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I. GENERAL INFORMATION 

SUMMARY 

SOLARSIM is a quantitative computer model which calculates, 
on a regional and national basis, domestic water and domestic 
space and water heating loads for single family detached 
dwellings. SOLARSIM is also capable of performing life-cycle 
cost analyses of solar space and water heating systems of various 
levels of intricacy. The main function of SOLARSIM, a solar 
energy financial incentive model for the applications of solar 
water heating and solar space and water heating, is to estimate 
the impacts of different economic and financial incentive 
scenarios designed to accelerate the market penetration of solar 
energy heating systems. 

ENVIRONMENT 

Software Sponsor - Federal Energy Administrator 
Office of Energy Information and Analysis 
Nuclear and New Technologies Analysis 
Division 

Developer - The Orkand Co.rporation 
8630 Fenton Street, Suite 938 
Silver Spring, ~aryland 20910 

User Organization - Office of Energy Information and Analysis 
Nuclear and New Technologies Analysis 
Division 

Computer Center - '  Optimum Systems, Inc.. (OSI) 
Rockville, Maryland 
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11. OVERVIEW 

SOFTWARE ORGANIZATION 

Exhibit 11-1 on the following page presents a diagram showing 
the inputs, outputs and data files of the SOLARSIM solar energy . 
model. This general overview provides a macro level flowchart 
depicting the major SOLARSIM routines and processes and how they 
are logically associated with the other major SOLARSIM routines 
and processes. Associated exhibits are provided to further 
explain the model. 

A Summary Matrix of SOLARSIM Model Components is provided in 
Exhibit 1.1-2. This matrix'briefly describes the major SOLARSIM 
components as depicted in the SOLARSIM overview exhibit. 

Exhibit 11-3 presents a table of the user specified input 
parameters to SOLARSIM. These parameters must be determined and 
specified by the user before exercising the model. If user 
parameters are not specified, the default values shown in Exhibit 
11-3 are used. 

FILE INVENTORY 

All files used in association with the SOLARSIM model are 
located on direct access system devices (disk). Specifically, 
they are all on IBM 3350-Disks. The table below lists all the 
SOLARSIM associated files by their data set names and disk volume 
locations: 

DSN - Vo 1 ume 

FEAOll 
FEAOll 
FEAOO9 
FEA009 



Exh ib i t  1 1 - 1  

SOLARSIM Model' Overview 

Reg lonal  l zed 
Data Blocks I 

HAIN PROGRAM 

Major Rout lnes 

Penetrat ion Functlon 
Housing Stock Pro ject lons 
Years t o  Pay Back 

TAUALF r t  THERMAL 
ANALY S l S 

Fm ANALYS l S 

I 



Summary Matrix of SOLARSIM Model Components 

COMPONENTS 

1. MAIN Program 

2. Subroutines 

2a. CALC 

2b. ECON 

2c. YESNO 

2d. READIN 

2e. CYREAD 

2f.  SLREAD 

29. DDREAD 

2h. TAREAD 

3. Functions 

3a. RBAR 

3b. TAUALF 
3c. XPENT 

4. Data Blocks 

4a. CITYDATA 

4b. SOLDATA 

4c. DDATA 

4d. TADATA 

I 

DESCRIPTION 

A centra l  program logic  con t ro l l e r  
- - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - -  

Performs thermal analysis  
Performs economic analysis  

Accepts user spec i f i ed  paramters 
Reads user supplied inputs and re tu rns  values 
t o  t he  MAIN program 
Reads c i t y  and l a t i t u d e  data  f o r  126 c i t i e s  
and 10 regions 
Reads monthly long-term average t o t a l  
so l a r  radia t ion f o r  126 c i t i e s  and 10 regions 
Reads monthly long-term average degree-days 
f o r  126 c i t i e s  and 10 regions 
Reads monthly long-term average ambient tem- 
peratures f o r  126 c i t i e s  and 10 regions 

- - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - - - - - - - -  

Calculates r a t i o  of da i l y  e x t r a t e r r e s t r i a l  
Radiation incidence of a t i l t e d  surface  
Calculates transmittance-absorptance product 
Calculates market penetrat ion from Years t o  
Payback 

- - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - -  

Contains name and l a t i t u d e  of 126 c i t i e s  and 
10 regions 
Contains monthly long-term average so l a r  
radia t ion data  f o r  126 c i t i e s  and 10 regions 
Contains long-term average degree-days f o r  
126 c i t i e s  and 10 regions 
Contains monthly long-term average ambient 
temperatures f o r  126 c i t i e s  and 10 regions 



E x h i b i t  11-3 

Table o f  User S p e c i f i e d  SOLARSIM Input  Va r i ab les  

A I R  SYSTEM=1rL IQUID SYSIEM=2+ o + r 0 + , o o , 0 + + 0 0 0 2 0 0 
COLLECTOR A R E A + r o o r + r + e o r r * r + o o o o o o r o o o r r o o o o  5313 20 lZ'r2 
FRF'RIME-TALI-ALF'IiA 12'R13DUCT (NORMAL INCIDENCIf ) + + 0 o 7 0  
FRPRIME-UL P R O K ~ U C T r + r + o + o , o o o o o o o o o ~ o + o o + r + o ~  0 , 8 B 'T I 1 ,/ l..~ .-. I::' ..- I::' ::> ,.. 

NUMBER OI' TIIANSI"ARlfN7' COVERS + r o + r o o r o o o o + o o o o 2 6 0 0  . 
COLLECTOR SLOPE I N C K E M E N T o o + , , o , o + o + o o o o o r o o o  0 + 0 LiIf GRf:E!? 
AZ:IMUTIi ANGLE ( E  + G + SOIJYH=O Y WEEiT:='i.'O + o 0 + + ,, a 0 + 0 DlcGliEIf !? - 
STORAGE C A f A C I T Y r o o o * + , + + o o o + o o o ~ o o o o + o o o o e o o  :L 5 , 0 0 B 'T 1.1 / F' .-I.: '1.2 ." ,. 
EFFECTIVE BUILDING U A o o o , o o o + o o o o o o + o + o o o o o o o  ; ~ ~ . ? 6 + 6 0  E{'T'U/t.IIi'.-I:' 
CONSTANT D A I L Y  BLKlG I.iILA'I' GIEI4EIIAT:EON 0 + + 9 + + 0 + + + 0 + 0 B'T'IJ/DAY 
1-IOT WATER U S A G E r o r + o o o + + r o o o o o o + o o o o o o o o o o o o o  7 9 , 2 0  GAI,./X:lAY 
WATER SIZ'T TIZ~"~I-'ERA'TUIIE* * + * + + + + + + + , o + + + + + :14 0 + O 0 I-' 
WATER MAIN T E M F ' E R A T U R E o o + r + + r + r * o e o o o o o o r o r o o  5 : l r 8 0  I' 
CITY CALL  NUMBER^+^^^^^^^^^^^^^^^^^^^^^^^^^+^ 62 o 00 
'THERMAL F'RIN'T OlJ'T BY MClN'TH=j. 9 BY YEAli':=2o o o o + 9 2oOO 
ECONOMIC: ANALYS:CS?' YES:=:L Y E.II:):z:2+ o o o e , + o 0 o o o o o o :I. 0 0 0 
(JSE OF'TMZD, (~OI-LI~[:'T(3R AI.?'IZA:.II. :, SI"I=(::f:'D ,' Al:tliil$:x2, 2 o 00 
F'EIIIOD 01- 'TI-llf ECONC1M:CC ANRI ...YS:I:S+ , , 0 + + r + + , + + + , 2 0 0 0 Sf 1.1 I:? 5; 
COI-I,ECTOR AREA DIZ12'ENXSEN'I' SYS'T'l:M CilS'T!S+ r + a + + + r :I. 0 0 0 r l i  ,/ 1:: 'T' ;.? i:: i:) I... I,.. 
CONSTANT SOLAR (:OS'T800,0 o o o o  , +  , +  ,.+, + . + , +  :LOOO,OO !I; 
KIOWN F'AYI\/[EN'T(X 01- ORIG:I:l\lAL. :T:NLII:t:!!'TMlfi\lT) r o r o o 9 o 0 o 0 % 
ANNUAL INTEIIE!C~T lliA.1'1~ (IN. ~r : ) l i ~ i ; ~c ; l _ :  , , + + , + + ' 8 , 0 0  % 
TERM OF M O R T G A G E + o o , o o r o o + , o o o o o + + o o , , E o o o o o o o  20,(>i'j \~I~:~$IIs 
ANPdIJrqL NOM:CNAI-(MrSRI\;'If'T>. D:ESC:OIJNT lin'rI:+ 0 . 6 , , + 0 , :'3,00 x 
EXI-'IZNSES ( INSUR o Y MA:CNT 0 4 or-' SYSTEM :EN :l.!;.r Y E ~ I ?  0 + 0  r l i  

- 
RNNUAI- % 1NCI:i'EASE 'l:N AEOVE EXPENSESo o o o o + + 0 9 6 + 0 0  X 
F'RI~SENT QI-: AUXILIAIIY 1~1.11~1.. i IY-' ? , + + + + , , , a , 6 + 0 0 $1; ,J ?I If 'T'1.J 
CF I I I S E '  . LINEAlI:=:L P X / Y I I = ~ Y  SE(3r (:)I' VALlJES:=Y o + 4 4 2 0 0 0  
I F  1 r  WIiAT :I!; TI-IE SLOIZ'E 01' CI' :CNCIIEA!SlE?'+ o + r o o O, i )  ji/'iqfi'riJ....'<R 
I F  29 WIiAT I S  TI-IE ANNUAI ... IIA'T'E (:IF CI::' l i : C ! 5 1 Z o  o o o o :I. 0 9 0 0 X 
ECONOMIC PRINT OUT BY YIZAIIz::L r C:UMUI...A'TIVIi:=2 + z:!,Q(> 

I:FFECT:IVE FEDIZRRL.-STA.~'E :CNCOMI:: 'TAX l i n ' r ~ ~  , + o 0 0 0  x 
'TRIJI-I PRO12' TAX RATE F'ER !ti 01- ORGINRI ... INVI fST + OoO X 
:CNCOME F'RODIJCING EIJII-KIING'i' YIZ!!zJ I NU12 0 o r + o m :I. o 0 0 
DF'RC, ' STR + LN=1 r DC + Br-ll- +z2 r SM-YR.-DG'T':=3 r N(:)NEZ=4 + 4 , 00 
I F  2y WtIRI X CIF S'TRr L N  D12'RC+R'T + :IS TlE!iiIRED'i'o + o :L500i)0 X - 
USEFIJL- L I F E  FOR DEF'AEC + F'I.JR12'OSIZS o o o + + r + + + + + o + 2 0 ~ 0 0  Y l . i :~~!? 
SALVAGE VALUE AT IEND 01- D1EF'RECo IZ'I,RIOD 6 r a + o + + 0 * 0  !li 



THE ORKAND CORPORA TION 

111. DESCRIPTION OF RUNS 

RUN INVENTORY 

There are four (4) basic versions of the SOLARSIM solar 
energy computer model. ,Specifically, they are: 

9 Base Case 
9 Incentive I 
o Incentive I1 
e Incentive I11 

Each version represents a run for a specific type of tax 
incentive geared towards the market penetration of solar energy 
systems. By varying the specified input parameters associated 
with each run of the SOLARSIM model, any number of combinations 
of runs can be accomplished for each version. Each of the four 
versions of the SOLARSIM solar energy model are discussed in the 
following paragraphs. 

Rase C a s e  

The Base Case run of the SOLARSIM solar energy model is the 
version which contains no financial incentives (i.e., no tax 
deductions). When comparing results of the various SOLARSIM 
model versions the Base Case is the initial comparison situation. 

Incentive I 

The first tax incentive consists of a 40% tax deduction on 
the first $1,000 spent on a solar energy system and a 25% tax 
deduction on the next $6,400 spent on the solar energy system 
over an eight (8) year period. The purpose of this version is to 
provide estimates for solar energy market penetration given the 
above financial incentive scenario. 
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Incentive I1 

The second tax incentive consists of a 40% tax deduction on 
the fi.rst $1,000 spent on a solar energy water heating or space 
and water heating system and a 25% tax deduction on the next 
$6,400 spent on the system over a three (3) year period, or a 30% . 

tax deduction on the first $1,000 spent on a solar energy system 
and a 20% tax deduction on the. next $6,400 for the next two (2) 
years., or a 25% tax deduction on the first $1,000 spent and a 15% 
tax deduction on the next $6,400 spent for the next three years. - 
The purpose of this version, as with all the incentive versions, 
is to provide estimates for solar energy market penetration under 
a specified scenario of tax incentives. 

Incentive I11 

The third tax incentive consists of a 20% tax deduction for 
the first $1,000 spent on a solar energy system for a five (5) 
year period. The purpose of this version of the SOLARSIM s'olar 
energy model is to provide estimates for solar energy market 
penetration under this tax incentive scenario. 

RUN DESCRIPTION 

Control Inputs 

The job control language needed to execute the solar 
simulation is listed below. This JCL is attached to the SOLARSIM 
model source code. Refer to'the SOLARSIM Program Binder for this 
listing. The JCL needed to execute the SOLARSIM model is as 
follows: 

//IIIUSOL JOB (6231,BIN,1,9),NAME 
//FCHART EXEC FORTGCLG ,TIME=(3,10) ,REGION .GO=~Z'OK 
//FORT.SYSIN DD * 

SOLAR' SIMULATION PROGRAM 
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//GO.FT04F001 DD DUMMY 
//GO.SYSIN DD DSN=CN6231.KW3.INPUT.SIMUL, 
/ /  DISP=SHR ,VOL=SER=FEA009, 
/ /  UNIT=DASD 
//GO.FT08F001 DD DUMMY 
//GO.FTO~FOO~ DD DUMMY 
//GO.FTlOFOOl DD DSN=CN6231.KW3.HOUSE.DATA,DISP=SHR,UNIT=DASD 
//GO.FTllFOOl DD SYSOUT=A 
//GO.FT19F001 DD SYSOUT=A 

O~eratinn Information 

The solar simulation needs approximately 3 minutes of CPU 
time to execute of which only 10-12 seconds are for compiling and 
linking. The simulation executes in a region of 220K. The 
output for a 14 year simulation, in total, will be less than 
9,000 lines. 

Input/Output Files 

The solar simulation model has several input files and 
several output reports. All input files reside on disk. The 
input files are input through the FORTRAN logical units 3 ,  5 
(SYSIN), and 10. The output reports are on logical units 1, 4, 
8, 9, 11 and 19. Table 111-1, on the following page, describes 
the input or output for each of 'the logical units. Note that 
units 4, 8 and 9 are usually set to "DUMMY" since the contents of 
these output reports are usually not needed. 

Table 111-1 

SOLARSIM Logical 1/0 Units 

Logical Unit Input/Output Content 

1 Output Solar Simulation Report 
3 lnpilt:  FCHART D a t a  
4 Output FCHART listing-of parameters 
5 (SYSIN) Input Input Data 
8 Output Interactive Prompts 
' 9  Output FCHART listing of parameters 
10 Input Housing Data 
11 

. 1 g . . . . . :. .. . 
Output Economic S t a t i s , t i c s  

- . Output - Co.llector. Cost-/year. - - ... . 

4 
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Output Reports 

Examples of the solar simulation output reports are contained 
in Exhibits 111-1, 2, and 3. 'Exhibit 111-1 shows typical 
simulation results for a particular region (FEA Regions. 1-10). . , 

Exhibit 111-2 shows typical results for the nation and Exhibit 
111-3 shows a summary of regional and national statistics. 

SUPERWYLBUR 

The text editing system SUPERWYLBUR is used to submit jobs to 
the Job Entry System and execute the program. SUPERWYLBUR is' 
also used to fetch the model output reports. 
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3 5 9 . ? 9 1  1 0 0 6 9  00 1 7 3 . 5 4 0  . 
4 0 1  5 4 5  11ZElB.24 2 2 1 , 7 1 4  
4:35.253 1.1633.48 2 7 O . i i 7 6  
4 6 5 . 9 2 7  1 2 0 0 3 .  7 3  342.520 
5 1 4 , 2 9 1  12351 + 5.1 416.49i) 
5 5 5 , 1 0 3  1 2 7 3 9  0.1 5 0 1  3 1 2  
6 1 3 . 1 2 6  1:3165.09 60.1,3'?7 
6 2 6  8134 1 3 6 2 0 . 7 4  79f3 e 6.14 
6 0 7 . 2 3 7  14122.9 .L  1330. 7 0 2  

AWE. S .I. W IIEA'I'INO 1.lIA1:1 FOR 1 9 7 7  I N  IlH'I'IJ/I.INT'I'I 11.1 a7 AVE. (:OI ... I..I-:C:'l'OR ARE:A/I.INT'I' F'1:)R 5 .I. W t 3 2 7 . 0  F ' r 2  
AWE. S + W tiEA'I'IN1; LOAD FOR 1 7 0 0  BN IlRTIt/Ui4I ' l ' :  1 1 4 , 5  tbVE:. CC)I ... I...EC:~I'Cll? r+RE~/+/'IJIJI'I' FOR I~!,i'l'ER : 99.1) F'T2 
AVERAI;E Hl l ' rU SAVED:'lINI'I'/'IE:AT\' FOR !f 4. W lItZii'TII4G : 5 1  , 6  1 :  E t I ' J  ! i i U : l : I i 4 I ' ' i E : 4 i R  i l l  W E  : 1 1  . 6 

J 9ElO .L Y 135 190 i )  . l ' ?77 - - lY70  
PERCENT F'ENETRIITION FOR SPACE AND WA'I'ER IiEr\'I'Ii4lj: 1 . 53 1 . 6 1  1.132 1 6 . 1 6  
F'ERCEN'I' F'ENE'I'RA'I'ION FOR WATER IiE:A'I'TI.ID : 2 . 00 2 - 7 6  :3!.16 2 7 . 9 1  
PERCEN'T F'E~NE'I'RA'l'Il:lI4 FOR EI4.W Ab'D W IiEA'I'llI1'i : 2,1?0 3 + 013 41 , 13 7 4 2 . 3 5  

NIII1BE:R CIF SCII..AR I JN I  1'S I S  'I'tIE Nl!MPEl? OF I.iC)I.I!;I<S ( bIE:bJ 1:)R Rt:'l'Ri:tFy S'I' i 'I'tiA'I' Ti.lii;'l'~'+l ... l...El:~ S(J1 ... ill? Ei:(:4l.llI:~I4E:N'~ 1:11.1kINli 'I'IIE 'i'I!:Al'i' . 

'TOTAL CCJL.LEC'I'lJR AREA 15 'I'tIE '1'C)TriL SCjI.IARE FElZ'l' CIF' COI ... Lf:C:'I'(lI<!; 'i't.lii'F (,!ERE .I~~S'I'I:II-~..ED Dl.!lili.li.i 'I'EI~R. 

TOTAL YEARLY L.OAD I S  'TtiE NUMPER OF HB'I'IJ .TI I r$ 'T !JEW' IJE;EI:I DIJI:::[f41: 'TIiE ' iEriR 3'1' ;+I.-i.. l.!i4I'I'5, 

YC:flRLY ~~I.lE1.. SAVE11 ifS 'TtlE $ AM(II.INT ( IF  FUE;I.. !;14VF:i:t Ft'; SIjLi i i? I.Ii4T'T!; l:lI,ti;::ri$i:; 'l'l,lE: 'i'fZ~'tR 1::i:lkiF'l.I'i'Ei;l 1:t.i 'I'tlEr C:!.il'<RE:i4'1' F:'RIf:;E: 11F FIJEI../'lII:~'I'II 
T IMES # IIP'I'LI ZiAVE:ls. ' I ' l i IS VALUE TS DXSCI:)IJI4'I'ED 'JL) 'I'IIE I'lill!.3F!i.l'l' I?i,J. ..I.IE'. 



REOION 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
NATION 

NATIONAL. SIHIJL.A'I'I0N OF CiOL.AR EfNE!R(:iY CI:)HME:T;C XAL 1 ~ A ' r i o N  
FEDERAL ENERGY AI:lHXNI S'I'RATION 

BASE CASE - -. NO FINANCI' !. IEICEN'I'IVE!; 

REGION 
1 
2 
3 
4 
e 
r )  

6 
7 
0 
9 

10 
NA'I' I ON 

LOAD ( HEI'I'IJ) 
1970 

140.0 
140,3 
110.3 
80.5 

1;JLl.B 
05.9 

118.2 
151 a0 
114.1 
140.0 
114.5 

COLL-EC'I'OR AREA ( F.1'2.) 
!j ,I. W . UA'I'ER 
417.0 50.6 
2 3 L 4  53. :3 
2713.4 60.7 
256.7 62.2 
317.3 57.6 
404.0 67.2 
406 8 60.4 
361.3 47.2 
441.2 53.5 
354.0 53.1 
32Y 0 59 0 

PERCENT MARKET 
SPACE AND WA'rEK 

19E15 1990 . 77-90 1 '?OO 
,-.-A,---------- - --.-- - - .- - - -. 

1.96 2.09 17.47 1 ; I10 
2.01 2.20 16.93 1 .90 
1.62 1.70 15.47 1.87 
1.. 59 . 2.00 16 50 1 .!51 
1.70 1.85 13.65 1.52 
1.31 1.50 19.19 2.95 
1.61 2.07 15.35 1.70 
1.93 2.10 19.30 1 86 
1.04 1 .Q4 27.73 '4.00 
1.12 1.35 Re77 0.52 
1.62 1.82 16.16 2 . 00 

PENETRATION 
WATER ONLY 

1705 1970 

IID'I'U !;nvc:I! 
!;.I. W WATER 

50.5 , 9.4 
32.1 7 . 0  
40.8 10.3 
42.0 12 6 
47.7 ' 9.7 
63.0 14.0 
63.1, 12.1 
01.3 11.3 
02.5 13.3 
60.1 . 10.1 
51.6 11 *'6 
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IV. REMOTE OPERATIONS 

SOLARSIM MODEL EXECUTION 

Execution of the SOLARSIM solar energy model is accomplished 
by the use of a remote batch terminal utilizing the SUPERWYLBUR 
text editing system. 

To execute the model, enter the following SUPERWYLBUR 
commands : 

. . 

USE FROM E6231KW3. SOLAR.SIM ON ~ ~ ~ 0 1 1  CLR 
CH !KW3' TO '111' IN 1 
CH '6231' TO 'NNNN' IN 1 

where, I11 is the user's initials, and 
NNNN is the user's account number. 

RUN HOLD 

In order to execute the model, enter the SUPGRWYLDUR command, 
RUN HOLD. This command will cause a job number to return to the 
terminal. This is the number used in l1fetchingf1 (referencing) 
model outputs at the terminal. . 

EDITING 

SUPERWYLBUR can also be used as a text editor. to update or 
modify any of the SOLARSIM in,put data sets or the solar 
simulation program source code. To bring the program data set 
into the SUPERWYLBUR working storage so that it can be edited, 
enter :. 

. . .  . .  . - . .  - . . . . . . . . . . . .  . . . . . .  

USE FROM 66231K13.DSN ON FEA### CLR 

where DSN is the data set name and # # #  is volume location. - . . . 

. . . .- . . 
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The user may then proceed to use any of the SUPERWYLBUR 
editing commands. After changes are completed, enter: 

RESAVE, or 
SAVE (CARD) INTO NEW-DSN ON VOLUME, 

where NEW-DSN is the new data set name of the'edited data 
set, and 

VOLUME is the disk pack where the data set resides. 

If the user would like to create a copy.of the model, the 
data set in which the model resides can be 'SAVED' into an ' 

alternate data set name. It is important to note whether or not 
the new data set has been saved in card image format. If it is 
not, corresponding JCL will have to be modified in order to 
execute the model. 

. . . . 
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