and  d e m a n d .  This may be useful when t h e  
BLOCIGSCH for t h e  energy and demand charges do not coin- 
cide. As previously described! each UTILITY-R.4TE can refel*- 
ence up to 10 BLOCK-CH.4RGEs. 
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Yearly,  Seasonal,  a n d  Time of Use BLOCK-CHARGES 
BLOC'I\-C'I-I..\RGEs can be used to model yearly, seasonal ,  or t ime of use ( i t . .  t ime of da!.) 
1';i t e5 

Example of a BLOCK-CHARGE Yearly Rate 
.I y e d y  m e  IS w r y  straiglitfor\vard to model.  O n e  or more BLOCIGCH.4RGEs are definet! 
~ * i i I i o u t  d d i i i i n g  ii BLOCISCH.  T h e  rate will t hen  be used all year.  For example,  t h e  follow- 
ing  i n p u t  models a yearly ra te :  

ELEC*-T.U? IFF = LTI L ITJ8-R4TE 
RE SOURCE 
BLOC'li-CH4RGES 

== BLOCTi-CHUtGE 
BLOCIi1-TI'PE 

= ELECTRICI?1' 
= ( I h T B L K )  * a  

.--- EhERCX 
$SIZE COST 

= ( 5 0 0 ,  , 0 5 3 5 ,  
4 0 0 ,  , 0 7 2 5 ,  

1 ,  . 1 2 4 5 j  .. 

Example  of a BLOCK-CHGRGE Seasonal Rate 
.A ~ C ~ S C ~ I ~ ~  13w 1': ;~ls.o s t r .a ig l~ t I 'o r~ .a rd  -4s before, one  or more BLOCK-CH.4RGEs a re  def ined .  
i i d  ;I BLOC'I\-SC'H is also clefiiied to indicate  when each B L O C K - C H A R G E  is actively used .  
Thy ~'3A1~:lu 111s  i ;  :IIJ e ~ : m p l e  of a seasoiial ra te :  

= ELECTRICITI' 
= ( 3 1 )  
= (\!'I h T E R - B L l i  

SLMER-BLI; j .. 

= SE.4SONS - SCH 
= I  
= ESXRG1' 

$SIZE COST 
== ( 1 0 0 0 ,  . 0 7 !  

1 :  . l o  j .. 
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SE-\5O35-5CqI-1 = SCHEDULE THRU h14J' 1 j (.ALL) ( 1  , 2 4 )  ( 1 )  
THRU SEP 1 5  ( .4LL) ( 1  , ! ? 4 )  ( 2 )  
THRU DEC 3 1  (.ALL) ( 1  , 2 4 )  ( 1 )  .. 

S,:)tt. i!iil: 111 1his i.sa111ple. t h e  season changes from winter  t o  s u m m e r  on >la!* 15, but  t h e  billing 
d:ly ii :IT 1 1 1 ~  e n d  of the  m o n t h .  This means t h a t ,  dur ing  t h e  m o n t h  of h,!ay, the  winter  block- 
c l i q e  is used i n  t h e  first half of t h e  month ,  and the s u m m e r  block-charge is used for the  la t ter  
11;d'. 11; this case'. D O E 2  prorates  t he  costs between the  two block-charges in t h e  s a m e  way that 
~ C + I  uriliries do: 

:I C'osts lor each  BLOCK-CHARGE are computed using all of t h e  energy consumed dur ing  
tlrr e n t i r e  l j i l l i ~ ~ g  period. For example,  the  cost for t h e  WINTER-BLOCK is computed 
us ing  t h e  energy  billed for t h e  entire month of hjlay, not just, t h e  energ? metered for t h e  
firsr h a l f  of t h e  m o n t h .  

11 The C ' C I S I ~  a re  then prorated based on t h e  number  of hours each BLOCK-CHARGE \\-as 
; l i r  i1.v FGI. esample.  t h e  cost computed for \I'In'TEP,-BLOCIi is multiplied b y  15 :31 days .  

c1 Til+ CCGT j'or each D E h L O D  t y p e  BLOCK-CH.4RGE is comput-ed using t h e  masiniuni  
d ~ i i - ~ : i i i d  f 'cluiid i n  the  entire billing period. 

I , .  TIM- C m t i  UT 111m prorated based on the number  of hours  each BLOCK-CHARGE  as 
:I i 1 1.5. v . 

B d ,  DOE-? 3nd t h e  u t i l i t y  companies prorate  charges based on t h e  number  of days ra ther  t h a n  
oil a c i u i ~ l  ~ I J ~ ~ % E ; J -  consumed because t h e  s tandard  utility meter  accumulates a single Yalue of 
e l i e i - ~ v  m c l  3 single value of demand for t h e  billing period; information on t h e  distribution of 
~ I . J ~ J I * ~ ! *  ancl dr1113nd usage  is not available. Report, ES-F shows how t h e  prorat ion is done. For 
e x l i  BLOC'Ii-CH.4RGE. the  i 'metered energy" is the  energy metered dur ing  t h e  period defined 
12). 11le BLOCI\-GSCH. The "billing energy" is t h e  energy metered dur ing  the  entire billing 

( i . t . .  r1:e ~ ~ i o i i i h ) .  The billing energy is the  amount.  used to compute  t h e  cost .  U s u a l l ~ * ~  
i 1 1 -  I i i c t e :  i.;l ei1e15g,v aiid t h e  billing energ!. ivi11 be the  s a m e  except ivhen t h e  season changes i n  
t l , ,  l i i I i l i i j r  id' ;i Ijillilig per iod.  I n  this case. the "prorate  factor ' '  is used to adjus t  the  actual 
c l , . t~ .ge+.  L c ~ g I ~ ~ s l l ~ ~ .  t h e  prorate  f a c t a s  of t.wo seasonal BLOCK-CH.4RGEs sharing the  same Lil- 
1 : .  , I .g  p-: j x i  u.ili AI u p  I O  1 .O 
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Example of a BLOCK-CHARGE Time of Use Rate 
Time of use r a t e s  are  scjrnewhat more complex: because energy a n d  'or d e m a n d  charges i*arJ* 
3 c c c r d i L g  IO t h e  r ime of da!. and  day of week.  -4ccordinglg, the BLOCI<-SCH m u s t  be defined 
to s\utcli fron one BLOCK-CHARGE to another  on an hourly basis T h e  following is an exam- 
ple cjf B t ime ~ f '  use r a t e .  
TI.\E-OF-I'SE = LTILI"l'-R4TE 

RESOURCE -..I) ELECTRICITY 
BILLING-DAYS = (31) 
BLOCJi-CH4RGES (IYI N-PK ,IVI N-OFFPIC ~ - - SUT\.I-PI(, SmI-OFFPIC) . e  

\\*I s- PI\; == BLOCI<-CHA.RGE 
BLOCIi-SCH 
SCH- FLAG 
BLOCIC 1 -?17'E 

- - SCH-BLOCIC - - 1 . 2  
- - I91H ,' I W  

- - ( l o a ,  . O s ,  0 ,  
$SIZE COST L I M I T  

0 ,  . o d ,  o j  

- .- SCH-BLOCrIi 
1 . 1  - - 

- - 14IHJW 

- - ( 1 0 0 ,  . 0 4 ,  0 ,  
$ S I Z E  COST LIMIT 

0 ,  *03, 0 )  . e  
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SCH- BLOCK 
2 . 1  

- - 
- - 
- - IiMH, I N  

$ S I Z E  COST LIMIT 
( 1 0 0 ,  .05, 0 ,  

0 ,  . 0 4 ,  0) .. 
SCB-BLOCK = SC'HEDC'LE THRU APR 30 (\ ID) 

( W H  ) 
THRL' OCT 30 (\ID) 

( II'EH ) 
THRU DEC 3 1 (\ID) 

(MEH ) 

( L e )  ( 1 . 1 )  
( 7 , ~ )  ( 1 . 2 )  

( 1 9 , 2 4 )  ( 1 . 1 )  
( 1 ] ? 4 )  ( 1 . 1 )  
( l , l ? )  ( 2 . 1 )  

( 1 , ? 4 )  ( 2 . 1 )  
(116) ( 1 . 1 )  

(19124) ( 1 . 1 )  
( 1 , 2 4 )  ( 1 . 1 )  

( 1 2 , 1 8 )  ( 2 . 2 )  
( 1 9 , 2 4 )  ( 2 . 1 )  

( T , 1 8 )  ( 1 . 2 )  

.. 
For a custonser 112 u t i l i ze  a t ime of use ra te .  t h e  utility m u s t  proyide a meter  wh ich  is capable of 
recording the d i s t r i h r i o n  of energy ( a n d  demand)  consumption,  not j u s t  t h e  to ta l  amount  used 
i l l  rllr 1,llli11g peiiod DOE-? reflects this ;  in the  above esample ,  t he  costs  for each block charge 
v-ill lie computed using only the  energy consumed d u r i n g  t h e  period defined by the  

. .  

B L. 0 C '1;- 5 C'1-I 

I n  t h r  ~ l j ~ ~ ~ ~  es:tmple. energy costs are  computed using k\2Th/k\V blocks.  T h e  actual  size of tlie 
l j l ~ ~ k  is tllerifrri. ljhsecl on d e m a n d .  By de fau l t ,  t h e  demand used for each BLOCK-CHARGE is 
tlw 1:1asimun7 cleni~nnd encountered dur ing  the  block's act iye period, as defined by its 
BLOC'Ii-5C'H 

11; t t i r  a l x j \ . v  t i m e  of uae  esamples ,  the  BILLING-DAI'S and t h e  SCH-BLOCK were defined so 
~ I L - ~ I  i ! ~  u i i i t ~ ~ : ~  it-irscm changed t o  s u n m e r  on the billing day .  W h a t  h a p p e n s  w h e n  the  season 
c I l . - i i + t -  ] : I  111t 111Itld1r of' t h e  billing period? Usually,  the  utility will compute  the  charges for 
e , d 1  j p t - h k  ic)! c I ! 1 - p e ~ k  1 BLOCI\;-CH.4RGE using t h e  energy consumed d u r i n g  t h e  entire on-peak 
t i i i ~ t .  c4' t h y  1 J d h s  ]iericd ( ] . e . .  t he  energy used in t h e  computat iol l  for each on-peak 
I ~ l ~ O ~ ' l i - C ~ H  4 J X E  1- t h e  SUJI-I  of t h e  energy used i n  both t h e  winter  and  S U I I I ~ I ~ ~  on-peak 
I I I C ~ ~ I + ~  The u t i l i t y  u i l l  then prora te  the  costs be txeen  t h e  winter  a n d  summer 
Ul-OC Ii-CI i .UK1E3 :is ( 1 ~ s ~  1 ' 1 l j 4  previously. 
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For this seasond change  t o  computed properly, how does D O E 2  know w h i c h  s u m m e r  and 
u i i i t e r  blocks share t h e  on-peak (or mid-peak, off-peak, e t c . )  periods? I t  does this t h r o u g h  the 
TOt'-SE.4SOS--LISIi keyword T h e  following example  illustrates how seasonal blocks can be 
Iiiiked together This is the same example m before, except that t h e  BILLIYG-D.4YS = [I:) SO 
t l i u  d i e  billing clrly and t h e  seasonal change no longer coincide. For clarity,  t h e  changes haye  
I x c n  uncferlinect 

\\I s- PI; 

s (1 I- Pli 
S CH - BLOCIi 
2 . 3  
(\VI N- PI; ) 

.. 
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SC't-I-BLoC;I\: t-. SCHEDLLE THRU .QPR 30 (\ID) 

(\mH ) 
THRU OCrI' 30 (MD) 

(\WH ) 
THRU DEC 3 1 (Wl)  

(UEH) 

(116) ( 1 ' 1 )  
( ? , I $ )  (i.zj 

( 1 1 2 4 )  ( 1 . 1 )  
( 1,12) ( 2 . 1 )  

( 1 , 2 4 )  ( 2 . 1 )  
( 1 4 )  ( 1 . 1 )  

(19.24) ( 1 . 1 )  
(1,23) ( 3 . 1 )  

( 1 9 , 2 4 )  ( 1 . 1 )  

( 1 ? , 1 8 )  ( 2 . 2 )  
( 1 9 , 2 4 )  ( 2 . 1 )  

( 7 , 1 8 )  ( 1 . 2 )  

.. 

TG ~ W L J Y L I : ~ .  t h e  TOI'-SC.+SOS-LII\'II;S keyword is required only when a t ime of use r a t e  is 
ljt r i l ;  * ~ I ~ I \ I I . ~ ~ Y ( !  :iid t h e  BILLISG-D.4J"S does not coincide i ~ j t l i  t he  c h a n g e  in season. I n  illis 
t . l - f *  ! q ~ * l i  I E+-F \\dl i - e p ~ r t  t he  "metered eiwrgy" for each BLOCIi-CHARGE as t h e  energy 
i i ~ t + i ~ ~ !  t luiing the period tlefinecl by the  BLOCK-SCH, t h  "billing energy"  as the sum of the 
e i i r i  g)  ::rrtri t d  fcbr 111ts 11lock and its linked block, and t h e  "prorate factor" as the  number of 
Jriu- i l l f i t  t l i k  block was a c t k e  re la t ive  to its linked block (Le., prorate factor = 
Hoiii-1 J . lou i~s~-Mc~,u~s .3~  \diere Hours1 is the number of a c t h e  hours of t h i s  block, and Hours2 
iq  t l i c  r i i in ; I? t .~-  of :ictive hours of the l inked block). '4s for a n o n  time of use seasonal change, the 
p j x I w ~  i ; , ( t i I i . *  oj' t \ w  linked blocks should always add up  to 1.0 
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SCHEDULE 
Tl1i5 ( ~ ~ ~ n - ~ n , ~ n n d  along v + i t h  D.%Y-SCHEDI'LE and \4'E=EIi-SCHEDC'LEt is used to  coordinate 
t Iir lq,i.rat im c!f t 1w UTILlTY-RATES, BLOCK-OH.4RGEs and RATCHETS Because a 
u ~ h i y ' +  i ~ t t t ~  s t i w ~ u r e  m s y  IN c o n i p l e s .  a SCHEDL'LE may need to coordinate a large n u m b e r  
c,f' itljlt! v i i i  Itviiis For this I iu rpose ,  SCHEDULES may be p r o ~ i d e d  with user -def ined  flag i*alues 
v h l :  L ~ I V  ti+%.! t iJ  a c t i u w  different rates. blocks, or ratchets a t  different t imes of the d a y  or sea- 
so11 

You are d r e 2 t l y  1'2 ?ili:~r w i t h  s c h e d u l e  flags. For example, t he  F.4K-SCHEDL'LE in SYSTElIS 
use: the  flag u l u e s  of 0 and 1: 0 m e a n 3  t h e  fan is off, and 1 means t h e  fan is o n .  I n  EC030Sl-  
IC's. 1 n i b \ *  r e l ~ e s e n t  t h e  winter  season, and 2 the  summer. Similarly, for time of use demand 
p r i ( i n g  1 .1 .  1 2 and 1.3 may represent the  peak, shoulder, and off-peak demand periods in 
w i n t e r .  while 12 1. 2.2 .  and 2.3 are for the  summer. Using flags, a t ime of use demand schedule 

( W H  ) 

THFK DEC 31 (\ID) 

( W H  ) 

( 1 3 )  ( 1 . 3 )  
( i , 1 2 j  ( 1 . 2 )  

( 1 3 , 1 8 )  ( 1 . 1 )  
( i 9 . 2 4 )  ( i . 3 j  
( 1 , 2 4 )  ( 1 . 3 )  

( 1 , G )  ( 2 . 3 )  
( 7 , 1 2 j  ( 2 . 2 )  

( 1 3 , 3 8 )  ( 2  i j  
( 1 9 , 2 4 )  ( 2 . 3 )  
( 1 , 3 1 )  ( 3 . 3 )  

( L O )  ( 1 . 3 )  
( 7 , 1 2 )  ( 1 . 2 )  

( 1 9 2 4 )  ( 1 . 3 )  
( 1 , 2 4 )  ( 1 . 3 )  * *  

( 1 3 , 1 8 )  ( 1 . 1 )  

E x  1, BLOC'l\-C'M.~F\GE associated w i t h  one of these periods references the schedule.  and also 
1 * e h * ~ i x +  5 ~ p r ~ i f j ~  fljg For example. t h e  BLOCIGCHARGE defined with t h e  peak s u m m e r  
ilriII:,il wd:l r~fe i*e i ic .e  t h e  f lag value 2.1 Kote that you define the flag values; ail>* n u m l x m  
.tL( ; l ~ , ~ : - l ~ ~  I i I ! , C  iC'klED1'LE w i m n a i ~ c l s  are acceptable.  
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Examples  of Electricity Tariffs 
TcI 111asriwe t1w use  of' t h e  ECOSOMICS commands and keywords! a series of examples of elec- 
t : i : i i J .  iai*iff> is pl.eseliled These examples can be extended to other fuels and utilities. 

Example 1: Basic Tariff 
l i i e  nasi ljclsic tariff IS a u n i f o r m  charge levied on all u n i t s  consumed i n  a m o n t h .  For this  
e s a m p l ~ . .  all k i I ~ ~ \ ~ a r r - h o u r s  cost $0.05 and there is a month ly  customer charge of $15.00. T h e  
miiiimum bill is $17.00 and there  are no demand charges. 

ELEC-T-U? I FF = ['TI L I TJ'-R4TE 
RESOUFKE = ELECTRICITY 

E\TRGl'-COST = - 0 5  
IlIS-LDX-CHGS = 

>D>TH-CHGS = ( 1 5 . )  

( 1 i' . ) .. 

$ r e q u i r e d  

YOXTH-C'HCS 3 n d  l~~S-MO?&CHGS take lists specifying t h e  charges for 12 m o n t h s .  Since 
c* , . l \  .I ~11:;Ic 1 * ; 1 1 \ 1 t 4  \\;I' eii tei*ed. this \*slue will be used for all 12 mcliiths. 

ELEf*-T.G I FF = \'TI L I TI'-R.I\TE RE S OLRCE = ELECTRICIn' $ r  e q u  i r e d  
BLOGIi-CH-ARGES = ( 1 3 T B L l i )  .. 

= ESERGI' 

= ( 5 0 0 .  . 0 5 3 5 ,  
4 0 0 ,  . 0 7 2 5 .  

$SIZE COST 

1 * . I 2 4 5  1 .. 

i j i . 1 :  t l i v  3izt- G!' 1 1 1 ~  1251 l ~ l o i k  ~'311 be any number.  Since BLOCliI-D.JIT.4 is not follou~ed 
I;!. 13LOi'li2-L>.~T.~. 311 remaining energ!. will be assessed at the  ra te  in t h e  las t  set .  
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Example 3 :  Seasonal Block Tariff 
N G ~ I  w ! : : i c t :  X Y  i ' ; , ~ !  w i d i  demands for e lec t r ic i ty  t h a t  are not evenly d i s t r i b u t e d  t hrougliout 
t i ; ?  J.~: . - IY T ! ; ~ J .  ref ie i t  t h e  fstr t h a t  changing 1&*els of denizind result i n  d i f fe r ing  costs of seri.iw 

11-i i r c 2  1 1 i . j i i ;  teti.;cln;~l i'arjations i n  t h e  rates for electricity. These ieariations ma!. h a y e  
~ ~ ' w I ; T  size L 1 ~ ~ 1 ~ 1 ; ~  a s s w i a t e d  w i t h  them. as well. I n  this n e s t  example ,  t h e r e  is a win te r  season 
tin: h s  f ' m n  Octolxi~ T O  _'\fa!* a n d  a s u m m e r  season t h a t  lasts from J u n e  t.o Septemlier This 
urilir!. is i v j i - l t  el.-peakiiig. b u t  recognizes t h e  need for increased life l ine a l lowances  at this time of 

, . .  . 

\'f?BI'. 

ELEC-T.%R 1 FF L T I  L ITI'-R%TE 
RESOLRCE - - ELECTRICITS $REQUIRED 
BLOCIi-CKQRGES = (LVIhTER-BLIC , SUhMER-BLIi) 

Sl3l'bEJ?-- D L l i  = BLOC'Ii-CHARGE 
BLOCli-SCH SE-AEOSS-SCIH 
SCH- F L.\G - 
BL.ocili1 -TI'PE EIERGJ' 

2 - 

$ S I Z E  COST 
BLOC+I;I -D.I\T.-i ( 5 0 0  , . 0 6 , 

1 ,  . 0 9 j  .. 
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Example 4 :  Demand Charges 
TI!? i i i ~ s i  ~ ~ g f i i f i < > ~ : ~  dif le i*ei ice  he t i i*een  res ident ia l  and commercial  electricit!* t aipifTs is the  i n c l u -  
5 1 ~ 1 1  ai' d~! : . : : i !c I  c !~. i igrs  These tariffs can also inc lude  r a t e  l imitat ion f e a t u r e s  10 ensu re  tha t  
U ! J ~ : I  t i ir  c1:31*g+ 61*e 311 t o r a l e d ,  t h e  effective r a t e  per k\Z'h is less t h a n  or e q u a l  to a specified 
amoi:i~r I:; 11115 e\arriple t h e  d e m a n d  c h a r g e  is $12, 'k\2' .  T h e r e  is a flat c h a r g e  on energ! of 
.W 0; ),U% l : lu~  i i i  I I C I  c i J (umstanc .e  ca!i t h e  eFec.ti\*e rate ( 1  e i nc lud ing  t h e  demaild cliarges'l 
eyceecl $ 0': k \ \ * I i  
ELEC -T.-U< I FF = L*T I L I 'A'- R4TE 

R E S OLXCE I=Z ELECTR I C I TI- 
E \E R GJ- - CHC; 5 = ( 0  0 5 )  
Dl3 1LlD- CHG S = ( 1 2 . 0 0 )  
R.-\TE-51hlIT.STiOY = 0 .  07' .. 



I 

F o r m a t :  

ECOSO_\iIC'S-REPORT 

Ex ample : 

ECOSOl  IICS-REPORT 

\'ERIFIC,4TIO?; = (code-ivord l ist)  
.SUDLiRJ' = (code-word list) .. 

l'ERIFIC.4TIO?; = (none requzredj 
Sl - lLI lARI -  = (ES-D, ES-E) .. 

5 10 
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D O L 2  \ i : v  msny c.apdl i I i~ie .  i n  addition to those coi*ered in t h e  main test  of th i .  
i x 1 i 1 1 1 ~ 1 :  i ' o l l o ~ ~  i11g a list of' soiiie of these capabilities. I tenis in t h e  list point to ot lier 
rlt.c.F-I ~ f '  DOE-? r lcmnienta t io i i  where you will find t h e  capability as i t  was presented 
c ~ ~ * i g i n a l l ~ -  01. i n  5 0 1 1 ~  c a s e s  modified and  enhanced. T h e  S a m p l e  Rut2 Book (?.l.€) i, 
I Y - ~ ~ I T C ~  t c' i n  c:d?tl* t o  d e n ~ o n s t r a t  e t h e  siniulation met hod. Because there are  other  
ph i . ; ec  GI-  ie1*1115 t l m  a r e  often used to reference t h e  capability t h a t  may be of interest. 
w e  ha\-e ci*oc.s i:ef'ei*eiiced a number of them in this list. 

The iten]? i n  t h e  list appear  alphabetically and  are not separated into t h e  LOADS, SYS- 
TENS. PLAXST. and ECO?;OlfICS subprograms.  

AS HR-4E C o n s t r u c t  io n s 
for  Walls and Roofs 

ASHRAE Materials Library 

ASHR.4E Weat her Design 
Criteria 

,4t r iun i  

Bu il d in g Coo r d in at e 
System 

Case w o r k He at  R e c o i*er y 

Chilled W a t e r  Storage 

Instead of entering a LAYERS command,  
you can use t h e  ASHR.4E pre-specified layers 
found in the Reference  M a n u a l  (PAA), 
Table 36, pp.III.63-GG. 

Instead of using t h e  materiais library pro- 
vided in th i s  inaiiual you can use the  
-4SHR.4E pre-specified matei*ials found i n  t he  
R e f e r e n c e  aI\faiiual (2 .1A),  Table 8, 
pp.III.03-66. 

see Design Day 

see Sunspace 

-An S 1. Z t.l~~.ee-diiiiei~sioiial descriptaioii of 
the  building and  shading surfaces can be 
entered. The niethod is described in detail 
i n  tlie R e f e r e l i c e  . i \ f ~ ? 1 2 1 d  (?1-4], p.111.8: 
additional features a re  described on p.2.74 
of the Supp le i i i e i i t  (2'. 1E). Specifying surface 
coordinates is gene~-ally only necessary i n  
three instances:  
(1) there are building shades (other t h a n  
those specified w i t h  the window fin and 
over h an I, k e yv or ds  ); 
(2)  daylighting is s imulated;  or 
(3 )  sunspaces a re  s imulated.  
For a n  example, sec p.9.6 of t h e  S a m p l e  R u n  
Book (2.1E), Single Fami ly  Residence, 

see Refrigerated Casework 

see Energy Storage 
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Cogeneration 

Curve Fit 

Custom W e i g h t i n g  Factors  

Daily Reports 

Day1 i g h tin g 

Demand  Ra tche t s  

using either gas turbine,  diesel, or natural  
gas engines can be modeled. See t h e  w i t e u j s  
on p.5.1.5 of t h e  S u p p l e m e l i t  (2.1E). a n d  
p3 .30  of t h e  #‘.‘ample Ruiz Book (2.1E). 31- 
Story Ofice Building, LO-kD2, Run 5. 

allows you t o  input new performance curves. 
Since most vendor-supplied equipment infor- 
mation is provided in the form of curves or 
tabulated data,  you can enter new data and 
overwrite the curves stored in  the  prograni. 
A detailed descript.ion of how to input the 
data is found on p.r\’.l80 of the  Reference 
Munual (2.1A). Examples appear on py.2.11 
and 3.64 of the Sample Rum B o o k  @E). 

allow you to  tailor the weighting f’acteoi*.r; 
used in t h e  load calculations to t h e  building 
being modeled. This improves the accuracy 
of t h e  calculation. Custom Weigliting Fac- 
tors are calculated vhen  FLOOR-WEIGHT 
= 0 is specified for a space. A detailed dis- 
cussioii is found on pp.II1.141-153 of t h t a  
Be j e r e t i c e  M a n a a l  (2.1-4). For an esample,  
see Single Family Residence on p.0.0 in  the 
Sample Run Book (g.1E). 

see Hourly Reports 

simulates control of Ijgliting fistui-es in 
response to tlie level of natural Iight’iiig froiii 
the  sun, s k y ,  and reflection off the inside 
surfaces of the  space. Both dii iming and  
s t e p  control can be modeled. Window shade 
nianagenient to control solai- gain and/or 
glare can be niodeled. See pp.2.3iff of the 
S u p p l e m e n t  ( 2 . X ) .  The example start ing 
on p.lO.8 of‘ tlie Saviple Ezun Book (P.1E) 
coi-ers t h e  method of input and shoivs the 
r e p  or t s ai- ai 1 a 1) 1 e, 

allow you to adjust energy demand charges: 
see t>he S u p p l e m e i i t  ( U E ) ?  y.5.8. 



Desiccant Cooling 

Desiccant Add-On Uni t s  

Design B a y  

Energy St orage 

Energy Meters 

Evaporat ive Cooling 

Fabric Roof Pressurization 

see System Type PTGSD in this manual  
and the PTGSD writeup on p.3 ,T2 of t h e  
Supp le  ?n e n  t (2 .1  E). 

see writeup on p.3.79 of the Supplenze iz f  
( 2 . E )  for “Add-on (Integrated) Desiccant 
Cooling”, covering both solid and liquid sys- 
tems. 

is a feature that allows you to enter t he  
design criteria for outside weather condi- 
tions. Peak loads are calculated based on 
these conditions rather than those on t h e  
weather tape. The automatic s iz ing  for sys- 
tems is based on the design criteria: the 
plant is sized on the  masimuni loads t h a t  
occur during t h e  systems design da?. run 
period. See the Sample Run Book (2.1E), 
p.l.18. 

Hot and cold water storage is described 011 

pp.1’.73-81 of t h e  ReJereiice Maizual  (2*1A). 
The S a m p l e  Run Book (2.1E) shows an 
example of cold water storage on p.2.32 and 
hot water  storage on p.3.15. Ice storage sys- 
t e m  are desciaibed on pp.4.15ff of the , S U ~ -  
p l e ~ i i e n t  (2.1E) and an esaniple is gii-en in 
the Sample f i u n  Book (2.1E) under “Ofice 
Building and Open At.i*ium”, section i ,  

allow you to  meter different energy end uses: 
see the Supplement (2.1E). p.3.4 a n d  p.4.3.  

see wri teup on tliree configurations of eva- 
porat i1.e cooling i n  t h e  S u p p l e m  eii t (2 .  E): 
S t a ii  d- a1 on e Ev a por a t i \re Cool i n g , 11.3.6 -1, 
Ad CJ, - on El7 a po r a t i lye C 00 1 i n E,, p .3. G 5, 
Residential Direct. Ei*aporative Cooling, 
p.3.70. 

see hTi g h t Ve n ti 1 at i o n 



Fan Power 

F u n c t i o n s  

Gas Heat Pumps 

Glass Coefficients 

Grocery Store Heat 
Reco\*ery Systems 

Heat Pumps  

Hot IVater S torage  

H o u I ~ ? .  Repor ts  

Ice Rink 31odelir.g 

Ice Storage 

can be input using alt,ernatii-e keywords for 
fan location, total s t a t i c  pressure, and fan 
eaciency. hlost. building codes use 
watts/cfm to determine limits for fan power 
and the program defaults to these approsi- 
mate values. H o ~ ~ e v e i * ,  t he  alternatiye capa- 
bility is often preferred by design engineers. 
The keywords are discussed on pp.IV.22+' 
227 of the  Reference .Manual (2 , lA) .  Also, 
see the  Sample Run Book (2.1EJ, p.2.10, 

see Input Functions 

See p.3.48 of t h e  Supp lemen t  (2.1E), for. 
rn o d el i n g gas- en g i ne- driven 11 e a t  p u m p s 

for windows is an a l t e r n a t i ~ e ,  and more 
accurate, method of calculat,ing solar gains 
through window glazings t han  the shading 
coefficient. method. See Window Library: 
also refer to p.2.00 of t h e  Supplei l ie j i t  
(2.1 E). 

seq Refrigerated Casework 

with user-defined type of defrost control and  
of supplemental heat i n  lieu of electric resis- 
tance heat is c o ~ e r e d  in detail on p.3.26 of' 
the Suppleiiie7it (2.1E). 

see Energy Storage 

are a ~iieaiis of' disyl aying usel*-select ed 
houi*l;\. 1-alues calculated by t lie prograin. 
Hourly reports also g i w  daily suiiis, illas- 
inia, niininia, aiid a-verages, See pp.1 .IO, 
1 2 9 ,  1.33 and -4ppeiirlia. -4 of t h e  S u p p l e -  
meuf (PIE) ,  and pp.III.12i-130 of the  
R e f e r e w e  Manual  (2.1-4). T h e  Sample  Ruii 
Book (2.1E) has a n  example starting 011 
p.lO.2Gff. 

see Refrigerated Casework 

see Energy Storage 
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Infiltration Modeling 

Input F u n c t i o n s  

l n p u t  Ilacros 

Inter ior  Walls 

Life Cycle  Cost -4nalysis 

Lighting Control 

using t h e  CR_ACI< hilethod is found  017 

p.lII.50 of' the R e f e r e n c e  M a w a l  (2.1.4). 
Infiltration modeling using t l ie  Sher.iilan- 
Grimsrud Method is found on p.2.86 of the  
S u p p l e m e n t  (2.1 E). 

In LOADS, this allows you to replace DOE- 
2 code wi th  your own algorithms to  modei 
o p t  i ons  1 i k e n on- 1 i n ear  d i m in i 11 g con t I* 01 s, 
coni p 1 ex i n d ow ni a.n a g em cn t , et c . 
In SYSTEM, this allows you to replace 
DOE-2 code with your  own algorithms to 
m ode 1 t h i n gs 1 i k e no 11-s t a n d a 1' d e con0 ni i ze I* 

controls, control of supply air with a return 
air controller, etc. 
-4 detailed discussion wit 11 nunlei-ous e x a m  
ples is found on pp,: .3ff of t h e  Siipplemeii t  
(2.1E). Also, see t he  Sample  Ruii B o o k  
(2.1E), p.lO.5 and 10.7, 

alloiv keywords to be set equal t o  tlie ~*esult 
of adding ,  subtracting. niultiylying a n d / o r  
diividing other values. See p.1 42ff of the 
S u p p l e m e n t  (2.1E). 

The different types of interior walls tha t  call 
be specified (STA?VDARD, .4IR, .WL4- 
BATE, and I%TERNAL) are described on 
pp.2.0lff of t h e  Supplement (P.1Ej. For a 
discussion of convective heat transfer across 
intei*ior walls between a sunspace (atr ium) 
and adjacent space, see t he  Supplem e i i t  

(?.1E), p.2 .W.  

see Economics Component-Costs 011 pX1.6 
of t h e  R e f e r e n c e  J!anual (2.1-4). See also 
t h e  Sample Run Book (.?.lE), p.1.12Cifl. 

see Dayligh ting 



Load Ass ignnient  

Load Management 

Loads Reports 

3lanagement  of Plant 
E q u i p m e n t  Operation 

Nf r ' s  E q u i p m e n t  Data 

I \ Ie t r ic  I n p u t  / O u t p u t  

Meters 

N o n t  111) Reports 

M o t o r i z e d  Drapes o r  Blinds 

N a t u r a l  Ven t i l a t ion  

is a feature in PL.4NT that  makes i t  possi- 
ble to  control t h e  operation of plant equip- 
ment based on operating range 0 1 9  selection, 
e.g. switching froni a centrifugal chiller to  
an absorption chiller for peak s h a \ h g .  See 
t h e  R e f e r e n c e  Manual (2.1-4), p S . 5 2  and 
the Supplement (2.1E), p,4.4iff. .4n example 
is shown in the  S a m p l e  Run Book (2.1E), 
p.2.32. 

is used in combination with load assignment 
to control the  operation of plant equipment 
based on scheduling requirements, etc. See 
the  Reference Afanzlal (2.14, p.V.59 and 
the Sample Run Book (.?.lE), p.2.32. 

see A p p e n d i x  C of' the  Supplenien t  ( ? , I € )  for 
a deswiptioii of all i*epot*ts available. 

see Load Assignment and 
Load Management 

see Curve Fit. 

allows you to enter and report i*alues hi 
nietr ic  (SI) uni ts  ra ther  tliaii Eiiglisli 
(Iniperial) units. See t h e  Siipplerrient (2.1Ej. 
p. 1.35fl. 

Different energy elid uses can be assigned to 
separate iiietei-s i'ov e n e r g -  cost calculationc= 
a n d  for reporting. See t h e  S i p p l e ~ ~ i m t  
(?..E), p.3.1 and p.4.3. 

see Hourly Reports 

see Window Management 

Enhancements for residential models can be 
found on p.3.122 of t h e  S u p p l e m e ? i t  (2.1E). 
The model simulates the aniount of air 
mol-einent through t h e  space due to  open 
windows as a function of wind speed and 
features of t h e  sui*i-ounding tei-rain. See the 
.5avip/e R w  Book (ZSE). p . I I . 7 .  

Night Insulation of W n d o w s  see Window Management 



Night V e n t i l a t i o n  

Optimum F a n  Start 

Outside Air Economizers 
( n o n s t a n d a r d )  

Parametric Input 

Peak I n t e g r a t e d  
Cooling Load 

Peak S h a v i n g  

Plant  Reports 

uses outside air to purge and precool the 
building, primarily a t  night. The met hod 
c m  also be used to simulate pressu~ization 
of fabric roof arenas. See t h e  S u p p l e m e n t  
( U E ) .  p . 3 ~  1% and t h e  Sample Ruii Book 
(2. I € ) ,  pp 2 . l O f f .  

simulates advancing the  system s ta r t  time 
to bring a building to conifort conditions at 
start of occupancy. See the  S u p p l e i n e n t  
(2.lE), p.3.10lff and the  S a m p l e  Ruii Book 
(2,1E), p.3.13. 

see Input Functions 

is a convenient feature when many DOE-2 
runs are necessary. You can change one 
parameter (or addit ioiial re1 atled paramet~er-s) 
a t  the  top of the input file and replacements 
are m a d e  automatically in the  body of t h e  
input .  This is especially helpf'ul for the 
researcher. See the  R e f e r e n c e  4 i a i i u a l  
(2.1-4). p .IT .8. 

is information that. is needed for Thermal 
Energy Storage Systems, Report SS- J 
shows both the day on which the  peak hour 
occurs and t h e  day on which the  suin of the 
peaks occus. See the  S u p p l e i u  e71 t (2.1E). 
p.3.130 and - 4 p p e i z d i x  C, p.C.8S. 

see Load Management 

see - 4 p p e i i d i x  C t he  .S i ipp lemei j i  (:?.1Ej for a 
description of all reports aivailable. 



Plenums 

Predefined Input Segments 

Ref i.ia,e rated Casework 

Replacing DOE-? Code 

Repor ts  

Sc re\\* Chillers 

Self S h a d i n g  

for return air  syst,ems can be found on 
p.lS.198 of t h e  R e f e r e i i c e  M a n u a l  ( 2  1.4). 
Xote that it is unnecessary to define ple- 
nums in b o t h  LOADS and  SYSTEMS if  you 
request RETLRY-AIR-P.4TH = DUCT. 
This input is sufficient to s imula te  light heat 
froiii return air vented lighting fixtures. 
There are other ways t o  apply the plenum 
model for areas that are used to vent adja- 
cent spaces; for applicable keywords see p.iii. 
"Miscel1aneous Changes", of t h e  S u p p l e m e i i  t 
(2.1E). and p.3.115 for heat ing of these 
spaces. 

see Input Macros 

applies p~ imar i ly  to food stores \+-hew there 
is considei*able interest i n  ~*ecovei*iiig t lie 
heat froin t lie refrigeration coiiipi*essoi~s sei*\.- 
ing t h e  case~\*oi*k. The  reason for this is t h a t  
the cold air off t h e  display cases drops tlie 
t eiii p era t u re i ii t he  store ap p 1'0s i 111 at  el )- 
10'F. and heating is required ewii  in mild 
weather. Control of tlie re la t iw huiiiidiry 
in tlie space to h i i t  t h e  build-up of' frost oii 
the evapoi*atoi- coils also i*equires lieat. TIE 
algoi*jrhms can  also be used to siinulate ice 
rinks. See t h e  Supplement (2.1E). p.3.103ff' 
a n d  the  Sample Ru~i Book (2.1E). p.G.6ff. 

see Functions 

DOE-2.1E allo~\.s YOU to  siniulate s c r e w t y p e  
chillers. This is done by entering the perfor- 
mance data of a screw conipressor chiller 
in to  a I.ecipl.ocatiiig-t!.pe cliiller. as described 
o n  p.4.26 of the .'.'upplenie?l t (2  1Ej. 

When one surface of a building shades 
another, see p.2.79 of t h e  S u p p l e i ~ i e i i t  ( ~ . J E / .  



S h a d in g 

Sunspace  

S u n  Control  §hading 

Swi tch  able G lazing 

System Equipment  
D e f a u l t  Cur\*es 

S y s t e m  Reports 

S p t  em T y p e s  

by adjacent buildings is discussed on p.II1.35 
of' t h e  R e j e r e i z c e  M a i i u a l  (?.lad) a n d  011 

p.2.74ff of t h e  S u p p l e m e i i i  (? . I€ ) .  Except 
for "fins and ovei-haiigs" t h e  siniulat~ion of' 
shading requires you to input t h e  building 
surfaces t h a t  are  involved into a three- 

. diinensional coordinate system; see Build- 
ing Coordinate System. Also, see the 
Sample Run Book (2.1.E), p.4.4,  for an 
ex amp1 e. 

is a feature t h a t  is used to  siniulate a t r i a  for 
large buildings and for at tached sunroom 
for residences, I t  is possible to s imulate  the  
effect of solar radiation through both e x t e  
rior and  iiitei*ioi* space glazing. Air niove- 
nient between spaces can be simulated either 
by a a t u r a l  convection or forced using a fail. 
See pp.2.4ff of the  Supplement (-" . I€) ,  and 
p , l l . l f €  of t h e  Sample Ruiz Book (2.1Ej. 

see Window Management 

tha t  changes from clear t Q coloi*ed depend- 
ing  011 anibiect conditions can be illodeled. 
A n  example is electi*ocl:i*oii~i~ glass. See 
p.2.110 of t h e  Suppleme,rt (ZJE)! aiid sec- 
tion 6, "Office Building and Atrium 
Deli/Rest auraiit ", in  t h e  ,S i i??ipk E m  Book 
(2.1 E). 

- Single Zone Ceiling Induction (SZCI) 
- Ceiling Bypass (CBYW) 
- Two Pipe Induction (TPIU) 
- Four Pipe Inductioii (FPIV) 
- Floor Panel  Heating System (PH) 
- Central  Ventilation (HI'SYS) 
- P a c k a g e d 1 'a I* i a b 1 e 1'0 I u 111 e /I- a 11 i ab  1 e 

Temperat ure (PITT) 



Thermal Energy Storage 

Three Dimensional 
Building I n p u t  

Trombe Walls 

Cnconditioned Spaces 

Ven t ing  of S u n s p a c e  

Water  Cooled Condensers 
W a t e r  Side Economizers 

Wi n d o w  L i b r a ry 

Resi dent i a1 b r i a  ble 1-01 ume/J'ai*ia bl e 
Temperature (RESVI'T) 
El-aporat iw Cooling (E\'AP-COOL j 
Wat.er Loop Heat P u m p  (HP) 
S u r m  Zone Loads(S73l) 
User-Defined (FNSYS1) 

are t h e  12 system t>-pes tha t  are a n d a b l e  i n  
addition t o  those covered in  this manual: 
they are discussed on pp.T\'.33-81 of t h e  
ReJerei ice  A f a i i u d  [?.hi) and in rhe S u p p l e -  
v i  eii t (2 .1 E). 

see Energy Storage. Also see "Ice and 
Eutectic Thernial  Energy Storage" on 
y.4.15ff of t h e  S u p p l e m e n t  (2.1E). 

see Building Coordinate System 

such as att ics and baseiiieiits can Le 
niodeled. See p.IV.198 of' the  R e f e r e n c e  
:\laiiua/ (2.1-4). 

see p.2.20 of the Sauiple Ruu Book (2 .15) .  
see p.2.33 of the  S a m p l e  Ruii Book  ( ~ s E )  

see p.1.20 of t h e  .'.'nmple Ruu Book  (P.1E) 

see Sunspace 

a library of 200 eiit ries co~er ing  commonly- 
avai 1 able gl a zin gs a 11 d ex peri iii en t a1 el ect 1.0- 

chromic glazings is discussed in  detail oil 
p.2.00 of t h e  Supplein eii t  (2.1 E). 

-4.1 1 



\Vi n d ow I\ la n age men t to control solar gain or daylight glare: iv i i i -  

dow management is discussed in detai l  011 

p.2.35 of t h e  ._‘uppleiiie?lt (2.1E). For exam- 
ples, see p.2.4 and  ~J .~O. - I  of‘ t h e  S a m p l e  Rull 

Book ( ~ S E ) .  



Appendix B 

Example of DOE-2 Input and Output 

This .4ppendis g k e s  a stirnple input  and output of a DOG3 run with annotations that 
direct you to i tems of interest. This run  is siniilar to the one shown in the  introductory 
section of‘ this manual,  bu t  with the  following modifications: 

- t h e  input is ‘*three dimensional”, Le., the X,Y,Z coordinates 
of ival ls  a n d  t h e  X,Y coordinates of windows and doors are specified; 

- instead of one single zone the floor space has been separated 
into five zones, a core zone and four perimeter zones; 

-- t liere is a ret u rn  air plenum; 

- there  is a time-of-day electric rate structure;  

- additional output reports are shown; and 

I t h e  input and  out put  have been annotated ‘to highlight important features. 



XBL 791-36 

BAC K-1 TOP-1 
I RIGHT- 1 

Isonietric view of basic building showing orientation. FRONT-1, RIGHT-I, etc., are u- 
names  (user-defined names) for the front wall, right-hand wall, etc .  The building coordi- 
n a t e  ases (S. Y. and 2) are shown. The building is oriented 30' from t rue  North.  

WALL-1 PB 
PLENUM-? 

I WALL4 PR 

WALL-1 

TOP-1 

W A L L-1 PF 

XBL791-37A 

Basic I . d d i i i g  shoi\%g, plenum and its walls (u-named \I'.ALL-IPF, \VALL--lPL, e k ) .  

B. 2 



y SPACE34 

SPACE 4-1 SPACE 2-1 

Plan . s h o ~ ~ j n g  zoning and u-names of spaces and interior walls. 

FRONT-1 

1 
RIGHT4 

Elwat ions shoiving placement of windows and  doors 



M O R T  ERRORS . 
DIAGNOSTIC WARNINGS 

HA-1-2 - LAYERS MATERIAL - ~M001,PY03,IN02,GP01) 
LAYERS UATERIAL - IRGOl.BROl.INI6,U~O1) 

RUN-PERIOD JAN 1 1 9 7 4  THRU DEC 31 1914 . .  
LOADS-REPORT VERIFICATION 7 ( L V - D )  

SUMMARY - ( L S - C , L S - D )  .. 

These ere building material code words. 
They were selected from the DOE-2 library 

. . 

S CHICAGO LOCATION 

BUILDING-LOCATION LATITUDE - 4 2 . 0  LOKITUDE 88.0 
ALTITUDE - 610 TIME-ZONE - 6 

Building is orlenled 30 degrees from true Noah 
M 

4 S CONSTRUCTIONS AND GLASS-TYPE 

- CONSTRUCTION LAYERS - WA-1-2 .. - CONSTRUCTION LAYERS - r R B - l - l  i.. 
- UALL-1 

ROOF- I - 
CLNG-1 .. CONSTRUCTION U-VRLUE - 0.27 , . 
SB-U - COHSTRUCTION U-VALUE - 1.5 ~. 
FLOOR-1 - CONSTRUCT ION U-VALUE - 0.05 . . 

A userchosen name (u-name) that is assigned, then referenced 

w-1 - GLASS-TYPE SHADING-COEF 9 . 4 5  PANES - 2 . .  

5 K C U P M C Y  SCHEDULE 

O C C U P Y - 1  - SCHEDULE TARU DEC 31 c \ b u n  I to 8 (midnight to 8 am) are at zero ocwpmq (HON.PRI) (1.8) ro)  19.11) (1) 

(12.111 ( . 8 , . 4 , . 8 )  ( 1 5 , l n )  H w r s  15 to 18 (2 pm to 6 pm) ere a! fun occupancy 
(19,211 ( . 5 ,  . I ,  . 1 )  ( 2 1 . 2 4 )  (01 

(SAf.HOL.1 ( 1 , 2 4 1  (0.0) . . 



EQUIP-I 

INFIL-SCH 

OFFICE 

- 
I I 5 , I R I  f ! . !  I i Q , . ? i J  ( . 6 , . ? , . 7 1  

Comment lines sfart with 5; they are gnored by the program I S OFFICE EOUIPHENT SCIIEDULF 

= SCHEDULE THAU DEC 31 
(WD) ( ] , e )  {.OP; ( 9 . 1 4 1  ( . e )  

115 .90 )  1 . 8 , . 7 . . 5 , . 5 , . 3 , . 3 )  

( 2 1 . 2 4 )  1 0 . 2 )  

(WEH) ( 1 , 2 4 )  I 021 . .  

5 INFILTRATION SCHEDULE 

- SCREDULE THRU HAR 31 (ALL) (1.24 
THRU OCT 31 (ALL! (1.24 

THRU DEC 31 (ALL) l 1 , 2 4  

S SET DEFAULT VALUES 

1: lnliltralion is on only during winter 

Assigns default values lor later use 
SET-DEFAULT FOR SPACE FLOOR-WEIGHT - 70 .. 
SET-DEFAULT FOR WINDOW HEIGHT - 4.0 

GLASS-TYPE - W-1 . _  

f GENERAL SPACE CONDITIONS 

- SPACE-CONDITIONS PEOPLE-SCHEDGLE 
NUMBER-OF-PEOPLE 
PEOPLE-HEAT-GAIN 
LIGHTING-SCHEDULE 
LIGHTING-TYPE 
LIGHT-TO-SPACE 

LIGHTING-W/SQM 
EPUI P -SCHEDU LE 
EQUlPHENT-W/SQFT 
INF-METHOD 

- occwr-I 
Maximum number of people; is multiplied each hour by 
OCCUPY-1 xhedule value = 900 

= LIGHTS-1 
= REC-FLUOR-RV - . B O  
= 1.5 

EQUIP-1 
- 1  - AIR-CHANGE 

AI R-CHANCES/HR - 0.25 
INF-SCHEDULE - INFIL-SCH . .  The previouslyddined intifiration schedub is referenced here 



- SPACE 

WAI.L-7PF - EXTERIOR-WALI. 

. WALL-1PR - EXTERIOR-WALL 

WALL-IPB 9 EXTERIOR-WALL 

m 
m 

WALL-IPL EXTERIOR-WALL 

TOP-1 

SPACE1 -1 

* ROOF 

IiEIGtlT - 7 WlflTll - 100 
Location d lower leti mmer of wan in the space cbordmate system 

A7.IMUTH - I 8 0  
CONSTRUCTION - W A L L - 1  . . 

HEIGHT 2 WIDTH = SO 
x - 0  Y = O  z - 0  
AtIffUTH = 90 
CONSTRUCTION * WALL-I  . .  
HEIGHT - 2 WIDTH * 100 
x - 0  Y = O  2 - 0  

AZIMUTH - 0 
CONSTRUCTION - WALL-1 .. 

REICHT - 2 WIDTH - 50 
x - 0  Y - 0  2 - 0  
AZIWUTH - 2 7 0  
CONSTRUCTION = WALL-1 .. 
HEIGHT - 50 WIDTH - 100 
x - 0  Y - 0  2 - 1 0  
AZIUUTH - 180 
TILT - 0 GND-REFLECTANCE - 0 

CONSTRUCTION - ROOF-1 .. 
Tih - 0 gives 8 horizmtd rod; the till Or the walk in this space (WALL-1 PF. eic.) 
defaults to 90 d q ,  50 they are vertical 

S OCCUPIED SPACES 

- SPACE 

F R W T - I  EXTERIOR-WALL 

Assigns the general condiiDns called "OFFICE' io the space 
ARM - 1056 VOWUE - 844s 
NUMBER-OF-PEOFLE - 11 .. 
HEIGHT - e WIDTH - IO0 
X .I 0 I = 0 2 - 0 A Z I W T H  = 180 
CONSTRUCTION - LVILL-1 .. 



W 

-3 

C l  - I  

F1-1 

S R l 2  

SQ14 
SBl5 

SPACE2-1 

- INTERIOR-WALI. 

HIDTI1 - 15 
O V f R l l A N G A  - 1 DVERllhNC-I* - .5 

DVERIIANG-W - 4 7  QVEUHANG-II  - 4 Input lor a 411 x 4711 overhang on lhe south window 
I I 

UNDERGROUND-F1,00R AREA - 1056 CONSTRUCTION - FLOOR-I . 

= I NTERI OR-WALL 

0 INTERIOR-WALL - INTERIOR-WALL 

ARFA -135.7 NEXT-TO SPACEZ-I 
CONJTRUCTION - SB-U .. 

LIKE 5812 NEXT-TO SPACEl-f .. 
AREA * 600 NEXT-TO SPACES-1 
COUSTRUCTION - SB-U .. 

Notice the input hierarchy: , lhecr 
wan in thal space, then W I ~  that wall - SPACE] SPACE-CONDITIONS = OFFICE 

AREA - 456 VOLUME - 3648 
NUMBER-OF-PEOPLE - 5 .. 

'/ RIGHT-1 - EXTERIOR-WALL 1 HEIGHT - B WIDTH - 50 
X = 100 Y - 0 2 - 0 AZIHUTH = 90 

WR-1 

c2-1 

F2-1 

SE23 

SPACE3-1 

BACK-I 

CONSTRUCTION WALL-I .. 
= WINDOW WIDTH = 25 .. 

TMs is the miling Of SPACU-1. A b M 
(The plenum also shares !he c e l i s  ol the 
=pied spaced 

COUSTRUCTION - CLNG-I .. 
9 UNDERGROUND-FLOOR AREA - 456 CONSTRUCTION - FUKIR-1 .. 

- INTERIOR-WALL AREA - 135.7 NEXT-TO SPACE3-1 
CONSTRUCTION - SB-U .. 

- INTERIOR-WALL AREA 9 208 NEXT-TO SPACE5-I 
CONSTRUCTION * SB-U .. 

= SPACE 

- EXTERIOR-WALL 
s the SPACE-CONDITIONS. VOLUME, AREA. and 

N MBER-OF-PEOPLE data from SPACE1-1 and T 
HEIGHT = a WIDTH - 100 
X = 100 Y - 50 2 - 0 AZIHUTH = 0 

appries them to SPACE3-1. The walk and fkmr from SPACE1-1 are 
norcopled. 



W l i -  I - w I NnnW W I D T I 1  l i  

M 

(x, 

. 

5 8 3 4  = INTERTOR-WALL AREA - 1 3 5 . 8  NEXT-TO 5PACE4-I 
C O N S T R K T I O N  = 5 8 - U  . .  

5835 = INTERIOR-WALL AREA 608 NEXT-TO S P A C E S - I  
CONSTRUCTION = SB-U .. 

SPACE4 - 1 - SPACE SPACE-CONDITIONS - OFFICE 
AREA - 4 5 6  VOLUME - 3648 
NUHRER-OF-PEOPLE - 5 .. 

LEFT-I  - EXTERIOR-WALL HEIGHT = 8 WIDTH - 50 
X - 0 Y - 5 0  2 * 0 AZIMUTH = 270 

CONSTRUCTION = WALL-1  . .  

WL-1 - WINDOW WIDTH = 25 ., 

C 4 - 1  - INTERIOR-WALL AREA - 456 NEXT-TO PLENUX-1 
CONSTRUCTIOH - CLNG-I .. 

F 4 - 1  UNDERGROUND-FLOOR AREA - 456 
CONSTRUCTION * FLOOR-1 .. 

5x94 5 * XNTERIOR-WALL AREA - 208 HEXT-TO SPACES-1 
CONSTRUCTION = SB-U .. 

SPACES-  1 - SPACE SPACE-CONDITIONS - OFFICE 
AREA - 1976 VOLUME - 15808 
NUMBER-OF-PEOPLE 20 .. 

C S - 1  - INTERIOR-WALL AREA - 1 9 7 6  NEXT-TO PLENUM-I 
CONSTRUCTION = CLNG-1 .. 



w 
W 
. 

FS-1 

INPUT SYSTEMS .. 

SYSTEMS-REPORT SUMMARY (SS-A)  .. 

S SYSTEMS SCHEDULES 

FAN-SCHED 

HEA T-SCHED 

COOL-SCHED 

COOtOFF 
KEAIWFF 

R 1  

SAT-RESET 

CONTROL 

= SCHEDULE THRU DEC 31 In lhe Ian schedule. -999 indicates an optimum 
start period from 6am to 8 am (WDI 11.6)  IO) ( 7 . 8 )  (-999 l(9.10) ( I )  119,241 (0) 

(WEH) (1 ,24)  ( 0 )  .. 

= SCHEDULE THRU DEC 31 
[WD) (1.81 (551 19.18) -- The heating setpoM d tho thermoslet is 70F 

(WEHI (1 ,24)  155) .. during ihe day and 5SF at nqM 

- SCHEDULE THRU DEC 31 
fWD1 (1.8) ( 9 9 )  (9.181 tlre coaling setpoint b 78F during fhe day 

(WEHI ( 1 . 2 4 1  (991 .. 
coding b avalabk year round when outside 
temperalure Is higher then MIF 

Heal- is aveilabk lvfren OUhMa 

- SCHEDULE - SCHEDULE 

- DAY-RESET-SCH SUPPLY-HI - 60 SUPPLY-m - 52 temperature is bwer them 6OF 
OUTSIDE-LO - 30 OUTSIDE-HI 75 . 

9 RESET-SCHEDULE THRU DEC 31 (ALL1 R1 .a 

S ZONE DESCRIPTION 

= ZONE-CONTROL DESIGN-BEAT-T 70 
DESIGN-COOL-T - 76 
BUT-TEUF-SCR HEAT-SCHED 
COOL-TEUP-SCH - COOL-SCXED 
THERm>STAT-TYPE * REVERS€-ACTION .. 

SPACEl-1 - ZONE ZONE-CONTROL - CONTROL 
SIZING-OPTION - ADJUST-LOADS 
OA-CFH/PER - The minium venldation rata p e r  person 



P I . F N I I N - I  ZONE u ZONE-TYPE - F I L N U M  

STZ ING-OPTION = ADJIIST-IDADS 

CESiGN-HEAT-T = S O  

DESIGN-COOL-T - 95 . .  

S SYSTEM DESCRIPTION 

S-CONT = SYSTEM-CONTROL COOLING-SCHEDULE = COOLOFF 
HEAT1 NG- SC H EDU LE * HEA TOFF 
HEAT-SET-T = 65 
COOL-CONTROL = RESET 
COOL-RESET-SCH = SAT-RESET 
MIN-SUPPLY-T = 60 .. 

SYST-1 = SYSTEM SYSTEM-TYPE A variable-air-volume system (VAVS) has been selected 
SYSTEM-CONTROL = S-CONT 
FAN-SCHEDULE = FAN-SCHED 
PAN-CONTROL = SPEED 
SUPPLY-STATIC = 5 . 5  
SUPPLY -EFT - .55 

NIGHT-CYCLE-CTRL CYCLE-ON-ANY 
REHEAT-DELTA-T = sa 
MIN-CFM-RATIO - . 3  
ECONO-LIMIT-T = 65 
RETURN-AIR-PRTH = PLENUM-ZONES 
PLENUM-NAMES * (PLENUH-1) 

hsigmnent of spaces (zones) to the VAVS system t = [SPACES-I.SPACE1-I, 
SPACE2-I, SPACE3-3, I SPACE4 -1, P LEtJuH- I I 

ZONE-NAMES 

END .. 
COMPUTE SYSTEMS .. 

INPUT PLANT . . 



PCANT-REPORT SUMMARY = (REPSI . 

f 400. 000 RTU/IIH I{OT-WA’PF.R ROT I X H  

snnrr,  I -Pl.ANr-EOUIPMENT TYPE - HW-RO1LF.R 
Boiler capacity is 0.4 MBtulhr (400.000 Btulhr) at rated conditions 

S 15-TON (180,000 BTUJHR) AIR-COOLED 

S RECIPROCATING CHIImI,F.R 

C H I L ~  =PLANT- €QUI PHENT TYPE c MERM-RCC-CH L R  
SIZE = . 1 R  .~ 

Spedfies an airaoled condenser for the chiller. The deiauh Is 
water cooled. PLANT-PARAMETERS HEW-REC-COND-TYPE - 

END .. 
COMPUTE PLANT _ .  

INQUT ECONOHICS . .  

ECONOMICS-REPORT SUMMARY IES-D,ES-E) 

$ ELECTRICITY TARIFF (TIME-OF-DAY RATE) 

ENEAGY-SCH =SCHEDULE T H R U  DEC 31 ( W D I  $OFF-PEAK 
(9 ,121  . 0 6 )  $SHOULDER 
(13.17) (.07) 5 PEAK 
( 1 8 , 2 2 )  ( . 0 6 )  S S HOU LDER 

SOFF-PEAK 
Electricity charge varies from $0.051kWh to t0.071kWh 
depending on lime of day. There are no demand charges. 

(SAT1 (1 .91  1.05) SOFF-PEAK 

(9,171 { I  06) $SHOULDER. 
(18,241 ( .OS)  $OFF-PEAK 

(SUN.HOL) ( 1 . 2 4 1  (.OS) - I  SOFF-PEAU 

ELEC-TARIFF -UTILfTY-FtATE RESOURCE - ELECTRICITY 
ENERGY-CHG-SCH - ENERGY-SCH . . 



F.ND . . 
COMI'tJTF: ErONOHICS . . 

STOP . . 



Sample Output 

M 
P 
W 

e 

s i w i x  STRIICTURE. rii1rnr.n F'XAMPIoE FOR DOE-7 MsIC MANIIAI. l )OF-7 . lE -005  Thu Mar 2 1  0 9 : 4 4 : 1 1  19941,DL R U N  I 
REPORT- 1,V-U D E T A I I S  OF EXTERIOR SI1PFATF.S IN THE PRO.IF.ST WEhTHER FILE- TRY CHICAGO 

SURFACE SPACE 

WALL-1PB 
BACK- 1 
RIGHT-1 
WALL- 1 PR 
WALL-1PF 
FRONT- 1 
WALL- 1 PL 
LEFT-1 
TOP- 1 
F1-I 
F2-1 
F3-1 
F4 -1 
F5-I 

PLEHUH-1 
SPACE3-1 
SPACE2-1 
PLENUM-1 
P LENUH-1 
SPACE1-1 
PLENUU- 1 
SPACE4-1 
PLENUU-1 
SPACE1-1 
SPACEZ-1 
SPACE3-1 
SPACE4-1 
SPACES-1 

NUMBER OF EXTERIOR SURFACES 9 RECTANGIIIAR 9 OTHER 0 

(U-VALUE INCLUDES OUTSIDE A I R  FILM; WINDOW INCLUDES FRAME, IF DEFINED) 
W I N D O W S - - -  - - - -  W A L L  I _ _  

U-VALUE AREA U-VALUE 
(BTU/HR-SQFT-F) (SQFT 1 (BTU /HR-SQFT-F 1 

0.000 0.00 0.067 
0.467 i a o .  oo 0.067 
0.467 100.00 0.067 

0.000 0.00 0.067 
0.000 0.00 0.067 
0.467 i a o .  oo 0.067 
0.000 0.00 0.067 
0 . 4 6 1  100.00 a.067 
0.000 0.00 0.047 
0.000 0.00 0.050 
0.000 0 . 0 0  0 . 0 5 0  

0 .000 0 . 0 0  0.050 
0.000 0.00 0 . 0 5 0  
0.000 0.00 0.050 

AREA 
(SOFT1 
200.00 
620,OO 
300.00 
100.00 
200.00 
620.00 
100.00 
300.00 

5000 .OO 

1056.00 
456.00 

1056.00 
456.00 

1976.00 

-W A L L + W I N D 0 U S- 
U-VALUL AREA 

IBTUIHR-SPFT-FI t SQFT) 
0.061 200.00 

0.151 8 0 0 . 0 0  
400.00 0.167 

0.067 100.00 
0.067 200.00 
0.157 800.00 

0.067 100.00 
0.167 400.00 

5000.00 0.047 
0.050 1056.00 
0.050 456.00 
0.050 1056.00 
0.050 456.00 
0.050 1976.00 

AZIMUTH 

NORTH 
NORTH 
ensT 
EAST 
SOUTH 
SOUTH 
WEST 
WEST 
ROOF 
UNDERGRND 
UNDERGRND 
UNDERCRND 
UNDERGRND 
UNDERGRND 

A verification report that summarizes your input for walls and windows 



NORTII 

EAST 

SOLITH 

WEST 
ROOF 

A L L  HALLS 
WALLS4 ROOFS 
UNDERGRND 

BUILD1 NG 

A V F. R A C  t: 

u - v.~, LIU F / w 1 t4 i >ow 5 

( R T I I /  liR-!iOF 1'- F') 

0.1(.1 

3.461 

0 . 4 6 7  

0 . 4 6 7  

0.000 

0 .467  

0.467 

0.000 
0 . 4 6 7  

W INIYIW 

A l ? t  A 

1 ?I(>F 1 1 

R O  0 6  

0 0 . 0 0  

R O .  0 0  

O . l 4 !  1 0 0 . 0 0  

0.047 0 . 0 0  

0 . 1 4 7  5 6 0 .  OD 
0.nFI: 5 6 0 .  nn 
0 . 0 5 0  0 . 0 0  

0 . 0 7 0  5 6 0 . 0 0  

W A ! . l .  

A R E A  

I SOFT1 
R70. 0 0  

i n 0 . 0 0  
8 7 0 . 0 0  

400 .00  

5 O O O .  0 0  

?410.00 
7 4 4 0 . 0 0  

5 0 0 0 . 0 0  

1 2 4 4 0 . 0 0  

W ~ N I ~ W I W A I . I .  

A R F A  

f T U F T )  

1000 00 
5uo. 0 0  

1000  0 0  

5 0 0 . 0 0  

5 0 0 0 . 0 0  

3000.00 
R O O O  no 
>ooo. 30 

13000 .oo 



TIME 

DRY-BVLR TEMP 
WET-BULB TEMP 

WALL CONDUCTION 
ROOF CONDUCTION 
WINDOW GLASS4FRM COND 

HINDOU GLASS S O U R  

DOOR CONDUCTION 
INTERNAL SURFACE COWD 

UNDERGROUND SURF COND 
OCCUPANTS TO SPACE 
LIGHT TO SPACE 

EQUIPMENT TO SPACE 
PROCESS TO SPACE 
INFILTRATION 

LATENT SENSIBLE 
(KRTU/H) I KW ) (KRTU/HI ( KW 

SENS I R LE 
(KRTUIHI KW I 

4 . 6 5 2  

0.000 

4 .  R 7 O  

11.439 

0.000 
0.000 
-1.500 - 
11.302 
17.469 

11.113 

0.000 

0.000 

1 . 3 6 3  
0.000 

1.42 .1  

3.352 

0.000 
0.000 
- 0 . 4 4 0  
3.312 

5.110 

3.256 

0 . 0 0 0  

0.000 

0 . 0 0 0  

0.000 

0.000 

0 . 0 0 0  

0.000 
0.000 
0.000 

6.776 
0.000 

0.000 

0.000 

0,aoo 

0 . 0 0 0  

0 . 0 0 0  

0 . 0 0 0  

0 .000 

0 . 0 0 0  
0 IO00 
0.000 
1 . 9 8 5  
0 1000 

0.000 
0.000 

0.000 

- 8 . 0 7 1  

0 . 0 0 0  
-17.279 

1.947 

0.000 
0.000 
-7.500 

0.000 
1.024 

0.341 

0 . 0 0 0  
-10.335 

-2.165 

0.000 

-5.063 
0.576 

0.000 
0.000 

-2.192 

0.000 
0.300 

0.100 

0.000 
-3.028 

6.776 1.985 -39.853 - 1 1 . 6 1 7  
-11.677 KW 19.373 KW -39.853 KB T U / H  

13.22BTU/H.SQFT 41.707 H /SQMT 7.971BTU/H.SQFT 25.138 U /SQHT 

TOTAL 
TOTAL LOAD 
TOTAL LOAD / AREA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
Building peak sensible bad 

NOTE 1)THE ABOVE LOADS EXCLUDE OUTSIDE VENTILATION A I R  
MADS _ - _ _  

2iTAHES GIVEN IN STANDARD TIME FOR THE LOCATION 
IN CONSIDERAT ION 

tt,....ttt...*~*.t*.*~~~*~4~*~~.***~~*.*.*~..*~**~+.~~****.*** 

, e *  

. 

* *  



JAN 
FEB 
MAR 
APR 
M Y  

J U N  

M 3UL 

P AUG 

S E P  0 

OCT 
NOV 

DEC 

MONTH 

TOTAL 

COOLING 

ENERGY 

(MBTU) 

3.61765 

2.91748 

4 -38126 
8.35311 

10.4 7590 

1: ~ 92988 

17.19420 

15 .E9793 
11.40049 

9.45966 

4.79854 

3.74102 
- - - - - - - - - 

105.167 

TIME 

O f  MAX 

DY HR 

2 5  16 
28 15 
7 15 

26 16 
21 14  

20 15 

9 1 5  
20 15 

1 1  1 4  
10 17 

1 16 

10 15 

DRY- w E . r -  

RIII,D BULB 

TEMP TEMP 

4 B . F  4 2 . F  
57.F 42.F 

5 1 . F  44.F 

76.F 60.F 

72.F 65.F 

90.F 77.F 

94.F 74.F 

Bt3 .F  72.F  

B7.F 72.F 

31.F 52.F 
72.F 59.F 

41.F 35.F 

H A X  I HUH 

1 - 0 0 1 ,  I NC; 

I .oh D 

(KF3Tll/liHI 

3 7 . 3 7 0  
2 S . 9 6 9  

3 7 . 9 ' 5  

4 6 . 2 5 3  
5 0 . 6 3 9  

56.127 

59.345 

57.303 

54.144 

46.758 
45.574 

3.7.366 
_ - _ _ - _ _ _ _ _  

5 9 . 3 4 5  

I I F X T I N G  

EN5RC.Y 

lHBTUl 

- 10. .I 1 A 
-10.155 

- 8 . 0 6 8  

-2.629 

- 1 . 4 R 3  

- 0 . 4 0 5  

-0.016 
-0.040 

-0.755 

-2.082 

-6.278 

- 9 . 7 1 9  
. - - - - - - - - 
-52.546 

T I H F  

OF MAX 

1)Y H R  

1 4  
4 6  

? 4  5 
8 6  

6 5  

23 5 

1 5  
5 5  

23 6 
21 6 
30 9 2  

8 20 

DRY- WET- 

Ri l1 .D  R U L R  

TEMP TEMP 

3 . F  2.F 

7 . F  6.F 
9 . F  R . F  

32.F 29.F 

39.F 35.F 

52.F 6 B . F  
60.F 5 4 . F  
5S.F 54.F 

37.F 34.F 
30.F 29.F 

34.F 32.F 

18.F 16.F 

MAX I f f U M  

HEAT I NG 

I.OAD 

I K R T U /  HR I 

-39.853 
-39.308 

- 39.848 
-18.915 

-12.469 

- 6 . 4 0 1  
-1 . ( a 5  
- 3 . 5 8 2  

-11.212 

-15.509 

-25.352 
-34 .?49 

- - - - - - - - -_  

-39.853 

F.I,EC- M A X  !HUH 

T R I C A L  F LET 

E N E R G Y  r.onr1 
(KWHI O ? W )  

2 900. 
2519. 

2785. 

2809. 

2 900. 

2657. 

2900. 

2900. 

2657. 

2 900. 
2542. 

2785. 
- - - - - - - _ 

3 3 3 3 6 .  

1 1 . 5 0 0  
11.500 

1 1  . 5 V O  
11.500 

11.500 

11.500 

11.500 

1 1  .SO0 

1 1 . 5 0 0  
11.500 
11.500 

11.500 

12.500 



SY .iTEH 
NAHE 

S Y 5 1 -  1 51100.0 
AB aa flaws tn tho reporl are at b l d  
(CFM at buildq’s altilude - 1 02 x C% at sea level) 

s aftduds 

OIITSiDE CI.QI.ING 

EI.FC DEI.TA-T A I R  CAPACITY 
H EAT 1 NG 

SENSIBLE CAPACITY 
(SHRI IKRTU/HRl 
0 . 7 5 1  -36.909 

COOLING HEATIWC 

EIR EX R 
1 RTU/RTU t lBTU/BTUl 

0.00 0 . 3 7  

SUPPLY RETIJRN 

FAN ELEC DF.I,TA-T FAN 

(KIJ) ( F l  fCFH L KW) l F )  
O . O D 0  0.0 

RATIO ( K R T V / I l R )  
0.747 piiiTE 3.6 0 

suepi Y EXHAUST 
F W U  FLOW 

tCFM I ICFM 

MINIMUM OUTSTDE C#L:NG 
FLOW A[R Fu)n  CAPACITY 

RATIO (CFM (KBTUIHRI 

EXTRACT ION 
RATE 

(SHR) (KBTUlHRI 
S ENS I B LE 

HEATING WDITTPU 
RATE Cl! PAC I ‘T Y 

tKBTU/HR1 {KBTU/HFI) tlULT1 PLIKR 
FAN 
(KWI 

ZOUE 
NAHE 

1282. 0. 

0. 

0. 

0 .  

0. $: 0 .  

Zonedesignairflow 

m 
P 
4 

. SPACES-1 
SPACE1 - 1 
SPACE2-1 
SPACE3-I. 
SPACE4-1 
PLENUM- 1 

0.000 
0.000 

0.000 

0.000 

0. ooa 
0 . 0 0 0  

0.300 
0.300 

0.300 
0.300 
0 .300  
G.000 

408. 
2 2 4 .  

102. 
221. 
1 0 7 .  

0 .  

0.00 
0 . 0 0  

0.00 

0.00 
0 . 0 0  
0.00 

0 . 0 0  
0 . 0 0  

0.00 

0.00 

0 . 0 0  
0 . 0 0  

21.91 
18.33 

10.82 
18.86 
1 0 . 4 1  
0 .00  

. o  

. o  

.o 

. 5  

. a  
1 .o 0 . 0 0  



U 
P 
m 

MONTH 

JAN 
FEB 
n m  
AP R 

H A Y  
JON 
JUL 
AUG 

SEP 
OCT 
NOV 

DEC 

TOTAL 
MAX 

. - - _ _  

COOL1 NG 
ENFRGY 

mru) 

0.00000 

0.00000 
0 ~ " d o 0  
0.86978 

3 . 1 2 7 0 5  
10.06826 

19.69629 

16.735e4 
6.23417 

1.61761 

0.28201 
0.00000 

.-_------ 

58.631 P 

TTUE 
OF MAX 

DY HR 

39 i a  

20 i e  
21 1 4  

8 16 

26 1 7  

11 16 

31 IS 
1 1 6  

69. F 

B5.F 

91.F 
92.F 
91.F 

86.F 

76.F 

12. F 

6 5 . F  
75 .F 
7B.f 

74 .F 

7 6 . F  
72.f 

6 5 ° F  
59. F 

0.000 

0.000 
I .uoo 

i ' 7 . 5 6 3  
e 2 . 9 5 0  

1 2 8 . 2 7 5  

135.655 
119.250 

98.931 

12.963 

40.150 
0.000 

-23.934 

- 18.851 
- 1 2 . 0 5 6  

- 3 .  is@ 
- 0 . 4 1 1  
0.000 

0 .a00 
0 . 0 0 0  

- 0 . 0 8 2  
-1 -307 
-9.284 

-11.754 

parsed to the d, 

- - 11 t A T I N C. - - - - - - - - 

TlHF 
0)' M X  
V Y  

7 

1 1  
1 5  

1 
1 3  

23 

21 

18 

9 

HR 

1 

R 
8 
8 
9 

9 

8 

8 
a 

WAX I K I M  

l I f 3 f l N G  DRY- WET- 
Rll1,R RUI>R W I D  
TFMP TEMP I I( BTU /MR I 

0.F 0.F 

5.F 4.F 

1 d . F  12 F 
43.f 3 9 . F  
47.F 43.r 

39.F 36.F 

30.F 29.F 

34-F 34.F 
1 3 . F  12.F 

-350.612 

-339.455 

-324. f 18 
-2 04 . I  68 
-24.757 

0 ~ 000 

0 .ooo 
0 . 0 0 0  

- 2 5 . 4 2 2  

-160.970 
-243.553 
-319.821 

_- - -_____  

- 3 5 0 . 6 1 1  

E W C -  Hnx:n!ln 
TRICAL F: I.FT 
ENERGY LOAD 

IKWMI f K U I  

308 7. 

2675. 
2923. 

3008. 
3 0 7 2 .  
2 9 9 5 .  
351 1. 
3 1 3 8 .  
2 900. 
3016. 

2661. 

2911. 

1 2 . 8 1 0  

1 3 . 1 4 6  
1 2 . 9 " c  

1 2 . 1 2 9  
1 3 . 3 7 0  

14.126 

1 6 . 1 8 5  
ld.7R6 

1 4 . 1 0 6  

12.608 

12.766 

12.540 

1 6 . 7 8 5  



TOTAL 

7 4 . 7  

39.0 

6 . 8  

1 9 . 1  

1 . 4  

3 . 6  
10 .1  

---__----- 
158 .4  

0.0 

0 . 0  

1 4 1 . 4  

0.0 

0 .o 
0.0 
0.0 

- - -  ---- --- 
1 4 1  - 4  

TOTAL SITE ENERGY 799 .72  He?u 59.9 KBTU/SQFT-YR GR05S-AREA 59.9 KBTU/SOFT-YP NET-AREA 
TOTAL SOURCE ENERGY 616.51 MBTU 123.3 KBTU/SQFT-YR GROSS-AREA 173.3  METUlSWT-IR NET-AREA 

PERCENT OF HWRS ANY SYSTEM ZONE OUTSIDE OF THROTTLING R A K E  = 1 . 1  
PERCENT O f  BOURS ANY PLART LOAD W T  SATISFIED = 0.0 

NOTE: WERCY IS APPORTIONED HOURLY fo ALL ENG-USE CATEGORIES. 



FNERGY COST/GROSS BLDC AREA: 0 . 7 6  

ENERCY COSTINET RLaG A R U :  0 .76  



f l I N - K I N - P A T C H F T S  nF.MAND-RATrHETS RATE-QUAL1 FICATIONS 

HIN-ENERGY: 0.0 

WAX-ENERGY: 0.0 

nrN-DEnAm: 0.0 

MAX -DEUAND : 0 . 0  
QUALIFY-RATE: ALL-WNTHS 
USE-HI N-QUAL: NO 

M U  
----- 
JAN 
FEB 
MAR 
APR 
M I  

JON 
Jut 
AVC 

SEP 
m 
nw 
DEC 

TOTAL 

METERED 

ENERGY 
KUH 
_------- 

3718 
3176 
3302 
3307 

3588 

4330 

58B1 
54 95 
3785 
3319 

3006 

3429 
.=*------ 

46403 

BILLING 

ENERGY 
KUH 
--_--- -- 

3718 
3176 
3302 
3307 

35913 

43,d 
5881 
5495 
3795 
3379 
3006 

3 4 2 9  -------- 
46403 

UETERED 

DEUAND 
KW 
--- ----- 

1 5 . 8  
16.1 

1 5 . 9  
16.6 

2 2 . 4  

27.5 

30.1 
2 7 . 6  
2 5 . 5  
19.3 

18. I 
1 5 . 5  

_-c=.t--* 

30.1 

8 I L I . X N G  

DEMAND 
Kn 
_ - - - - - - - 

15.8 
16.1 

15.9 

1 6 . 6  

1 2 . 4  

7 7 . 5  

30.1 
2 7 . 6  
2 5 . 5  
1 9 . 3  

1 8 . 4  

15.5 

ENERGY 

CHARGE 

( 5 )  
- - - - - - - 

2 3 3  
199 
zoe 
210 
229 

2 78 
375 
351 
242  
21s 
i 89 
2 1 6  

.LL-L=-. 

2 9 4 3  

VIRTUAL 
RATE 

f S/UNITJ  
- - - - - - - 
0.0626 
0.0627 

0.0629 

0.0634 

0 . 0 6 3 ,  

0.0638 0.0640 

0.0639 
0 .0639  
0 . 0 6 3 6  

0 . 0 6 3 0  

0 . 0 6 2 9  ------- 
0.0634 

Summary of electricity charges 



RATE-QIJALI F I C A T I O N S  H i.nc c -c f i  n r im5 

_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - - - - - - - - - - - - -  
MlN-ENERGY! 0 . 0  
MAX-ENERGY! 0.0 

t4 I N - DEUAU D 0.0 
MAX-DEUAND: 0.0 

QUALIFY-RATE: ALL-MONTHS 

Y S E - t i I N - Q U R -  : NO 

MONTH 
_---- 

JAN 

FEB 

MAR 

APR 
UAY 
JW 
JUL 
n.ut 
SEP 
OCT 

NOV 

DEC 

METERED 
ENERGY 

THERM 
-------- 

382 

301 

199 

55  
9 
0 
0 
0 
2 

24 
155  
296 

=*_=--*- 

METERED 
DEHAND 

THEWS 
-------- 

4 . 5  

4 . 4  

4 . 2  

2 . 9  

0 . 4  
0.0 

0.0 
0 . 3  

0.5 
2 . 4  
3 . 3  
4 . 2  

-=.TI=-== 

B I L L I N G  
DEMAND 

THERMS - - - - - - - - 
4 . 5  
4 . 4  

4 . 2  

2 . 9  

0 . 4  
0.0 
0.0 

0 .o 
0 . 5  
2 . 4  
3 . 3  
4 . 2  

ENERGY 
CHARGE 

IS1 
------- 

229 

181 

120 

33 
5 
0 
0 
0 

1 
15 
93 

171 
1==- 3 = 

DEMAND 
CHARGE 

(SI 
------- 

0 

0 

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 
= == 

TOTAL 1 4 1 4  1 4 1 4  4 . 5  848 0 0 

F I X E D  
T A X E S  SURCHRG CHARGE 
IS1 ( 5 )  ( $ 1  

0 

0 

0 

0 

0 
0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 
0 

0 
0 

0 

0 

0 0 0 

V I R T U A L  
RATE 

If /UN IT) 
------- 
0.6000 

0.6000 

0.6000 

0 * m o o  
0.6000 
0. ooao 
0 .oooo 
0.0000 

0.6000 
0.6000 

0.6000 

0.6080 
=-_--I- 

0.60OU 8 9 8  

Summary of gas charges 



'REPORT LV-A 
GENERAL PROJECT AND BUILDING INPUT 

3 AVO 1974 
5 JAN 1574 
6 APR 1974  
1 JAN 1974 

ENDING DATE NUKBER OF DAYS 

5 ADO 1974 
7 JAN 1974  
8 APR 1974  

31 DEC 1974  

TRY CHICAGO 

3 
3 
3 

365 

4 2 . 0  8 8 . 0  610. 6 Cn 30 .0  

c .  2 



Appendix c 
Basic Reports: Examples and Descriptions 

This Appendix sliows exainples of the verification and summary reports printed by the 
DOE-2 L0.DS. SYSTEhlS. PLANT and ECONOMCS subprograms . A description of 
the contents of each summary report and selected verification reports is given . The 
coi~esponding input for these reports can be found in the  Sample Run Book (2.1E) for 
the building indicated in the first line of the report title . 

Table of Contents 

LY-A: 
Ll  .. I) : 
LS-B: 
LS-C: 
LS-D: 
LS-I<: 

P s-A: 
PS-B: 
PS-D: 
P s-c; : 
BEPS: 

ES-D: 
ES-E: 

General Project and Building Input ................ 
Details of Exterior Surfaces in the Project ...... 
Space Peak Load Components ........................ 
Building Monthly Loads Summary ................. 
Space I n p u t  Fuels Summary ........................... 

C . 3 
C . 3 
C . 5 
C . 7 
C . 9 
C.11 

Building Peak Load Components .................... 

System Design Parameters .............................. 
System hlonthly Loads Summary ................... 
Plant h4onthly Loads Summary ...................... 
System Monthly Loads Summary .................. 
Fan Electric Energy For <system > ............... 
Fan Electric Energy for Plant ......................... 
Relative Humidity Scatter Plot ....................... 
Ten] per a t u  re  Scatter P 1 ot ............................... 
Plant Energy Utilization Summary ................. 
Monthly Peak and Total Energy Use .............. 
Plant Loads Sat.isfied ...................................... 
Electi*ical Load Scatter Plot ............................ 
Building Energy Performance Summary ......... 
Energy Cost Suinniary .................................... 
Sum ni ai*>* of' UTILI TS-RiTE: IJ- Narn e ......... 

c53 
c.17 
c.19 
c.21 
C.23 
c025 
c27 
c29 

C.31 
c.34 
c.36 
c.39 
c.41 

c.43 
c.44 



REPQRT LV-D 
DETAILS OF EXTERIOR SURFACES IN TEDE PROJECT 

IIcI#IW OF W T E R I O R  SURFACES 9 RGctANGoLAR 9 QMBR 0 
(U-VALUE INCLUDES OUTSIDE AIR FIM; ‘LIIISWW XWWDES W ,  XF DEF’XmD) 

W- 1 PB 

B A C K -  1 

RIM- 1 

mL4.I- 1 PP 

W- 1PF 

FmuT- 1 

UAUf- 1PL 

m- 1 
TQP- 1 

Fl-1 

?2-1 

F3- 1 

F4-1 

PS-1 

SPACE 

P L r n -  1 

SPACE! - 1 
SPACE2- 1 

FuW.- 1 

nm- 1 

SPACfl- I 

PLEMM- 1 

SPACEC- 

PLm- 1 

SPACE1 - 1 
SPACE2 - I 
SPAZE? - 1 

SPACEC- i 

SPACES-  1 

0.000 

0.565 

0.467 

0 * 000 

0.000 

0.587 

0 I000 

0.467 

0.000 

0.000 

0.000 

0.000 

0 * 000 

0.000 

0.00 

229.00 

100.00 

0.00 

0.00 

244.00 

0.00 

100 * 00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.067 

0.067 

0.067 

0.067 

0.067 

0.067 

0.067 

0.067 

0.168 

0.050 

0,050 

0.050 

0 * 050 

0 .050 

200.00 

571 .OO 

300.00 

100 ,oo 
200 .oo 
556.00 

100.00 

300 .OO 

5000.00 

1056.00 

456 .OO 

1056.00 

456 .OO 

1976 -00 

0.067 

0.210 

0.167 

0.067 

0.067 - 
0.226 

0.067 

0,167 

0.168 

0,050 

0.050 

0.050 

0.050 

0.050 

200.00 

800.00 

400.00 

100.00 

200.00 

800.00 

100.00 

400.00 

3000.00 

1056.00 

456.00 

1056.00 

456.00 

1976.00 

WORTH 

WORTH 

w 
ECLST 

SOUTH 

sOVTH 

MEST 

WESr 

ROOF 

UNDBRGRND 

OWDEWRND 

UNDERGRND 

DNDERGRND 

DHDERGRND 

c .  3 



AVERAGE 
u-vcIzuE/w1NDows 
(BTU/HR-SQCT -F 1 

0.565 

0.467 

0.587 

0.467 

0.000 

0 . 5 4 4  

0 .544  

0.000 

0 . 5 4 4  

0,067 

0.067 

0.067 

0.067 

0.168 

0.067 

0.136 

0 . 0 5 0  

0,101 

0. lei 

0.147 

0.194 

0.147 

0.168 

0.114 

0.170 

0.050 

0.124 

229.00 

100.00 

244.00 

100.00 

0.00 

673.00 

673.00 

0.00 

673.00 

ni .oo 
(LOO. 00 

756 .OO 

400.00 

5000.00 

2327 .OO 

7321.00 

5000.00 

U327 .OO 

1000 IO0 

500.00 

1000.00 

500.00 

5000.00 

3000.00 

0000.00 

5000.00 

13000.00 

c .  4 



REPORT LS-B 
SPACE PEAK LOAD COMBOI\JENTS 
This report gives a breakdown of cooling and beating peak loads, according to the source of the 
bad, for cacb space. A "load" here is defined as the amount of beat tbst must be added or 
removed from the space air per bout to maintain a cowtcrnt a i r  temperature equal to the "EM- 
PERATURE keyword value in SPACE-CONDITIONS. These loads are modified in the SYS 
TEhlS program to account for time-varyiag air temperatures 

1. WALL COhDVCTION 
is t b e  load due to conduction through exterior walls (TILT 245'). 

2. ROOF CONDUCTION 
is the load due to conduction through roof sections (exterior walls with TILT < 45'). 

3. M'IXDOU' GLASS+FRM COND 
is the  load due to UAAT heat gain through all the txferior windows (glass plus frames) 
plussolar energy absorbed by the glass and frames and conducted into tbe  spate. 

4. 

5 .  

6. 

7 .  

8. 

9. 

\VI?C"DO\!' GLASS SOLAR 
is t h e  load caused by direct and diffuse solar radiation transmitted by the window glass 
into t h e  space. Note t h a t  all sensible loads are caleulsted as delayed in time un'lh weighting 
factors so that it is possible to have load contributions from WINDOW GLASS SOLAR at 
n i g h t .  

DOOR COXNCTION 
is t h e  load d u e  to conduction through external doors  in the space. 

1STERY.U SURFACE COhD 
is t h e  load due to conduction through IhTERIOR-WALk5 6uch as partitions and drop ceil- 
ings. These loads will be zero in this report if you choose the 6ame LOADS calculation 
temperature  for all spaces. 

L'hDERGRO'L!?cD SURF COhD 
is t h e  load due  to conduc t ion  through bmerneat floors and walls or slabs OD grade. 

T h e  next  five en t r i e s  are the loads due to 
0 ccupa 7 1 1  s 

( r e s u l ~ i n g  from user-supplied entries for keywords PEOPLE-SCHEDULE, 
NlNBER-OF-PEOPLE, AREA-PERSON, and PEOPLE-HEAT-GAJN), 

electric lt'gh t ing 
(key words LIGHTING-SCHEDULF, 
T.4 SII;-LT-\I'/SQFT, etc .), 

Ll GHTING-TYPE, LIGHTINGW/SQFT, 

equipment 
(key words EQUIP-SCHEDULE, EQUIPmNT-W/SQFT, etc.), 

(keywords SOURCESCHEDULE, SOURCE-TYPE, SOURCE;-BTU/HR, etc.), and 

(keywords 1KF-SCHEDULE, INF-METHOD, AIR-CHANGES/HR, e t c . ) .  

process 

i7ifilfrotion of outs ide air 

The R L Y  number in the upper r ight  hand corner refers to the number of the pass tbrough 
t h e  L0.4DS program. For example, if you were doing parametric runs 8s part of tbe ~ a m e  
job, successive passes through LOADS would be recorded as RUN 1, RUN 2, RUN 3, etc. 

c.5 



MULTIPLIER 1 .0  FlDOR NULTIKXER 1 .o 
98 M 

239 M3 

TME 

DW-BULB TMP 
m-BULB TMP 

b OF 
49F 

16C 
9c 

-7 P 
-7F 

-9x 
-22c 

wlru CDNDUt3101; 
ROOF CONDUCT IOK 
YINWL; ClASS4FW CONE 
W I N m  GLASS WiAR 
DOOR CONDUCTION 
IKTERh'C SURFACE CON2 
UNDEAGR3VND SURF CON3 
DCCUPWS To SPhCE 
LIGHT M SPACE 
BQUlWBZ "G SPACE 
PROCESS TC SPhCE 
I WI LLTMT I ON 

1.700 0.498 
0 .000  0.000 
1 . 9 3 6  0.567 

2 2 . 6 9 6  6.650 
0 .000 0.000 
0.000 0.000 

-0.950 -0.278 
2.335 0.684 
3 . 5 9 8  1 . 0 5 4  
2 .538  0 . 7 4 4  
0 . 0 0 0  0 .000  

-0 .136 -0 .040  

33 .718 9 .879 
- - -  .. - - - - -.I- - - -  - 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0,000 
0.000 6.000 
0.000 0.000 
1.433 0.420 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

1.433 0,410 
-.----- ------ 

-2.726 -0.199 
0.000 0.000 

-9.976 -2.923 
0.775 0.227 
0.000 0.060 
0.000 0.000 

-1.584 -0.464 
0.120 0.035 
0.464 0.136 

0.000 0.000 
0 . m  0.055 

-1 .61~9 -0.495 
- - - - . ) - - -  -.."----- - I4 a 429 -4 a 228 

3 5 . 1 5 1  K W / H  10.299 KW -14.429 KBTU/W -4.228 Kw 

3 3.298TU/H. SQFT 104.981 w / x2 13.664BTUIH.SQFT 43,093 W I N2 

................................................................ 
N'JE 114HE ABOVE IDADS W L U D E  O W N I D E  VEKTIUITION AIR --.- LL)ADS . 2)TIIIES GNm IN STANDARD T M E  FOP M E  W T I O N  

IN CDNSIDEUTION ................................................................ 

C.6 



REPORT LS-C 
BUILDING PEAK LOAD COMPONENTS 

This report is similar in format to  LS-B. Tbt major difference is tbat 1s-c is generated at t b e  
“building level”, Le., the space loads a r e  summed each b o w  to give the building coincident bad 
and t h e  peak values of this load are shown here. 

“Floor area” in this report is t h a t  of conditioned spwes only (ZONE-TYBE=CONDITIONED); 
it crcludcs plenums and other unconditioned spaces (ZONE-TYPE=PLENUM or UNCONDI- 
TIONED). “Volume” is that of conditioned spaces and plenums; it tzcludm ZONE-TYPE = 
UNCO?c?>lTI QSED. 

The building coincident peak load does not include plenums (ZON”PE=PLENUM) or other 
un conditiclned spaces (ZOhX-TYPE=UNCONDITIONED). 

Although no infiltration is indicated for the peak cooling load in this example, the  user should 
realize how D O E 2  t r e a t s  infiltration loads. T h e  sensible portion is treated as an instantaneous 
beat gain or loss. The latent  portion is reported in LOADS, but  is passed to SYSTEMS as a 
CFhI with t h e  calculated humidity ratio for each hour. The contribution of the latent heat 
(negatiive or positive in relation to room humidity) is then calculated horn a mass balance of 
moisture in the  space, to determine t h e  return air humidity ratio. In dry climates the  
infiltration may actually result in a decreased space latent load and thus a decreased total SYS- 
TEMS load. The opposite is true in  humid climates where infiltration acts to increase the SYS- 
TEMS load. 

The heat gain or loss t h a t  occurs in  plenums, including beat due to lights, is accounted for in 
t he  SYSTEM simulation and causes a temperature change in the return air flowing through t h e  
plenum Therefore, you should not specify plenums unless they are actually return air plenums. 
Unconditioned, Don-return-air spaces should be specified in the SPACE command with 
ZONE-TI’PE = U NCOODITIONED. 

c .7  



RXIOR MEA 
VOLWE. 

TIHE 

DRY-B'J-B TMF 
bTT -B'S,B TMP 

TOTAL 

TWTU UL" (I A k U  

5000 SQn' 
50000 CWT 

CootIffi mu 
A N  19 6 H  

8 S S t  t II ID t % t L  (I8 8 8 888 88 8 

90F 
71F 

32C 
22c 

4.297 
0 a ooc 
E. 963 

29.371 
0.000 
0 . 0 0 0  

- 1 , 0 0 0  
11.607 
17.920 

0.000 
0 .  O O G  

8 0 . 4 4 3  

e .  c79  

----..-I 

1.259 0.000 0.000 
0.000 0.000 0.000 
2.626 0.000 0.000 

0.000 0.000 0.000 
0.000 0.000 0.000 

-0.293 0,000 0.000 
3 . 4 0 1  6.776 1 .995  
5,251 0.000 0.000 
2 . 5 4 3  0.000 0.000 
0.000 0 .000  0.000 
0.000 0.000 0.000 

23 .570 6.776 1.995 

e . 7 e 3  0.000 o.ooo 

--.---._ - - - - - * .  - . ) - - - -  

87.218 KBTU/H 

17.44BTUIH.SQFT 

25.555 KW 

55.014 W fs013T 

- 13c 
-14c 

-4. m a  - 2 ,  o l e  

1.w 0 . m  

0.000 0,000 
-22,096 ob.474 

0.000 0.oou 
0.000 0.000 

-7.3S0 -2 .271 
0.026 0.008 
1.079 0.316 
0.367 0,307 
0.000 0.000 - 11.1S7 -1.269 

---.*-*- .I*-*--.- 

-44.42a - n o i t  

.... .... 1.. w .  ..*...................... . ~ ~ . * ~ * . * . W . ~ * . W . . . , . W . t ~  . 
N E E  1"l'HE ABOVE UADS MCLUDE OWTSIDE VWHUTION AIR 

UADS 
2)TIWS GrVEH IN FPANMRD ?WE FOR THE =?ION . IN CONS I DEW7 I ON 

. * - * -  

-13.017 Iw 

21.023 W /Sqlcr 

. . .. v .. .. . * * * e  * *  t . .. . .. ... *.* .* w .* *..-.... .. w... tt. .w.**tw t. 

C . 8  



REPORT LS-D 
BUILDING MONTHLY LOADS SUMh4AR,Y 

This report gives a summary of monthly cooling, beating, and electricrrl requirements plus 
annual total energy requirements m d  maximum monthly peak bdr. Unamditioned rprcts 
(ZOhS-TYF% - UNCOh?>l.TlO~D or PLENUM) v e  not included in thir report'rr monthly 
load. 

Once again, you sbould be w a r t  tbat t h e  loads we baaed on a constant temperature within 
each SPACE (that is, 00 setback, PO Boating, md no other fcrnperrture variation8 within tbe 
SPACE). Additionally, these loads do not rcaount for aocciitioning of outaide ventilation air, 
Later, in  SSSTEMS, these items will be accounted for. 

1. COOLING, HEATING, and ELEC 
are the tbree sections of this building level report. 

2 .  COOLIYG Eh'RGY 
(millions of Btu)  is the monthly sensible cooling load for sll SPACES in the building, 

3. hLCWWh4 COOLING LOAD 
(thousands of Btu/ht)  is the peak sensible space cooling load. To t b c  left of this column 
are t h e  dag and bour of the peak cooling load dong with t h e  outside dry-bulb and w e t  
bulb  temperatures at t h e  time of the peak. 

4 .  HE.4TI3G ENERGY 
(millions of Btu) is t h e  monthly beating load. 

5 .  hKWW?d HEATING LOAD 
(thousands of Btu /h r )  is tbe peak space beating load. To the left of this column are t h e  
day a5d hour  of the  peak heating load along with t he  outside dry-bulb and wetbulb  tem- 
peratures at the  time of the peak. 

6. ELECTRIC.4L EhXRGY ( k W b )  
is t h e  monthly electrical consumption for ligbts, convenience outlets, and DOR-HVAC equip 
men t 

7 .  hLLXIWh1 ELEC LOAD (kW) 
is t h e  monthly peak electrical consumption in a onehour period for lights, convenience 
outlets, and miscclla~eous equipment input as SOURCE. 

8. 

9.  

T OT.4 L 
is t h e  a n n u a l  total for tbe cooling load, beating load, and electrical load of the building. 

h LLY 
is t h e  h i g h e s t  monthly peak cooling load, beating load, and electrical load. 

c.9 



25 16 4O.F 42.F 49 818 

1 5  16 31.F 26.F 41. (12 

5 I7 57.F 46.t 51.477 

26 15 79.F b1.F b8.359 

2 @  15 7 7 . r  68.F (1. SO5 

2 0  15 9 t . F  7 f . F  75,856 

9 14 94 .F  7 4 . F  BO. 235 

1 9  17 9 t . T  7 1 . F  0 0 . 4 4 3  

26 16 62.F 61.F 77.270 

10 16 68.F 53.F 71.016 

9 15 6C.F 49.F 6 6 . 3 8 2  

-11.L50 12 8 -1.r -7.f -44.074 

-10,121 4 1 7 .F  6 . F  -44 237 

-7.794 24 6 I,? 7.r -44.418 

-3.422 8 b 31*r 29.F -31.311 

-1.047 6 5 39.F 35.F -12.132 

23 5 S2.F 4 O . f  

I 1 13.F 5 4 . f  

5 5 55.F 54.r 

22 6 3 S . P  31.F 

21 6 30.F 29.F 

15 6 21 .F  26.F 

8 20 0O.F l6.C --. 

-5.822 

- 0 . 2 4 0  

-2.b92 

-12.135 

-17.39i 

- 2 8 . 4 9 7  

-37 581 .----..-- 

2121. 

2451 a 

2709. 

3810. 

2821. 

2585. 

2021. 

2821. 

2515. 

2821. 

241 3 .  

11. so0 

11,500 

11 500 

11 .SO0 

11 .so0 

11.1500 

11 so0 

11.500 

11.500 

11.500 

11.500 

32429. 

8C.443 - 4 4 . 4 2 8  11.soo 

c.10 



REPORT XIS-K 
SPACE INPUT FUELS SLJMMARY 

Tbh report gives monthly rurnmrriar of the rue1 ioputr required by awb rprcc for lighting, 
equipment, rod  procmes. Followi~g the tepottr for w b  sprct u 8 rrtprrrk building level 
report tbat gives the Burn of the input fuels Cor t b t  building u li wbole. 

Lighting, equipment, rad protea are the three major mccfionr of thie roporf, which ir printed 
once for each space and  once for the buildbg UI a wbola. 

1. 

2. 

3.  

4. 

5 .  

6.  

TASK LIGHTING 
(kilowatt bows) is the electricity ulrtd by the rprct for all trsk ligbting. 

TOTAL LIGHTING 
(kilowatt hours) is the electricity uwd by the spwe for all liebting including tuk and OVCP 
head. 

GE5ER.U EQUIPhENT 
(kilowatt hours) is the electricity used by the apace for running tit11 q u i p m e n t  (Le., cornput 
ers, typewriters, etc.). For the building repart, this includes buildhg equipment rruch (LS 

elevators u h i c h  may not be included in m y  space. 

PROCESS ELECTRIC 
(kilowatt hours) is all electricity used to maintain my of the processes in tbt rpacc. 

PROCESS G.4S 
(millions of Btu) is all gas used to maintain eay of the processes in tbc space. 

PROCESS HOT WATER 
(millions of Btu) is the  total bot water used in all procasscs in the space. 
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REPORT SV-A 
SYSTEM DESIGN PARAMETERS 

Thia report t c h a s  your  input to t h o  program aa interpreted by t he  SYSTEMS design routines. 
Set Section 1V.D of t h e  Reference Manual (e.1A) and “System Sit ing”,  ~ ~ 3 . 1 3 0 .  lot a discuaion 
of SYSTEMS design calculations. Tho report is divided into two sections: SysterneLevel Dtaign 
ValuGs and ZoaeLevd Design Viluclr. 

Note: the quantities in thia report have bwn adjusted for altitude even though DOE-2 requires 
that any CFMS you enter in SYSTEMS be at rea level. 

System-Lcvsl Design Vdulsr 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

SYSTEM NAME 
is the u-name of t h t  aystern. 

SYSTEM TYPE 
is the code-word idtatifying the type of ryrtem. See “Applicability of Command8 and Key- 
words to System Typed’ in the BD& Summoty ( # . I € )  for a list of allowed system types. 

ALTITUDE MULTIPLIER 
is the altitude adjuitmeat factor for air Bows; it multipliss air flows at sea level to get air 
Bows a t  the Pctual‘altitudc of the building. 

FLOOR AREA 
b the  total floor a r t a  of all z o n a  served by the system that  have ZOI\JE.TYPE = C0M)E 
TIONED or UNCOEUPITIONED, or,  for ZOME.TYPE - PLENUM, have non-zero occu- 
pancy. 

MAX PEOPLE 
is the maximum number of people in all of the mnea served by the  rrystem t h a t  have 
ZONE.TYPE - CONDITIONED ot UNCONDITIONED, or, for ZONE-TYPE - PLE 
NUM, tha t  have non-zero occupancy. (The maximum number of people in a zone is 
determined by the  NUhlBER-OF-PEOPLE or AREA/PERSON keyword8 in the 
SPACLCONDITIONS command in LOADS; m y  variation in occupancy resulting from 
PEOPLE-SCHEDULE is ignored in calculating MAX PEOPLE.) 

SUPPLY FAN (CFh4) 
is the calculated system deeign air flow rate. It ahould be equal to the user-input 
SUPPLY-CFM multiplied by the value of ALTITUDE MULTIPLIER. If not user-specified, 
the value will be calculated from the peak 1048.  For a constant volume system or if 
SIZING-OPTION - NON-COINCIDENT, the number will be the sum of the design cfms 
for the zones on the system. If the aystem is a variableair-volume system, 
SIZINGOPTION - COINCIDENT, and thia ir the only system in the 
PUNT-ASSIGNMENT, the value h calculated from the building coincident peak load. 

ELEC (KW) 
is the  electrical energy consumed by the central system supply fan at design flow. It  will be 
calculated from the value in column 1 and the user input (or default) for SUPPLY-KW or 
from the ratio of SUPPLY-STATIC and SUPPLY-EFF. 
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8, 

9. 

DELTA-T (F) 
is the value of SUPPLY-DELTA-T, the rise in temperature of the air caused by t h e  supply 
fan. 

The next three entries, RETURN FAN (CFM), ELEC ( I W ) ,  AND DELTA-T (F) a r t  the 
corresponding values for the return air fan. In the  sample report these are dl zero because 
no return fan hm been specified. 

10. OUTSIDE AIR RATIO 
is the ratio of outaide air Bow to supply air flow at design conditions for central systema, 
Its value ia either the user input value of MIN-SU'IWDE-AIR or isr calculated by SYS 
TENS from the ventilation or exhaust iaput at the zone level divided by the supply fan 
cfm in column 1. This ia 1~ deaign quantity m d  ao docr not reflect values entered through 
ths MIN-AIR-SCH keyword. For mnd ryatema, t h u  value will bo zero. 
When OUTSIDE AIR RATIO is determined from zone ventilation rates, it is the sum of 
the  vrlum under OUTSIDE AIR FLOW (in column 6 opposite the zone u-acrmer) divided 
by t h t  value under SUPPLY FAN. Thir outside air ratio ij what the program will uae aa 
the  minimum outside air ratio. I t  ia amumed tha t  the outside air is brought in at the main 
system fan and is distributed to the individual mnts in proportion to the supply air to 
each zone. 
Note: The SYSTEMS dcsign routine dom not examine tho values entered in schcdulca. 
Consequently, if you specify the outside air ratio through MN-AIRCCH but  want SYS 
T E N  to size tho equipment, you should also apecify hflN-OUTSIDE.AIR. 

11. COOLING CAPACITY (IU3TU/HR) 
is either t h e  value you enter for the keyword COOLING-CAPACITY at the system level or 
B computed by SYSTEMS from the peak (sensible plus latent) cooling load. If the cfm 
chosen for the system is different from the user-specified value of RATED-CFM, COOLING 
CAPACITY may reflect I, correction for OB-rated performance. 

12. SENSIBLE (SHR) 
is the sensible heat ratio, Le., tbt fraction of the total cooling capacity that is sensible cool- 
ing capacity at the peak OX' design condition, adjusted for RATED-CFM. If' you have not 
entered COOL-SH-CM at the aystem level for a central system, t h i s  value is calculated 
from a simulation of the conditions at peak loads, adjusted for RATED-CFM. 

13. HEATING CAPACITY (KBTU/HR) 
is the maximum value for heating; it reflects either the user input  or a calculation from 
peak loads. Like COOLING CAPACITY, thia value will be zero for zonal systema, where 
the capacity ia shown at tho zone level. 

14. COOLING EIR and HEATING EIR (BTU/BTU) 
are the electric input ratios for cooling and heating, rmpectively. Values are taken from 
user input OP &re defeult valuer. value6 may be modified if the ~ p p l y  cfm diffora from the 
RATED-CFM, 
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Z o n + t e v o l  Design Valuea 
The following quantities 15-21 apply to the base zone and have not been multiplied by the 
number of identical z o n a  (as given by the product of MULTIPLIER and 
F LOOR-MULTIPLIER). 

15. 

16. 

17. 

18. 

19. 

20. 

21 I 

22. 

SUPPLY FLOW 
is the calculatcd or user-specified supply cfm for each zone. Only if you have specified B 
value for the ASSICNED-CFM keyword in the Z O W A I R  command will the value here 
correspond to your input. The Z O W A I R  keywords AIR-CHANCES/HR and 
CFM/SQFT will be accepted by SYSTEMS only if they are consistent with the  user- 
supplied HEATINGCAPACWY and COOLIJVGCAPACITY, p.3d are equivahnt to a cfm 
larger than that  of the exhaust from or the ventilation to the U)PG. The ALTITUDE MUL 
TIPLIER will be applied. 

FAN (KW) 
L the total of the zone supply and ewhauat fan electrical consumption at  design conditions. 
This is zero in the example because there arc no zone fans. 

MlhXMUM FLOW RATIO 
reflects the your input for MIN-CFM-RATIO, unless that  input is in conflict with exhaust 
or ventilation requirements. In the absence of user input, SYSTEMS will calculate the 
minimum cfm ratio for VAV systems from the minimum cfm needed to meet the the 
minimum ventilation requirements and the  required heating capacity. 

OVTSIDE AIR FLOW 
reflects the useraspecifid outside air quantity entered at the zone level. If 
OUTSIDE-AIR-CFM is specified, its value is multiplied by the ALTITUDE MULTIPLIER 
and reported here. Otherwise the  reported value is the maximum of the cfm-equivalent 
values of OA-CHANCES and OA-CFM/PER, multiplied by ALTITUDE MULTIPLIER. 
For the actual amount of outside air delivered to the zone for central systems, see OUT- 
SIDE AIR RATIO above. 

COOLING CAPACITY (KBTU/HR), 
at t h e  zone level, will be zero for central systems. For zonal systems it  will either be the 
value you specify for COOLINGCAPACITY or it will be calculated by SYSTEMS to meet 
the peak loads at the rated conditions for HP, PTAC, TPFC, and FPFC systems or at any 
conditions for FPIU and TPIU systems. This B done similarly for HEATING CAPACITY 
for t h e  abovamentioned systems and for UVT and UHT systems. 

SENSIBLE (SWR) 
is the sensible part of the cooling capacity for zonal systems. 

EXTRACTION RATE (KBTU/HR) 
h the extraction rate (cooling) at design conditions. This is not the value used in the simu- 
lation; that  value is recalcdated hourly and depends upon the loads, the conditions, the 
thermostat type, and the thermostatic throttling range. ADDITION RATE (heating) irr 
treated similarly. 

MULTIPLIER 
is the user-specified number of identical zonw (product of MULTIPLIER and 
FLOOR-hIULTIPLIER for the zone). 
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REPORT S§-A 
SYSTEM MONTHLY LOADS SUMMARY 

This report is always printed by the program for each W A C  system modeled. I t  shows 
monthly cooling, heating, and electrical loads. The loads shown are the sum of zone-level loads 
and central air-handling-unit loads. (Zone-level loads are shown separately in Report 
SS-C.). This report is for comparison of monthly coolirg and heating needs for the HVAC syt+ 
tem. DX cooling loads are reported here (for PSZ, PMZS, PVAVS, PTAC, PWT, R E S W  
and RESYS systems) but are not passed to the PLQLNT program. 

1. The title of the report shows the uSer name of the HVAC system being summarized 
(SY ST-I). 

2. COOLING, HEATING, and ELEC are the three sections of t h i s  system-level report. 

3. COOLING ENERGY 
(millions of Btu) is the monthly sum of energy (sensible and latent) extracted by the HVAC 
system during the operation hours of the system and passed as a load to PLAKT. 

4. MAXlMUM COOLING LOAD 
(thousands of Btu/hr) includes sensible and latent space cooling loads, ventilation air, and 
fan heat. The peak cooling load shown here is often the start-up load after the system has 
been s h u t  down overnight. Notice, however, that  when the system size is inadequate to 
meet the s t a r t u p  load there is no indication of t h i s  problem on the  report. You should first 
inspect the PLANT program BEPS report, which shows the “Percent of Hours Any System 
Zone Outside of Throttling Range”, for a macro view, and Report SS-O or SS-F for a zonal 
report of where “Loads not met” conditions prevail. 
T o  the left of the MAXTMUM COOLING LOAD column are the day and hour of the peak 
cooling load along with the outside dry-bulb and wet-bulb temperatures at the time of the 
peak. 

5 .  HEATING EhZRGY 
(millions of Btu )  is the monthly sum of heat delivered by the secondary HVAC system dur- 
ing the operation hours of the system and passed aa a load to PLANT. 

6. h k W M  HEATING LOAD 
(thousands of Btu/hr) includes space heating loads, ventilation, and h umidifieation. Again, 
the peak heating load is often due to start-up conditions after the system has been shu t  
down overnight. To the left of this column are the day and hour of the peak heating load 
along with the outside dry-bulb and wet-bulb temperafur- a t  the time of the peak. 

7. ELECTRICAL ENERGY (kWh) 
is t h e  monthly electrical consumption for lights, convenience outlets, supply and return 
fans, and energy consumed by packaged HVAC units. The electrical consumption by the 
pumps is reported in the PLANT program. 

8. MAXD?clL;hl ELEC LOAD (kW) 
is t h e  monthly peak electrical consumption in a one-hour period for lights, convenience 
outlets, energy consumed by packaged W A C  units, and fans for the zones served by the 
HX4C system. 

C. 17 



'I'm DRY- WET- 
O F W  BULB BULB 
DY HR TMP TRtP 

0.00000 

0.00000 

12.721 

12 .lo1 

12.371 

13.298 

14.424 

15.339 

18.322 

11.242 

15.530 

12.617 

13 .O17 

12.345 

J M  

no 
MAR 

APR 

M Y  

JUN 

JlIt 

AUG 

SBP 

om 
looV 

DEC 

0.000 -32.540 7 0 -1.F -1.F -441.109 

-419.194 

- 377.563 
-246.024 

-40.320 

0.000 

0.000 

G. ~ 0 0  

-99.033 

-258.277 

-325.673 

-19-1.064 
* ---- " - 0  - *  

3079. 

2665. 

2904. 

2992. 

308s. 

3054. 

1779. 

1545. 

2932. 

0 IO00 

0.000 

6s. 311 

132.661 

178.041 

214.902 

-25.221 4 I) 7 , t  6.F 

-15.190 25 8 14.r 12.t 0. 00000 

1.52664 

5.10064 

14.55954 

29.70266 

23.67940 

9.23581 

2.26933 

0.35773 

0.00000 
I --- ----- 

85.512 

29 18 69.F 65.F 

21 14 85.F 75.P 

20 16 9O.F 77.F 

9 16 92.P 74.P 

19 16 90.F 1l.F 

11 16 06.P 72.F 

4 17 70.P 61.F 

1 16 72.F 59.F 

-3.105 8 0 IO.? 27.F 

-0.420 9 9 43.F 39.F 

0.000 

0.000 

183.011 

. i3e.003 

49.778 

54.561 

0.000 
- - - - -*----  

0.000 

-0.227 23. 8 36.F 34.P 

-2.190 21 Q 30.P 29.F 

-12.995 25 8 27.F 25.F 

-118.258 36610. 

214.902 -441,109 18.122 

C. 18 



REPQRT SSD 
PLANT MONTHLY LOADS SuMMARY 
hfultiple central plants that serve the building’s HVAC systems can be simulated, T h e  
PLANT-ASSIGNMENT command m i g n s  W A C  systems to central plants. The name of the  
plant is reported in the title line. In t h i s  example, DO u-name was specified, and so a default 
name (DEFAULT-PLANT) is printed. The cooling, heating, and electrical energy required by 
the systems and mnea served by the plant  a re  reported monthly along with the peak cooling, 
heating, and electrical loads for the combined systems, and the  time of occurrence. Note that 
these peak loads may result from s t a r t u p  after the building has been s h u t  down overnight. 
Cooling done in SYSTEMS by DX units  t not included here in cooling loads bu t  in electrical 
loads. 
1. COOLING ENERGY 

(millions of Btu)  is the sensible and latent monthly cooling rqu i r ed  by the HVAC systems 
from the central plant  specified in t h e  PLANT-ASSIGNMENT command. For water  loop 
heat pump systems the value reported here is the  heat  rejected to the plant’s cooling tower. 

2. TIMEOFMAX 
gives the  day and hour that the maximum cooling load occurs. 

3. 

4. 

5 .  

6. 

7. 

0. 

9. 

10. 

DRY-BULB TEMP and WET-BULB TEMP 
are the outside dry-bulb wet-bulb temperatures  during the  peak cooling load. 
WUMUM COOLING LQAD 
(thousands of Btu/hr )  gives the peak cooling load for each month and for the year. 
HEATING ENERGY 
(millions of B tu )  is the total  monthly heating required by the  HVAC systems from t he  
specified central plant. For water loop heat pump systems the value reported here is the 
supplementary hea t  from t he  plant’s ho t  water  boiler. 
TIME OF MAX 
shows the  day and hour of maximum heating load. 
DRY-BULB TEMP and WET-BULB TEMP 
are the outside dry-bulb wet-bulb temperatures during the peak heating load. 
MrLyzhlLtM HEATING LOAD 
(thousands of Btu/hr )  gives the  peak heating load for each month and for t h e  year. 
ELECTRICAL ENERGY 
(kwh) is the monthly electrical requirement for lights and convenience o u t l e b  for the  build- 
ing zone3 served by the plant. In addition, the  electrical energy contains the fan energy 
requirement for the HVAC systems and electric energy for cooling and heating in packaged 
units. It dces not include the electrical energy associated with pumps, cooling towers and 
chillers. These a re  reported in the PLANT program. 
MAXIMUM ELEC LOAD 
(kW) gives the monthly peak electrical consumption in a o n a h o u r  period for the  i tems in 9 
(ELECTRICAL ENERGY). 

11. Bottom of Repor t  
At the bottom of SS-D are shown t h e  integrated cooling loads for the  peak day  for both 
the design day run  (if any) and the annual  run .  These  numbers are used by PLAN” to 
size cold storage systems. 
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REPORT SS-H 
SYSTEM MONTRLY LOADS SUMMARY 

This report gives monthly values of electrical energy for fans, gas/oil energy for heating and 
cooling, and electrical energy for heating and  cooling for an m'AC system. The name of the 
system (SYST-1) is shown in the title. 

1. FANELEC 
shows the total an? maximum hourly electrical consumption of the supply, return, exhaust, 
and zonal fans. 

2. FUELHEAT 
shows the total oil and gas consumption by packaged systems for heating, in Btu- 
equivalents. This will be zero unless you have made at leest one of the heat sourceS FUR- 
NACE. 

3. FUELCOOL 
shows the total oil and gas consumption by packaged systems for cooling, in Btu- 
equivalents. 

4.  ELECHEAT 
shows the electrical consumption for heating. This will include electric baseboards and 
reheat coils as well as the electrical load attributable to the heating cycle of a heat pump. 

- 
5 .  ELEC COOL 

shows t h e  electrical consumption and hourly maxima for cooling. 
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REPORT SS-L 
FAN ELECTMC ENERGY FOR <ryrkrrn> 

This report gives a breakdown of monthly electric energy for fans (central and zonelevel) and 
faD part load operation for an W A C  system. 

The energy quantities OD the leftband side of tho report am given for heating houm only, cool- 
ing h o w  only, simultaneous beating and cooling hours, and Boating bouts. 

1. FAN ELECTRIC Eh1'ERGY DURING HEATfNG 
gives the total electric energy used by the fans in rll hours wbtn only heating is required. 

2. FAN ELECTRIC ENERGY DURING COOLING 
gives the total electric energy used by the fans in rll hours when only cooling is required. 

3. FA?: ELECTRIC EhERCY DURING HEATING-COOLING 
gives the total electric energy used by the fans in all bours when both heating and cooling 
are required. 

4. FAX ELECTRIC ENERGY DURING FLOATING 
gives the total electric energy used by the fans when neither heating nor cooling is provided. - 

The right-hand side of the  report sbows the part-load operation of the fans. Tho number of 
operating hours w i t h i n  each percentage part load band (CrlW, 0-20s , etc.) is given 85 well as 
tbe total hours of operation. If the fan operates during an hour, its part load in percent is 
deter m in ed as 1 OO*( tot al flow)/( design SUPPLY-CFM). 
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REPORT SS-M 
FAN ELECTRJC ENERGY FOR PLANT 

Tbis report gives a breakdown of fan electric energy for tach month pamed to P U N T .  The 
quantities &re given for beating bourr only, coobng bourn only, simultaneous beating and cooling 
hours, and floating hours, The qusntiticw we erlculrted by rumming the individual space quanti. 
ties, 

1. FAN ELECTRIC ENERGY DURING HEATING 
gives the total electric encrgy u d  by the fur8 in dl Bourn when only heatin6 k required. 

2. FAN ELECTRIC ENERGY DURTNG COOLIN0 
gives the total electric energy used by tbc trnr ia all houm when only cooling irr requited. 

3, FAN ELECTRIC ENERGY DURING HEATING-COOLING 
givts  tbe total electric energy used by tbc fan8 in all hours wben both beating rad cooling 
arc required. 

4. FAN ELECTRIC ENERGY DURING FLOATING 
gives the total electric energy used by the Fans when neither heating nor cooling b provided. 
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REPORT SS-N 
RELATIVE HuMzDlTY SCATTER PLOT 

In this scatter plot, the ordinate, appearing in the left column, rbowla relative humidity bina. 
The abscissa, ihawa at t b t  top,  gives haum of tbe dry. Eatettd in orrcb call of tbc plot iar the 
number of bourn during the RUN-PERfOD for which the rclrtive humidity of the system return 
sir waa in the particular relative bumidity bin for this particular hour of the dry. Only hours 
for which tht fans are on art countad in t h i  plot. 

The column at the far right b the sum of the eatrim in each row. It show8 the frequency of 
relative bumidity values Tor tbe RUN-PERIOD. (Becruse tho relative bumidity counts are mrda 
only for bourn wben the fans are on, iumming the totabs celumo will not bum to the number of 
hours in the run.) 

Note: If fan3 are on due tu NIGHT-CYCLE-CTRL, the hours will not be counted in the plot. 
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REPORT SS-0  
TEMPERATURE SCATTER PLOT 

In  this  scatter plot, the ordinate, appearing in the left column, shows temperature bins. The 
abscissa, shown at the top, gives hours of the day. Entered in each cdl of the plot b the 
number of hours during the RUN-PERIOD for which the tone d r  temperature wm in the par- 
ticular bin for t h i s  particular hour of the day. Only hours for which the fans ire on ue counted 
in this plot. 

The column at the far right is the sum of the entrim in each row, I t  show8 the frequency of 
temperature values for the RUN-PERIOD. (Becaum the temperature counts am only made for 
hours when the fans are on, summing the t,otals column will not sum to tbe number of houm in 
the run.) 

Note: If fans are on due to MGHT-CYCLE-CTRL, the hours will not bo counted in tbe plot. 



TOTAL HOURS AT TMPEMTURE LEV5 CUI0 TUQ OF DAY 

ABOVE 8s O O O O O O O O O O O O O O Q O O O O O O O O O  0 
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REPORT PS-A 
P U N T  ENERGY UTILIZATION SUMMARY 

PS-A ghes site and source energy use in MBtu(l0' Btu) for thermal quantities and 
hfM'h( 106Wh) for electricd quantities. 

In DOE2.'1E, PS-A weas modified so that electricd consumption is displayed in units of MWh; 
the second line showing electrical consumption for each month bas been eliminated. Numbers 
shown in this report may be different than shown in earlier program releases. Previously, energy 
consumed in  SYSTEh4S for electrical and fuel usage for beating and cooling did Dot appear 
under t h e  beating and cooling categories, only in the tots! categories; this bas been corrtcted. 
Also, the  figures for total site and wurce energy were incorrect when a oogeneratioa plant is n 
net exporter of electricity; t h i s  has been corrected. 

1. 

2. 

3. 

4. 

5 .  

6. 

7.  

hllOXTH 

TOTAL HEAT LOAD 
Total beating energy = load from SYSTEMS + load from IpLAhT (absorption chillers + 
steam turbines + heat. dissipated from storage tanks + domestic hot water -t heat utortd in 
tanks but not used) + circulation loop losses. The values here are identical to t h e  in tbe 
HEATIKG EhrERGY column of tbe SYSTEMS SS-D report except that the beat energy 
delivered t-o an absorption chiller, steam turbine, domestic bot water, and circulation losses 
is included. Also included is the heat input to a storage bank from a boiler. 

TOTAL COOLING L0.4D 
This is the total of the values shown in the SSD report plus tank and circulation loop 
losses; i t  represents the cooling energy needed each month. 

TO'i'.4L ELECTR L0,4D 
This is t h e  total electrical energy consumed by lights, equipment, and system fans plus the 
additional energy consumed by chiller motors, pumps, cooling towers, and any other tlcctri- 
cal site use including energy entered i n t o  the program under BUILDINGRESOURCE. 

RECVRED E1"XRGY 
These values are recovered beat used to reduce beating loads. This is waste beat from fur- 
bines, diesels, and doublebundle chillers, and solar energy delivered to the load via 
H E -4 T-R E C O'\,ER \* . 

W L S T E D  RECVR.4BL EhTRGY 
T b e  values in t h i s  column represent tbe heat that could have been recovered, bad there been 
a need for it. 

FUEL INPL'T COOLING 
The fuel  used to d r i v e  engine  chillers and gas fired absorption cbiller/beaters, i\nd zegenera- 
t jon f u e l  fclr desiccant cooling systems. 
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8. ELEC 15TUT COOLING 
The electric energy used to drive chillers and to supply power for peripheral cooling equip 
m e n t ,  such as circulation pumps, cooling towers, and cold storage tanks. 

9. FUEL INPUT HEATING 
This column reports the fuel used for heating by boilers, furnaces, and bot water beaters. 

10. ELEC INPUT HEATING 
The electrical energy used in association with supplying h a t i n g ,  including the electrical con- 
sumption by draft fans, circulation pumps, electric boilers, and hot water storage pumps. 

11. FUEL IhTUT ELEC 
The fuel used by diesel and gas turbine generators. 

12. TOTAL FUEL IhTUT 
The sum of fossil fuels use. 

13. TOTAL SITE EhXRGY 
The sum of purchased fossil fuel, electricity, chilled water and steam. 

14 .  TOTAL SOURCE ENERGY - 
The energy used at. the  source. For each RESOURCE, the energy consumption a t  the site is 
divided by t he  corresponding SOURCLSITE-EFF to arrive at the energy consumed and 
transmitted by the generating station; the results we summed. 

, 
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REPORT PS-B 
MONTHLY PEAK AND TOTAL ENERGY USE 

This report shows t h e  monthly total consumption sod peak bourly consumption (demand) of up 
to five of the  follawing purchased fuels: 

ELE CTR1 C1 TY 

STEAhl 
NATURALGAS 
LPG 
FUELOIL 
DIESELOIL 
COAL 
METHANOL 

CHILLED-iI’ATER 

OTHER-FUEL 

Usage is displayed in t h e  actual un i t s  of consumption (kwh, therms, e t c . ) .  

The final section of t h e  report gives, for each “fuel”, the total energy use for the run period 
(OSE YE.4R L’SE), a n d ,  below this,  the peak bourly energy use (PEAK) for the ruB period. 
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REPORT PS-B 
PLAST LOADS SATISFIED 

This report flags tbose situations where the plant is not able to meet the loads imposcd by both 
systems and other plant equipment. This is of special importance when quipmcnt b intention- 
ally undersized to improve part load perrormance or to reduce m t s .  

hllBTU SUPPLIED 
is the output energy from each piece of equipment. 

PCT OF TOTAL LOAD 
is the following ratio (in percent): MBTU SUPPLIED divided by TOTAL LOAD ON PLANT. 
This will be 100% only if all of the load is satisfied. 

When a hot or cold storage tank is included, additional entries are given at the battorn of the 
first page which describe the contribution to the beating and cooling demands made by the 
storage tank(s). 

TOTAL LOAD OX PLANT 
for heating (cooling) is the sum of the demand from SYSTEMS, the consumption by PUNT,  
the loss from the  storage tank and the heat (cold) remaining in the storage tank at the end of 
the r u n .  ?he last ,  of course, is still recoverable and is reported as RESIDUAL (not shown in this 
example: see the  PS-D report for the  31-story Office Building, R u n  2 in the Sample Run Book . 

. 

(2. I € ) ) .  

In t h e  second part of t h i s  report, “SUMMARY OF LOADS MET”, TOTAL OVERLOAD is that 
portion of a load that  requires equipment to operate above its nominal rated capacity. BEAK 
QI’ERLOAD is the largest hourly overload. 
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REPORT PS-C 
ELECTRICAL LOAD SCATTER PLOT 

In this scatter plot tbc ordinate, rbown in tbt  1eftmor;t oolamn, ia tht  electtical dornurd divided 
into 13 bins wbicb range from zero ta jurt above the perk slsctticd demand. The abrcirrerr 
rbown at tbt top is tbe bow of t b t  dry. Entctd in srch cell of tho plot b the number of days 
during the year for which the electtied demand WUII 1- than the ordiaatr! shown but larger 
than the next lower ordinate at that hour of the dry. 

Tbe tight-most column is the rum of t b t  entries in each tow m d  rhowr the frequency of the 
electrical demand tbrougbout the run period. 

The bottom row shows the distribution of electrical demand for ewb bow of the average day. 
Tht number bere is the electrical consumption for the run period for a patticulot hour of the day 
divided by the total electrical consumption for all ~ O U T U  01 t h e  dog for run period. 

The chart at the bottom is ti  breakdown of tbc perk slectricd demand into t b t  contributing 
camponen ts. The SYSTEMS LOAD includes the lighting and equipment elcctricd loads from 
LOADS as well &s that from system fans. 
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REPORT BEPS 
BUILDING ENERGY P E R F O W C E  SuMMlARY 

This report makes it possible to quickly review annual building energy use according to energy 
type (ELECTRICITY, NATURAL-GAS, etc.) and category of use (AREA, LIGHTS, SPACE, 
HEAT, etc.).  The energy typm shown are those that you have specified with tbe 
Eh’ERCY-RESOURCE command in PLANT (see “Energy Meters in PLANT”, p.4.3). T h e  
categories of use (also called energy end uses) are defined under “Metering and Reporting of 
Energy End Uses” in the section ‘‘Energy End Uses and Meters” p.3.4. 
Only categories o j  u8e with non-zero consumption ate ahown. 

TOTAL SITE EhlERGY 
is t h e  overall energy use at the building site for all energy types and categories of use, 

TQT.4L SOURCE EMERGY 
is t h e  energy use at point of production; it is obtained by dividing site energy use by the user- 
specified SOURCE-SITE-EFF value in the ENERGY-RESOURCE command. 

Site and source energy are given per unit of net area (the sum of the floor atem of conditioned 
zones) and per u n i t  of gross area ( the  value of GROSS-AREA in the 
BUILDISG-LOCATION command in LOADS, whicb defaults to net area). 

- 
I t  should be pointed out t h a t  th i s  report is Bot designed to work when there is a eteam turbine 
among t h e  specified plant equipment items. T h e  numbers  reported when a steam turbine is . 
present will not be reliable. 

When a bot storage tank is  present, a note is printed on the BEPS report stating tha t  the hot 
water storage tank can get energy from many sources. Any time there is m i d u a l  anergy in the 
storage tanks, the  totals in the  BEPS report will not agree with those in report PS-B, because 
the BEPS report includes only the energy used for the above categories, whereas PS-B includes 
t h e  energy tha t  is left in t h e  tanks as well. 
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EHERGY TYPE: 
UNITS: mu 

AREA LIGHTS 

nrSc B p U I W  

SPACE HeAT 

SPACE COOL 

HEAT RUm 

WUPS L NISC 

V M '  FANS 

TOTAL 

ELECTRICITY 

74 .7  

35 .9  

9 .0  

27 .9  

5 . 7  

5.3 

1 4 . 3  - - - - - - - - - -  
172.8 

NATURAL-GAS 

0.0 

0.0 

191.1 

0 . 0  

0.0 

0 .0  

0.0 ---------- 
191.1 

TTTAL SITE DJERCY 363.93 )(BTU 32.8 KBTU/SQFT-YR CROSS-MEA 72.8 KBTWSQFT-YR Y~T-A,REA 
TnAL SOURCE ENERGY 709.67 MBTO 141.9 KETU/SQm-YR CROSS-MEA 141.9 KWU/SQ)T-YR WFT-AREh 

PERCOT OF HOVRS M Y  S Y S T M  ZONE W S I D E  OF THRClMZING RANGE = 1.7 
PERCEX OF HOVRE ANY P W  WAD NUT SATISFIED = 0.0 

NCTE: ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES. 
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REPORT ES-D 
ENERGY COST SUMMARY 

This report summarizes the yearly energy consumption and coet for all UTILITY-RATES 
defined. 

1. 

2. 

3. 

4 .  

5 .  

6. 

7 .  

8. 

The 

UTILITY -RATE 
lists t h e  u-name of each IJTILITY-RATE 

RESOURCE 
lists t h e RESOURCE 

METERS 
lists the meter numbers to which each UTILITY-RATE applies. 

METERED ENERGY 
is the  actual metered energy from PLANT, not adjusted for any minimum energy require- 
men ts. 

TOTAL CHARGE 
is total yearly charge 

J'IRTUAL R.4TE 
is t h e  total yearly charge divided by the metered energy. 

RATE USED ALL YEAR 
if NO, the  rate was not used for all 12 billing cycles, either because tbe rate did not qualify 
all months ,  t h e  QWAGSCH was not active all months, or the run period was less than 12 
months.  

EKERCY COST/ GROSS BLDG AREA 
E!VERGY COST/ NET BLDG AREA 
give t h e  energy cost per unit area, Here, gross building area is the va!ue of the keyword 
GROSS-AREA in  the BUILDING-LOCATION command in LOADS. CROSS-AREA 
defaul ts  to the  ne t  building area, which is the sum of the floor areas of the conditioned 
zones 

program does a check to ensure that all energy passed from PLANT is accounted for in one 
or more VTILITY-R.4TEs. If not, or if double couDting of energy h a s  Occurred, a warning will 
be printed at  t h e  bottom of th i s  report. 
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mdk -TAR I FF IZmR I C PTY 1 2 3 4 5  50644. IWH 3223. 0.0636 YES 

YES 0.6000 GAS-RATE ~ T ~ - G A S  1 2 3 4 5  1911. mms 1146. 

4369. 

EUERGY COSTGROSS BLZS AREA: 
ENEPSY COST/Nm BLDG AREA: 

0.87 
0.87 

C.46 



REPORT ES-E 
SuMM[ARY OF UTTLITY--RATE: U-NAME 

This report summarizes t he  key costs for each UTILITY-RATE. The top of the report contains 
general information regarding the UTILITY-RATE as input  by the  user or defaulted. The  
remainder of the report summarizes costs by month.  

1. 

2. 

3. 

MONTH 
is t he  billing period ending with the  BILLING-DAY. 

METERED EhTRGY 
is the  energy in the meters as passed by the  PLANT program. 

BILLING ENERGY 
is t h e  energy used for billing purposes. This amount may be greater than  tbe  metered 
energy if a minimum energy qualifier is used. This amoun t  will be 0.0 if the  
UTILITY-RATE did not qualify for t h i s  month. 

4. METERED DEMAND 
is the maximum demand in the  meters in this billing period as passed by the PLANT pro- 
gram. The value will be either the hourly or daily demand as specified by the  
DEhi4hD-WNDOM'. - 

5. BILLIYG DEMAhTD 
is t h e  demand used for billing purposes. This amount may be either greater o r  less than  
the  metered demand depending on the minimum demand qualifier and/or  ratchets. This 
value will be 0.0 if t h e  UTILITY-RATE did not qualify for t h i s  month. 

6. Eh'ERGY CHARGE 
are all energy charges, including BLOCK-CHARGES. 

7 .  

8. 

9 .  

DEM4hD CHARGE 
are all d e m a n d  charges, including BLOCIGCHARGEs. 

EXERGY CST ADJ 
are t h e  energy cost, adjustment  

TAXES 
are t h e  sum of per u n i t  and percentage taxes 

10. SURCH.4RGES 
are t h e  sum of per uni t  and percentage surcharges 

11. FLXED CH4RGE 
are t h e  MOXTH-CHGS defined by t h e  user. 
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12. hnsw.m CHARGE 
is the  minimum monthly charge as determined by the MIN-MON-CHG or the 
hfIn'-h.IO?;-DEhl-CHG. 

13. VIRTUAL RATE 
is the total charge divided by the metered energy. This rate sbould not exceed the 
RATE-LIhfITATION plus fixed cbarges. 

14. TOTAL CHARGE 
is the  sum of all charges. 
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RILITY - RATE: LEC -TAR1 FF RESOURCE: 5 0 3 R I C I T Y  DDUND-WIND: HOUR 

POWER-FACPOR: 0.  eo WCESS-WAR-FRAC: 0.30 
NETEM: 1 2 3 4  5 BILLING-MY: 31 

'3413.  8Y'WKWH 
RATE-LIHITATION: 0 .OOOO 
WCESS-KVAR-CWG: Q.0000 

JAN 3918 3918 16.2 

FEB 3334 3334 1 6 . 1  

CIAR 3378 3378 15.8 

A PR 3417 3417 22.2 

M Y  3857 3857 28.4 

m 4934 4934 33.8 

mL 699@ 6990 39.2 

AUC 6351 6351 36.0 

SEP 4190 4196 30.7 

om 3519 3519 19.8 

wov 3099 3099 2 1 . 1  

r0TU 5 0 6 4 4  50644 3 9 . 2  

16.2 245 0 0 0 

16.1 208 0 0 0 

15.8  212 0 0 0 

22.2 218 0 0 0 

28.4 247 0 0 0 

33.8 318 0 0 0 

39.2 448 0 0 0 

36.0 4 08 0 0 0 

30.7 270 0 0 0 

19.8 225 0 0 0 

21.1 196 0 0 0 

15.8 229 0 0 0 ------- --- ------- - -_ ---- --:- -- - -- ---- = D = f = .  = 

3223 0 0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
am:==.= 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

VIRnlALi 
BATE 

(S/rnIT) ------- 
0.0624 

0.0625 

0.0629 

0.0637 

0.0641 

0.0644 

0.0641 

0.0642 

0.0643 

0.0639 

0.0631 

0.0626 
=LLDtLa 

mCIL 
QURGE 

(S 1 -..---.- 

215 

2 08 

2 12 

218 

247 

318 

448 

408 

270 

225 

196 

229 
l l t P L S r  

0.0636 3223 
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1. Thermal Properties of Building Materials 

DOE-2 
Cod e- word Description 

Th e r m u l Pro Der ti- 

Specific 
Thic knass Cond uctivlty Density Heat Resistance 

Feet 
Btu-F t/ Btu/ Hr-Ft'-"F/ 

Hr-F t2-'F Ft Btu 
~- - - 

Acoustic Tile 
ACO I 3,/8 inch 0 0313 0 0330 18 0 0 32 0 95 
.4C'0,5 1 I 2  inch 0 0417 0 0330 18 0 0 32 1.26 
PIC03 3 , A  inch 0 0625 0 0330 18 0 0 32 1 89 

.4so1 Aluminum or Steel Siding 0 00.50 26 OOO 480 0 0 10 

Asbestos- Cemcn t 
PiB0 I 1'8 inch Bijard 0 0103 0 3350 120 0 0.2 0.03 
. U O L  1 4 i i i c h  B+ard 0 0208 0 3450 120 0 0 2  0 06 
. a 0  3 Shingle 0.21 
. a 0 4  1 il inch Lapped Siding 0.21 

.4\-01 Asbestos-Vinyl Tile 0 3  0 05 

AsphtLIt 
. a 0 1  p, r d l 1  I g €? GI I 70 0 0 35 0.15 

.XI? 0 3 Tile 030 0.05 

.a 02 Shingle and Siding 70 0 0.35 0 44 

Brick 
BKoi 4 inch Common 
BI\;O2 8 inch Ccmmcm 
Bli 0.3 12 inch  Corninon 
B1iO-l 3 inch Face 
BliOS .I i n r h  Face 

0 3333 0 4167 110.0 0.20 0 80 
0 6667 0 4167 120 0 0.20 1.60 
1 OOOO 0 4167 120 0 0.20 2 40 
0 2500 0 7576 130 0 0.22 0.33 
0 3333 0 7576 130 0 0 22 0 44 

Building Paper 
Perm eab 1 e F el t BPO 1 

BPO? ?-Layer Seal 
BP03 P l s i i c  Film Seal 

0.06 
0.12 
0 01 

BRoi Bui l t -up Roofing 3 P inch 0 0313 0 0939 70 0 0 35 0.33 

Carpet 
CPOl \ \ ' i t h  Fibrous Pad 0 34 2 08 
C PO2 \ \ * i : i .  R u b l e ;  Psd 0 34 1.23 
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1. Thermal Properties of Building Materials -- C o n t i n u e d  

c c  11 3 4 IllCh 0 0625 10417 140 0 0 2  0 06 

CC' 1 3 3 1 3 inch 0 2708 1 0417 140 0 0 2  0 26 
cc1-I 4 inch 0 3333 1 0417 140 0 0 2  0 32 

cc 1 6  8 inch 0 666'; 10417 140 0 0 2  0 64 

C C I 2  1 3 P inch 0 1146 1 0417 140 0 0 2  0 11 

CC'I 5 6 i i i c  h 0 5000 10417 140 0 02 0 48 

Concre te  Light  \!'eight 80 Ib 
cc2 1 3 4 inch 0 06'25 0 2083 800 02 0 30 
cc22 1 25 inch 0 1042 0 2083 800 0 2  0 50 
cc23 2 inch 0 1667 0 ?083 800 02 0 80 

C'C'? 'J 

C C26 

CC2-r 4 inch 0 3333 0 2083 800 0 3  1.60 
6 inch 0 5000 0 2083 800 0 2  2 40 
8 inch 0 6667 0 2083 850 02 3 20 I 

DOG2 
Codo-word Dcecription 'I'hSckneaa 

Feet 

Chi01 
CMO2 
Chi03 

CTOl 
CTOL' 
CTO3 
CTO-I 
CT05 
CT06 

Cement 
1 inch Mortar 
1 75 inch Mortar 
1 inch P l a s t e r  wi th  

Sand Aggregate 

Clay Tile, Hcdlow 
3 inch 1 Cell 
4 inch 1 Cell 
6 inch 2 Cells 
8 inch 2 Cells 
10 inch 2 Cells 
12 inch 3 Cells 

0.0833 
0.1458 
0 0833 

0.4 167 
0.4 167 
0 4167 

116.0 
116.0 
116.0 

0.2 0.20 
0.2 0.35 
0.2 0.20 

0 2500 
0 3333 
0 5000 
0 6667 
0 8333 
1 0000 

0.3115 
0.2999 
0.3300 
0 3600 
0.3749 
0 4000 

70.0 
70.0 
70 0 
70 0 
70 0 
70 0 

0.2 0.80 
0.2 1.11 
0.2 1.52 
0.2 1.85 
0.2 2.22 
0.2 2.50 
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1. Thermal Properties of Building Materials -- Continued 

P I 

1 DOE-2 
Code- w o r d  Desc r i p tta n 

Feet J 

Bt U-F t / Btu/ Hr-Ft'-@F/ 
Hr-Ft2-v Lb' Ft L b - 9  Btu 

Concrete Light jl'eight, 30 Ib 
CC3 1 3,/4 inch 0 0625 0 0751 300 0 2  083 
cc32 1 ? 5  inch 0 1042 0 07Sl 300 0 2  139 
cc33 2 inch 0 1667 0 0751 300 0.2 2.12 
cc3-1 4 inch 0 3333 0 0751 300 0 2  4 44 
cc35 6 inch 0 5000 0 0751 300 0 2  6 66 
CC3G 8 inch 0 61367 0 0751 300 0 2  888 

Concrete Block, 
4 inch Heavy \+'eight 

H CJ 1 I cw 0 3333 0 4694 101 0 0 2  0 71 
Cclncrete Filled 0 3333 0 7575 140 0 0.2 0 44 
Perlite Filled 0 3333 0 3001 103 0 0.2 111 
Partially Filled Concrete? 0 3333 o 5844 0 2  0 57 

CBO5 Concrete and Perli te?+ 0 3333 0 4772 115 0 0 2  0 f O  
111 0 

Concrete Block, 
6 inch  Heavy \$'eight 

CBO6 HO 1 I O\V 0 5000 0 5555 8 5 0  0 2  0 90 
CBO7 Concreie Filled 0 5000 0 7575 140.0 0 2  0 66 
CBO8 Perlite Filled 0 5000 0 2222 8 8 0  0.2 2.25 
CBOG Part ia lly F i /led Concrete' 0 5000 0 6119 104 0 0 2  0.82 
CBio Ccmi ete and  Perlite++ 0 5000 0 4238 10.1 0 0 2  118 

Concrete Block 
8 inch Heavy Il'eight 

CBI 1 Mol IO\% 0 6687 0 6060 69 0 0.2 1.10 
CBI.2 Ccmrete Filled 0 6667 0 7575 140.0 0.2 088 
CBi 3 Per l i te  Filled 0 6667 0 2272 70 0 0.2 2 93 
CBI -I Par t la l lv  Filled Concrete? 0 6667 0 6746 930 0 2  0 99 
C'Bi 5 Con:reie and Per i i te+A 0 6667 0 4160 930 0 2  1 6 0  

Concrete Block 
12 i nch  Heavy \$'eight 

C'B 1 G l3+1 ]*:w 10000 0 7813 76 0 0 2  128 
C'B I 7 Ccknc r ete  Filled 1 00ao 0 7575 140 0 0 2  1 32 
CBlr Pj1.t i ~ ! k  Filled C:oncreteA 10000 0 7773 98 0 0 2  1 19 

Concrete Block 
4 inch Sledrum \\'eight 

C'B: I HQ I IO\\. 0 3333 0 3003 76 0 02 
C'B! .! Concrete Filled 0 3333 0 4456 115 0 0 2  
CB;3 Perlite Filled 0 3333 0 1512 78 o 0 2  
CBA Part laity Filled Ccmcrete+ 0 333.3 0 3306 89 0 02 
C'B! 5 Ccmrete and Perlite++ 0 3333 0 2493 900 0.2 

* One fiiied s i l d  ttinlorcrd coatrctr c c w  w r y  21 inches of wall length. 
One Rllrd and rcrnlorrcd coDcreie core cvtr;v 24 i ocba  or w d l  Icngtb with the remrlnin8 ares  lllltd with Perlite inaulrtion. 

1.11 
0.75 
2.20 
1.01 
1.34 



1, Thermal Properties of Building Materials 0- Cootinucd 

DOG2 
Code-word Description 

S paclfl c 
T h k k  neu Oonductfvlty Dcnrlty Hsst Rsrttrncc 

Btu/ Hr-Ft?-°F/ 
Feet 

Lb' LbloF Btu 
Btu-Ft/ 

Hr-Ft*-OF Ft 

CB?6 
C B 5  
CB28 
CB?Q 
CB30 

CB.3 1 
CB31 
CB.3 3 
CB3-l 
CB3 5 

Concrete Block, 
6 inch Medium Weight 

Hol IOU. 
Concrete F11:ed 
Perli te Filled 
Part t ally F I I I ed Caner et e? 
Concrete and Perlite++ 

Concrete Block 
8 inch Medium N'eight 

H~j l  I~:~Iv 
Concrete Filled 
Perlite Filled 
Partially Filled Concretet 
Cilncrete and Perli teLL 

0.5000 
0 5000 
0 5000 
0 5000 
0 5000 

0 6667 
0.6G67 
0 6667 
0 8667 
0 6667 

0 3571 
0 4443 
0 1166 
0 3686 
0 2259 

0.3876 
0.4957 
0 1141 
0 4348 
0 2313 

65.0 
119 0 
67 0 
830 
84 0 

53 0 
123 0 
5 6 ~ 0  
76 0 
77 0 

0.2 
0.2 
0 2  
0.2 
0.2 

02 
0.2 
0.2 
0 2  
0.2 

1 40 
1.13 
4.s 
136 
2.21 

1 72 
134 
5 8 4  
1 53 
2 76 

Concrete Block 
12 inch hkdrum \!'eight 

CB.36 Hall:\$ 1 0000 0 4959 58 0 0 2  2 0 ?  
CB3T C'on c rete Filled 10000 0 4811 121 .o 0 2  2 0 8  
CB3 E Partially Filled Cancrete) 10000 0 4919 19 0 0 2  2 0 3  

Concretc Block, 
4 i n c h  Lighr \!'eight 

CBq 1 H*:tj I :!\V 0 3333 0 2222 65 0 0 2  150  
CB.12 C ~ n c i  ete Filled 0 3333 0 3695 104 0 0 2  0 90 
CB43 Perlite Filled 0 3333 0 1271 67 0 0 2  2 62 
CB4-r Par t ia l ly  Filled Concrete) 0 3333 0 2808 78 0 0.2 1 19 
CB4 5 Concrete and PerliteL+ 0 3333 0 2079 79 0 0.2 1 6 0  

Concrcte Block 
6 i n c h  LIght Ij'eight 

CB4b €431 i;w 0 5 m  0 27'77 55 0 0 2  1 8 0  
110 0 02 1 31 em T Cin cr ete Fi lied 0 5000 0 3819 

CB-rti Perlite Filled 0 5000 0 0985 57 0 0 2  5 0 8  
CB4 0 P m  13 1 lv F i llcd Cclncret e+ 0 5000 0 3189 73 0 0.2 1 57 
CB ;o Crlncrete and Pei)rteL* 0 so00 0 1929 74 0 0 2  2 59 

Concrete Block 
8 i n c h  Light \\'eight 

CB51 H c d I i l ~  0 66G7 0 3333 45  0 0.2 2 0 0  
CB2 Colic rete F 1llt.d 0 6667 0 4359 115 0 0 2  1 5 3  
CBj3 Perlite Filled 0 6667 0 0963 48 o '3.2 6.92 

680 0.2 1.73 C'U;4 Pwtiallv Filled Clclnrreic+ 0 6667 0 3816 
CBj; C m t r e t r  and PerliteLL 0 6GG7 0 2095 69 0 0.2 3 18 

' Gut fiiled and reinforced concrete core every 24 inchar of wdl  Itafih. 
**  Oat fiitcd 3nd reinforced conrrtie core cwry  21 inchu of wdl lcngtb witb rbe rcmslning mrcb Blltd witb PcrUk jnrulujon. 
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f $ Thermal Properties of Building MaterlakP =- Continued 

DOEc2 SpacIRc 
Code-word Darcriptlon Thtcknarr ConductSvtty Danrfty Heat Redatanee 

Feet 
Btu/ Hr-Ft*-V, Lbl Lb-OF Btu Hr-Ft2-* Ft 

Btu-Ft/ 

Concrete Block 
12 inch Light Weight 

CB56 HGlloW loo00 0 4405 40 0 0 2  2 27 

CSSP Partially Filled Concrete' 1ooQo 0 4274 70 0 0 2  2 34 
GB37 Concrete Filled 1 .oooo 0 4104 0.3 2 3a I130 

Gypaum or Plaster Board 
GPO1 1 I'? inch 0 0417 0 0936 500 0 2  0.45 
GPO? 5 '8 inch 0 0521 0 0928 SO0 0 2  0 56 
CP 03 3 4 inch 0 0625 0 0926 500 0 1  0 67 

Oypsum Plaatar 
GPO4 3 4 inch Light W'eight AQgregatt 006?5 0 1330 45 0 0 2  0 47 

GPO7 1 i nch  Sand Aggregate 0 0833 0 4736 105 0 0 2  0 18 

GPO3 1 inch Light \\'eight .4ggrtgate 0 0833 0 1330 45 0 0 2  0 63 
GPOb 3 i i n c h  Sand Aggregate 0 0625 0 4736 105 0 0 2  0 13 

Herd Board 31.1 inch 
HBOi 5lcdium Density Siding 0 0625 0 0544 40 0 0 28 115 
HBO: 3Ld:unt Density Otheis 0 0625 0 0608 500 0 31 103  
HBo3 High Dmsity Standard Tempered 0 0615 0 0683 55 0 0 33 0 92 
HBO4 High Density Service Tempered 0 0625 0 0833 630 033 0 75 

LTO 1 Linolcum Tile 0 30 0 05 

Plirticlc Board 
PBO 1 Ln Density 3 '4 inch 0 0625 0 0450 75 0 0 31 1 39 
PBO: Mediuni Density 3 -I inch 0 0625 0.7833 75 0 0.31 0 08 
PB03 High Density 3:'4 inch 0 0625 0 9833 75 0 0 31 0 06 
F E304 I 'ndrrlayrnent 5,'8 inch 0 0521 0 1796 75 0 0 29 0 29 
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1. Thermal Properties of Building Materials -- Continued 

Thermal pro, erttes 

D O E 2  Spcctflc 

Feet 
Cod e- w o rd Description Thtcknau  Conductivity Density Heat Rodstance 

Btu/ Hr-Ft2-*F/ 
Btu 

BLu-F t / 
HPF t3-*F Ft 

Plywood 
P\\'Ol 1Li inch 
P\VO2 3$;P inch 
P\i'03 1 '?  inch 
P\\'O-r S''8 inch 
P N.0 5 31.1 inch 
P\I'OG 1 inch 

0 0209 0 0667 34 0 029 0 31 
0 0313 0 0667 34 0 029 0 47 
0 0137 0 0667 34 0 029 063 
0 0521 0 0667 34 0 029 0 78 
0 0695 0 0667 34 0 029 0 94 
0 0833 0 0667 34 0 029 1 2 5  

Roof Gravel or Slag 
RGOi 1 2 inch 0 0-117 0 8310 55 0 0 4  0 05 
RGO2 1 inch 0 01333 0 8340 55 0 0 4  0 10 

RTOl R u  bbcr Tile 0 05 

SLO 1 Slate 1 ' 2  inch 0 0417 0 8340 loo 0 0.35 0 05 

STOl Stone 1 inch 0 0833 10416 140 0 0.2 0 08 

SCOl Stucco. 1 inch 0 0833 0 4167 166.0 0 .2  0.20 

TZU1 Terrazzo, 1 inch 0 0833 10416 140 0 0 2  0 08 

Wood S o f t  
\ I D 0  1 3 4 inch 0 0625 0 0667 32 0 033 0 94 
\I'D02 1 5 inch 0 1250 0 0687 33 0 033 1.87 
\+-Do3 2 5 inch 0 ?OW 0 0667 32 0 033 3.12 
\ \PO4  3 5 inch 0 ?917 0 0667 32 0 033 4 37 
\I'D05 4 i n c h  0 3333 0 0667 32 0 033 5 0 0  

M'ood Hard 
\ID 1 1  3 4 inch 0 0625 0 0916 45 0 030 0 68 
\\I) 12 1 inch 0 0833 0 0916 45 0 030 0 91 

N'ood Shingle 
\vso 1 For \Val/ 0 0583 0 0667 32 0 030 o a7 
\\'so2 For R o d  0 0583 0 0667 32 0 030 0 94 

L 

D .i 
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2. Thermal Properties of Insulating Materials 

DOG2 
Cod e- w o r d Dcscri p t io n 

T h g  m a1 P r o D e r  t i e8 

Specific 
Thlcknem Conductivlty Denmlty Heat R e r b t r n c s  

Btu/ Hr-Ft2-%, 
Feet 

Ft Btu 
Btu-Ft/ 

Hr-Ft2-OF 

IYOl 
1x02 
1x03 
1x04 
1x0s 

Mineral WooI/F iber 
Batt R-?t 
Batt. R-11 
Batt, R-19 
Bart. R-?4 
Batt, R-30 

0 1882 
0.2957 
0.5 108 
0 6969 
0.8065 

0.0150 
0.0250 
0 0250 
0.0150 
0 0250 

060 
0.60 
060 
0.60 
0.60 

0.2 
0.2 
0.2 
0.2 
0.2 

7 53 
11.83 
20 43 
27.88 
32.26 
10 80 IS1 1 Fill 3 5 inch, R-11 0.2917 0.0270 0.60 0.2 

IS12 Fill 5 5 inch, R-19 0.4583 0.0270 0.63 0.2 16.97 

Cell ulose 
IS 1.3 Fill, 3 5 inch, R-13 
1s1-1 Fill 5 5 inch R-20 

0.2917 0. E 2 5  30 0 33 12 96 
0 4583 0.0225 3.0 033 20 37 

Prcrorrned Mineral Board 
lS?l 7 8 inch  R - 3  0 0729 0 0210 15 0 0 17 3 04 
l S 2 L  1 i nch  R - 3 . 5  0 0833 0.0240 15 0 0 17 3 47 
1x3 I' i l l c h  I?-G 9 0 1667 0 02-40 15 0 0 17 6 95 
1x24 3 inch R - l o  3 0 2500 0 0240 15 0 0 17 10 42 

Po I y 3 ty r en e, Ex pan ded 
1 x 3  1 1;:2 inch 0 0417 0.0200 1.8 0.39 2 08 
IS32 3'4 inch 0 0625 0 0200 1.8 0.29 3.12 
I S .3.3 1 inch 0.0833 0.0200 1.8 0.29 4.16 
1St3-l 1 . 3 5  i n c h  0 10.12 0.0200 1.8 0.29 5.21 
IS35  1 inch 0.1667 0.0280 1.8 0.29 8.33 
1Y36 3 inch 0.2500 0.0200 1.8 0.29 12 50 
1x37 4 i n c h  0.3333 0.0200 1.8 0.29 16.66 

Polyurethane, Expanded 
IS4 1 1 2 inch 
lS42  3 4 inch 
lS43 1 I l I C  h 
1 5 4 4  125 i n c h  
1 3 4 5  2 i i ich 
1546 3 i n c h  
1347 -I i r l c h  

0 0417 0 0133 15 0 38 3 14 
0 bL25 0 0133 15 0 38 4 67 
0 0833 0 0133 1 5  0 38 6 26 
0 10-12 0 0133 15 0 38 783 
0 1667 0 0133 15 0 38 12 53 
0 ?500 0 0133 15 0 38 18 80 
0 3333 0 0133 1 5  0 38 25 06 

4 Soinin31 th ickness  i s  2 inches t c .  2 3:1 inche5 Fresistance value IS based on a thickness of 2.16 Inches. 
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2. Thermal Properties of Insulating Materials - -  continued 

DOG2 
Co de-w o rd Descr ip t ion  

- Thermal ProDerties 

Specific 
Thickness C o n d u c t i v i t y  Denefty Heat Reeietence 

Feet 
Btu-F t/ 

Hr-F t *-OF Ft Btu 

Urea Formaldehyde 
1x51 35 inch R-19 0 ?910 0 0200 0 7  0 3  14 55 
I?: 52 5 5 inch R-30 0 4580 0 0200 0.7 0 3  22 90 

Insu la t ion  Board 
IS01 Sheathing 1/?  inch 0 0417 0 0316 18 0 0 31 132 
I?: 62 Sheathing, 3 . 4  inch 0 0625 0 0316 18 0 0 31 1.98 
I?: 63 Shingle Backer. 318 inch 0 0313 0 0331 18 0 0 31 0 95 
I?; 54 ?;ail Base Sheathing 1'2 inch 0 0417 0 0366 25 0 0 31 1 1 4  

Roof I n s u l a t i o n ,  Preformed 
1x71 I :2 inch 0 0.117 0 0300 16 0 0 2  139 
lS72 1 inch 0 0833 0 0300 16 0 0 2  2 78 
1x73 1 5  inch 0 1250 0 0300 16 0 0 2  4 17 
IS74 ? inch 0 1G67 0 0300 16 0 0 2  5 56 
1y7; 2 5 Inch 0 ?083 0 0300 16 0 0 2  6 94 
1s 70 3 inch 0 2500 0 0300 16 0 0 2  8 33 

3. Thermal Properties of A i r  Spaces 

D O G 2  
Code-wo rd Descr ip t ion  

Thermal ProDertiea 

Speclfic 
Thickness Cond uctivlty Density Heet Reisietance 

Btu-Ft/ Btu/ Hr-Ft2woF/ 
Feet 

H r-Ft2- O F  Ft Btu 

090 
0.84 
0.82 

0.89 
0.87 
0.87 

Air Layer 4 inches or mare 
.&3 1 \'ertical \l*alls 0.92 
-4L.3 2 ~1,:2pe 4 so 0.89 
-4L3.3 0.92 H c r  i w n  t a I I? c d  c 

Nrlte .A n ixe  esrenci\*e list of da ta  can be fclurld in t h e  =IS- Handbook ol Fundamentals, Chap 23, 1985 



Appendix E 

List of Basic Commands and Keywords 

This list of conmalids and keywords applies to t he  DOE-2 Basics manual only. A complete 
list of all coininands a n d  keywords in DOE2.1E is given in Appendix F of the Supplement 
( ? . I € / .  and is updated  once  a year in the summer issue of the ''User News". 



Keyword is under 
0 COMMAND or lie\.v-ord Abbrev. this Command Page Number(s) 

ABSOR 1 -HIR 
-4.EGOR2-HIR 
AEISOI? G-HE.\'TT--XEFF 
ABSORG-HIR 
M3SORPT.OCE 
PJR-CHLY GES 'HI? 

ALTITtDE 
ARE.\ 

ARE.\ PERSOS 
ASS 1 C; SED - CFl1 
.42b K'TI-1 

A B S  
A-C 

PrLT 
-4 

A,fP 
A-CF31 
A2 

PLA..T-PAR-4l\IETERS 
PLkNT-PARAh4ETERS 
PLAYT-P.4RAMETERS 
PLANT-PARAMETERS 
CONSTRUCTION 
SPACE-CONDITIONS 
ZOh%Aa 
BUILDING-LOCATION 
INTERIOR-M'ALL 
SPACE 
U?WERGROUn?-\VALL or -FLOOR 
SPACEXOIiQITIONS 
ZOh?AIR 
BUILDING-LOCATION 
ESTERIOR-\I'ALL or ROOF 

4 .11  ,F. I ?  
4.11 ,F.lf 
4 . 1  1,F,17 
4 .l 1 ,F. 1 7 
2.11 ,F.6 
2.2?,F.7 
3.69,F.12 
1.2,2.4,F.4 
2.32 ,F .8 
2.24,F.8 
2.33,F.8 
2.16,F.7 
3.69,F 12 
1 .? ,2.5 ,F.4 
2.35,F.8 

B.1ISEB 0.U D-CTR L 
B.4SEBO.IR D-R-4 TIXG 
B.\SEBO.b?D- S CEI 
B.1ISEB O.U? D - S OL'R CE 
BILL IYG-D.4 j'S 
BLOCK-CHARGE 
BLOCIi-C'I-L?IR C;E 
BL OCli- SCH 
BLOCIi1-D.3T.A 
BLOCliI-TjTE 
BL 0 CI i '2 - D-1 T.4 
BLOC'Ii2-Tl-PE 
BL 0 C'li 3 - D.4 T:I 
BLOC'li3-Tl'PE 

a BUILDING-LOCATION 

E C  
El? 
B-SCH 
BiSEB-S 
B-D 
E%-C 
E C  
E C  
B1-D 
B1-T 
B2-D 
B2- T 
B3-D 
B3-T 
E L  

ZOh'E-COXTROL 
ZONE 
SA'S TEhl- C ONTR OL 
SYSTEhl 
I!TILITY-RATE 

L' TIL1 TI'-R4TE 
BLOCli-CHARGE 
BLOCII[-CHARGE 
BLO CI<-CI%4RGE 
BLOCK-CHAR GE 
BLOCli-CHAFt GE 
BLOCK-CHARGE 
BLOCK-CHARGE 

3 .67 ,F . l l  
3.7 l ,F.12 
3.7 8,F. 13 
3.91,F.14 
5.4 ,F. 19 
5.5p.19 
5.4 ,F -19 
5.5,F.l9 
5 -6 ,F. 10 
5 . 5  ,F. 10 
5.7 ,F.lO 
5.6 ,F,lO 
5 .7 ,F. 10 
5.7 ,F. 10 
1 .?,2.4,F.4 

C'CIRC'-DESIC;N-I'-DROP 
C'C'IR C' - l iE . iD 
CCIRC-LOqG 
CC'IR('-\llS-PLR 
CCIR C-PI'llP-T~T'E 
CCI'RC-SIZE-OPT 
CF31 SQFT 
CHILL-\\"TI?- T 
CLE.-IP, 51.5 -- 17.3 lBCR C - 5  

P LANT-PAR..L?iIE TER S 
PLrn'T-PARAAlETERS 
PL-4nTT-PmLh1ETERS 
PLANT-PARUETERS 
PLANT-PARAhlETERS 
PLANT-PARA!!ETERS 
ZOhTE-AIR 
PM'T-PAR-UETERS 
BL~ILDING-LOC.%TIOS 

4.13F.17 
4.13,F.17 
4.13,F .17 
4.14,F.17 
4.14,F .17 
4.13,F.17 
3.69,F. 13 
4.11 J.17 
2.6 ,F.4 

E.2 



Keyword is under 
0 COPvfhlAND or l ie> .uord  Abbrev. this Command Page Number(s) 

pp -- 

CO SD I* CT- S CHED 'LIE 
CC)hDI'CT-TJlIS;-SCtI 

0 CONSTRUCTION 
CONSTRL'CTION 

COOLING-SCHEDLZE 
COOL-CONTROL 
COOL-RESET-SCH 
COOL- SE T- S CH 
COOL-TEAIP-SCH 

C-SCH 
C-T-SCH 
CONS 
cox3 

C-SCH 
C-C 
C-R-SCH 
C-S-SCH 
C-T-SCH 

2.28,F.Q 
2.28,F.g 
2.8 ,F .6 

DOOR 2.31,F.lO 
EXTERIOR-WALL or ROOF 2.25,F.g 
IT\IITERI OR- WALL 2.32,F.g 
UNDERGROUr\l?>-\I'ALL or -FLOOR 2.33,F.g 
SYSTEM-CONTROL 3.75,F. 13 
SYSTEM-CONTROL 
SY STEM-CON TROL 
SY STEhl-CONTROL 
ZONE-CONTROL 

3,76 ,F .13 
3.76,F.13 
3,76,F.l3 
3.67 ,F , l l  

0 DAY-RESET-SCH 
o DAY-SCHEDULE 

D.AlZ1 C;H T- S.A\-l S Ci S 
DBl'S-COXD-T-REC 
DE3 F k S i i -  CH G S 
DElIL\D- 1 

DESIGY-COOL-T 
DES1 G'S-HE.\T- T 
DH\\'-G.IL 1 I I N  
D ~ \ ' - l l E  
DH\\'-SC'H 
DHl\+-SLl'PLj-- T 
DH\\' - I l l E  T- T- 3CH 

0 DOOR 

D-R-SCH 
I)-SCH 
D-S 

D-CHG 
D-1 
D-C-T 
D-H- T 
DH\+'-GP>I 

BLILDING-LOCATION 
PLANT-PARAhETERS 
UTILITY-RATE 
HEA T-REC OI'ERY 
ZOh'CONTROL 
ZOA'E-CONTROL 
PLAh'T-ASSIGNhlENT 
PLXW T-P-4RAhIETER S 
PLm'T-ASS I G AW.IENT 
PLANT-ASS1 G h?\/LEI\c'T 
PLWT-ASS1 G h'h ENT 

3.64,F.ll 
1.6,F.S,F.11 
2.4 ,F .4 
4.12,F.17 
5.3 ,Fa 19 
4.15,F.18 
3.67,F.ll 
3.67,F.ll 
3.93,F. 14 
4.13,F.17 
3.94,F. 14 
3.94 ,F .14 
3.94,F .14 
2.31 .F. 10 

GL-T 
E-I-R 
E-CHG 
E-SCH 
E-R 

Sl'STEhl-CON"% OL 
P.m T-LO-4.D-RATIO 
C'TILITY-FtATE 
'C'TILI'IY-RATE 

P L W T - P W T E R S  
PLANT-PAR4hlETERS 
SPACE-COXDITIONS 
SPACE-COhQITIONS 
SPACE-COhQITIONS 
SPACE-CONDITIONS 
SPA CE-COXDITIONS 
ZO>%AIR 

3.7 8 ,F. 13 
4.9 ,F. 16 
5.3p.19 
5.3 ,F. 19 
4.1 6,F .18 
4.1 1,F.17 
4 .1  1,F.17 
2.19,F.7 
2.19,F .7 
2.20,F -7 
3 * 1. S,F .7 
I!. 2 0 ,F .7 
8.70,F. 13 

E.3 



Kejvord is under / 

0 COM3LAND 01. J i v \ * \ i  old A G b re\-. this Command Page Piurn ber( s) - -_I__ 

EXAI'ST-EFF 
EXH-AL-ST-I<l~* 
EWA'C'S T- ST.4T I C 
EST-ELE C-I< 11' 
EST-ELEC-SCI-I 
ENT-FI'EL-BTl' I-E? 
EST-FL-EL-SCH 
EXTERIOR-WALL/-ROOF 

E-E zosE--AIR 
E-Id1. Z O r \ ~ A I R  
E-s ZOh'E-PJR 
E-51; FLLXT-ASSIGhWST 
LE-SCH PLLNT-ASSIGNhENT 
E-F-BTV PIANT-ASSIGh?4ENT 
E-FSCH PLANT--4S SIGNhlENT 
E-W/&R 

3 .  70,FI 12 
3.70,F.12 
3.70,F.12 
3.93,F. 14 
3.93,F. 14 
3.93,F.14 
3.93 ,F. 14 
2 2 5  ,F .8 

- 

FAN-COSTR OL F-C SYSTEM-FANS 
F.\S-S C ' H E  DlZE F-SCH SYS TEhl-FANS 
FLOOR-IlLZTTPLIEP, F-hl SPACE 
FL 0 OR - \\-E I C; H T F-\l' SPACE-COh'DITIONS 

3.85,F. 13 
3.85,F. 13 
2.24,F.8 
2.23,F .7 

~ 

GL.\S~-CO\DI'CT.ASCE G-C GLASS-TI'PE 2.1 3,F .d 
GLASS-TYPE G-T 2.13,F.4 
GL.ASS- T \PE  G-T WISD Oii' 2.27 ,F.0 
G ID-I? CI: LEC'T..IS CE G-R EXTERIOR WALL or ROOF 2.35,F.8 
G: R 0 S <-.a E.? G -A BLXLDING-LOCATION 2.6 F . 4  
G R 01'1D - T G-T BL'ILDmG-LOCATION ?.6,F.4 

HEAT-R 
H -C.W 
H-SC'H 
H-C 
H-R-SCH 
H-S-SCH 
H-S-T 
HE-qT-S 
H-T-SCH 
H 

E.4 

PL.L?T-PA.FLWTERS 
PLAnT-PARQhE TER S 
PL.fi'T-PARA.?.?ETER S 
PLAYT-PARAMETERS 
PL.L!T-PARAhETERS 
PLbYT-PAR.AA4ETERS 

4.13 ,F.17  
4.13,F. 17 
4.13,F .17 
4.14,F. 17 
4 . 1 4 , F  .17 
4.14.F.17 

SYSTEhl 
SI'S TEhI-CONTROL 
SP'STEhl-CONTROL 
S)'STEhl-CON:TROL 
Sl'STEh1- .CONTR OL 
SJ'S TEhl-CON TROL 
SI'STEhl 

DOOR 
ESTERIOR-\1'ALL 01 
\I'Ih3O\Y 

ZOI\'E-CONTROL 

PL.%.NT-PAR.AhE TERS 
PL.WT-PARAhE TER S 

4.1 5,F.18 
3.92,F. 14 
3.74,F. 13 
3.7 4,F .13 
3 -7  5,F .13 
3.75,F.13 
3.74,F. 13 
3.90,F. 14 
3.67,F. l l  
2.31,F.lO 

ROOF 2.26 ,F .8 
2.27 ,F.9 



Keyword is under 
COMbtANB or  Jiey\s.ord -4bbrev. this Command Page Number(s) 

__I- 

HOLlD..tl\' HOL BUILDIIVG-LOCATION 
HI?\ UDIFIER-Tl?E H-TI'F'E SYSTEh4 
H\\'-BOTLER-HIR PUNT-PARAMETERS 

1.2,2.5,F.4 
3.81,F.14 
4.13,F.17 

13mVCED-..?JR - ZOYE 
ISF'-CFll SQFT 
ILT-3ETl-I; OD 
IAT-SCHEDIZE 
I.l;'SIDE-FIL\l-RES 
I3ST-cLED-SIl IBER 
I?: T-ELEC-I\\\' 
IST-ELEC-SCH 
ITT-Ft-EL-BTl- I IR  
IST-FL-EL -sCH 
I3TERIOR-\+'ALL 

1-A- Z 
I-CFbI 
I-h 1 
I-SCH 
I-F-R 
I-N 
I-E-li 
I-E-SCH 
I-F-BTV 
I-F-SCH 
I- W 

ZOh'E 
SPACE-CONDITIONS 
SPACE-CONDITIONS 
SPACE-CONDITIONS 
LAYERS 
PLANT-EQUIPMENT 
PLANT-ASS1 GhWNT 
PLAXT-AS SIC: hMENT 
PWT-XSSIGhWNT 
PLANT-ASS1 GNhENT 

3.7 1 ,F .12 
2.23,F.7 
2 2 3  ,F .7 
2.23,F.7 
2 .7  ,F.6 
4 .8  ,F. 16 
3.93,F .14 
3.93J7.14 
3.93,F -14 
3.93,F .14 
2.32,F.8 

L-IT1 TL-DE L.AT BVILDI~GLOCATION 1.2,2.4,F.4 
0 LAYERS LA 2.7J.6 

L - I I E R  5 L-4 CONSTRLTCTION 2.9,F.6 
LEFT-Fl\-.A L-F-A DOOR F.10 

\\' In?> 012' 2.29,F .Q 
LEFT-FIS-B LF-B DOOR F. io  

LEFT-FI S - D  GF-D DOOR F.10 
\\' In?> OII' 2.29,F.g 

\!*INDO\\' 2.29,F.Q 
LEFT-FlS-1-1 L-F-H DOOR F.10 

2.29 ,F .9 
LIGH TIS C l - l i \ \ '  L- 1; I\* SPACl%COhDITlONS 2.17J.7 
L 1 C; H T 1 5 (4 - C HE D I ' L E 2.17 ,F.7 
L I C.i H TI .S (3 - TIT'€ L-T SPACGCOhTDITIONS 2.17 ,F.7 
L I C; 11 TI 5 Ci  - \\ * 5 81' T 2.18,F.7 
L1 CiH T- 1'0 - SP.4 CE L-T-s SPACE.CO?rTDITIONS 2.18 ,F.7 
L 0 S C; 1 T I'D E LOS BUILDING-LOCATION 1.2,2.4,F.4 

14' IhD 01\' 

L-SCH SPACEXOh?>ITlONS 

L-l\* SPACE-COhDITIONS 

2.7 ,F .6 
3.91,F.14 
3.76,F.13 
2.27 ,F .8 
3.74,F.13 
3.81 J .13  
3.91 ,F.14 
3 .72  ,F. 12  

E.5 



Keyword is under  
this Command 0 COMSIAIL'D or 1ieJ.u.or-d -4 b b r e\. . Page Xu rn ber( s) 

--___cI_z-- 

h4-C-S CH 

TtCX-H 
hl-hli-CHG 
bl-D-CHG 
hI-0-.4 
MIN-S-T 

M-CHG 
hl 

ZOhE 
PLAn'T-P.UAhETERS 
SYSTEhl-CONTROL 
UTILITY-RATE 
LJTILITY-RATE 
SYSTEhl-AIR 
SYSTEM-CONTROL 
PLANT-PAFWblETERS 
UTILITY-RATE 
EXTERIOR-WALL or ROOF 

3.73,F.12! 
4.11,F.17 
3.77 ,F . 1 3 
5 +4  ,F. 19 
5.4 ,F. 19 
3.80,F. 5 3 
3.7 5,F .13 
4.12,F.17 
52,F.19 
2.25,F .8 

N.4TCR.U-1 T, ?: T-.a C N-l'-A SYSTEA4-AIR 
h'A4TLR.U-\EST-SC'H N-V-SCH SYSTEhl-AIR 
hXST- T 0 N-T INTERIOR-WALL 
KIGH T-CYCLE-CTRL N-c-c SY STEh I-FANS 
ST34BER-OF-PEOPLE N-0-P SPACGCO.WITIONS 

3.82,F.13 
3.&?2,F.13 
2.32,F .8 
3 -87 ,F. 13 
2.1 6,F .7 

OA-CIW PER 
0.4- C H4.Y C; E S 
0.4 -COS TR 0 L 
OL'TSIDE-.APb -CF5 1 
OVTSDE-H I 
O'C'TSIDE- L O  
01 -El? K G  Cr - .A 

O\ ER HI\, Y C;- D 

0-CFhl :P 
0-c 
0-CTRL 
O-.L\-CFhl 
0 - H  
0-L 
OH-A 

OH -.kY G 

OH-B 

OH-D 

OH-\\' 

ZOR?E-AIR 
ZOhrE-AW 
SI'STEX 1-AIR 
ZOhE-AIR 
DAY-RESET-SCHED 
D.4Y-RESET-SCrHED 
DOOR 
\$'N30U' 
DOOR 
IY I A13 O\I' 
DOOR 
\YIhDO\Y 
DOOR 
\\.rn=D ow 
DOOR 
\I II\T)OW 

3.69,F.l? 
3.69,F.f 3 
3.81,F.13 
3.69,F. 12 
3.64,F.ll 
3.64,F.ll 
F.10 
2.38,F.g 
F.10 
2.28,F.g 
F.10 
2.38,F.g 
F.10 
2.28,F .9 
F.10 
2 28,F .Q 

P.k\E S 
0 PART-LOAD-RATIO 

PEOPLE - HE.\ T- GUS 
PEOPLE-HG-L.dT 
PEOPLE-HC;-SES> 
PEOPLE-SCHED'C'LE 
PLANT-ASSIGXMENT 
PLANT-ASSIGNMENT 

P GL4SS-TYPE 
P-L-R 
P-H-G SPACE-COhDlTIONS 
P-H-L SPACLCONDITIONS 
P-H-S SPACE-CONDITIONS 
P-SCH SPACE-CONDITIONS 
P-A in Plant 
P-A in Systems 

2.13,F.d 
4 .9  ,F. 16 
2.1 6,F.7 
2.1 7,F.7 
2.1 7,F.7 
2.16,F.7 
4.9 .F. 17 
3.93,F.14 

E.6 



Keyword is under 
COhlMAND or I<eyword Abbrey . this Command Page Number(s) -- - 
PLANT-EQUIPMENT 
PLANT-PARAMETERS 
PI?EHE.\T-SOL3 CE 
PREHE.iT-T 
PROCESS-C'H\I'-BTI',/HR 
PROCESP-CH\\'-SCH 
PROCESS-H\\'-BTL','KR 
PROCESS-H\\'-SCH 

P-E 4 . 7  ,F. 16 
P-P 4 .11  ,F.17 
PREHEAT SYSTEhl 3.91,F.14 
P-T SY STEM-CONTROL 3.78,F. 1 3 
CH\\'-BTU PLANT-ASSIGNMENT 3.94,F. 14  

PLANT-ASSIGhTMENT 3.94 ,F $14 
H\+'-BTU PLANT-ASSIGNMENT 3.94,F. 1 4 
HM'- S CH PIANT-AS S I G W N T  3.94,F.14 

R.?TE-LL'\lIT-ATION R-LIE\! UTILITY-RATE 5.4 ,F. 19 
RECO\'ERI'-EFF REC-E SYSTEhI-,%IR 3.81 ,F.13 
REHT.AT-DELT.3-T R-D-T SYSTEM 3.91 ,F.14 

ZOhE 3.72,F.l2 
RESET-SCHEDULE R-SCH 3.64,F.ll 
RESOL'RCE R EhERGY-RESOURCE 4.16,F.18 

'CJTLIT\'-RATE 5.2 ,F. 19 
R-I-C SPACG-COhiDITlONS 2.22,F.7 
RET-D-T S\'STEM-FANS 3.87 ,F.13 
R -1; \\' SYSTEA I-FANS 3.87 ,F.13 

RES- I\T- C'OEF 
R ETI-I? S - DEL T.-\- 7' 
R E TIT? S -I<\\' 
R I G 1-1 T-F I S -.\ R-F-.A DOOR F.io 

R I GI3 T-FI S-B R-F-B DOOR F.io 
U'IhDOW 2.?Q,F.9 

\f*IhDOI!' 2.30,F .Q 

U'I?lDO\V 2.30,F .9 

\!'IhDO\4' 2.30,F .9 
R O K I - I \ J X  RO CONSTRUCTIOK 2.1 1,F.s 

R 1 GH T - F1 S-D R-F-T> DOOR F.10 

R I GH T- FIS-I-i R-F-H DOOR F.io 

RUN-PERIOD 2.3,F.d 

S C'M- F L.? C; 
0 SCHEDULE 

SETB.\Cli 

SHWIS (1- COE F 
SHG I S C; - S C HEDL'L E 
SIZE 
SI 2 IS C; -R -\TI 0 
SOLRCE-BTI' HR 
SOIT(C'E-L.4TEST 
SOLI?CE-i;C'KEDIZE 

FL.4 G 
SCH 

SETB 

S-C 
S-SCH 

S-R 
S-B 
s-L 
S-SCH 

BOOR 
\\* Ih?> OlV 
GLASS-TYPE 
WIhD0\4' 
PLA.NT-EQ'C1PMENT 
SYSTEM 
SPACIGCOhDXTIONS 
SPACGCOhDITIONS 
SPACECOh'DITIONS 

5 $5 ,F. 19 
1.6,5.15, 

2 -3 1 ,Fa 10 
2 . 2 7  ,F .9 
2.1 3,F.4 
2 .?7 ,F .9 
4 .7 ,F. 16 
3.91,F.14 
2.?1 , F . 7  
3.3 1 ,F.7 
2 - 2  1 .F.7 

F.5,F.i i  ,F. i9  
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Keyword is under 
CQMSfAND 01% lie?.\\ord -4 b br ex* . this Command Page  Number(s) 

-__cIx_ 

SOLRCE-SLSSIBLE 
SOL3 CE-SITE-EFF 
SOLXC'E-T\PE 

0 SPACE 
SPACE-CONDITIONS 
SPACE-COlDITlONS 
S??\I-BOILER-HIR 
SLPPL1'- 1 
SLF'PL~'-CFll 
SLPPLI'-DELT.A-T 
SLT'PLI'-HI 
SLFPLY-I<\\* 
SL-P'PLY-LO 

0 SYSTEhl 
0 SY STE3I-AIR. 

SI'STEl 1-.m? 

SI'S TE3 1 - ('0 S TR OL 
SYSTEM-COSTROL 

SYSTEhl-PASS 
S1'STE31-F.\XS.S 
SI'STES I-FLI'ID 
SI 'STEl I- 5.U iES 
SI-PTEJ I-TjTE 

* SYSTE?i.IS-REPORT 

s-s 
5-S-E 
S-T 
S 
S-C 
s-c 

s-1 
S-CFh4 
SL'P-D-T 
S-H 
s-I<\\' 
s-L 
SYST 
S-A 
S-A 
s-c 
S-C 
S-FANS 
S-F.%YS 
S-FLIT 
S-?; 
S-T'IT'E 
S-R 

SPACE-CONDITIONS 

SPACGCONDITIONS 
ENERGY-RESOURCE 

SPACE 

HEAT-RECOVERY 
PLANT-PARAMETERS 

SY STEM-AIR 
SYSTEh4-FANS 
DAY-RESET-SCHED 
SSSTEM-FANS 
DAY-RESET-SCHED 

SYSTEhl 

SYSTEM 

SYSTEM 
SYSTEhl 

SYSTEhl 
P L.m'T-AS S 1 G A N E  N T 

2.21 ,F.? 
4 .16  ,F. 1 8 
2.20,F.7 
2.24,F.8 
2.15J7.7 
2.24,F.8 
4.13,FJ 7 
4.15,F.18 
3.80,F. 13 
3.86,F.13 
3.84,F.ll 
3.86,F.13 
3.64,F.ll 
3.89,F.14 
3.80,F.13 
3.89,F.14 
3.74,F.l3 
3.89,F.11 
3.85,F.13 
3.89,F.14 
F.14 
3.93,F.14 
3.8gIF. 14 
3.95,F .15 

T-L-I<\\* 
T-L-SCH 
T-L-\I' 
T 
TER-TJTPE 
T-T1?>E 
TH 
T-R 

T-2 
TOC-LIhX 

SPACE-CONDITIONS 
SP.4CE-COn~ITIONS 
SPACECO3?)ITIONS 
SPACE-COh?)ITIONS 
ZOLE 
ZOh?E-CONTROL 
L -4'1'ER S 

EXTERIOR-M'ALL or  ROOF 
ZOhTE-CONTROL 

BUILDING-LOCATION 
BLOCIC-CHARGE 
PLANT-PARAhETER S 
PLA!!T-PARAM3TERS 
PLWT-PARAMETERS 
PL.k! T- PAR-kdETERS 
PL.iNT-P.sJIAhlETERS 

2.19J7.7 
2.18,F.t 
f?.19,F.? 
2.16,F .7 
3.7 1 ,F .12 
3.68,F.ll 
2.8,F.6 
3.68,F.ll 
2.26,F.8 
1.2,3.4,F.4 
5.7 ,F. 19 
4 .1  ?,F.17 
4.1 2,F. 1 7 
4.12,F.17 
4.13,F. 17 
4.12,F.17 
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Kepvord is under 
0 COMMAYD or K e > w  ord Abbrev. this Command Page Number( s) 

PART-LOAD-RATIO 
PWT-EQUIPhENT 

F.16 
4 -7  .F .16 

UNDERGROUND-FLOOR U-F 
0 UNDERGROUND-WALL u-w 
0 UTILITY-RATE 
u-1 '.UL'E U CONSTRUCTION 

2 +33 ,F .8 
2.33,F.8 
5.2 ,F . 1 9 
2.9 ,Fa 6 

1'-T-SCH SYSTEM-A3R 
V SPACE 

3.83,F. 13 
2.24 ,F .8 

WEEK-SCHEDULE W-SCH 1.6,F.5,  
F.11 ,F.i 9 

U'IDTH 12' DOOR 2.31,F.IO 
EXTERIOR-\3'ALL or ROOF 2.26,F.8 
M'L\DO\I' 2.27 ,F .O 

0 WINDOW VVI 2.27,F.g 

e ZONE 
1 0 ZONE-AIR 

ZOX-.LuF: 

20532-COSTROL 
2 0SE-F.Yi-CFll 
2 OYT- F-AS-1; \\' 
2 0 XE - F-4 Y-R-4 TI 0 
ZOh€- F.\S- T- SCH 
2OSE-HE.AT-SOl'RCE 
ZOSE-S.k\ 1ES 

ZONE-COKTROL 

2 
2-A 
2.4 
2-c 
2-C 
2- F- CFhl 
Z-F-I<\I' 
2-F-R 
2-F-SCH 
Z-H-S 
z-N 

ZOhE 

ZONE 
ZONE 
ZOhE 
ZOhE 
ZOhE 
SYSTEM 
SYSTEhl 

3.7 1 ,F .13 
3 .6Q,F. 13 
3.7 1 ,F.12 
3.67,F. l l  
3.7 1 ,F .12 
3.72,F -12 
3.72,F.l2 
3 .73,F.1? 
3 -72 ,Fa 13 
3.91 ,F .14 
3.91 ,F. 14 



Appendix F 

BASIC BDL SUMMARY 

Table of Contents 

in t roduct ion  ..................................................................................... 
LOADS 

JSPVT LOADS .............................................................................. 
TITLE ............................................................................................ 
X3ORT .......................................................................................... 
D L K 3 O S T I C  ................................................................................ 
RL'S-PERIOD ............................................................................... 
B'C'ILDING-LOC.4TION ................................................................ 
GL.ASS-TI'PE,. .............................................................................. 
D.41 .-SCHEDL'LE .......................................................................... 
\\ 'EEI\;-~CHED~LE ....................................................................... 
SCHEDL'LE ................................................................................... 
L.\lXRS ........................................................................................ 
COSSTRL'CTIOK ......................................................................... 
SP ..1LC'E-COhBITIONS .................................................................. 
SPACE ........................................................................................... 
ESTERIOR-\\*.JLLL 01' -ROOF ...................................................... 
I XTER 1 OR-\Z..&L ......................................................................... 
I.I\DERG'ROL.I\?>-~~'. XLL 01% -FLOOR ........................................ 
.\ ~ . I l D O \ ~ '  ...................................................................................... 
DOOR ............................................................................................ 
LO.JJ>S-REPORT ......................................................................... 
E\D ............................................................................................... 
C'Ol IP'C'TE LOADS ....................................................................... 

SYSTEMS 
I W V T  S'STESIS ......................................................................... 
TITLE ............................................................................................ 
D.%l.-S(.HEDL.LE .......................................................................... 
\\~EIS;-~('HED~'LE ....................................................................... 
.X.HED [.LE ................................................................................... 

F . 2  

F.4 
F.4 
F.4 
F.4 
F.4 
F.4 
F.4 
F.5 
F.5 
F .5  
F . G 
F.6 
F.7 
F.8 
F.8 
F.8 
F.8 
F.9 
F.10 
F.10 
F.10 
F.10 



D-A\'-RESET-S:CH ........................................................................ 
RESET-SC'HEDLXE ...................................................................... 
ZOYE-CONTROL ......................................................................... 
ZO?\E-.%IR ..................................................................................... 
ZO3E ............................................................................................. 
St'STEh 1-COYTROL .................................................................... 
S)'STEh\I-.4 IR ................................................................................ 
S\ sTEy\I-F.4NS ............................................................................. 
S\ sTEh*I ........................................................................................ 
PL-ANT-ASSIGhIhfENT ................................................................ 
S'I'STEh.lS-REPORT ..................................................................... 

-1 

.-. 

E?;?> ............................................................................................... 
COlIPUTE SI'STEMS .................................................................. 

PLANT 
I SP V T P L-4X'T . + e * . v b . . e 0 0 0 0 0 . 
TITLE ............................................................................................ 
PL.%ST-EQLrIPhEIT .................................................................. 
P.%RT-LO-%D-RATIO ................................................................... 
PL.%YT-.GSIG33IEXT ..................................................... 4 .......... 
PL,JINT-P.JIR.L!fETERS ............................................................... 
HE.AT-RECOIJTR\' ...................................................................... 
E LER G I* - R E 15 OLJR C E .................................................................. 
PL-kXT-REPORT ......................................................................... 
ELD ............................................................................................... 
COLIP'L'TE PL.%N'.......... ............................................................. 

EC02VOMICS 
I XF' 'C' T E C O N O> I I C S .................................................................... 
TI TLE ............................................................................................ 
~\13EIi-SCHEDl.LE ....................................................................... 
5 C'HED FLE ................................................................................... 
BLOC'li-CHARGE ......................................................................... 
EC'OSOlllC'S-REPORT ................................................................ 
('01 1PL'TE EC OSOMICS ............................................................. 
S TOP ............................................................................................. 

'C'TILIT~'-R-4TE ............................................................................ 
EXD ............................................................................................... 

GEOGRAPHICAL DATA FOR 50 LARGEST U.S. CITIES .. 
TIME ZONE CHART .................................................................. 

F.11 
F.11 
F.11 
F.12 
F.12 
F.13 
F.13 
F.13 
F.14 
F.14 
F.15 
F.15 
F.15 

F.16 
F.16 
F.16 
F.16 
F.17 
F.17 
F.18 
F.18 
F.18 
F.18 
F.18 

F.19 
F.19 
F.19 
F.19 
F.19 
F.19 
F.lQ 
F.20 
F.20 
F.20 

F.21 

F.23 

PERPETUAL CALENDAR ......................................................... F25 

F.3 



Y I, 

INTRODUCTIOhT 

Thi s  Boair BDL Sutn7nary contains only a partial list of commands and keywords  found  in the 
DOE-2 Building Description Language (BDL). Information contained herein is considered 
ap:propriste for the beginning DOE-? user .  A complete list of all commands and keywords can 
be found in t h e  BDL Sunitnary (2.1Ej. A discussion of commands and keywords can be found in 
the  ReJereiice Alatrual (2.1-4), and the Supplement (2.1E). 

~ - 

COh!lMAND( abbrey . ,max  allowed) [ comment s ]  
0 KEYWORD(abbrei7 . ) (defaul t ; range  and dimension) 

IiEI‘\VORD( abbret*.)(default;range and d imens ion )  
I<E’i’\+’ORD(abbrev.)(defauIt;range and dimension) 

About Commands  and Keywords 

0 

Suggested h p u  ts 

L IliE 

Default Values 

Terminator  

- 

indicates a required keyword 
- - 

To indicate their relative impor- 
tance, we have bold-faced cer- 
tain keywords t h a t  are most 
commonly used. 

- 

in front of a command means 
t h a t  a u-name is mandatory 

in front of a c o m m a n d  means 
that, a u-name is optional Oth- 
erwise no u-name is permitted 

Unless otherwise noted, t he  
LIKE keyword is permitted for 
each command. 

~-~ - 

For easier reference, the default 
values of all k e y w o r d s  a r e  
bold-faced. Some keywords a r e  
s h o w n  with a long dash (-) as 
t he  default i n s t ead  of a given 
\value; in these cases,  the user 
must define t h e  value. 

A two-dot terminator, (..), is 
required to e n d  each input. If a 
comment is to foliow t h e  termi- 
nator, put a space between the 
terminator and the comment. 

F. 3 



LOADS SUMMARY 

PAh7ES(P)(l:I 1.0 3)  (all integers) 

10.0 Btu/hr-ft'-T) 
I 

I ISPUT LOAD§ Required for Loads input 

1 TITLE(5) L I N 5 n  *c'p t20 40 characters enclosed by asterisks* 
Hehere n = 1 , 2 ,  ..., 5 

!Sate* In SI'STEMS. PLANT, and ECONOhllCS, lines may be replaced, u p  t o  an overall lotal of 5. 
.41so. an: particular LI.?CE-n may be substituted for lines input in LOADS by using TITLE command 
followed b j  Llh 'En *changed text., where n is the l i n t  to be changed.) 

I AB0 R T( ERRO RS ;ERR ORS ,\!'.mh?!w s ,CAUTIONS) 

D I A G N O S T I C ( L 1 S T )  t.akes up to  six optional code-words 
M'ARNIN G S:ERR ORS ,\V.ARh?NGS ,CAUTIONS ,DEFAULTS ,COMT\ENTS 
(defau1t;options) is as follows: 
ECHO:ECHO,NO-ECHO 

I R'UX-PERIOD(1) Required for L0 .WS input 1 
~- 

B'UILDING-LOC~ATION(B-L,I) 
LATITUDE(LAT)( * ;-(36.5 LO 6G.5') 

ALTITUDE(.UT)(OIO:-lOOO.O LO 20000.0 f t )  

GROSS-AREA(,G-.\)(** i0.0 t o  10'ft') 

LONGITUDE(LON)(+ ;-180.0 1.0 180.0°) 

TIME-ZONE(T-Z)( +;-I? to (all iiitee;ers) 

A 2 IMU TH( .4Z )( (3 .O : - 360 .O to 360 .Oo) 
H OLID.il'( H OL)('YES;l€S ,NO) 
D.4111 CiH T-SPLI'mGS( D-S)( YES;l'ES,NO) 
C; ROl'SD-T( G-"I')( * * * ;-1OO.O t.0 150.0oF) 
C l . E . ~ ~ E S s - ~ _ ' ~ I B E R ( C - I \ I ' ) (  *+*  10.5 to 1.2) 

Sore, HOL = j'ES - 1.25. Holidays assumed; HOL = NO - no holidays assumed] 
Sort.: D-S = I 'ES - Daylighr Savings correcLion; D-S = NO ~ 5 .  no Daylight Savings correction) 

* Default  IC t a k e n  from rhe weather f i le  
* *  D v f a G i r :  I O  n.1 a r e a .  i e .  t h e  sum of a r e =  or all conditioned SPACE'S. 
* * *  Tsi 6 :  '1 1151 of L \ \ ~ . I V P  ~ a l u e s :  o n e  per month. Default is laken from t h e  weather file. 

Set. page '-7.1-1 of this manual Tor GL.4SS-CO;hjDliCT.4hCE defaults. 
tyi l ics l l  values. s e t  C h a p t e r  27 of t h t  ASHRAEHandtmk of Fundamentals. 1989.1 



I- - 

= SCHEDULE(SCH.loo) :?;ole: LIKE keyword not allowed] 
1 

( s w  esainplt. belou*) 

5 o t c  Ever! da) of r u n  perrod must t c  accounled for) 

S o t c .  . \ I1  2-i hours must b e  accounted fori L I 
In i t s  simplest form, the  input for DAY-SCHEDULE takes the form: 

U-NAME = DAY-SCmDULE (hours covered) (values for each hour) .. 
For exainple, for weekdays: 

LTG-1 DAj'-SCHEDI-'LE (I ,%) (010101O,O,O,O,O1.31.6,.8,1,1,1,1,1,1,1,O,01O,01O1O) 

Optionall)., this can be shortened by writing: 
LTG-I = DAI'-SCHEDULE (1,8)(0) ( Q l l l )  (.3,.6,.8) (1?,18) (1) (19,24) (0) 0 .  

For \v eek- en ds and 11 oli days: 
LTC4-2 = D.1LI--SCHEDl'LE (1,24)(0) .. 

= M'EEK-S CNEDUT,E(\f'-SCH ,200) 
(see esaniple  beloiv) 

Note Code-uord Tor days of week a n d  holidays is first three letters of name. 

Xote Slust p r ? s t r v t  o rde r  of Xionday, Tuesday, Wednesday, Thursday ,  F r iday ,  S a t u r d a y ,  Sunday ,  Holiday] 
No:e -411 ds!: or week - Holiday must he  accounted for] 

A L L  5 l l o n d n ; \  t l iru S u n d a y  + Holtdsys: NTEH - weekends + Holtdeys; and WD - weekdays] 

In i t 5  sinsplest form. rhe input for \j'EEli-SCHEDl.rLE takes the form: 
U-NAhlE = WEEK-SCHEDULE (t) (U-NAME of DAY-SCHEDULE referenced) .. 

d3yc  ol' w e 4  covered 

t ' s ing t h e  pi+c\'iousl!. defined D-4'i-SCHEDL%Es LTG-1 and LTG-2, the example can be carried foward  
w.ii 1 1 .  

(hlOnl ,FRI) LTG-I 
(S-\T,HOL) LTG-3 

l'.~C.\TION = Ij'EEIi-SCHEDLrLE (.4LL) LTG-? 

YOR\ L U  = \\*EEli- SCHEDbZE (\!'D) LTG-1 (M'EH) LTG-? .. 
H hcre  !\\'Dl s t ands  for week-dags and (M'EH) for week-ends a n d  holidays. 
l f  S a t u r d a y  IC considered part of t h e  normal week, you must write 
(3lOS.S.4T1 LTG-I (SI'N.HOL) LTG-2. 
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In its simplest form, t h e  input  for SCHEDULE takes the form: 

U-NAME = SCHEDULE(TI3RI: ?)(U-NAME of WEEK-SCHEDULE referenced) .. 
A c d * n ; f 8 r  per id  covtrtd 

To finalize t h e  example:  

LIGHTS =s SC'HEDLZE THRU JUN 10 NORM4L 
THRU SEP 5 VACATION 
THRU DEC 31 NORhL4L .. 

Alternai i\.el!*. explicit use of D.41'-SCHEDLrLE and WEEK-SCHEDULE can be bypassed by writing: 

LIGHTS = SCHEDLZE THRU JUS 10 (WD)(ll8)(0)(9,l1)( .31.6,.8)(12,18)(1)( 191?4)(0)(WEH)(1124)(0) 
THRL! SEP 5 (ALL)(1,34)(0) 
THRU DEC 3 1 ( WD) ( 1 ,8)( o)( 9.1 1 >( .3,.6,. 8)( 1 3,18)( 1 )( z 9,34)( o)( WEH)( 1 ,21)( 0) 

= LAYERS(L.L\.Ici) * 
0 MATERL4L(Ii\T) * *  

THI CliYE5 S( 'l'H ) * * * 
I?;SlDE-FIL\l-I?ES(I-F-R)( 0.M;O.O t o  -10.0 hr-ft'-V;'Btu) - 

L l l S  I,?! \ \or4 I);)\ i r l lo~  ed 
\'slue m u s t  b e  B lrst of either t h e  u-names of hl4TERlALs or codtwords from t h e  
S131eriaIc L iL rs r? .  see  .4pperrdi\; D .  Also. list t h e  materials ( a  maximum of 9) 
from ouisidt t o  inside. don' t  specify inside or oubsidc air film ELS a material 

THICICESS m u s t  t r  specified if  any thickness is different frarn those specified 
i n  S1.4TEKI.AL comrriai1ds or Slateriais Library. Order of list must correspond to 
1151 folio\\ 1118 >l.?TENL4Ls 

= CO 3 S TRU CTION(C0YS ,64) 
0 LAYERS[L.\]  u - n a m e  or code-word 

0 L'-I'-UC-E(l')( -:O.O t o  20.0 Btu  /hr-ft'-?F)* 
.~~0OHTT.~~C'E(.~S)(O.7 ;O.O LO l.O)** 
RO~'C;)-I?;ES~(RO)I3:j to 6) (all integers)** 

0 I' 

F o i  I ! I I Y I I O ~  surra.4: includes resistance of hoth s ir  films; 
fc)r e \ i t r i a r  : L r f i r  

\-P J h j i r  2 11.12 tor .4BSORPT.4NCE and ROLICHhTSS values. 

incluJcj inside t$m resistance b u t  not ouiside film resistance. 
* *  

I Sot u 5 t . j  for in te r ior  H a l l i .  underground walls. or underground floors I 

F.G 



-- - 

= SPACE-COY.PITIONS(S-C,SO) 
PEOPLE-SCHEDWLE(P-SCH) u-name 

AREA/PERSON(.4 'PI( 10Q.O;O.O to 10000.0ft?)[Uoed only if hlMBER-OF-PEOFLE not specified] 

PEOPLE-HEAT-G AIN( P-H-G)( 0.0;350 0 to 3000 .O Btu hr-pew)? 

N Crhl BER-OF-PE OPLE( N-0-P)( 0 $0 : 0.0 to 10000.0) 

or 
PEOPLE-HG-UT( P-H-L)(O.O;O .O t.o 2000.0 Btu/hr-pers)t 
and  
PEOPLE-N G-SENS( P-H-S )( 0 .O ; 0.0 to 2000.0 B tu hr- pers )t 

LIG HTIN G-SCHEDULE( GSCH) u-name 
LIGHTING -TYPE( GT)( SUS-FLU OR; Options are: SUS-FLUOR, 

LIGHTING-W/SQFT(L-\V)(0.0;0.0 to 10.0 \!'/ft') I If both ipeciflod, contribution is added]  

REC-FLUOR-RI', REC-FLUOR-RSV, REGFLUOR-h?', and WCAND.) 

Or 
L1GHTISG-I<\\'(L-Ii\!')(0.0;0.0 to  200.0 k\V)( If both  speciticd, contribution is added.] 

LlGHT-TO-SPACE(L-T-S)(*;O.O to 1 .O) 
TASK-LIGHT-SCM( T-GSCH) u-name 
TQLSK-LT-W/SQFT(T-G\I')(O.O;O 0 to 10.0 \l ' , /ft?)[ If both specifled, contribution is added. ]  
01' 

T.~Sl~-LIGWTrr\'G-li\\'( T-L-I<\!')(0,0,0.0 to 200.0 k\Y)i If both specifled, contribution is added.] 

EQL'IPhlENT-W/SQFT(E-\\')(O.O;O.O t o  100.0 jj'/ft2) [ If both  specified, contribution is added]  
EQUIP-SCHEDULE(E-SCH) u-name 

0 1  

EQ~'IP~~NT-li\l'(E-I~~~')(O.O;O~O to 200.0 kN')[ l f  both specifled, contribution is 8ddcd. j  
EQI'IP-SEXSIBLE(E-S)(I,O;O.O to 1 .O) 
EQI'IP-L:ITEXT(E-L)( 0.Q;O.O to 1 .O) 

S0t.X ZE-TIPE( S-T)( GAS:G;.~S.ELECTRIC,HOT-\~'ATER,PROCESS) 

SOniCE-SEXSIBLE(S-S)( I+O;-l .O t.0 1 .O) 
SOI*RC'E-L-4TEST(S-L)(O.O;O.O to 1.0) 

SOLR CE-SCHEDI'LE( S-SCH) u-name 

SOLI? CE-BTL', HP,(S-B)(O.O:-~OOOO0O.O to 1000000.0 Bt u /hr)  

TEI\IPER.ATI-XE( T)( (70.0).0.0 t o  l?O.OOF) (listoof 1) 

INF-SCHEDULE(1-SCH) u-name  * *  

AIR-CHA;h;GES/HR(.4-C)(O.O.O.O to  30.0) 1 If both specified, contrjhution is added. ]  ** 

FLOOR-\!'El GHT( F-W)(7O .O;O .O t 0 200 .O lb/f t-) 

INF-hlETHOD( I-\ 1 J( NONE;YO3E,CR.~CI\: ~-CH~~GE,RESIDEI\ 'TLZL,S-G)  * *  

0 1' 

II\T-CF\l SQFT(X-CFJl)(O.O~O 0 to 20.0 cfm 'ft ')): I f  both specif ied,  c o n t r i t u t r o n  is added ] * *  
RES-ISF-C'OEF( R-1-C')((0.252,0.0251,0.0084):0.0 I to ?O.O, mixed units) + *  

' 
Z b &  it it  1 ~ 1 0 1 f i  I fib\$. "Dt lnu l t  T b t l l e  for LIGHTING-TITFEs" 

*. S p c  r h t .  : ~ I l p  or1 t h e  n e x t  page "Default Table for lh!-hETHODs" 
A i f  no I aluc I C  i n p u t .  there is no contrihuiion from ptoplc If all arc specified. the  contribution is cumulat ive .  

Default Table for LTGHTIXG-TYPES 
sus- REC- REC- REC- I 

I( E YM' 0 RD FLUOR FLUOR-RV FLUOR-RSV INCAND FLUOR-NV 

L 1 C; H T- T 0- SY.A CE 1 .o 0.8 0.8 1 .o 1 .o 

, 
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Default Table for IhT-hfETHODs , I 
I 

RESI- 
i L, 

DEXTLG 
1 

AIR-CHANGE 1 SOhE t \I'ith wind I Without wind 
K E Y W O R D  CRACK 

- 
.%IR-C'HA\'C;ES HR 

I!TF-SCHEDLZE 
ISF-CFhl-SQFT 

R ES-IAT-COEF 

not used 
required 

t 
not uoed 

n o t  used required 
n o t  used not used 
n o t  used 
n o t  used not used 

not w e d  
not wed 

t 
not -ad 

correct ion 
1 

not used 
not used 

t 
t 

1 If no t  specified. ah .a)*s  on $ If not specified, takes default value I 
* Tliir kej -word is input u n d e r  the EXTERIOR-WALL, DOOR, and WNDOW commands. 
'Yot  e:  For ISF-h€ETHOD= RESIDEXTM , wind and temperature dependence is given 
through t i l t .  RES-IYF-COEF keyword.! 

= SPACE(S,I%) 
0 ARE.4(.4)(-:0.0- to 100000.0 ft') 

6 3  VOLUME(I')( -;O.O to 10 f t  1 
FL 0 OR-hlC'LTIPLIER( F-hI )( 1 .O;1.8 to  200.0) 
SPACE-C OK DI TI 0 NS( S-C) u- 11 anie fj 

( =  )EXTERIOR-WALL(E-\!'j or ROOF(300) 
0 HEIGHT(H)(-iO.0 to 2000.0 f t )  
0 U?DTH(\\.)(-;O.O to 2000.0 f t )  
e COh;STRUCTION(COSS) u-name 

AZIMUTH( .4Z)( 0.0;-3GO.O to 360.0') 
TILT( 9O.O:O 0 to  180.0°) /Tilt for ROOF must be input, otherwise it will default to 90'; 
\ l~ 'LTIPLICR(~f ) (  l .O:O.O to 99.0) 
c;~?I>-REFLEC'T..1L~CE(C;-R)(O.2:0.0 to 1 .O) (See page 2.25 for typical values 1 

' ( =  i InTERrQR-WAz*L(I-\~',jJ.!) 
AREA(. \ ) ( -  0 0 to 100000.0 ft') 
CONSTRUCTIOP,( CONS) u-name 
S E X T - T O (  S-T) u - n a i n e  of adjacent SPACE 

( = )  CXDERGROUND-WALI~(I.'-\!') or UNDERGROUND-FLOOR(U-F)(64) 
0 AREA(.4)(-:0 0 10 100000.0 ft') 
0 CONSTRUCTION( CONS) u-name 
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I = M'IXD OU'(\!'I ) (ZOO) 
HEIGHT(H)(-:O 0 to 40.0 f t )  
hTDTH(\\')(--.OO to 1000.0 f t )  
GLASS-TYPE( G-T) u-name 
SEI'B.\CI\:( SETB)( 0.O;O 0 to 10.0 f t )  IL'nused for interior windows: 
Srr~INcC;-sCHEDr'LE(S-SCH) u-name 
h i_lL\;-SOL.M -SCH( 11-S-SCH) u-n ame 
CO?;DI'CT-SCHEDLrLE( C-SCH) u-name 
C03..L1CT-Tr\lIP;-SCH( C-T-SCH) u-nanie 
O\'ERH%YC-.\( OFb-i\)(O.O;no l imits  - ft ) [Unused  for in te r ior  windows]  
OlTRHt't;G-B( OH-B)(O.O;no limits - ft)  [Unused for in te r ior  windows]  

OlXRHYiG- \\'(OH-\f')(O,O;O.O to no l imi ts  - ft) ( U n u s e d  for interior windows]*  
and*  
O\TRHkYG-D(OH-D)(O.O;O 0 to no limits - ft) (Unused for  i n t t r i o r  windows]*  

OlERHkYG--%YGLE( OH-Ah;G)( 90.0;0.0 to 180') (Unused  for in te r ior  windows]  
LEFT-FIS-.i(L-F-A)( 0.O;no l imits  - f t )  [Unused  for in te r ior  windows]  
LEFT-FIX-B( L-F-B)(O,O;no limits - f t )  [Unused  for interior windows]  

LEFT-FIN-H( L-F-H)(O.O;O.O to no limits - f t )  [Vnused for  in te r ior  windows]*  
aird* 
LEFT-FIX-D(L-F-D)(O.O;O.O to no l imits  - ft) IUnused for in te r ior  windows]*  

RIGHT-FIZ-.%(R-F-..lr)(O.O:no limits - f t )  (Unused  for in te r ior  windows]  
R 1 CI 1-1 T- F 15- B( I? - F- B )( 0 .O , I i o 1 i mi t s - f t ) / V  n used for I n t erior w i  n d o  wsj 

l?ICil-1T-Fl$-H(R-F-H)(O.O:0 0 10 no limits - f t )  (Unused  for interior windows]*  
and* 
RI~HT-FI?'-D(R-~-D)(O.O.o.O to no limits - f t )  [Unused  for  interior windows!* 
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-- 1c I-I__-- -_____l.ll__----___--___-.------_IIIU--.C-_--- 

(==) DOOR(6-1) 
0 HEIGHT(H)(--0 0 LO 40.0 f t)  

\\*IDTH(\\*)(--:O.O to 1000.0 f t )  
0 CONSTRI:CTlON(CONS) u-name of a quick-type (U-value) CONSTRUCTIOS 

SETB.ACII;( SETB)(O.O;O.O to 10.0 f t )  
O~IER)~rL~G-Pr(QH-.~)(O.O.no limits - f t )  
O\'ERH.4YG-B( OH-B)(O.O;no limits - ft) 

Ol?ERHkYG-\V( OH-\l')(O,O;O.o to no limits - ft)* 
and* 
O\'ER3LQ;";G-D( OH-D)(O.O;O.O t o  no limits - ft)* 

LEFT-FIX-A(L-F-A)(O.O;no iimits - ft) 
LEFT-FIX-B(L-F-B)(O.O;no limits - ft) 

LEFT-FIX-H(L-F-H)(O.O;O.O to no limits - ft)* 
and 
LEFT-FIS--D(L-F-D)(O.O;O.O to no limits - ft)* 

RIG'HT-FIN-.~(R-F-.9)(0.0,no limits - ft) 
R IGHT-~l3-B(R-F-B)( 0.0,no limits - ft ) 
RIC;1IT-FI?:-H(R-F-~~)(O.O;O.O to no limits - f t ) *  
and * 
RIG;IIT-FIS-D(R-F-D)(O.O:O @ LO no limits - f t )*  

O\TR H%"G-A!GLE( OH-.L!'JC)(QO,O;O,O to 180') 

- I 

E i t t a c r  Loth or nr'lhcr of there should be  spccifird If' not specified, rhadrng cdculalion wi l l  not be dona 

-__I_- 

LOADS-REPORT(L-R -1) 
~?3RIl'lC'.?TlOS( l')( (--);Ll'-.A .L\'-B,. , . ,L\'-hl) 

I r--- SLNhlARY( S )( (LS-D),LS-.A,LS-B.. . .LS-L) 

L 

p i i -  
R e q u i ~  ~ . c l  at ei~d of LO.-tDS i n p u t  and before FLTNCTION command, if' specified. 

_II 
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SYSTEMS SUMMARY 

-. [ IKPGT SYSTEMS Required for Systems input I 
--u_ 

TITLEp) 
See LO..uI,S 

= D AY-S CHEDULE( D-SCH ,300) I S e e L O . a S  

= I+’EEK-SCHEDULE(\\’-SCH,2OO) r See L0.QS 

= SCHEDULE( SCH. 100) INote:LIIX keyword not allowed] 
See LO.rnS 

= DAY-RESET-SCH(R-R-SCH,3OO minus the number of D-SCH’s) 
0 SUPPLY-HI(S-H)(-;O.O to 12O.OOF) or (-;O.O to 1.0) 
0 SUPPLY-LO(S-L)(-;O o to 120.00F) or (--;O.O to 1.0) 
0 OUTSIDE-HI( 0-HI(--;-?O.O to l?O.O°F) 
0 OUTSIDE-LO( O-L)(--;-3O.O t30 l?O.OOF) 

= RESET-SCHEDUL~R-SCH.IOO minus the number of SCH’s) 
S e e  LO.U)S .Xot e,LXKE kejvord not allowed\ 

= ZOXE-CONTROL(Z-C,SO) 
DESIGN-HEAT-T(D-H-T)(-;O 0 to 80oF) * 
HEAT-TEMP-SCH( H-T-SCH) u-name * * 

0 DESIGN-COOL-T(D-C-T)(-;O.O to 90°F) * 
COOL-TEMP-SCH(C-T-SCH) u-name * *  
BASEBOARD-CTRL( B-C)( OUTDO OR-RESET;OL’TDOOR-RESET, 

T1-1 ERllOST.~T-T~’PE( T-TIT’E)(PROPORTIONAL;PROPORTIONAL, 

T1 lJ3 OTTLISG-RASCiE( T-R)(*+*;O.l to 1O.O”F) 

THER 1 10 S T.4T1 C ) 

RE\ERSE.4CTIOI\;,T\vO-POSITION) 

R e q u 4 r t d  h u t  not used in  srmula~ion of SCbl cyslcm. 

I f  oi i . i i i tpd no heat ing  or cooling. repzctivtly, in zone 
* n *  D r l r ~ i t  1: 2 U i f  THERhIOSThT-TjTE = PROPORTI0N.U or RE\’ERSE.ACTlON, 
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O~TSIDE-.UR-CFhl( O-A-CF'hl)(-;O.O to 99999009.0 cfm) 
or 
OA-CFM/PER( 0-CFhl/P)(-;O.O to 60.0 cfm/person) 

0,4.-CH\KGES( 0-e)(-i0.0 t90 IO.O/hr) 
EsK~~ST-CF~l(GCFhI)(-;O.~ to 99990989.0 cfm) 
E~~~.'ST-ST.JITlC(E-S)(-;O.O to 10.0 in of WG) 

Or 

E,\3t~~'ST-EFF(E-E)(0*7S;O. I to 1 .O) 
E-~~~ST-l;\~'(E-l;\\')(- iO.0 to  0.01) 

=z ZO>'E(Z.I~S) 
ZONE-CONTROL(2-C) u-name 
ZOh'E-AIR(Z-.+) u-name 5 

l l I ~ - ~ r S l - S C ) . ~ ( ~ l - C - S C H )  u-name 

I \XI 1' C ' E D- .UR - 2 0 !TE( b.4- 2) u - n am e of ZOhE * 

h1IY-C'Fs 1-~.,TIO(~l-C-R)~-;O.O to 1 . O )  

TERl11S..IL-I'l'PE( TER-TlPE)( SVAV;S\'AV,SERIES-PnT,PAR4LLEL-PIU)* 

R E I-IE.AT-DELT.JI-T( R- D-T)(- ;Os 0 to 10O.O)' 
BASEBO ARD-RA TIN G (B-R )( 0 S O  ;-99999999 .O to 0.0) 
ZONE-FAN-RATIO(Z-F-R)(**;O.O to 10.0) ***  
01' 

0 ZO~E-FAN-CF~~(Z-F-CF~~)(* * ;O.O t 0 9990999~.0 ft3/min) *** 
0 zO~E-FAh.-T-SCH(z-F-SCH) u-name (Required if  TERMIXALTI'PE - P W L E G P T U . J  *** 

ZO>E-F.LL"-Ii\\'( Z-F-li\\')(o.~o33;0.0 to 0.01 k\\'/cfni) * **  
C'sci 2 :  ...I for Pl l .  sys iem,  1-.4-2 required i f  TERhilN.GT7r'PE # SVAV 

FL: ~ t : i e ,  FILS ZO?,\Z-F.4N-R.4TIO defaults t o  1.0 However, defaulting is not 
a L c r \ + c J  for l a : J l i t ;  PIL' itiertfore, user rrtust input  -RATIO or -CFhl. 

' * *  T:;ii. Le) L S Y :  b j  ;etbr,c under  i l i e  ZO?;E-F.QiS command i n  the  ( u n a b r i d g t d )  B5L Summary (P.I€), 

$ 41 1 I i s  :,rd I r c  n: t t rulaLclrnnrknds  m a \  tlt placed ~n the 20XE command 

* *  



1 =2 SYSTEM-CONTROL(S-C,sO) 
MAX-SUPPLY-T(hLXX-!S-T)(-;50.0 to 2OO.OOF) 
MI N -SUP PLY -T(h I1 N-S- T )( - ; 4 5.0 to 7 0 .ODF) 
COOL-CONTROL( C-C)( CONSTANT ;COh’STANT,\+’.kRhEST , 

ECON O-LIMIT-T(E-L-T)(-;45 .O to 80 .OQF) 
RESET SCHEDULED) 

BASEBOARD-§CH( B-SCH) u-name 
HEATISG-SCHEDULE(H-SCH) u-name 
COOLIYC- SCHEDULE( C-SCH) u-name 
HEAT-COYTROL( H-C)( CO NSTANT ;CONSTAn7T,COLDESTlRESET,SCHEDULED) 
HE.\T-SET-T(H-S-T)(-;SO.O to 20O.OoF) 
HE.IZT-RESET-SCH( H-R-SCH) u-name of RESET-SCHEDULE 
HEAT-SET-SCH(H-S-SCH) u-name 
COOL-RESET-SCH( C-R-SCH) u-name of RESET-SCHEDULE 
COOLSET-SCH(C-S-SCH) u-name 
AlLY-HL3 lrPIT\‘(hLLY-H)( 10010;30.O co 80.0%) 
h llY-HL3lIDITl*( hlIN-H)(O.O;O .O to 70.0%) 
PR El iE.4 T-T( P-T j; 4 5 ,O ;-SO .O tcO 70.0’F) 

I 

= SY S TEhl-FAIVS( S-F.LYS,SO) 
FAN-SCHEDULE( F-SCH) u-name 
F AX-COX TROL( F-C)( - ;CO&ST.WT-\’OLUhE,SPEED ,INLET,DISCH-4R GE,CYCLING, 

T\\’O-SPEED .F.G-EIR-FPLR) 
S\‘PPLl’-DELT.I\-T( SI’P-D-T)( -;O.O to 30.OT) 
and 
S ~ ~ P L l . - l ~ \ ~ ’ ( ~ - l ; \ \ ’ ) ( - : O . O  to 0.0 k\+’/cfm) 

and  
R ETIT? X-IJ!.( R -K\f*)( -;O .O to 0.0 1 kM’ /cf m) 

I? E T I’R S -DE L T.A--T( RE T-D- T )( - ; 0.0 to 30 .O°F) 

XIG HT-CYCLE-CTRL( N-C-C)(--STA~’-OFFIC1’CLE-ON-AN1”, 
CI’CLE-ON-FIRST, ZOr\’GFANS-OhZY+) [*Used only for pni sys~ems] 

- 

0 A-CO N TR OL( 0- CTRL )( TEMP T E h P  , F W D  ,ENTt.L4LPY) 
S~13PL~’-CF~l(S-~FE\l)(  *;10.0 t o  0900999.0 cf rn)  f Calculaied from ZONE-AIR i n p u t  and zone loads.; 
~ l l S - ~ L ‘ T ~ ~ E - . ~ ( ~ l - O - . ~ ) (  * ;O.O t.0 1 .O) [ Calculattd from ZOh’E-AIR i n p u t  and zone loads.] 
1 lIS-.%lR-SCH( SI-A-SUH) u-name 

N.4T\’R.U-lENT-.4C( X-I’-A)(-;O.O t>o 100.0 air changes/hr)** 
N.4TL’RU-lENT-SCH( N-1:-SCH) u-name** 
~€S?’-TE~1P-SCH(~’-T-SCH) u-name* * 

R E C O j  E R \‘-E FF ( R EC:-E)( 0 e 0  ; 0.3 to 0.8 B t u /B t u ) 
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= SYSTEM( SI'ST. 100) 
SY STEh-I--CO N TROL( S-C)! 
SY STEM-AIR(S-.A)$ 
SY STEM-FANS( S-FA!!S)$ 
SI'STEh I-FLVID( S-FLL:)$ 

o SY STEhl-TYPE( S-nTE)(-) 
ZONE-NAMES( ZN) (list of zones in system,including plenum and unconditioned zones) 
HEAT- SOURCE( HEAT-S)(-;HOT-\YATER,ELECTRIC 

F I ~ N A ~ , O I G F ~ ~ N A C E , H E A T - P ~ ~ )  
2 0 NCHEAT-SOURCE( ZH-S)(-;HOT-WATER,ELECTRIC 

PR E1E.AT-SOLRCE(PREHEAT)( -;HOT-M'ATER,ELECTR1IC 

BASEBOARD-SOURCE(B.GEES)(-$iOT-WATER ,ELECTRIC 

HI% ilD IFER-TYPE(H-T\'F'E)(- ;HOT-M'A TER ,ELECTRIC,FURNACE, 

SIZI3G-R4TIO(S-R)( 1.O;O.l to 3.0) 

MIX -CFM-RAT1 0 ( 3  1-C-R )( - ;O .O to 10 .O) * 

~L~~-COT\TD-R~'R~'(~l-C-R)(-;O.O to 1 .O)* * 

FLRNACE,OIL-FURNACE) 

FURN.L\CE,OI.L-FURhTACrE) 

F LXNhCE, OIL-FURNACE) 

OIL -FL'R N.4CE) 

REHEAT-DELTA-T(R-D-T)(-;O.O to lOO.OoF)* 

I-1 E .AT IN G - C.Q.4 C I T\'( H- CPLP ) (- ; - 9 9 9 9 9 9 99.0 to  0 .O B tu / h r ) * * 

Thi: b.*?\+or A aFpears under  the  SYSTEM-TERhllNAL command 
i n  t h e  ( u n s L r d g e d )  BDL Summary (2.1E). 
Th~s  Le\ H o r j  ai pears under t h e  S>'STEhf-EQUlPh$ENT command 
in t h e  ( u n a t i r i d g r d )  BDL Summary (P.lE). 
.4r,\ kcj'aord from I hcsc sutlcommands may be placed in the ZOhE command 

m n  

g 

= PL.X!ST-.A§SIG !'3ENT( P-A ,-I )t 
Sl'STEr\l-N.LhES(S-K) (list of system names in this plant) 
IST-Ft'EL-BTIT;HR(I-F-BTU) (0 ,O;O.O to 10,000,000 Btu/hr) 
IST-FLXGSCH( I-F-SCH) (u-name) 
EST-FLZL-BTV /HX(E-F-BTU) (0.O;O.O to 10,000,000 Btu/hr) 
ES'T-Ft-EL-SCH( E-F-SCH) (u-name) 

IST-ELEC-SCH( I-E-SCH) (u-name) 

EXT-ELEC-SCH(E-E-SCH) = (u-name) 
DH\\'-Ci.a 111s (DH\I'-GPhf)(O.O; 0.0 to 10,000 gal/min) 
D H \\' - SC 1-1 ( u - n ani e ) 

DM\\'-KL€T-T-SCH (u-narne)[defaults to ground temperatures from weather file] 
PROCESS-W\'-BTL' 'HR(H\V-BTU) fO.0;O.O to 1O,OOO,OOO Btu/hr) 
PR OCESS-Hl~'-SCH(H\~'-SCH) (u-name) 
PR OCE S S- CH\\'- B TL' 'HR ( CHl\'-BTU) (0.0;O. 0 to 1 0 ,OOO, 000 B tu / hr ) 
PROCESS-CH\\'-SCH ( u - n a l ~ e )  

A I f  i h l i  commsnd I C  not used. I hr def6UlI PLANT-ASSlChThlENT is all sysccms described i n  the  input .  

IXT-ELEC-li\\'( I - L K )  ( 0 . O ; O . O  to 1000 kij ' )  

EST-ELEC'-Ii\\'( E-E-li) (0.O;O.O to 1000 k l l ' )  

DH\\'-SLTPLI'-T (140.0; 70.0 to 300.0 F) 

L__ 
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SYSTEhlS-REPORT(S-R,l) The toial number  of reports generaled may not exceed 200. 
Sl-3 l3 LU3’1’( §)( (SS-A) ;SS-A.SS-B, -. . ,SS-0) 

I END 1 
I Required a t  end of Systems input I 

I COMPUTE SYSTEMS 1 
I Required t.0 do Syst+ems simv’ation I 
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I INPUT PLANT Required for Plant input  I 

Plant-Equipment 
DIESEL-GEN 
GTt;RB-GEN 
STI 'RRGEN 

I See LO.%DS 

MIN MAI# OPT 
0.15 1.1 0.95 
0.30 1.1 1 .o 
0.10 1.1 1 .o 

== PLAN T-EQUIPh'ENT(P-E,so) (Six PLANT-EQUIPMENT instructions 
are allowed for each equipment type, so that up to six different sizes may be specified tor each 
t!*pe. Exceptions are cooling towers, and hot and cold water tanks. Only one of each of these 
m a y  be specified.] 

TYPE(-;;') 
SIZE(0 .O ;- 1000 .O to 100.0 h m t u  /hr) 
XNSTALLED-NUMBER(I-N)(1;1 to 10) (all integers) 

Fore: For a cooling tower, II\'ST.QLLED-NUh4BEER is the number of cells, 

S o l e  A t  least one PL.\n'T-EQt'IPhlENT c o m m s n d  is required;  TYPE must be  t h e  Rrst k e y w o r d  l i s t ed]  
* . A l i o H  e j  TIT'E code-words  are:  

.4BSOR C-CHLR ELEC-HW-BOILER 

.*SOP, I-CHLR ELEC-STM-BOILER 

.GSOR 2-CHLR ENG-CHLR 
C'OOLIYG-T\IR HERM-CENT-CHLR 
DBL.3-CHLR HERM-REC-CHLR 
DH\\'-HE-ATER m4'-B OILER 
ELEC'-DH\l'-HEATER STM-BOILER 

P.-U?T-LO.ID-R.~TIO(P-L-R,25) [One PART-LOAD-RATIO ins truc t ion  may be used  for each  tquipment t y p e . ]  
0 TIYE(-:*) ' *  Takes siimt coJt-words as TI'PE i n  PLANT-EQUIPMEhT.] 

ELEC*-I~l'l-'T-R.4TIO( E-l-R)( $;O.O LO 10.0) 4 



__ 

u-na ine  = PL,a~T-.~SSIG~~IE?;T(P- .4 .1)  
'Xote: u - n a m e  must be the  u - n a m e  of t h e  PL.4?'iT-BLSSIGh7\IEI\'T in SYSTENS; 

if  PL.iYT-ASSIGL3EKT is defined in SYSTEX'IS, then i t  must be defined in PL.LVT also.! 

DH\!'-HIR(1.39;0.0 t o  3.0) 

Chillers: 
HERM-CENT-COND-TYPE( TOWER;TOWER,AIR) 
HERM-REG-COND-TYPE( TOWER;TOM'ER,AIR.) 
.A.BSORI-HIR( 1 e 8  iO.0 to 3.0) 
PLBSOR2-HIR(I*O;0.0 to 3.0) 
-4BSORC;-HIR( 1.0: 0.0 to 3.0) 
.mSORG-HE.AT-XEFF( 0.8; 0.1 to 1 .O) 
ENG-CH-COP(1.4: 0.1 t.0 3.0) 
ENG-CH-CO?;D-T\'F'E(TO WER;TO\1'ERl.41R) 
DBUN-COIL'D-T-REC( 105.0;80.0 to 12O.OV) 
hfIS-C'OXD--4IR-T( 65.O;O.O to 1OO.OV) 
CHILL-\i'TR-T( 44.0 ;32 I 0 t 0 80 . O T )  

To\\-ers: 
Tl+'R-C.aP-CTRL( ONE-SPEED-FAN;OhE-SPEED-FAN, FLUID-BYPASS, 

TlI'O-SPEED-FAN S.QRL4BLE-SPEED-FAN) 
T\j'R- SETPT-CTRL( FIXED ;FI?;ED ,\I'ETBULB-RESET) 
T\\'R-SETPT-T(80.0; 32.0 to  1OO.OF) 
h l I ~ - T \ I ~ R - ~ ~ ' T R -  T( 6 5 .O; 32.0 to P 00 . O T )  
T\\'R-P~~LP-KE.~(BO.O:O.O to 100.0 f t )  
T WR-DE SI G N- WETBULB( 7 6 .O ; 3 2 .O to 1 00 . O T )  

P u 1nps : 

~ 

HCIRC-HEAD( 80.0:O.O to 100.0 f t )  
I HCIFl C-DESIGN-T-DROP(3O.O:O.O t o  1 O O . O T )  

HCIRC-LOSS(O.O1;O.OOO1 10 1.0) 
CCIRC-HEAD( 60.0:O.O LO 100.0 f t )  
CCIRC-DESIGX-T-DROP( 1O.O;O.O to  ?O.O°F) 
C'C'IRC'-LOS~(O.Ol:O.iK)OI t o  1.0) 
CC'IR C'-S12 E- OPT( SY STEM-PEAK : Sl'STEh4-PEAIi If\lrST-PWT-EQW) 
HCIR C'-SIZE-OPT(SY STEM-BEAK;SYSTEhd-PEM< ,INST-PLANT-EQUIP) 
CCIRC-PUMP- TYPE(FIXED-SPEED;FID-SPEED ,l'ARL%BLESPEED) 
H CIRC-PUMP- TYPE( FIXED-SPEED iFN2D-SPEED ,VARIABLE-SPEED) 
CC'll?C'-~lJS-PLR( 0.5;0.O001 to 1.0) 
HCIRC'-~lIN-PLPI(O.5:O.O0OI to 1.0) 

a Th. ojl t  ions are. DIESEL-OIL.I\'.~TC~RAGC.SS,FC'EGOLL,LPG,C0.4L,METHANOL. 

1 PLANT-PARAMETERS (P-P, 1) 

F.17 
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r 

E?XR C;j'-RES O t 3  CE( E-R, 7 ) 
RESOURCE( R)(- ;ELECTRICIT~~,DIESEGOIL,NATURAGGAS, FUELOIL, 

S TE.4.3 1 , CH ILLED-11' ATER ,LP G ,COAL , hETHAN OL) 
SOL?iCE.SITE-EFF(S-S-E)(t;O.O to 1 .O) [ f  See Suppiemrnf (0 , lE)  for default values.] 

HE,IT-RECOl'ER )'( HE.4T-R ,1) 
E;'lTPLJ'-l(S-l)(DBUN-CHLR) 
DE3tL\-D-1 (P-l)(SPACE-HEAT) 

Default Values for ENERGY-RESOURCE 

RESOURCE SOLRCG!SITGEh;'F 
CHILLED-N'ATER 
COAL 
DIESEL-OIL 
ELECTRlClTI' 
FLXL-OIL 
LPG 
hlETHXYOL 
N.L\TI.?I.aL-C;.G 
S TE.45 1 

1.5* 
1 .o 
1 .o 
0.333*** 
1 .o 
1 .o 
1 .O 
1 .o 
O.GO** 

* Efficient elttct~~icall~-driven chillers in a central 
chill ed-iv ater plant . 
Steam produced by hea ton ly  boiler in a central 
stesni generation plant. 

* * * California Energ?. Commission conversion factor 
for electricity: 10,539 Btu,'klYh. 

* *  

SL3flLiRJ'( S)( (PS-A,PS-B,PS-D):PS-A,PS-B,PS-C!PS-D,PS-G,BEPS 
PLANT-REPORT( P-I? . I )  L 
EKD 

R q u i r e d  at elid of Plmt input  

I COhjPC'TE PLANT I 
R e q u i l d  1 0  do Plant simulation 

F.18 



Required for Economics input  

W EEK-S CHEDULq \i’-SCH, ZOO) 

= UTILITY-RATE(L‘-P)(l5) 
RES 0 URCE(R )( -;ELECTRICJT’I’,DESELOL ,NATURAL-GAS ,FUELOIL, 

STE.k.4 ,CHLLLED-\t‘ATER ,LPG )COAL ,METHANOL , OTHER-FUEL , 
and for cogeneration ELEC-BUk’/SELL ,ELEC-hTT-SALE) 

~lOSTH-CHC;S(hl-CHG)(O.O;O,O to $1OO,OOO/month) list of 1 to 13 values. 
ESERC;’1~-CHG(E-CHG)(0.0:0.0 to %100,000,000/unit.) 
E\ERGI’-CHG-SCH(E-SCH) (u-name) 
DE?\LJ\SI)-CHGS(D-CHG)(O.O;O.O to !%100,00O,iKK)/unithr) list of 1 to 12 values 
BLOCI<-CKUGE(B-C)(-;list of up to ten u-names of BLOCK-CHARGEk) 
~lI?;-3lO?;-CHGS(3l-hl-CHG)(O.O;O.O to %1.000,000,000/month) list of 1 to 12 values 
~fIS-~IO~-DE~1-CI-JGS(3l-D-CHG)(0.0;0.0 to %1,00O,/month) list of 1 to 13 values 

L I I S  (-;accepts u-name of‘ another UTILITY-RATE) 
BIl~LING‘-D.~~’S(B-D)(31 or lait day of month;hst of l? days, one for each month; 1 to 31) 

R.4 TE-L l3 I1  T.4 TI OK( R-Ln 1) ( 0.0 ;O .O to S 1 O O , O O O , 0 O O ~ C ~ M T )  

i 

L 

= SCHEDULE(SCH.lOO) 
See LO-QS 

= BL OCK-CHA.RGE(B-C)( 30) 
BLOCK-SCH(B-SC‘H) (u-name) 
SCH-FL.L\G(FL.4G)(l,olke!. to hourly value used in a SCHEDULE) 

BLOCI\;~-D.~T,~(BI-D)(O.O;I~S~ of up  to 10 sets of block-size,cost/unit,limit) 

BLOCK?-D.4T.4(B2-D)( O.O;l ist  of up  to 10 sets of block-size, cost/unit, limit) 

BLOC1;3-D.~T.~(B3-D)(O,O; list of up to 10 sets of block-size, cost/unit, limit) 
TOr‘-SEXSON-LI?;I~S(TO~l-L~~~)( accep ts list of u- names of BLOCK-CHARGES) 

BLOClil -TlTPE(BI -T)( ENERGY;E~~RG~,I\11’H/K\V,I(\lrH/K\~-LIXIITS~~ll,DE~~) 

BLOCIi2-Tll’E( B2- T)( ENERG Y ;ENER G ~ ) I ~ ~ ’ / I ; \ ~ , ~ ~ \ ~ ‘ ~ / K i ~ ’ - L ~ I I T S ~ ~  ,DEMA.’!\!) 

BLOC1;3--Tl’PE(B3-‘T)(ENERGY; ESERGY, Kil’H/hTV) h?l’H/lW-LIhflTSUhl, DEM.3))  

ECOXOhllCS-REPOR T(E-R, 1) 
\ E R LF 1 C-4 TI 0 ?: ( 1 ‘ ) ( - ; El ‘-.A, J2I7-B) ( 1 is t ) 
SL3 fi Lml’( S )( ES-A ;ES-.4 ,ES-B,ES-C,ES-D ,ES-E,ES-F ,A.LL-SUhlMARY) (list) 

‘See .41 i tendis C of t h e  t h e  Supplctrrenf  /P.J€) 
lor a f u l l  description or all reports : 
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COMPUTEECONOMICS r Fiey\lll.ed for Economics simulation 

- - ._ 

STOP 
L'se o n l y  i f  want BDL and simulation to stop here 



Geographical Data for the 50 Largest US. Citieo 

Stat e City Lata Long. Time Zone 

Ar i z o n  3 P Iioen ix 
Tucson 

33.45 
32.13 

112.07 
110.58 

7 
7 

- 

Fresno 
Long Beach 
Los Angel- 
Oakland 
Sacramento 
San Diego 
San Francisco 
San Jose 

~ ~~ 

36.43 
33.78 
34.07 
37.83 
38.35 
32.72 
37.78 
37.33 

__ 

119.47 
118.18 
118.25 
122,27 
121.29 
117.15 
122.42 
121.88 

Colorado Denver 39.73 104.98 7 

Floii dii Jacksonville 
hljami 

30.33 81.65 
25.78 80.18 

5 
5 

Georgict Atlanta 33.75 84.38 5 

Hawaii Honol u I u 21.32 157.87 IO 

Illi rmis Chicano 41 -88 87.63 6 

111 di a n a 1ndianaDolis 39.77 86.15 5 

Lou i si3 11 3 Sew Orleans 20.97 90.07 6 

Baltimore 39.28 76.63 5 

__ 

Detroit 42.33 83.00 5 __ ~- 

31inne.sot a hl inn eapol is 44.98 93.27 6 
h n s a s  City 
Saint Louis 

39.10 94.58 
38.63 90.20 

6 
6 

Omaha 41.38 96.02 6 

Ne\\ J f e s i ro  .u buquerque 35.05 106.30 6 

Buffalo 42.88 78.88 5 se\\* 1’0 l .k  

Xort i r  Carolina Charlotte 35.13 80.5 5 

- S e w  1’0 l .k  40.73 74 .oo 5 

~~ __ __ 

Cincinnat i  39.10 84.52 5 

Coluinbus 39.97 83.00 5 
Toledo 41.65 83.55 5 

Ohio Clev elan d 4 1  .SO 81.70 5 

Ok I ahoina Oklaho~na City 35.50 97.50 6 
Tulsa 36.17 95.82 6 



8 
--_I__ 

Port 1 a nd 45.53 1??.6? - 01 eeon 

P hi1 ad el phi a 
Pittsburgh 

39.95 75.17 
40.43 80 O? 

5 
S 

h 1 e m  p 11 is 
Nash vi 11 e 

35.13 90.05 
36.17 86.78 

6 
6 -.-- ------- _u___ 

Austin 30.16 97.44 8 
Dallas 32.78 96.82 6 
El Paso 31.75 106.48 7 
Fort N'orth 32.75 97.30 8 
Houston 29.77 Q5.37 6 
San Antonio 29.43 88.50 6 - 

-ug I I I 1 3 I'irginia Beach 36.5 75.58 5 

\\'ash in g t 011 Seattle 47.60 122.33 8 
\\- IS COll  SI 11 h 1 i 1 w auk ee 43.03 87.82 6 

5 \\'ash i n  g t on 38.90 77.03 D C '  

F.22 
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Sote T h e  program a n d  t h e  wearher Alcr use a 305 day ytru even for leap years. Therefore, in lerp yearr, the erltndar and the program 
get one d a j  out of step urth regard LO days of the  weel: alter February 2Q When using tbt perpetual c d t n d u  for leap yews, shift back 
one da! of t h e  utek for d b t e s  rfitt February 29 

Basic BDL Summary  F.24 Basic BDL Summary 
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