
USER'S GUIDE 
SOLAR ENERGY DESIGN 
PROGRAM FOR NON-THERMAL 
SPECIALISTS 

MARTIN MARIETTA DATA SYSTEMS ·I 

https://inspectapedia.com/Solar/Solar_Hot_Water.php
editor@inspectApedia.com
CLICK ANYWHERE on THIS PAGE to RETURN to SOLAR ENERGY & SOLAR HOT WATER SYSTEMS GUIDES
at InspectApedia.com



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



KNOWN BUGS AS OF MAY 30, 1980 

A.. IN SOLCOIN, LINE 133 MUST BE ENTERED AS A ZERO, OR SKIPPED WITH A 11 G11
• 

INPUT OF ANY POSITIVE VALUE WILL CAUSE THE PROGRAM TO STOP AFTER 
THE INPUTS AND THE UPDATED COLLECTOR PARAMETERS ARE LISTED. 

LINE 133 IS A FLAG TO ALLOW USERS TO COMPUTE AND PRINT UPDATED 
COLLECTOR PARAMETERS ONLY AND THEN STOP. 

SEE LINES 169-189. 

B. IF LINE 140=0 AND THE STORAGE TEMPERATURES ARE PRINTED, THE AVERAGE 
TEMPERATURES ARE NOT CORRECT IN THE TABLE. IF LINE 140=1 {I.E. 
THE ITERATIVE PROCEDURE IS ON) THEN THE AVG. TEMPS. ARE OK. THIS 
THE IS DEFAULT MODE. 

C. SOLAR TAX INCENTIVES HAVE CHANGED. 

THE FED. CREDIT IS NOW 40% OF $10,000. THE VERSION 3. DEFAULTS FOR 
LINE 66 ARE OUT OF DATE, SO USERS MUST ENTER 66, .4, 5000., 
.4, 5000 .• 

BUSINESS INCENTIVES HAVE ALSO CHANGED. THE INVESTMENT TAX CREDIT 
IS NOW 15% FOR BUILDING HVAC SYSTEMS AND 25% FOR PROCESS HEATING 
SYSTEMS. 

USER GUIDE ERRATA 

A. Page F-5, paragra~h F3, should be changed as follows: 

xxxx,CM140000,T40,zz. 

USER,user number,password,C. 
CHARGE ,charge#. 
GET,PROFIL/UN=LIBRARY. 
BEGIN,SOLCOST,,INPUT. 
END OF RECORD 
N or T 
Input Deck 
END . 
End of File 

xxxx = JOBNAME 
zz = Priority 
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FORWARD 

This User~s Guide docume~ts the data inputs for the SOLCOST Solar Energy 
Design Program. SOLCOST is intend~d for use by architects, contractors, 
engineers, and other members of HVAC industry responsible for making de
cisions on economically justifiable investments in solar energy heating 
and cooling systems. The input data requirements have been simplified 
so non-thermal specialists can easily use the program to generate an esti
mate of thermal performance and the resulting payback or rate of return 
from a proposal solar project. SOLCOST was developed by Martin Marietta 
for DOE•s Division of Solar Energy, Research and Development Branch and 
updated by the Solar Environmental Engineering Company. 

MMDS - REMOTE COMPUTING SERVICE 

RCS offers the scientific and engineering users a very powerful remote 
computing capability. Terminal services are provided to many locations 
throughout the United States and Canada via MMDS Network. 

The types of services available! 

IAF - Interactive Facility. A versatile performance.,.tested interactive 
capability for editing, compiling, executing and checking out 
programs, as well as on-line graphical displays. 

RBF - Remote Batch Facility, It offers a choice of service response 
category for most economical servic-e consistent wi'th usage 
requirements. 

STATUS OF SOLCOST VALIDATION PROCESS 

The absorption cooling and solar assisted heat pump system types have 
not been validated to date. 

The Solar Environmental Engineering Company (SEEC) of Fort Collins, 
Colorado is performing an independent validation of SOLCOST under a 
separate DOE contract. That effort to date has verified that the 
SOLCOST liquid space heating and service wate~ heating analysis pre
dicts syste111 perrur1na.nce which compares well with mea.su1·ed solar 
performance data. · 

INTERACTIVE PROGRAM 

An interactive· program now exists which prepares input ftles. for input 
to the SOLCOST program. Two mode.s of i.nput are avai'lable1 1} short 
form where the use specifies th.e 1 ine number and then th.e· new values:.; 
or 2). long form where the program interrogates the. user for the. 
necessary inputs. The program also dtspl ays general information an,d 
default values for the inputs, when desired, The input read porti.on · 
of the SOLCOST program is free formatted, so the user may·edit the 
input file manually before resubmission. 

i i 



NOTICE 

SEEC or Martin Marietta, in providing SOLCOST, accepts no responsibility 
or liability for the accuracy, completeness, utility or availability of 
this program or this document. Martin Marietta warrants only that this 

- program will perform in accordance with the user documentation as amended 
from time to time. SEEC OR MARTIN MARIETTA MAKES NO WARRANTY, EXPRESSED 
OR IMPLIED, WITH RESPECT TO THE SOLCOST PROGRAM INCLUDING BUT NOT LIMITED . 
TO IMPLIED, WARRANTIES OR MERCHANTABILITY OR FITNESS FOR PARTICULAR PURPOSE. 
IN NO EVENT SHALL SEEC OR MARTIN MARIETTA BE LIABLE FOR ANY DIRECT, IN
DIRECT INCIDENTAL, OR CONSEQUENTIAL DAMAGES. 
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I. INTRODUCTION 

The SOLCOST solar energy design program is a public domain computerized 

design tool intended for use by non-thermal specialists'to size solar 

systems with a methodology based on a life cycle cost analysis. The in

tended user group includes architects, housing developers, lenders, solar 

equipment manufacturers, HVAC engineers and contractors. Although most 

of these users are not computer oriented, it is expected ttat engineering 

users of SOLCOST will provide the above users with access to SOLCOST on 

a design service basis. 

Section II of this guide contains an overview of SOLCOST capabilities 

and options. For more detail, the user is referred to a technical paper 

written by the SOLCOST authors*. Section III is a detailed guide to the 

SOLCOST input parameters. Section IV contains sample problems showing 
• typical input decks and resulting SOLCOST output sheets. Appendices R, C. 

D and E have details of different parts of the analysis. 

*D. Hull and R.· Giellis, 11 SOLCOST; A Solar Energy D'E~s;g.ri Program~'~ Pro"'. 
ceeding~'of·the Systems Simulation and Economic-Analy~is Conference, 
Document No. SERI/TP-351-431, San Diego·; California-, January, 1980, 

I-1 



II. OVERVIEW OF SOLCOST SOLAR ENERGY DESIGN PROGRAM 

The SOLCOST program computes an optimum solar collector area from an analysis 

of life cycle cost differences for a solar system versus a reference (conventional) 

HVAC system. The basic approach used is to perform one day long computation for 

each. month of the year. This computation utilizes historical weather data including 

minimum temperatures, maximum temperature, average degree days, horizontal insola

tion, and percent sunshine values. This approach provides an accurate solution 

while keeping computer costs ro a rea~uuaule value. 

Figure Il-l shows the flow chart for the SOLCOST analysis which computes the cost 

optimized solar collector size. Two analyses are coupled .together in SOLCOST·to 

evaluate active solar collection systems. They are a) the solar collector/system 

performance analysis, and b) life cycle cost analysis. 

Input 
Routine 

Solar Insolation 
for Collector 
Tilt Angles 

Collector Performance 
and Usable Solar 
Energy per R2 

fraction I of 
~· load Supplied 

by Solar 

l 
Ule Cycle Cost 
Analy~i~ lor Solar 
vs Reference System 

l 
Size Storage for 
Cost Optimum 
Area 

l 
Output cash Flow 
Rate or Return 
Paybia 

l 
I End I 

Annual 
FracUon r 
olload 
by ~olir 

·Cum 
Annual 
Sa~ngs · 

$ 

Net 
Cash 
Flow 

• 

+ 

0 

Figure II-1. SOLCOST Flow Chart 
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Major outputs from the program consist of a) prediction of annual frac

tion of heating or cooling load provided by the solar system, b) the 

optimum collector area and tilt angle for the installation, and c) a detailed 

cash flow summary including payback and rate of return for the optimum 

collector area. 

Several types of solar systems can be evaluated with SOLCOST, including 

service hot water and space heating sys·tems using liquid or air collectors. 

Other systems incorporating heat pumps and absorption cooling are available, 

but should be used with reservation for they have not been validated 

against actual measured data. 

Solar radiation and weather data for 336 cities is stored in SOLCOST. The 

user accesses this data simply by entering a numeric code for the city 

nearest the design location. 

Collector Sizing Methodology - SOLCOST computes the cost savings realized 

by a solar system (when. compared with a conventional system) and uses the 

net present worth of the solar savings to compute the optimum collector 

area. Figure II-2 outlines the SOLCOST collector sizing methodology. 

I"" Solar System Type r- Energy Cot s s 

~Collector Efficiency ~ Operating Costs 

~Weather/Solar Data ~ Financial Data 

~Load ~ Tax Scenario 
~ 

SOLAR PERFOlttANCE J SAVINGS ANALYSIS 
ANALYSIS 

. (9 TRIAL AREAS) .. -- -

' ANNUAL OPIIKUM AREA AT MAX, 
USABLE SOLAR, NET PRESENT WORTH OF 
AUX. ENERGY · SAVINGS 
(9 TRIAL AREAS) 

Figure II-2. SOLCOST Collector Sizing Methodology 
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The solar performance routine computes the maximum collector area, A . , 
·max 

for a 100% solar system (i.e., A will supply 100% of the load in the max 
highest load month). Then the annual auxiliary energy requirement is 

·computed for collector areas sized at fractions of 0.1 through 0.9 of A 
max 

The fractions are adjusted to be multiples of the collector module size. 

The annual auxiliary energy usage is computed for each of the nine or fewer 

trial collector sizes from the input definition of the auxiliary energy system 

(fuel type and efficiency). 

The capital costs for the solar system are input to SOLCOST with two 

values: 

1) Fixed system costs which are not dependent on collector size, 

and. 

2) Installed collector costs per square foot of collector. 

These fixed and unit area cost inputs allow SOLCOST to compute the capital 

costs for the nine system sizes being considered. The capital cost for 

solar storage is accounted for with input estimates of storage size per 

unit collector area and installed cost per gallon (or per ton of rock bed 

storage). 

• The conventional (reference) system capital cost can also be input to the 

SOLCOST analysis. Figure II-3 illustrates some possible choices open to 

an owner considering solar for-new construction. (Obviously, not all the 

fuels will.be available at his location.) Usually the individual will be 

considering one or two fuels for the conventional and solar auxiliary 

system. 

Solar Syetem with Auxil~ary 

Air 'System 
with 

Propue' Furnace 
Auxiliary 

Vs. 

(1) 
(2) 
(3) 

Vs (4) 

Conventional Syat~m 
(Reference) 

Propane 
All Electric 
Natural Gaa 
Fuel Oil 

Figure II-3. Example of Beating System Options i~ SOLCOST 
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If the owner is considering Option 1, solar augmented with propane versus 

100% propane heating~ he need only enter the costs for the s~lar system~ 

since the capital costs for the propane furnace are the same in both sys

tems. If he is considering Option 2~ solar/propane versus all electric~ 

he must enter the estimated capital cost for the all electric system. 

Also~ he must include the capital cost for the propane auxiliary system 

in the fixed cost for the solar system. Fuel costs are escalated with a 

compounding escalation factor which is input with the fuel price schedule. 

The major inputs to the savings analysis c:-onstst of a) parameter::> 

which describe the initial and operating costs for the solar and conven

tional systems~ and b) tax related data which depends on the solar user's 

tax situation. The scenario flag tells the program which tax case is 

being considered, including 1) r~sidential users who dP-duc.t interest 

charges only and who may have different property tax considerations for 

their solar investment, 2) business users who have the full range of busi

ness related tax deductions~ and 3) non-profit organizations which do not 

pay any taxes. 

When there is a down payment~ the rate of return on the net cash flow is 

computed for each of the trial collector areas. A cash flow summary 

sheet and monthly energy summary are pririted for only the optimum collec

tor area. For each of the trial collector areas, the following data is 

also output: annual fraction of load provided by solar, rate of return on 

net cash flow, present worth of ·net cash flow computed with (I •.1ser. input 

discount rate. For users who wish to generate the cash flow and monthly 

energy summaries for suboptimum areas, an option exists to force SOLCOST 

to evaluate an input solar collector area. (See line 21) 

The SOLCOST collector performance analysis determines the usable solar 

energy which can be collected on a per square foot basis by a collector 

with given efficiency characteristics. For users who are uncertain 

about the definition or specification of efficiency parameters, SOLCOST 

contains built in values for typical collector types which the user can 

easily access. 
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Loads Calculation Options - The user has a choice of entering his own 

estimate of heating and/or cooling loads, or using one of the following 

three methods available in SOLCOST. 

a) Entry of monthly fuel usage records and existing.HVAC system descrip

tion by the retrofit user. SOLCOST will estimate space heating loads 

using reasonable assumptions on equipment. 

b) Specification that the building will meet ASHRAE Std 90-75 Energy 

Conservation in New Building Design. The user inputs the building 

dimensions and SOLCOST computes the overall thermal conductance which 

meets the ASHRAE standard. 

c) User input of the building UA in Btu/hr-°F. This approach assumes 

that the user (or his engineer) has analyzed his building with a 

conventional loads calculation procedure such as the method described 

in the ASHRAE Handbook of Fundamentals. 

Summary of SOLCOST Methodology (Systems Performance) 

There are two parts to the SOLCOST analysis. These consist of 1) a solar 

system performance analysis, and 2) a life cycle cost analysis. The 

following sections are intended to give the user an overview of the key 
elements in the SOLCOST solar system analysis. 

Solar Insolation Model 

SOLCOST computes hourly solar fluxes incident on the tilted collector at 

mid-month points for average clear day and average cloudy day conditions 

for each month of the year. The insolation model is based on the method 

contained in Chapter 59 of the ASHRAE Applications Handbook. A full descrip

tion is given in Appendix A. 

Solar Collector Performance 

The hourly insolation values are passed to the solar collector perfdr

mance segment where they are used with time varying ambient temperatures 



and varying inl~t temperatures .to predict instantaneous solar energy col

lection rates. The collector's performance is modeled with an efficiency 

curve. The user has the option of entering his collector efficiency data 

or he can use default efficiency data contained in SOLCOST. 

Collector performance is computed for the 15th of each month using the 

following procedure: 

a) On one hour steps through the day, the parameter (Tin-Tamb)/qi is com

puted, where 

b) 

Tin inlet fluid temperature 

T ambient air temperature 
amb 

qi = incident solar energy rate 

Beginning at dawn, the inlet temperature is set equal to the minimum 

storage.temperature for the particular solar system being analyzed. 

Initial inlet temperatures are program defaulted, keyed by system type. 

They can also be specified by the user. The SOLCOST program will also 

solve for· these initial tank temperatures for liquid systems. See 

Appendix B for more details. These temperatures change from month to 

month if both heating and cooling is provided. 

Collector efficiency (n) is calculated for the value of (T. -T b)/q. 
1n am -1 

and the rate of sola~ energy collection (qcoll) is computed from: 

The energy collection rate versus time is then stored for later processing. 

c) A heat balance on the storage tank is p~rfurmed after each rime step • 

and the r·esulting inlet temperature rise is computed from: 

where: ~T = the change in storage temperature during the time step 
s 

which is one hour 
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q = rate of energy collected by the collector call 

qload building energy use rate 

nc = efficiency of 'the collection system 

m = storage mass 
s 

C specific heat o~ storage material 
ps 

d) The above steps are repeated for each hour of the day for both the 

clear day and cloudy day insolation profiles. Then the solar collec

tion rates are integrated over th~ day and weighted with the-percent 

of possible sunshine value in the following manner: 

Qave. day 
collection, 
Btus/ft 2 

where: PP 

= pp X 
Qclear day 
collection, 
Btus/ft 2 

+ (1.0-PP) x Q l d d c ou y ay 
collection 
Btus/ft 2 

(percent of possible sunshine)/100. This is the 

monthly average value taken from the U.S. Climatic 

Atlas for 336 stations in the SOLCOST data bank. 

The SOLCOST program can also use recorded insolation 

values. 

This weighting of the clear and cloudy day collector performance with 

the percent of possible sunshine accounts for the variability uf Lhe 

incoming solar energy due to random cloudiness conditions. Confidence 

in this approach is based on the correlations obtained between SOLCOST 

and other sizing methods which have recently been developed, specifi

cally the FCHART method of Beckman, Duffie, and Klein. Their method 

is based on hundreds of yearly hour by hour simulations which have 

been empirically condensed into the FCHARTS. 
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Usable Solar Energy 

Usable solar energy is estimated by applying a system transport efficiency 

to the collected energy values. For well engineered systems this factor 

will be on the order of 0.95. These values depend on system configuration 

and component specificiations, i.e., heat exchanger losses between collector 

and storage, cooling equipment coefficient of performance, piping insula

tion losses, storage tank heat losses, etc. 

Having the usable solar energy defined on a per square foot basis, SOT.COST 

next computes the annual fraction of the load supplied by collector areas 

sized to provide from 10% to 100% of the total load. See the examples in 

section IV. The user may also specify the collector module size and the 

maximum allowable collector area. This calculation is repeated for all 

specified tilt angles, then the results are passed to the life cycle cost 

routine where the fuel requirements are estimated for the solar system 

(as a function of collector area) and the reference heating, ventilating and 

air conditioning (HVAC) system. 
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III. GUIDE TO SOLCOST INPUT DATA 

This section presents explanatory information for the SOLCOST inputs, which 

are listed on·page~ III-21 through III-70. Sample problems for several in

put decks are explained in Section IV; the user should examine those ex

amples to get;: acquainted with the SOLCOST parameters and data formats. 

The SOLCOST inputs consist of constants and arrays of data values. Each 

input is described in this guide under a Line Number which ranges from 

Line 1 to Line 303. An input may be one of the following: 

Floating Point Constant 

56, 25. is the solar system installed cost per sq. ft. 

68, .10 is a 10% loan interest rate 

71, 20. is a 20.year term for the life cycle cost analysis 

Integer Constant 

10, 2 is a flag to use collector Type 2 

21, 3 is a flag to run a single collector ·area case 

Floating Point Array 

29, 32.' 38.' 45.' so.' 60.' 65.' 68.' 70.' 62.' so.' 40.' 31. •* 

is an array of monthly minimum average temperatures 

Interger Array 

4, 3, 3, 3, 3, 2, 2, 2, 2, 3, 3, 3, 3, * is an array of integer 

fue~ t;:ype flags by month 

Remember, the SOLCOST input parameters are listed by line numbers in this 

User's Guide. These line numbers agree with the SOLCOST Line numbers in 

the data input file. 

SOLCOST CONTAINS "built in" values for several of the inputs. If the user 

accepts these d~fault values, he makes no input and SOLCOST automatically 
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uses the defaulted value. Therefore, it is critical that the user check 

each defaulted value to verify that it applies to his analysis. Values 

of the defaulted parameters are given on Pages III-3 through III-20 . 

Several parameters have no defaulted value. These must be input to run 

SOLCOST. These mandatory inputs contain an * or an entry of NONE in the 

DEFAULT column. As a check, the line numbers of the mandatory inputs are 

listed here for an analysis which uses a simplified loads calculation 

method: 

Line No. 

1 
4 
6 

10 
25 
56 
74 
90-94 

Parameter 

Solar System Type 
Fuel Type for Reference System 
Fuel Type for Solar Auxiliary System 
Collector Type 
Site Location Flag 
Collector Installed Cost 
Income· Tax Rate 
Fuel Cost Schedule and Escalation Rate 

Some parameters are supplied with default values depending on the speci

fication of a different parameter, for example the Solar System Type Flag, 

Line 1, keys in values for the overall system Efficiency, Line 2, and the 

Collector Inlet Temperature, Line 3. If the user takes exception to any 

of these defaults, he should enter his' own values. Other keyed detaults 

include: 

Line 4 -Ref. Sys. Fuel ••• keys •.. Line 5- Ref. Furnace Effie. 

Line 6 -Solar Aux. Fuel ••• keys .•. Line 7 -Aux. Furnace Effie. 

Line 10 Collector Type ••. keys ..• Lines 14, 15 Collector Effie. 

Line 25- Site Location ••• keys .•• Lines 26- 33- Weather and Solar nata 

If an input parameter does not apply to the analysis, omit the input all 

together. For example, if the SOLCOST weather data bank is used by input 

of Line 25, then Lines 26 through 31 need not be input si·nce this data is 

supplied internally from the data bank. Another example, if Line 65 is 

input as a 1 (residence) then lines which refer to business only (Lines 75 

through 81) can be ignored. 
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SOLAR AND REFERENCE (CONVENTIONAL) SYSTEM DEFINITION 

LINE NO. DEFAULT VALUESt COMMENTS 

1 Solar System Type Flag, Integer Array 
/ 

2 Solar System Transport Efficiency, Real Array 

3 Collector Inlet Temperature, °F, Real Array 

4 Fuel Type Flag fcir Reference System, Integer Array 

5 Efficiency/COP for Reference System, Real Array 

6 Fuel Type for Solar Auxiliary Heat Source 

7 Efficiency/COP .for Solar. Auxiliary Heat Source 

SOLAR COLLECTOR DATA 

10 Collector Type Flag (Integer) 

ll Collector Fixed or Tracking Type Flag (Integer) 

12 Collector Azimuth Angle, Degrees 

13 Collector Tiit Angle~, D~grees, Real Array 

14tt Collector Efficiency at (T. -T b)/ai 0.0 1.n am -

15tt Collector Efficiency at (T. -T b)/q. 0.5°F/(Btu/hr-ft 2 ) 1.n am 1. 

NOTES: 

* 
See Table III-1 

See Table III-1 

* 
s'ee Table III-2 

* 
See Table III-2 

* 
Fixed 

South 

Latitude 
Lat + 7.5°; +15° 

0.0 } 

0.0 

See Table III-1 

See Appendix G 

See Appendix B 

See Table III-2 

See Table III-2 · 

See Table Ill.;,3 

West = -, East = + 

Up to 3 tilt angles 
allowed 

Input: only if 
line 10 = 21 or 23 

See Appendix .C 

t A* in this column implies no default value, data must be supplied by user to run SOLCOST. 
tt Appendix C gives directions for modifying these inputs for varying installations. If a heat 

exchanger is present, it is critical that the efficiency values be de-rated to account for 
the heat exchanger effect. 
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LINE NO. 

16 

17 

18 

19 

20 

21 

7 22 
.p. 

23 

24 

25 

26 

27 

28 

29 

30 

31 

SOLAR COLLECTOR DATA - Co~tinued 

Stc·rage Maxill'.um Allowable Temperature, Of 

Lic;,uid Storage per Unit Ccllector Area, GaHons/sq ft 

Rock Bed Storage per' Unit Collector Area, Pounds/sq ft 

Air Collector Efficiency e:see Appeooix G for Inputs), 
Real Array 

Evacuated Tubular C:::>llectc•r Efficier.cy (see Appendix G), 
Real Array 

Flag for Non-Standard Analysis on Ir.put Co·llector Area 
(Integer) 

User Input Collector Area (Non Stancard Analysis), sq ft 

Modular Collector P~nel Area, sq ft 

\o.r:ATHER AND SOLAR DA'Ifl. 

Print Flag for City List :rnteger) 

Site Locatio7t Numbe:: (Integer) 

Site Latitude, Degrees 

Site Clearness Fact·::>r See Figure 

Fraction of Possible Sunshine, Real Array 

Min. Daily Ave. Tem·;:>erature, oF, Real Array 

Max. Daily Av'e. Tem?erature, oF, Rec:l Array 

Heating Degree Days~ °F - ·nay, Real .Array 

DEFAULT YALUES 

200. 

1.5 

50. 

0.0 

None 

0 

0.0 

20. 

0 

None 

* 
Al 

* 

* 

* 

* -

COMMENTS 

Input only if 
Line 10 = 24 

Input only if 
Line 10 = 22 

Options are 0, 1, 2, 3 

Input if Line 21 = 1,2,3 

Enter a 1 to get a list 
of cities in the data 
bank. SOLCOST will do 
no further processing. 

See Table III-4 

See Appendix A 

Input REQUIRED if 
SOLCOST Site 
Location (Line 25) 
Not Specified 
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LINE NO. 

34 

35 -·-

36 

40 

41 

42 

.--1 43 
I 

44 

45 

46 

47 

48 

49 

WEATHER ~~ SOLAR DATA - Continued 

Ground Reflectivity, Real Array 

Daily Horizontal Insolation, Btu/day - sq ft, Real Array 

Clearness Numbers, Real Array 
SIMPLIFIED HEATING AND COOLING LOADS DATA 

Space ~eating/Cooling Loads Input or Compute Flag 
(Integ-=r) 

Service Hot Water Load Input or Compute Flag (Integer) 

Building Heat Loss Coefficient, Btu/day-°F-sq ft 

Building Gross Floor Area, sq ft 

ASHRAE STD 90-75 Building Description Array, Real Array 

Utility Usage Method for Space Heating 
45, Fuel Type, Fuel Heat Content, Seasonal Fuel Usage, 
Seasonal Degree Days, Gross Floor Area* 

User Input Loads Array, Millions of Btus/Day 
46,Jan Lbad, Feb Load, •••• Dec Load* 

Typical Residential Hot Water Use ·Pattern 
47, Fuel Type, Fuel Heat Content, No. of Occupants, 
HW Use Schedule, HW Delivery Temperature* 

Utility Usage Records for Hot Water Loads 
48,Fuel Type, Fuel Heat Content, Fuel Usage* 

User Input Daily Service HW Load, Millions of Btus/day 

DEFAULT \"ALUES 

0.2 

NONE 

Table A2 

2 

3 

0.0 

0.0 

NONE 

NONE 

NONE 

NONE 

NONE 

0.0 

COMMENTS 

Default=0.2 for all 
months 
Most sites in data bank 
have radiation data. 

See Appendix A 

Compute with deg-days 

User must input Line 49 

Required if Line 40=2 

Required if Line 40=2 

Required if Line 40=3 
See Table III-6 

Requir~d if Line 40=4 
See Table III-7 

Required if Line 40=5 

Required if Line 41=1 
See Table III-8 

Required if Line 41=2 
See Table III-8 

Required if Line 41=3 



LINE NO. 

55 

56 

57 

5~ 

59 

60 

61 

H 
H 
H 
I 

65 a-

66 

67 

68 

69 

70 

71 

72 

73 

SYSTEM COST DATA 

Solar System --- Fi"xed Initial Cost 

Solar Collector --- Installed Cost per sq ft 

Solar Storage Liq. Storage Installed Cost 

Solar Storage Rock Bed Storage Instal. Cost 

Solar Systen: --- Maintenance Cost 

Reference System Initial Installed Cost 

Reference System Maintenance Cost 

FINANCE AND TAX DATA 

Financial Scen~rio Flag (:nteger) 

Solar Tax Incer.tive. Table 1 Real Array (Residential Only) 

Discount Rate for Net Present Worth A~alysis 

Loan Interest Rate 

Loan Term 

Loan Down Payment 

Term of Life Cycle •::os~ Ar.alysis (Life of 
Solar System) 

Insurance Rate 

Property Tax Rate (See Lir.e 83. for Pr::>p. T:1x 
Incentive) 

DEFAULT VALUES 

o~oo 

* 
1.00 

50.00 

.005 

0.00 

.005 

1 

.30,2000.,.20,8000. 

.09 

.09 

20. 

.10 

20. 

.005 

0.0 

CQr.1MENTS 

$, does not include 
collector or storage 
$/sq ft 

$/gallon 

$/ton 

Fraction of initial cost 

$ 

Fraction of initial cost 
.005 is 0.5 per year 

Options are 
1 Residential 
2 = Business 
3 = Institutional 

Res. scenario defaults to 
1978 NEA incentives 
.09 means 9% 

.09 means 9% 

Years 

Enter 1.0 if cash basis 

Years 

.005 means .5% per year 

.025 means 2.5% per year 
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LINE NO. FINANCE AND TAX DATA - continued DEFAULT VALUES COMMENTS 

74 Income Tax Rate * .33 means 33% per year 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

90 

Depreciation Method (Integer) 1 

Declining Balance Multiplier for DB Depreciation 1.25 

Investment Tax Credit .• 10 

Additional First Year Depreciation o.o 
• 

System Useful Life (For Depreciation) 10. 

Storage Tank Useful Life (For Depreciation) 20. 

Salvage Value Fraction (For Depreciation) .10 

Inflation Factor for Maint., Insur., and Property Taxes 0.06 

Property Tax Rate vs. Tine, Real Array NONE 

Collector Optimization Method Flag (Integer) 1 

FU~L AND ELECTRICITY COST DATAt 

Natural Gas Cost Schedule, and Escalation Rate 
90, $/0nit, No. of Units. (Schedule.Step 1, price for first x units 

$/Unit, No. of Units, ·(Schedule Step 2, p~ice for next y units) 
next z units 

Applies only to BUS scenario 
l=Straight Line 
2=Declining Balance 
Applies only to BUS scenario 

Applies only to BUS scenario 
(10% solar incentive) 
Applies only to BUS scenario 

Applies only to BUS scenario 

Applies only to BUS scer.ario 

Applies only to BUS scenario 

Enter if Line 73= -1.0 

Options are 
l=Pres. Worth (Default) 
2=Rate of Return 
3=Undis. Savings 

Include the gas cost 
adjustment charge in each 
step of the rate schedule 

$/Unit, No. of Units, (Schedule Step n, up to 9 allowed, min. of 1 required) 
Escalation Rate, (Fraction per year, i.e., .10 for 10%. The escalation term must be entered,) 
Heat Content per Unit, *(Btu$/Unit, Default = 100000. Btus/therm. make no entry if the default 

is acceptable). Examole: 90,.35,50.,.25,HIOOOO,,,l2* This owner pays 
$0.35 for the first 50. therms and $.25 for all therms over 50. The esca
lation rate is 12%. per vear. 

; THERE ARE NO DEFAULT VALUES FOR FUEL COSTS. A· COST SCHEDULE MUST BE ENTERED FOR EACH FUEL SPECIFIED ON 
LINES 4 AND 6. 
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LINE NO. FUEL P...ND ELECTRICITY COST DATAt (CONTINUED) 

91 Electricity Cos:. Schedule, Real Array 
Line 91-Sam:! fo::-mat as natural gas, d.efault heat content = 341:!. Btus/Kwh. This is a single 
step schedule where the owner pc.ys 3.9 cents per kw-hr. Escalation rate is 9% per year. 

Examp::..e: 91, .• 039,100000., .OS* 

92 Fuel Oil Cost Sched~le, Real A~ay. 

93 

Line 92=Same format as natural gas. Default heat content = 139,.600 Btus/gallon (No. 2 Fuel Oil) 
This is a tvo step schedule for fuel oil. The -1.0 for escalation flaes the input of a time 
varying escalation table, see Line 102. 

Example: 92 1 .94,1000.,. 87,100000., -1. 0* 

Liquified Pett:o]eum (LP) Gas Cost. Schedule, Real At'ray 
Line 93=!:ame format as natural .s:,as. D·:!fault heat content = 91,500 Btus/gallon (propane) 
This schedule flags propane at $1.10 gallon, 15% escalation rata~ and a heat content of 
93000. Btustgallon. 

Example: 93,1.10,100000. 1 .15,~3000.* ) 

~ 94 ·c.oal Cost Schedule, Real Array 
00 

95 

96 

97 

98 

Line 94=Same format as natural gas, default heat content = 30 x 106 Btu/ton 

Electricity.Demand Cost Schedule (~nput if demand charges apply;, Real Array 
Line 95, $/Kw, N~. of Kw, (Schedule Step 1) 

$/KM, N·~ •. of Kw, (Schedole Step 2, price for next y units) 

$/Kw, N~. of Kw, (Schedule, Step n, up to 9 allowed, minimum of 1 required) 
~scalatii.on* 

Electrical Demand Level for Reference !:ystem, Kw 

Electrical D:!mand Level for Solar Auxiliary, Kw (Input required if demand 
apply .. Default Values = 

\ 

Electrica=. D>:!mand Level for Solen: Assisted Heat Pump, Kw. 

charges 
0.0) 

tTHERE ARE NO DEFAULT VALUES FOR FUEL COSTS. A COST SCHEDULE MUST BE ENTERED FOR EACH FUEL SPECIFIED ON 
LINES 4 AND 6. 



LINE NO. 

100 

101 

102 

103 

"1-4 104 
~ 
1-4 
I 

1,[) 

106 

107 

108 

109 

FUEL ESCALATION TABLES AND SEASONAL FUEL COST-SCHEDULES 

Escalation Table for Natura} Gas, Real Array 

100, Escalation Rate, Years, (Rate for First N years) 
Escalation Rate, Years, (Rate for next X years) 
Escalation Rate, Years, (Rate for next y years) 
Escalation Rate, Years,* (Rate for next z years) 

NOTE: One to four steps may be entered. A -1.0 must be entered for the escalation rate in 
Line 90 in circler to use the array 100 table. 

Escalation Table for Electricity, Real Array (Same format as Line 100) 

Escalation Table for Fuel Oil, Real Array (Same format as Line 100) 

Escalation Table for LP Gas, Real Array (Same format as Line 100) 

Escalation Table for _Coal, Real Array (Same format as Line 100) 

***NOTE*** Lines 106 through 109 can be ignored if fuel prices are constant through the year, 
i.e., there are no seasonal changes in fuel prices. 

Summe~ Fuel Cost Schedule for Reference 
Syste~, Real Array 

Summer Fuel Cost Schedu:..e for. Auxiliary 
Syste~, Real Array 

Month Flags for Summer Fuel, Reference 
System, Integer Array 

Month Flags for Summer Fuel, Auxiliary 
System, Integer Array 

(Same format as Lines 90-94. Fuel heating value~ 
be entered. Line 104 can be entered to escalate this 
schedule with multiple escalations. ·Line 108 must be 
entered to flag months during which this schedule is 
to be used.) 

(Same format as Lines 90-94. Fuel heating value must 
be entered. Line 103 can be entered to escalate this 
schedule with multiple escalations. Lirie 109 must be 
entered to flag months during which this schedule is 
to be used.) 

(Array of 12 flags, enter an integer 1 for the months 
in which fuel schedule on Line 106 is to be used.) 

(Array of 12 flags, enter an integer 1 for the ll)Onths 
in which fuel schedule on Line 107 is to be used.) 
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LINE NO. REFLECTOR ANALYS:S DATA 

120 Reflector Analysis Flag (Integer) 

Collector 

121 Reflector/Coll~ctor Conunon Edge Len;gth, Ft. 

122 Collector Leng~h, Ft. 

123 Reflector Leng~h, Ft. I I 

;o"' 
'1 r 

124 Reflector/Collecto~ Angle, Deg. 

125 Reflector Diffuse ~olar R~flectivity 

126 Reflector Sp~cular Solar leflectivity 

130 Extended Pri:1t Flag for Hourly Solar Fluxes (Integer) 

131 Extended Print Flag for Printer Plots (Integer 

132 Extended Print Flag for Insolation Summary (Integer) 

134 Print Suppression FLag 

DEFAULT \'ALUES 

0 

0. 

o. 

0. 

0. 

0. 
s 

o. 

0 

0 

0 

0 

COMMENTS 

Enter a 1 and Lines 
121-126 to access 
SOLCOST reflector 
analysis. 

Set Line 130 to print 
hourly fluxes incident 
on collector. 

Enter length of line 
ab. 
Enter length of line. 
ac. 
Enter length of line 
ar. 

Enter angle 13 in 
degrees 

Enter an integer 1 to 
print clear and cloudy 
day hourly vs. time 
Enter an integer 1 to generate 

printer plots. 

Enter an integer 1 to print 
insolation summary. 

if 1, 2 or 3 output is reduced 
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PAf..AMETER 

140 __ _ 

141 

142 

143 __ 

145 

150 

DAWN STORA~E TEMPERATURE ITERATIVE PROCEDURE+ 

flag to Skip Inlet Temperature Iterative Procedure 
Onteger) 

0 
Convergence 6T on Dawn Storage Temperature, F 

Maximum Allov1able Number of Iterations (Integer) 

Minimum Allowable Storage Tank Temperature, °F 
(For Hot ~ater Systems see line 153) 

Flag to Print Montbly Max~ Min, Avg Storage Temperatures 
(Integer) 

DETAILED ~-ERVICE (DOMESTIC) HOT I.JATF.R SYSTEH INPUTS++ 

Hourly Hot Water Load Fractions V~r~u~ Hcur of Day 
(Array of 24 Elements) 

+See Appendix 13 for discussion 

DEFAULT VALUES 

1 

~-

30 

100· 

0 (no output) 

COMMENTS 

Enter a 0 to 
skip iterati~e 
procedure. 

Default 6T provides 
reasonable speed 
and accuracy. 

Lower Set point be
low which useful 
energy canno.t be 
supplied to the load. 

Enter a 1 to print 
optimum or 
specified collector 
area. Enter a 2 to 
print all candidate 
collector areas~ 

Defau~t is 150, 0.021, 0.0, 0.0, 0.0, 
o.o, o.o,Q.021, 0.5, .011, .085, .011, 
. 043, . 035, . 05, . 028' . 021, . 021, . 035, 
.071, .113, .092, .071, .05, .OS, * 
(See page III-40) 

++ The use of mixing (tempering) valves in two-tank service water heating systems is often required by 
building codes. Version ~.0 of SOLCOST could not evaluate the effect of this component on system per
formance, however, Versions 2.0 and later can account for mixing valve effects. See Lines 151 and 152. 
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PARAMETER 

169 __ _ 

170 ---

171 ---

172 

173 

174 

175 __ _ 

176 __ _ 

177 ---

180 ---

* 

*t 
COLLECTC•R PARAMETER MODIFICATION 

FlEg to Designate that the Collec
toF Parameters are :o be Updated 
( Ir,teget:) 

Fl.s.g to Designate that the Input 
Co]1ecccr Parameters have been Defined 
to be a Fu~ction of Average Collector 
TerrpeLabure not Inlet Temperature 
(Integer Array)t 

m PeT Square Foot of Collector as cp . 
Tested (!\rray) 

~ PeT Square Foot cf Collector as 
cp 

Used (Array) 

FR n I::.p·.1t for each Collector Path. 

(Array> • 

FRU: Input for each Collector Path 

(Ar-:-ay} 

Number o:: Series Collectors in each 
Parallel Path (Integer) 

Number of Parallel Paths with Differ
ent Paraneters or Flo•.o~ Rates (Integer) 

( 

Ind~viduEl Collector ?anel Area for 
each Pardlel Path (A:::-ray) 

Flag to ]ndicate that the Collectors 
in t.ir Systems are Leaky (Integer) 

See Appendix C for details and examples. 

tAll arrays are 10 units l0ng~ 

DEFAULT VALUES 

0 

0 

10. 
(2. for air systems) 

10. 
(2. for air syste.ms). 

0.7 

1.0 

2 

1 

20. 

0 

COMMENTS 

Input a 1 to execute. 

Input a 1 to execute for 
each parallel path. 

Btu 
Hr-°F-Ft2 

Btu 
Hr- 6 F-Ft2 

Btu -1 
(Hr-°F-Ftz) 

If ~ 1 line 21 must be set 
equal to 3. 

Input a 1 to execute. 



PARAMETER 

181. __ _ 

182,183,184 

185 ---
186 __ _ 

187 __ _ 

188 __ _ 

189 __ _ 

* COLLECTOR PARAMETER MODIFICATION 

Air Collector Pressure Flag (Integer) 

Leak Parameters, a, 8 and 6, See 
Appendix C 

Heat Exchanger Flag (Integer) 

Heat Exchanger Effectiveness 

Manifold Conduction Flag (Integer) 

Inlet UA of Piping/Ducting 

Outlet VA of Piping/Ducting 

* See Appendix C for details and examples. 

DEFAULT VALUES 

1 

0 

0.6 

0 

100. 

100. 

COMMENTS 

1·= Negative Pressure 
2 = Positive Pressure 

Set equal to 1 to execute. 

Set to a 1 to execute •. 
Also, line 21 must be 3. 

Btu 
Hr-°F 



PARANETER 

151. __ _ 

152. __ _ 

153 __ _ 

154 __ _ 

155. 
--..,...--

156" ---

157 __ _ 

190 __ _ 

191. __ _ 

192 ---

193 ---

DETAILEI SERVICE (DOMESTIC) HC·T HATER SYS~EH INPUTS (coot.) 

Auxiliary Water E~ater Set Temperature, °F 

Water Delivery (Mb:ing Valve) 'Temperature, °F 

Monthly Suppily (o::- Ground) wc=.t-er Temperatures, 
°F (Array) 

Hot W.::.ter Usage, Gc=l. /Day 

Auxiliary Tank UA. Btu/Hr-°F 

Preheat (or Storage) Tank InSIU1atio-:1 U Value 
Btu/H:--Ft2 - 0

"t" 

Ambient Temperat·Jre ·at Auxil i3::-y and Preheat 
Tanks, 0

? 

SUBSYSTEM COMPONENT SELECTIOM OPTIOt'S 

Flag to Execurte Subsystem Selection/Sizing Routines 
(Integer) 

Flag for Counterfl·:>v Liq-Liq }';X in Collection Loop, 
·(Integer) 

Flag f3r Crossflcw Air-Liq (or Liq-Air) HX in 
Collection Lo·:>P (o:- in Load D:iistriburtion Loop) 
(Integ:r) 

Flag tc Include ConJ=onents in System Costs for 
Life Cjcle Cost Analysis (LCCA) (Integer) 

DEFAULT VALUES 

120. 

so. 

o. 

5.41 

.28 

75. 

0 

0 

0 

0 

COMMENTS 

See Appendix B 
for details. 
Also applies to 
space heating sys
tems. 

0 No Sizing 
1 Perform Sizing 

0 = No HX 
1 = HX Present 

0 No HX 
1 HX Present 

0 = Do not include 
1 Include in LCCA 
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·VI 

PAP.AMETER 

201 __ _ 

202 ---
203 __ _ 

204 __ _ 

205 ---
207.::....··--

iOB 
---,-

209 ---
210 __ _ 

211 __ _ 

212 ---
213 ---
214 ---
215 __ _ 

217 __ _ 

218 ---
219 __ _ 

LIQUID COLLECTION SUBSYSTEM DESIGN/COST DATA 

Collector Flow Rate· 

Collector Pressure Drop 

Heat Exchanger Pressure Drop (Collection Side) 

Total Pipe or Duct Length in Collection Loop 

Installed Duct/Pipe Cost per Foot 

Additional Velocity Head Above Fi::'e, Valve 
and Tee Velocity Lo3ses 

Pressure Loss. Head (Collection Loop) 

Elevation Head (Collection Loop) 

Design Pipe Velocity 

Kumber of Valves (Integer) in Collection Loop 

Kumber of Elbows (Integer) in Collection Loop 

Kumber of Tees (Integer) in Collection Loop 

Specific Heat of Collector Fluid 

Specific Heat of Storage Fluid 

Cost Per Elbow 

Cost Per Valve 

Cost Per Tee 

DEFAULT 
VALUES 

.025 

.60 

.so 

50. 

. 4. 

.1 

.5 

.5 

5 .•. 

2 

10 

0 

.85 

1.0 

1. 

3. 

1. 

CO~IENTS 

GPM/Ft 2 
c. 

Ft. of Wate.r 

Ft. of Water 

Ft. 

$/Ft. 

Ft. 

Ft. 

Ft. 

Ft. /Sec. 

$ 

$ 

$ 

/ 



H 
H 
H 

PARAMETER 

221:..__ __ 

222_, __ 

223 ---
224 __ _ 

225 __ _ 

227 __ _ 

230,~~-

~ 231 __ _ 
0\ 

232. __ _ 

233 

23L( 

235 

236 

237 

238· 

240 
...... t' 

LIQUID COLLECT:ON SUBSYSTEM DESI·:;N/COST DATA (CONT) 

Friction F~ctor for Velocity He~i Lo~s Calculation 

Equivalent Pipe Length Per Valve at Ref. Dia. 

Equivaleiit Pipe Length Per Elbo·w at Ref. Dia. 

Equivalent Number :>f Feet Per Tc~ at Ref. 
Dia. = 12 [nches 

HEAT EX~~GERS (AIR ~R LIQUID) 
... :: .:,; 

Storage Side of Heat Exchanger ~-iultiplier . •. . :. .. ·.• . . . . ~ ~ . ' .... .... . 

F~/FR Rat~o.,7o~,.,~o~~~ctor.Hea~ ~-:<~h~~~~~ 
Design Poi~t for Crc-ssflow Load HX-Liq. Space 
Heating (Ratio of :::~~< /uA

1
' d.)· ; ; 

m1.n oa 

Load ·Hx Ai-:--now 'R.:it~ 

Load· HX (Liq-to-Air) ·wat:er''Flow 'Rate 
(Also Service ~ater Coil in Air Systems) 

" . \:; . i .' 0 •• _f ~ ·~ ,. • • • • 1- ' 

AIR SYSTEM COMPONE:~1S - DESIGNf.:::OST DATA 

D·uct Design Ait Velcctiy . f._ 

Air System S~rvice Water Gail P=e~sure.Diop · · 

Insulati:>n Friction Factor for Ducts 

Solar Sy~tem.S1te'E1evation 

Service Hot Water Coil Effectivene~s for Ai~ i 
Systems. (1-..rray of 9• elements) · 

= 12 

= 12 

In. 

In. 

DEFAULT 
VALUES 

.012 

so. 

30. 

60. 

3. 

.95 

2. 

1000. 

700. 

2. 

.5: 

• 2. 

1.15 

• 30 . 

COMMENTS 

Ft. 

Ft. 

Ft. 

SCFM. 

GPM 

.. 

Ft/Min 

SCFM/Ft 2 
c 

Inthes of Water 

Inches ;_of 'water 

. ~ . . 

Ft ~ · ·· .. ( ,_ 

Input an effectiveness for 
each collector area. 
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F.ARk'1ETER 

2:41 ---

242 ---

243 ---
244 ---
245 ---
246_~-:--

AIR 3YSTEM COMPONENTS - DESIGN/COST DATA 

Maximum Duct Pressure Drop Per 100 ft of 
Duct 

Flag to Indicate that SOLCOST is to 
Calculate Rock Box Pressure Drop (Integer) 

Rock Bed Pr:essure D,rop 

Rock Bed Inside Height 

Rock Bed Density 

Maximum.Number of Branches for Collector 
Manifold (Integer) 

. ' 

DEFAULT 
VALUES 

• 08 

0 

.15 

5. 

. 100. 

10 

COMMENTS 

Inches of Water 

Input a 1 to-execute. 

Inches of Wat;:~r: 

Feet 



PARAMETER 

250 ---

251 ---

252 ---

253 ---

254 ---

255 __ _ 

AIR SYSTEM COMPDNENTS - DESIGN/COS7 DATA (COKT) 

No. of Turrts in Air System Collect~on 
Ducting ·(Integer) 

No. of Norrnc.lly Open Dampers in Air System 
Collection Iluctd.ng (Integer) 

Installed Cc•st ?er Tum in Air Systems 

Installed Cc·st Per Normally Open Damper in 
Air Systems 

Equh·:ilent leng;:h ·:)f Duct fo:- Each Turn at 
Ref. Dia. = 1.0 Ft. 

Equivalent length of Duct for Each Damper at 
Ref. Jia. = 1.0 Ft. 

, r ,• " ... ··;. ~: ·• ..;-. . . 

• ~.rl • ' • : ,··.; .···· . ., ., 

: .... 

' .. ~ .; . 
. ~ . •. . 

:. ~· : . .. . . . ~: 

.. 
. .. 

Df.FA]LT 
VALl"ES 

6 

4 

25. 

25. 

.5 

• 75· 

COMMENTS 

$ 

$ 

Ft. 

Ft. 

. '' . : ~ 



PARAMETER 

.260 __ _ 

261~--

271 __ _ 

272 __ _ 

273 __ _ 

274 ---
275 ---

* 

* TOTAL SYSTEMS OPTIMIZATION DEFAULT VALUES 

Flag to Execute Methodology 0 
(Integer) 

Property Tax Rate for the Structure .025 

Input Pairs (Mew Load, Cost) for all O's 
Wall Insulation. Input up to 10 
Pairs (Arrayl 

Same as 271 but for Ceiling Insulation, 

Same as 271 but for Windows 

Same as 271 but for Doors 

Same as 271 but for Infiltration 
Reducing Features 

See Appendix E for details and an example. 

COMMENTS 

0 = Not execute 
1 = Executed and short output 
2 = Executed and long output 

May be different than prop
erty tax for· solar system. 

Input pairs iri form (Btu/ 
Deg-Day-ft2 , $). 
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PARAMETER 

280 

281 

282 

283 

290 

291 

292 

295 -·--

-· .. -·· 
296'' 

2ch· 

300' 

301 

302 

303 

PUMP, HEAT EXCHANGER, FAN PERFORMANCE/COST ARR.I\YS+ 

No. of Points in Candidate Puo.J: (Head, Flow) Subset, 
(Integer Array, 12 elements) 

Pump Head Values for Candidate Pumps (Array, 24 
elements) 

Pump F:_ow Values Corresponding to Heads in Line 
281 (Atr~y, 24 elements) 

Costs for Can~idate Pumps (Array, 12 elements) 

No. of Points in Crossflow HX Cost and UA Arrays 
(Integer) 

Crossflow HX •:::osts (Array, 13 -elements) 

Cross flow HX "JA (Array, 13 elements) 

No. o( J>pint's in' Co'ii'ilt'~·rflow fiX Cost and U~. Arrays 
\ •, .;..~. .. : . ,_ ··,- ... : rr ;_ ·•· + ·. t: U 

(Integ~r) 

Counte-::fi.::>w: iixS c~its~ (iir~y-/'zb elem.:nts) 

Countei::tlm./lri' UA (A'rra)i, :·z'Q :.!:;i-=inents) .. 
No. of 'p'b'i~'fs 'in: c~~didater:F~~~ :3:~bse~~~·~Aira~, 10 
el em en t_s_) . 

:".:;':·-~ ~-~---~~·: ..... \ 
) .... - i ..... ' r • •. ~ " - • "- .. 

Fan Head -v~~lu~_s: fo.r:J~9-ndf~·~.t~ :F.an;:;~ (Array, 4 7 
elements)· .. ' "· - '' ' · ~ -; ·. · ·• '· 

Fan Flow Values Corresponding ::o Heads in Lin,e 301 
(Array·; 4: 'el~mer1ts·)·,, .• _ : · '· · •: · -. · -

Costs fqr,. CapC.idate Fans ( Arra/, 10 elements) 
;•. : 

~ · .. 

+ s~e. Appendix E fair ~ discus~,icin.-~· ' . .. . 

ItEFAULT 
VALUES 

0 ,.... 
I 

H 
H 
H 

0 
4.1 

N 

"' I 
H 
H 

I:" 

Q) 
Q) 

(/) 

,. 

COMMENTS 

Sum cannot exceed 24 

Ft. 

GPM 

$ 

Cannot exceed 13 

$ 

Cannot exceed 20 

$ 

Sum cannot exceed 47 

__ ., ,~. Jri~:he;~ ,of .Wa,te.r .. , 
: • .. : • .., ., • ~,; } .... ..-.1 ' .. :- \ 

r·•·• •• ' •. • • ; •'.! '· :- .... ~ .·, • 

sC.F:M ...• 

; ~· , 'I- '1 I , '.' 

:;;--~.- .·$~ ~ 1 

• ,. J ~· •: ... . ~· 

. :. ·• 1~ ~ .. ;.,l.l .· ,.. : 

... .. ·~ 



Line No. 

1 

2 

3 

Type Flat 
(line 1) 

1 

2 

7 

8 

Input Parameter 

Solar System Type Flag 

Solar System Transport 
Efficiency 

Collector Inlet Tempera
ture 

Explanation/Options 

Array of system type flags by month. 
~vailable systems are listed in Table 
III-1. Can change by month, depend
ing on system design and loads. 

Accounts for losses from pipes or 
ducts.t Table III-1 for defaults . 

. See Appendix G. 

Minimum daily collector inlet tempera
ture in morning. SOLCOST computes 
inlet temperature rise through the 
day. See Table IIi-1 for defaults. 
Check Line 16 for allo·wable outlet 
temperature. 

TABLE III-1. SOLAR SYSTEM TYPES AND DEFAULT VALUES 

Solar System Type 
.Transport Effi
ciencyt (Line 2) 

Space heating with liquid 
collectors, collector/ 
storage HX, fan coils, or 
air duct HX 

Type 1, no collector/ 
storage HX 

Space cooling with liquid 
collectors, absorption 
coolfng 

Type 5, no collector/ 
~torage HX 

Space heating with air collec
tors, rock bed storage 

Service water heating only, 
collector/storage.HX, two 
tank method 

Series. heat pump system,, water
to-water heat pump between 
storage and the load. 

Parallel heat pump system, type 
1 system with parallel air-to-air 
heat pump for auxiliary 

.95 

. 95 

.60 

. 60 

.95 

. 90 

• 95 

. 95 

Collector Inlet 
Temperature (Line 3) 

115. 

105 • 

190. 

180 • 

70. 

"120 . 

60 • 

51) • 

tTransport efficien~y is the fraction: 1. -Pipe Losses/Collected Solar. It does not 
include the efficiency of solar collection. Appendix G contains a methodology for 
estimatilig this factor. Storage tank insulation lo88P.S ar·e accounted for separately 
with Une 156. 

tt Not validated, attempts to input these systems will result in termination of the run. 
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Line ·No. 

4 

5 

6 

7 

Input Parameter 

· Reference System Fuel Type'· 
(see Table !II-2) 

Reference System Efficien
cy/COP (see T~ble III-?) 

Solar System-Fuel Type for 
·Auxiliary Heating/Cooling. 

Solar System-Efficiency/ 
COP for Auxiliary Equip
llltllll: 

Explanation/Options 

Reference System is main conventional 
'heating or cooling system. 

Heating system efficiency or cooling 
... system coefficient of performance. 

See Table II I-2 

Assumed constant through year. See 
Table III-2 for defaults ~eyed by 
Line 6. 

TABLE III-2 COMBUSTION/USAGE EFFICIENCY FOR FUEL TYPES FOR REFERENCE OR 
AUXILIARY SYSTEMS 

Lines Fuel/ Space Heating 
4 & 6 Utility Efficiency 

1 Natural gas • 7 
2 Electricity 1.0 
3 Fuel Oil .65 
4 LP Gas .70 
5 Coal . 65 

-!:For Line 1 a· 
++for Lin~ 1 S or b 

Line Nu. Input Parameter 

10 

11 

Collector Type Flag 
(see Table III-3) 

Collector Fixed or Tracking 
Type Flae 

· (See Note 2 
· tl.ext page) 

Service Water Space Cooling 
Heating Eff.icienct" cop++ 

.63 .45 

.90 2.50 

.59 .45 

.63 .45 

.59 ~45 

Explanation/Options 

Entry nf 1. through lO .oauoco SOLCOST 
to internally supply the defaulted 
efficiencies listed in Table III-3. If 
the user enters a 21 through 24 he must 
enter his own efficiency data as ex-
plained in Table IIT-1. (SPP nntP 1, next page) 

The SOLCOST insolation routine checks 
this flag to deteL'mlne which components 
nf the incoming solar radiAtion •:an L.a 
included in the analysis. Some collec-
tors cannot accept diffuse solar energy, 
so types·5 through 8 must be specified. 
Altitude tracking collectors follow 
the solar altitude angle by month. Al
lowable options include: 
1 = Fixed, beam & diffuse (default) 
2 = Azimuth tracking, beam & diffuse 
3 • Altitude tracking, beam & diffuse 
4 Full tracking, beam & diffuse 
5 Fixed, beam only 
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Line No. 

12 

13 

14 

15 

16 

Input Parameter 

Collector Azimuth 

Collector Tile 

Collector Efficiency 

Collector Efficiency at 
~T/q = 0.5°F/(Btu/hr-ft2) 

Storage Maximum Allowable 
Temperature . 

E~planation/Options 

6 Azimuth tracking, beam only 
7 Altitude tracking, beam only 
8 F~ll tracking, beam only 

Defaults to due South 
SE = +, sw·=-

0.0 degrees, 

Defaults to latitude, lat. + 7.5 
degrees, & lat. + 15 degrees. Opti
mum collector size and cash flow 
sheet will be computed for each tilt 
angle. 

Input only if Line 10 = 21 or 23 
See Appendix C, expecially if a heat 
exchanger is present. 

Input only if line 10 = 21 or 23 
See Appendix C. 

Defaults to 200. °F. The collector 
is shut off when this temperature 
exceeded. 

TABLE III-3. COLLECTOR TYPES &~D EFFICIENCY DATA 

Type 
Flag _Intercept ~T/g. = 

l: 

1 Liquid, flat plate, 1 cover, paint Defaulted .82 
2 Liquid, flat plate, 2 covers, paint Defaulted . 67 
3 Liquid, flat plate, .1 cover, selective Defaulted .70 
4 Liquid, flat plate, 2 covers, selective Defaulted .67 
5 Liquid concentrating Defaulted .71 
6 Liquid, evacuated tube type Defaulted . 62 
7 Air, flat plate, 1 cover, paint Defaulted .60 
8 Air, flat plate, 2 covers, paint Defualted .52 

r. 

10 Liquid, trickle type, 1 cover Defaulted .72 

21 ----User Defined, Liquid Type User input 
Lines 14 & 15 

22 ----User Defined, Evacuated Tube User input, 
Type Line 20 

21 ----U~er Defined 7 Air Type User i'!'lput, 
Line 14 & 15 

24 ----User Defined, Air Type User ipput, 
Line 19 

****NOTES**** 

1. A flat plate reflector can be evaluated by SOLCOST. See Lines 120-126 
for input details. 

The "azimuth" tracking algorithm assumes rotation about axis located in the 
plane of the collector at a fixed tilt angle. 

3. If HX present, derate with methodology of Appendix C. Collector Parameters. 
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.50 

.65 

.49 

.17 
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Line No. Input Parameter 

17 Liquid Storage per Unit 
Collector Area 

18 Rock Bed Storage per Unit 
Collector Area 

19 Air ·Collector Efficiency 

:. 

20 Evacuated Tubular Collec
tor Efficiency 

21 

22 

23 

24 

25 

Fla·g 'for Non-Standard 
Analysis on Input Col
lector Area 

User Input Collector Area 

Modular Coll~cluL Ar~a 

Print Flag for Data Bank 
City List 

Site Lq~ation Number 

Explanations/Options 

SOLCOST compu'te~ .. storag~ ~size for eacl) · ·: 
candidate collector area by multiplying 
the area by this parameter. System perfor
mance and installation costs. (see Line 57) 
are affected by this input. Units are 
gallon/sq. ft. Default i~ 1.5 gal/sq,\t· 

Similar to Line 17. Units are pounds/ 
sq. ft. , Default is 50 pounds/sq. ft. -:. 

See Appendix G for input of this effi
ciency vs. ambient temperature and inso
lation is kilo~.· When efficiency data 
is known vs. inlet .temperature, set .. 
Collector Type Flag = 2j ari~ 'ihput liri~s 
14 & 15. 

See Appendix G for inpu-t. o·f this eff i- i. 

c iency 'array. · Perform·ance of. these devices 
changes with the hour angle of ~he sun. . ' . . \ .~ \ -. .. : 

0 Causes SOLCOST to d~ter~ine cost 
optimum collector area. (Default) 
1. Solar system performance and life 

. cycle cost analysis is ~om~ut~d fqi 
candidate collector ar·ea·s. Monthly per
formance and cash flow tables are 
printed for the collector area input on · 
Line 22. · · 
2 ~olar sy~tem p~iforma~se dnly {s com
~uted for candidat~ ~ollector ateas. A 
monthly ·'perfotmanc~ table is printed for 
collector area sp~~ified on Li~e ·22. 
3 Solar system performance and life 
cycle co;t analyst~ is.computed'for 
the collector area specified 'on. Lfne 22. 
(Minimum run time optidri.) 

See Line 21. In the optim~zation mode, 
this area is th~ ~pp~r ~imit on collector 
size for Line 21 = 0. Default value is 
lxl06 sq •. ft. SOLCOST.internally rounds 
to the nearest integer multiple of the 
module size inp~t on Line 23. 

Area of one collector panel. The candidate 
~y.a;t:"Pm siz.e::. will 'U~ multiplc~r. of rhi:J 
input. Default value is 20 sq. ft. 

Input a 1 to geC·a table of ·cities and 
location codes for all of the cities.in the 
data bank. !JOLCOST will c.lo uu further 
processing. 

See Table III-4, (pg. III-23). for listing 
of cities.· 'Data ·ba:ri1f supplies' 
weather and solar data 'for1each·"site, lines 
26 through 33. Use city nearest to 
installation. S~e-Not~-frie*~--~a~e. 
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Line No. Input Parameter 

Site Latitude 

Explanations/Options 

Degrees 26 

27 

28 

29 

30 

31 

34 

35 

36 

Site Clearness Factor 

Fraction of Possible 
Sunshine 

Minimum Daily Average 
Temperature 

Maximum Daily Average 
Temperature 

Heating Degree Days 
0 (65 F base) 

Ground Reflectivity 

Daily Horizontal Insolation 

Clearness Number Array 

Each monthly clearness number in solar 
insolation calculation is multiplied 
by this parameter. See Appendix A 
for defaults. 

Fraction of time that solar insolation 
is greater than a thresh<?ld.insolation 
value which corresponds to distinct 
shadows. Enter as fractions, i.e., .70 
is 70%. See Note 2. Ignore this input 
if line 25 is input. 

Used in collector performance analysis. 

Same as Line 29 explanation. 

Used in simplified heating loads 
analysis. 

Default is 0.2 corresponding to no
snow conditions. Use 0.7 for snow 
conditions. 

Input Monthly values of average global 
horizontal insolation, Btu/day-sq. ft. 
See Note 3. 

Input monthly values of clearness 
numbers. See Appendix A for details 
and listing of default values. 

NOTES: 

l. If a data bank site location is not used (Line 25 not input) then the 
following data must be input: Lines 26, 27, 28, 29, 30, 31. 

2. Lines 28 (Fraction ·of Possible Sunshine) is the decimal equivalent of the 
percent of possible sunshine. Historical records for this measurement 
are available for approximately 300 cities in the United States. 

3. Input of Line 35 (Daily Ho~izo~tal Insolation) will cause SOLCOST to 
ignore the Fraction of Possible Sunshine values input (or defaulted 
from data b~nk) on Line 28. 
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TABLE III - 4 CITIES IN SOLCOST DATA BANK 

SITE CODE CITY NAMErSTATE LATITUDE 48 SAN IIIEGOrCA. :32.7 
1 BIRMINGHAMrAL 33.6 49 SAN FRANCISCO rCA 37.6 
2 MOBILE,AL 30.7 50 SAN JOSE rCA 37.3 
3 MONTGOMERYrAL ~52. 3 51 SANTA MARIA,CA 34.9 
4 ANNETTE,AK 55.0 52 SUNNYVALE,CA 37.4 
5 BARROWrAK '71.3 53 BOULIIERrCO 40.0 
6 BETHELrAK 60.8 54 COLORADOSPRGS,CO 38.8 
7 BETTLESrAK 66.9 55 DENVERrCO ::~9. 8 
8 BIG DELTA~AK 64.0 56 EAGLE,CO 39.7 
9 FAIRBANKSrAK 64.8 57 GRANDJUNCTIONrCO 39.1 

10 GULKANArAK 62.2 . 58 GRAND LAKEr CO 40.3 
11 HOMERrAK 59.6 59 PUEBLO, CO 38.3 
12 JUNEAUrAK. 58.4 60 HARTFORDrCT 41.9 
13 KING SAL..MONrAK .58 .• ? 61 WILMINGTONrDE ~~9. 7 
14 KODIAKrAK 57.8 62 WASHINGTONrDC 39.0 
15 KOTZEBUErAK 61.>.9 63 AF'ALACHICOLArFL. 29.7 
16 MATANUSKArAK 61.6 64 DAYTONA BEACHrFL 29.2 
17 MCGRATH, AI\ b3.0 65 GA I NESV H .. LE, FL. 29.7 
18 NOMErAK 64. ~j 61.> .JACKSONVILLE, Fl 30.5 
19 SUMMITrAK 6:~. 3 67 KEY WESTrFL :?4.6 
20 YAKUTATrAK 59.5 68 MIAMirFL 25.8 
21 PAGErAZ 36.6 69 IJRLANDOrFL 2EJ.6 
22 PHOENIXrAZ 33.4 70 F'ENSACOLArFL.. 30.5 
23 PRESCOTTrAZ 34.7 71 TALLAHASSEE,FL 30.4 
24 TUCSONrAZ 32.1 72 TAMF'ArFL 2fJ.O 
25 WINSLOWrAZ 3~j. 0 73 W.F'ALM BEACHrFL 26.7 
26 YUMArAZ 32.7 . 74 ATL..ANTArGA 33.7 
27 FORT SMITHrAR 3!':i. 3 75 AUGUSTArGA 33.4 
28 LITTLE ROCKrAR 34.7 76 GRIFFIN,GA 33.3 
29 ARCATA,CA 41.0 77 MACONrGA 32.7 
30 BAKERSFIELD rCA 35.4 78 SAVANNAHrGA 32.1 
31 CHINA LAKE rCA 35.'1 7'1 BAr..:BEf\8 F'TrHI 21.3 
32 DAGGETT rCA 34.9 80 HILOrHI 19.7 
33 DAVIS rCA 38 .6. . Bl HONOLULUrHI 2l..3 
34 EL TOROrCA 33.7 82 LIHUEvHI 2:~. 0 
35 EUREKA rCA 40~8 83 BOISE, ![1 43.6 
36 FRESNO rCA 36.8 84 LEWISTON, 1[1 46.4 
37 INYOKERN rCA 35.7 85 F'OCATELUl, I [I 42.9 
38 LONGBEACHrCA 33.8 86 TWIN FALLS riD 40.6 
39 LOS ANGELES rCA 33.9 87 CAIROriL 37.1 
40. MT SHASTAtCA . 41.3 88 CHICAGOriL 4l.8 
41 NEEDLES rCA 34.8 89 LEMONTriL 41.7 
42 OAKLAND rCA 37.7 90 MOLINEriL 41.5 
43 PASADENA rCA 34.2 91 PEORIA, IJ_ 40.7 
44 POINT MUGU rCA 34.1 92 SF"RINGFIELIIr H. 39.El 
45 RED BLUFF rCA 40.2 93 EVANSVIL .. L..E, IN 38.1. 
46 RIVERSIDE rCA 34.0 94 FORT WAYNEriN 41.0 
47 SACRAMENTO rCA 38.5 9:5 INDIANAPOL .. ISr IN 39.·7 
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96 
97 
98 
99 

100 
101 

.102 
10:3 
104 
105 
106 
10.7 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
1?8 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 

SOUTH BENIIriN 
AMESriA 
BURLINGTONriA 
DES MOINESriA 
[ILIF!I.lfJI JE, I f.l 
MASON CITYriA 
SIOUX CITYriA 
CONCOFHI If\ v ~~G 
DODGE CITYrKS 
GOODLANDrKS 
MANHATTANrKS 
TOF'EKArKS 
WICHITArKS 
COVINGTON, 1\Y 
LEXINGTONrKY 
LOUISVIL..L..ErKY 
BATON FWUGE rl..A 
LAKE CHARLESrLA 
NEW ORLEANSrL.A 
SHREVEPORTrl.A 
BANGOR,ME 
CARIBOUrME 
EASTPDRTrME 
F'ORTLANDrME 
ANNAF'OLISrMD 
BALTIMORErMD 
PATUXENTRIVER,MD 
SILVER HILLrMD 
AMHERSTrMA 
BLUE HILLrMA 
BOSTON,MA 
LYNN,MA 
~!f\T IO~, HA 
ALPENA,MI 
[IETRO TT, M I 
EAST LANSINGrMI 
FL.INT,MI 
GRAND RAPIDS,HI 
HOUGHTON,MI 
LANSING,MI 
MAROUETTE,MI 
SAULTSTEMARIE,MI 
TRAVERSE CITY,MI 
DULUTH,MN 
INTRNTALFALLSrMN 
MINNEAPOLIS,MN 
ROCHESTER,MN 
ST CLOUDrMN 

TABLE III-4 (cont.) 

41.7 
42.0 
40.8 
41.5 
42·5 
43.2 
4~~. 4 
39.6 
37.8 
39.4 
39 .• 2 
~59. 1 
37.7 
:i9. 1 
38.0 
3B.2 
30.5 
30.1 
30.0 
3:?. 5 
44.8 
46.9 
44.9 
43.7 
39.() 
39.2 
38.3 
3B.8 
42.3 
42.2 
42.4 
42.5 
4:.:~.~s 

45.1 
42.-4 
42.7 
43.0 
42.9 
47.2 
42.8 
46.6 
46.5 
44.7 
46.8 
48.6 
44.9 
43.9 
45.6 
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144 
145 
146 
147 
14f:l 
149 
lSO 
l::i1 
152 
153 

.154 
155 
156 
157 
158 
159 
160 

'161 
162 
163 
.164 
165 
166 
16} 
168 
169 
170 
171 
1 7~! 
1?3 
1?4 
175 
176 
177 
1Jt) 
179 
180 
181 
18;.~ 

183 
184 
185 
186 
187 
188 
189 
190 
191 

JACKSONrMS 
MERIDIANrMS 
VICKSBUFW, MS 
COLUMBIA rHO 
KANSAS CITYrMCI 
ST L..OUISrMO 
Sf' I'~ I NGF J. EL.It, Mfl 
BILL.INGSrMT 
CUT BANKrMT 
DILL..ONrMT 
GI...ASGOWrMT 
GREAT FALL.SrMT 
HAVRE CITYrMT 
HELENArMT 
KALISPELl.rMT 
L..EWISTOWNrMT 
MILESCITYrMT 
MISSOULArMT 
SUMMITrMT 
GRAND ISI .. ANDrNE-: 
LINCOLNrNE 
NOFnH OMAHA, NE 
NORTH PLATTErNE 
SCOTTS BLUFFrN£ 
ELKOrNV 
EL..YrNV 
LAS VEGASvNV 
LOVE L..OCKrNV 
HENOrNV 
TONOF'AHrNV 
WINNEMUCCArNV 
nJC:CA Fl .ATS, Nt,J 
CONCORflrNH 
ATLANTIC CITYrNJ 
LAI\EHURSTrNJ 
NEWAW\ rNJ 
TRENTON, N~J 
ALBUQUERQUErNM 
Cl.AYTQN,NM 
FARMINGTONrNM 
ROSWELL .. ' NM 
TRUTHORCONSEOrNM 
TUCLJMCARirNM 
ZUNI,NM 
ALBANY,NY 
BINGMAMPTONrNY 
BUFFALChNY 
CANTONrNY 

32.3 
32.3 
32.2 
:·~A • 8 
39.3 
38.8 
37.2 
45.8 
48.6 
45.3 
48.2 
47.5 
48.5 
46.6 
48.2 
47.1 
46.4 
46.9 
48.3 
41.0 
40.9 
41.4 
•H .1 
41.9 
40.8 
:w. 3 
:36. 1 
40.1 
39.5 
38.1 
40.9 
3'7.0 
43.2 
:·~9. 5 
40.0 
40.7 
40.2 
35.1 
36.5 
36.8 
33.4 
33.2 
35.2 
35.1 
42.8 
42.2 
42.9 
44.7 



192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 

TABLE III-4 (cont.) 

I'rHACArNY 
MASSENArNY 
NEW YORKrNY 
NYrNYCLAGUARDIA> 
ROCHESTERrNY 
SCHENECTADYrNY 
SYRACUSErNY 
ASHEVILLE,NC 
CAPE HA.TTERAS,NC 
CHARLOTTE,NC 
CHERRY POINT,NC 
GREENSBOROrNC 
RALEIGH,NC 
BISMARKrND 
DEVILS LAKE,ND 
FARGOrND 
MINOTrND 
WILLISTONrND 
AKRON,OH 
CINCINNATI,OH 
CLEVELANDrOH 
COLUMBLJS,QH 
DAYTON,QH 
PUT-IN-BAY,OJ-1 
TOLEDOrOH . 
YOUNGSTOWN,OH 
OKLAHOMA CITYrOK 
STILLWATERrOK 
TULSArOK 
ASTOR I A, OF~ 
BAKERrOR 
BURNSrOR 
CORVALL.JS,OR 
MEDFORD~OR 
NORTH BEND, OF~ 
PENDLETONrOR 
PORTLAND,OR 
REDMOND, OF~ 
RDSEBURG,OR 
SALEM,OR 
ALLENTOWN,PA 
AVOCA,PA 
ERIErPA 
HARRISBURG,PA 
PHILADELPHJA,F'A 
PITTSBURGHrF'A 
SCRANTON,PA 
STATE COLLEGE,PA 

42.5 
44.9 
40.8 
40.8 
43.1 
42.8 
43.1 
35.4 
35.3 
3~j. 2 
34.9 
36.1 
35.9 
46.8 
48.2 
46.9 
48.3 
48.3 
40.9 
39.1 
41.4 
40.0 
3<jl .9 
41.'7 
41.6 
41.3 
:35.4 
36'. 2 
:36.2 
46.2. 
44.8 
43.6 
44.6 
42.4 
43.4 
45.7 
45.6 
44.3 
43.2 
44.9 
40.'7 
41.3 
42.1 
40.2 
39.9 
40.5 
41.3 
40. El 
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240 
241 
242 
243 
244 
245 
246 
24'7 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267-
268 
269 
270 
271 
272 
~~73 

274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 

BLOCK ISLANDrRI 
NEWPORT,RI 
PROVIDENCE,RI 
CHARLESTONrSC 
COLUMBIA,SC 
GREENVILL.E,SC · 
HURON,sn 
PIERRE,SD 
RAPID CITY,SD 
SIOUX FALLSrSD 
CHATTANOOGA,TN 
KNOXVILLErTN 
MEMF'HIS,TN 
NASHVILL..E,TN 
OAK RIDGE·, TN 
ABILENE,TX 
AMARILL.O,TX 
AUSTIN,TX 
BIG SPRINGS,TX 
BROWNSVILL.E,TX 
CORPUSCHRISTI,TX 
DALLAS,TX 
DEL RIO,TX 
EL PASO,JX 
FORT WORTH,TX 
GALVESTQN,TX 
HOUSTQN,TX 

. KI NGSV lLU.::, TX 
'LAREDO,TX 
L..UBBOCK,TX 
LUFI'~ IN, TX 
MIDLAND,TX 
PORT ARTHUR,TX 
SAN ANGELO,TX 
SAN ANTONJO,TX 
SHERMAN,TX 
WACQ,TX 
WICHITA FALLS,TX 
BRYCE CANYON,UT 
CEDER CITY,UT 
SALTLAKE CITY,UT 
BURLINGTON,VT 
MT WEATHER,VA 
NORFOLK,VA 
RICHMOND,VA 
ROANOKE,VA 
Ol..YMPIA,I,oJA 
PROSSER,WA 

41.1 
41.5 
41.7 
32•9 
34.0 
34.9 
44.4 
44.4 
44.1 
43;6 
35•0 
35.8 
35.1 
36.1 
36.0 
32.4 
35.2 
30.3 
32 .·3 
25.9 
::!7. 8 
32.9 
29.4 
3.1. 8 
32.8 

. 29.2 
30.0 
27.5 
27.5 
:33.7 

. 31.2 
31.9 
30.0 
:H .4 
29.5 
33.7 
31.6 
~~4. 0 
37.7 
37.7 
40.8 
44.5 
39.1 
:36.9 
37.5 
3'7.3 
47.0 
46.3 



TABLE T.II-4 (cont.) 

288 PULL .. MAN, WA 46./ 313 CALGARYrALF.IERTA 51.0 
289 RICHLANDrWA 46.3 314 EDMONTONrALBERTA :':i3. 6 
290 SEATTLErWA 47.5 315 LETHBRIDGErALBRT 49.6 
291 SPOKANErWA 47.6 316 VANCOLJVEF~, BC 49.0 
292 TACOMArWA 47.3 317 VICTORIArflC 48.0 
293 WALLA WALL..ArWA 46.l. 318 CHURCHil.LrMANTBA 58.8 
294 WHIItBEYISLANDrWA 48.4 319 WINNIPEGrMANITBA 49.9 
295 YAKINArWA 46.6 320 MONCTONrNEW BRUN 46.1 
296 CHARL..ESTON,WV 38.4 321 ST . .JOHN~ N[W BRUN ( 45.0 
297 1:-.LKINSrWV 38.9 J'"l"l ~IT .lfHiN 'NEWFNDU) 47.:) ....... 
:;~90 HUNTINGTONrWV 3!L4 32:·.~ AI\UWIK rNW TERf'\ 6f.l.2 
299 PARKD~SBURG, WV 39.3 324 HALIFAXrNOV SCOT 45.0 
300 EAU CLAIRE·, WI ·ll4. 9 3.., ... 

.:....J HAMILTONrONT 43.0 
301 GREEN BAYrWI 44.5 326 KAPLJSKASINGrONT 49.4 
302 LA CROSSE,Wl 43.9 327 LONDONrONT 43.0 
303 MADISCJN,~I 43.1 328 OTTAWArONT 45.5 
304 MILWAUKEErWI 43.0 329 TORONTOrONT 43.7 
305 CASPERrWY 42.9 330 WINDSORrDNT 42.0 
306 CHEYENNErWY 41.2 331 MONTREAlrQUEBEC 45.5 
307 LANDERrWY 42.8 332 CHJEBEC CITYrCHJEB 47.0• 
308 LARAMIErWY 41.3 333 SASKATOQN,SASK 52.0 
309 ROCK SF'RINGSrWY 41.6 334 KOROR ISLAND 7.3 
310 SHERIDANrWY 44.8 33~5 KWAJALEIN ISLAND 8.7 
311 YELLOWSTNPARK,WY 44.7 336 WAI(E ISLAND 19.3 
312 SAN JUANrPR 18.4 

Data for 248 U.S. locations (see .map) were taken from th~ NOAA Report, "Input tlata 
for Solar Systems".* In. constructing the wealher (I:Ha base, NOAA used monthly nor
:nals (30-year mP,an·values) of mRx:l.m~•m, mJnlmum, and aVt:!tuge temperatures, -and heating 
degree days extracted ~rom Climatography of the United States. No. 81 (By S-tate) and 
Local Climatoligical Data Annual Sumniaries for 1977. 

Average daily values of total hemispheric (global) solar radiation on a hori
zontal surface were based on corrected measurements for the remaining 222 stations. 
The 26 rehabilitated data station~ Rre indicated by ~~teLisks on rht locator .nap. 
Musl of the average values are based on a 24-25 year period. SOLMET Volume 1 -
User's Manual lists the exact period, as well as provides information o~ ~he re
habilitation of hourly solar radiation data. 

Additional U.S cities for whirh nn radiation data w~~ dvailaule are still 1n 
the SOLCOST data bank. The percent of possible ·s11nshine is uccd to 0.11tim-:1to:: nnliution 
fur thcot locatlu11s. Users are cautioned to check these estimates against inter
polated radiation for neighboring cities in the data base. 

Several Canadian cities are also included in the SOLCOST data bank. The source 
for this. data is not well documented and Canadian users are cautioned to check 
this data with possibly more recent literature sources. 

*V. Cinquemani, et al, Input Data for Solar Systems,_ Nov. 1978, prepared by 
NOAA for U.S. Department of Energy, Division of Solar Technology, under Interagency 
Agreement No. E(49-26)-1041. 

SOLCOST may not execute for cities north of the Arctic Circle. 
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Line No. 

40 

41 

Input Parameter 

Space heating/cooling Loads 
Input or Compute Flag 

Service Hot water Load 
Input or Compute Flag 

Explanation/Options 

See Table III-5.and Appendix H. 
Ignore this input if there is 
no space heating load. 

See Table and Appendix H. 

TABLE III-5. SPACE BEATING/COOLING AND SERVICE HOT WATER LOADS INPUT OR 
COMPUTATION METHOD 

Line 40 
fype Flag 

2 

3 

4 

5 

Line 41 
Type Flag 

1 

2 

3 

4 

5 

42 

43 

44 

45 

Luads Cumputed or Input From: Input Required 

Lines 42 and 43 
(Default) 

Input Building Heat Loss 
Coefficient, H 

ASHRAE STD 90-75, H Line 44 

Utility Usage Records, H 

User Input or Loads by Month 
H, C, HW 

Line 45 

Line 46 

Service HW Load From: 

Typical Residential HW 
Use Pattern, HW 

Utility Usage Records 
(Summer Only), HW 

User Input HW Load, HW 

Daily Water Use, Gallons 

Line 47 

Line 48 

Line 49 (Default) 

Line 154 

See Appendix H for further information on loads. 

Building Heat Loss 

Building Gross Floor. Area 

ASHRAE STD 90-75 
Building Description 

Utility Usage Records 
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BHLC 
Design Heat Loss x 24 
(T. - T 1n out 

design 
) x A floor 

Above ground floor area, used with 
Line 42. 

Input of this data will cause SOLCOST 

Btu 

to compute a space heat loss coefficient 
assuming the building satisfies ASHRAE 
Standard 90-75. See Table III-6. 

For retro-fit installations where building 
energy consumption is known. See Table III-7. 



Line No. Input Parameter Explanation/Options 

46 User Input Loads by Month Net daily ~nergy delivered to heating 
or cooling load. Service and domes-
U c '-.•ater heating loads ~ be inclu
ded in this input; if so, do not enter 
Lines 41 and 49. 

47 Typical Residential 
HW Use Pattern 

SOLCOST estimates hot water load from 
typical residential use patterns. See 
TAhlP TTT-8. 

48 Utility Usage Records 
(Summer Only) 

Users can input their summer fuel usage to 
determine their HW load. See Table III-8. 

49 User Input HW Load Input constant net daily service water 
load here, millions of Btus/day. De
fault value is 0.0, ignore Line 41 and 
49 if HW load has been combined with 
space heat load on Line 46. 

TABLE III-6. INPUTS FOR ASHRAE STD 90-75 METHOD FOR SPACE HEATING LOAD ARRAY 44 

TYPE .•..•••••..•• 

WALL AREA ..••..•• 

CEILING AREA····· 
WINDOW ••••••••••• 
PERIMETER 

SLIDING GLASS •••• 
DOOR AREA 

1. for a detached one or two-family dwelling. 

2. for all other residential buildings, 3 stories or less 

3. for all buildings other than.Type 1 or Type 2. 

Gross exterior wall area, above grade, sq. ft. (includes 
windows and doors.) 

Ceilin~ area, sq. ft. 

Perimeter (sash crack length) of all windows, ft. 

Area of residential sliding glass doors, sq. ft. (Enter 
0.0 if Type 3 building.) 

RESIDENTIAL ..••.• ~Area of residential swinging doors, sq •. ft. (Enter 0.0 if 
DOOR AREA Type 3 building.) 

NON RESIDENTIAL •• 
DOOR PERIMETER 

FLOOR AREA.,,,,,, 

SLAB PERIMETER ••• 

RESIDENTIAL •••••. 
EXAMPLE 

Perimeter of non-residential swinging, revolving, or slid
ing doors, ft. (Enter 0.0 for Type 1 and 2 building.) 

Area of floors over unheated spaces, i.e. crawl spaces, 
unheated basements, etc., sq. ft. (Enter 0.0 if none.) 

Perimeter of slab-on-grade floors, ft~ (Enter 0.0 if 
none.) 

44, 1., 1420., 1200., 140., 42., 63., o~o, 120., o.o,* 
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TABLE III-7. HEATING LOAD FROM UTILITY RECORDS (RETRO-FIT BUILDING) 

Input Array 45 where: 

Fuel Type ••••.•.•....••• From Table III-2, decimal. 

Fuel Heat Content •..••. Btus/unit of fuel (unburned) 
(Enter 1.0 to use default values listed on lines 
90-94) 

Seasonal Fuel Usage •.•••• Quantity of fuel consumed over heating season. 
(Space Heating Only) Units must be consistent with fuel heat content 

units. Deduct estimated fuel used for hot·water 
heating. 

Seasonal Degree Days ..•.• Number of degree days (°F-Day) in heating season. 
Available from local weather stations or fuel 
suppliers. 

Gross Floor Area ••••••••• Above gr9und floor area in building. 

Examples: 45, 3., L 0, 1084., 7640., 1500., * $ User default heat content 
45, 3., 141800., 1084., 7640., 150~, *$User input heat content 

TABLE III-8. DOMESTIC HOT WATER LOAD CALCULATION METHODS 

Array 47 - Typical Use Pattern Method 

Fuel Type ••••••••••.••.••••• From Table III-2, decimal 

Fuel Heat Content .•••••...•• Btus/unft of fuel (unburned) Enter 1.0 to use 
default values listed on Lines 90-94. 

No. of Occupants •••••••.•••• Average number of occupants in residence, 
decimal. 

Hot Water Use Schedule ••.••• 

Water Delivery Temperature •• 

1. for light use, integer, (15. gal./person/ 
day) 
2. for average uoc 1 (20. gal./per.snn/rlny) 
3. for heavy use, (30. gal./person/day) 

Typically 140°F for houses with dishwashers. 

Example: 47, 1., 1.0, 5., 2., 135., * $ Typical Use Method 

Array 48 - Summer Fuel Consumption Method 

Fuel Type •••••••••• From Table III-2, dec.imal, 

Fuel Heat Content •• Btus/unit of fuel (unburned). Enter 1.0 to use default 
values listed on Lines 90-94. 

Fuel Useage •••••••• Average monthly fuel consumption for water heating. 
Units must be consistent wit6 fuel heat content input. 

Example: 48, 1. , 1. 0, 65 .• * $ Summer Fuel Method 
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Line No. 

55 

56 

57 

58 

60 

61 

65 

66 

67 

68 

69 

70 

Input Parameter 

Solar System Fixed Initial 
Cost 

Solar System Installed Co~t 
per Unit Collector area. 

Solar System Installed Cost 
of Liquid Storage. 

Solar System Installed Cost 
of Rock Bed Storage. 

Solar SystPm M~intenanoo 
Cost 

Ref. System Initial In
stalled Cost 

Ref. System Maintenance 
Cost 

Financial Scenario Indicator 

Solar Tax Incentives 
(Applies to Residential 
Scenario Only, Business 
Owner see Line 77) 

Discount Rate of Present 
Worth Analysis 

Loan Interest Rate 

Loan Term 

Loan Down Payment 

Explanations/Options 

Input total system fixed costs or tn
crement above reference system costs. 
Does not include collector costs or 

·'storage costs. 

Installed cost per square foot of 
collector area. 

Installed cost per gallon of water 
storage for liquid systems. 

Installed cost per ton of rock hed 
storage. 

fractiou uf lultlal cost for mainte
nance each year. 

Input total cost of_ reference system 
that would be installed instead of 
the ~olar system. 

Se.e Line 59. 

Three 
1 
2 
3 

tax considerations are available: 
Homeowner solar system (Residendial) 
Business owned system 
Non-profit organization owned 
oyatcm, i.e., sc:ltuuls, public 
buildings. 

J.f applicable; enter Array GG as 
follows: 
flfi, Frn.;tion,_i,Fraction;_!+ 
i.e., 
66, .30,2000., .2U,tWUU., * (Default) 
means: 30% of first $2000 

+20% of next $8000 

will be credited against net tax due. 
Two steps must he inp1.1t, 

A discount rate is the minimum rate 
of return which a person (ur company) 
usually rPAlizes fr6m their invc~tmPnts. 
For homeowners a reasonable discount 
rate is the interest rate at which they 
can borrow money for a solar investment. 

If there is no loan, i.e., 100% down 
payment, .input a l.U down payment 
fraction and omit Lines 68 and 69. 

Years 

For 10% down, enter .10, etc. 



Line No. 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

Input Parameter 

Term of Life Cycle Cost 
Analysis 

Insurance· Rate 

Property Tax Rate 

Income Tax Rate 

Depreciation Method 

DB Multiplier 

Investment Tax Credit 
Rate 

Additional First Year 
Depreciation 

System Useful Life 

Storage Tank Useful Life 

Salvage Value Fraction 

Inflation Factor for 
Maintenance, Insurance, 
and Property Taxes 

Property Tax Rate vs. 
Time 

Explanations/Options 

Usually this is the expected life 
of the solar system. It can be dif
ferent from the loan term. ·Max. of 30 
years allowed. 

Fraction of ini_tial cost each year. 
Same rate applies to both solar and 
reference system. 

Fraction of initial cost each year. 
If a state or local property tax 
incentive applies, enter a -1.0 for 
Line 73, and Enter Line 83. 

Owner's income tax rate (fraction). 

Applies to BUS scenario only. 
Options are: 
l=SL ••• straight line 
2=DB ••• declining balance 

Multiplier used in declining balance 
depreciation method. Limited to 1.5 
for commercial and industrial build
ings and 2.0 for new residential 
rental property. 
Solar tax credit is 10% (Default) 
Enter 20% for process heating equip
ment. 

Allowed for solar systems which are 
considered business related equip
ment, i.e., to heat hot water for a 
manufacturing process, a cat wash 
heater, etc. Usually 20% (enter .20) 
is allowed, up to a $2000 limit. 

The allowable useful life for /depre-
ciation purposes. Currently ten 
years is allowed for building HVAC 
systems. 

Same as Line 19, only 22 years is 
allowable minimum for storage compo
nents. 

Salvage value at the end of useful 
life. 

Annual escalation of these costs due 
to inflation. A value of 6% (enter 
.06) is considered reasonable. 

If your state or county has elimina
ted (or reducAn) property tax rates 
on solar systems, enter: 
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Line No. 

84 

90 

91 

92 

93 

94 

95 

9€: 

97 

98 

Note: 

Input Parame.ter 

Collector Optimization 
Method Flag 

Natural Gas Cost Schedule 
(See·Note 1 and pages 
III-7,8 for examples)· 

Electricity Cost Schedule 
(See Note 1) 

Fuel Oil Cost Schedule 

LP Gas Cost·S~henule 

Coal Cost Schedule 

Electricity ·Demand Cost · 

Electric~l Demand Level 
Ref. System 

Electrical Demand Level 
Solar Auziliary Furnace 

Electrical Demand Level 
Solar Assisted Heat Pump 

Explanations/Options 

83,. Rate~ First I Years, Rate, Nest 
J Years, ic"' · 
83, o., . lQ.' .025 30., 
means zero property taxes will be 
levied for the first ten years, and 
normal rate of 2.5% will apply for the 
next 30 years. If Line 83 is input, 
a -1.0 must be entered in Line 73. 

SOLCOST defaults to the net present 
worth method to compute the _cost op
timum system size. ·Enter Lfne 84=2· 
to optimize with internal rate of 
return. Enter Line 84=3 to optimize 
with undiscounted lifetime savings 

Check with local supp-lier' '£or heat 
content of. delive-r~d nat.ural gas. 
Default is 100000 Btus/100 cubic 
feet. In Denver this value is 84000. 
Escalation rate is on a percent per year 
basis, entered as a fraction. Esca
lation should in~ltide inflation effect, 
i.e., if a real price rise of 5% is 
expected, and inflation is 4%, enter 
.09 as the escalation. 

Enter as dol+ars/Kw-hr. 

Enter as dollars/gallon. 

Enter as -dollar~{:galluu. 

Enter as dollars/t6n. 

If the utility applies demand charges, 
this schedule must be input and ex
pected demand levels estimated on 
lines 96, 97, and 98. In Denver, the 
local utility is cnarging'$6.55 per 
month for the first Kw and ~2.70 per 
Kw of demand above one Kw. Last 
entry on Line 95 must be the esca
lation facto~. fur demand- costs. 

Require~ lf demand charges apply. 

Required if demand charges apply. 

Required if demand charges apply. 

1. Utilities will usually quote their electric and gas rate schedules without 
including fuel cost and gas cost adjustment factors. The input electric 
and gas cost schedules must· be adjusted to account for these parameters. 
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Line No. 

100 

101 

102 

103 

104 

106 

107 

108 

109 

Input Parameter 

Escalation Table for 
Natural Gas 

Escalation Table for 
Electricity 

Escalation Table for 
Fuel Oil 

Escalation Table for 
LP Gas 

Escalation Table for 
Coal 

Summer Fuel Cost Schedule 
jor Reference System 

Summer Fuel Cost Schedule 
for System Solar Auxiliary 

Month Flags for Summer Fuel 
Reference System 

Month Flags for Summer Fuel 
Auxiliary 

- III-37 

Explanations/Options 

Escalation rate vs. time for natural 
gas. Enter a -1.0 for the escalation 
factor in Array 90. Entry of Array 
90 and Array 100 as in the example: 

90, .15,800. ,-1. * 

100, .08,5.,.06,10.,.09,15., *· 

will cause the natural gas price to 
be escalated: 

8 %/yr for the first 5 years 
6 %/yr for the next 10 years 
9 %/yr for the next 15 years 

A maximum of four escalations may be 
entered in Array 100. 

See Line 100 

See Line 100 

See Line 100 

See Line 100 

Lines 106 and/or 107 may be entered 
when fuel or electricity prices vary 
by season or month. Lines 108 and/or 
109 must be entered with integer l's 
or ·O's to flag the months during which 
the prices in Lines 106 and 107 apply. 
For example, a proposed system uses 
el~~tricity for the solar auxiliary 
and also for the reference energy 
source. During the months of April 
through September, the electric rate 
is increased by 20%. The following 
arrays should be entered: 

91, .034,100000.', .10,* 
106,.0408,100000.,.10,3413.,* 
107,.0408,100000.,.10,3413.,* 
108,0,0,0,1,1,1,1,1,1,0,0,0,* 
109,0,0,0,1,1,1,1,1,1,0,0,0,* 

Array 91 will be used for the months 
October through March. Array 106 
will be used during the months flag
ged by l's in array 108. Array 107 
will be used durirtg the months flag
ged by l's in array 109. Note that 



Line No. 

120 

121 

122 

123 

l24 

125 

126 

Input Parameter 

Keflector Analysis Flag 

Reflect~r/Collector 
Common Edge Length 

Collector Length 

Reflector Length 

ReflArtnr/r.nllq~tor 

Angle 

Reflector Diffuse 

Reflector Specular 
Solar Reflectivitj 

Explanations/Options 
•· •/ :·. " I. 

· •.. f 

the fuel heat content must be entered 
in arrays 106 and·l07. If'the user 
wishes to escalate the·•··suminer .. price 
schedule with multiple escalation fac
tors, he must enter a -1.0 for the 
cscal~tion in Lin~ 106 or 107, and also 
enter: 

Line 104 to escalate Line 106, 

Line 108 to escalate Line 107. 

Enter an integer 1 to access the 
reflector/collector analysis. Flat 
pl.<~tP. reflQ~torc vith a commot"1 ~ugt! 

at the collector base are assumed. 
The analysis accounts for shadow
ing of the collector by the reflec
tor at low sun :,an~l.e5j .. .- nHfuse and 
specular reflections are co~stdered 
ir: the analysi~. · ... 

. . . 
Length in feet of common:edge between 
collector and reflector. 

Collector length, ft. 

Reflector length,~f~~ . l 

****NOTE:: The above dimensions 01need 
.not·be actual, but.should 

·· 'ind~c~ t~:, th~~· r,fll.~ t i.v.~ sizes 
of coilector and reflector. 
·.';: ..:. 

,'\ngl~ Letw~~u Lll~ 
lector, ~egrees. 

........ ··' 

reflector and col-

Dimensionless, enter as decimal frac
.tio~, i.e. ent~r ,jo as 70% Reflec-
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tivity. '• ·· ... 
. l . 

Typical values for common reflector 
mater1a1R 

f.1Jv~rP.-d gla~>~> 

Aluminized acrylic 
on .025" aluminum 

Aluminized teflon 
on • 025" alurniuum 

Alzak aluminum 

White marble, 
ground 

White sand, 
fine 

Diffusl:! 
Reflectivity 

0. 

0. 

0. 

0. 

.53 

.59 

Specular 
Refll:!ct!v:it:y 

• 70-.84. 

.85 

.87 

.78 

o. 

0. 



Line No. 

130 

131 

132 

134 

Input Parameter 

Extended Print Flag 
Hourly Solar Fluxes .. 
Extended ~rin~ Flag 
Printer Plots 

Extended Print Flag 
Insolation· Summary 

Print Suppression Flag 
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Explanations/Options 

White sand, . 
course 

Roofing, bitumi
nous felt, alu
minized 

Aluminum, as re
ceived 

Aluminum, 
cleaned 

Aluminized 
Mylar 

Diffuse Specular 
Reflectivity Reflectivity 

.so o. 

.60 o. 

o. .40-.70 

o. .45-·. 75 

o. .75-.85 

****NOTE: The sum of the diffuse and 
specular reflectivities is 
the total solar reflectivity 
for the surface. 

Enter an integer 1 to print hourly 
solar fluxes incident on the col
.lector for each day in the analysis • 

Enter an integer 1 to get printer 
plots for load fraction versus col
lector area, savings versus collector 
area and cash flow versus life of 
of system. 

Enter an integer 1 to get a solar in
solat-ion summary. 

Value 
0 = Print everything (Default) 
1 = Print only thermal results 
2 Print.only cash flow table 
3 Print only bottom line results, 

~i.e., payback, net present 
worth, ROR, solar fraction, 
annual energy savings. 



Line No. 

140 

141 

142 

143 

145 

150 

. 10 

12 a.m. 

Input Parameter Explanations/Options 

ITERATIVE DAWN STORAGE TEMPERATURE PROCEDURE 

Flag to Skip Inlet Temperature 
Iterative Procedure (Integer) 

Convergence 6T on Dawn Storage 
Temperature, °F 

Maximum Allowable Number·of 
Iterations (Integer) 

Minimum Allowable Storage Tank 
Temperature, °F 
(For Service Hot Water Systems, 
see line 15:~) 

Flag to Print .Monthly Max, Min, 
Avg Storage Temperatures (Integer) 

Enter a 0 to skip iterative pro
cedure. 

Default 6T provides reasonable 
speed/accuracy. See Appendix B. 

If convergence is not achieved 
before this number of iterations, 
a warning message is printed. 

T.nwer Set Point below which useful 
energy can be suppltPrl rn the load. 
The storage temperature :1,~ not 
allowed to go below thls tempera
ture. Ignore for service hot water 
systems. 

Enter a 0 (zero) (default),· for no 
output. Enter a 1 to print for opti
mum or specified collec.tor, area onl!f. 
Enter a 2· to print all candidate · 

DETAILED SERVICE'(DOMESTIC) WATER SYSTEM INPUTs+ 

Hourly Hot Water Load ·Frac
tions versus Hour of Day 
(Array of 24 Elements) 

12p.m. .12 a.m. 

Array nf 24 fractions which deter
mine the ·hourly l'oad- for that hour 
from·midnight. Default:values 
yield the profile shmm i.n t.he 
following figure . 

Q ""FRACT. ~ Q 
1 1 Daily 

Load 

24 
and E 

i=l 
FRACTi· 1.0 

i 1, .• ~· 24 

Default Daily Hot Water Load Schedule 

+ The use of mixing (tempering) Valves in two-tank service water heating systems is 
often required by building codes. Version 1.0 of SOLCOST could net evaluate the 
effect of this component on system performance. Versions 2.0 and later do account 
for mixing valve effects. See Lines 15 and 152. 
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Line No. 

151 

152 

153 

154 

155 

. 156 

Input Parameter 

Auxiliary Water He~ter· Set 
Temperature, °F 

\Vater Delivery (t-lixing Valvd 
0 Temperature, F 

Nonthly Supply (or Cr.ound) \,'n
ter Tempera~ures, °F (Array) 

See Table III-9 for suggested 
average soil temperatures. 

Hot Water Usage, Gal/Day 

Auxiliary Tank UA, Btu/lir-·°F 

Pre-Heat (or Storage) Tank 
Insulation U Value, 
Btu-Hr/ft2-°F 
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Explanations/Options 

Auxiliary water heater set temp
erature. Usually this is the de
livery temperature, however, when 
a mixing valve is present, this 
temperature may be higher than 
the set point on the mixing valve. 

Delivery (or mixing valve) t~rnp

erature. 

Array of monthly supply (or ground 
water) temperatures. The minimum 
allowable storage tank t~mper.ature 
is internally defaulted to the in
put ~onthly supply temperature 
(Line 153) and Line 143 is ignored. 
For combined space and service wa
ter systems, SOLCOST assuoes tha~ 
the service water is pre-heated in 
the _space heating storage tank_ 

Hot water usage in gallons per day. 
Input will cause the hot water load 
to be computed from: 

QDaily = R.33 ~Gal(T Del- T Supply) 

Load 

If this load method is used, Line 
41 nust be iriput as an Integer 4. 
For combined space heating and ser
vice water systems, SOLCOST will 
internally add the hot water load 
to the space heating load or to the 
load input in Line 46. 

Auxiliary tank UA. This parameter 
will not affect the SOLCOST results, 
since a similar loss is assumed for 
the alternative conventional system. 
The magnitude of this loss is print
ed in the st6rage ternperatu~e sum
mary (Line 145=1). 

Pre-heat tank insulation U value. 
Experience has shown that tank in
sulation losses are often double 
their expected analytical values. 
For this reason, users are cautioned 
to be liberal in their estimate of 
the insulation U-value. Since the 
size of this tank is not known before
hand, and because the insulated surface 
area varies with volume, SOLCOST 



TABLE III-9 

AVERAGE EARTH TEMPERATURE-S · · · 

Location Winter ·Spring Summer Autumn Annual 
Month 12,1,2 3,4,5 6,7,- 9,10,11 

Alabama 
Anniston APa 55. 58. 70. 67. ! . 63. 
Birmingham AP 54. 58. 71. 68. . 63.· 
Hobile APb 61. 63. 74. 71. 67. 
Mobile CO 61. 64. 75~ . 72. . 68._ 
l1ontgomery AP 58. 61. 73. .. · 70. .:;'1'' 65 • 
Monrgomery cu ~':!. 62. 74. 71. 66. 

Arizona 
Bisbee COOPc 55. 58. 70. '67'. n2: 
Flagstaff AP . 35. 39. 54. 50. 45. 
Ft Huachuca (proving 

ground) 55. 58. 71. 68. 63. 
Phoenix AP 60. 64. 79. 75. 69. 
Phoenix co 61. 65. 80. 76. 70. 
Prescott AP 46. 4Y. 65. 61. 55. 
Tucson A1' 59. 62. 76. 73. 68. 
Winslow AP 45. 49. 65. 61. 55. 
Yuma AP 65. 69. 84. 80. 75. 

Arkansas 
Fort Smith AP 52. 56. 72. 68. 62. 
Little Rock AP 53. 57. 72. 68. 62. 
Texarkana AP 56. 60. 74. 71. uJ. 

California 
Bakersfield AP 56. 60. 74. 70. 65. 
Beaumont co 53. 56. 67. 64. 60. 
Bishop AP 47. 51. 65. 61. 56. 
Blue Canyon AP 43. 46. 58. 55. so. 
Rur.b;mk AP 58. 60. 68. 66. 63. 
Eureka co so. 51. 54. 54. 52. 
Fresno AP 54. 58. 72. 68. 63. 
Los Angeles AP 58. . 59. 64'. -.6.3 ... ' ·,: :· 61.. 
Los Angeles co 60. 61. 68. 66:. 64. 
Mount Shasta co 41. 44. 57. 14. 4q, 
Oakland AP 53. 54. 60. 59. 56. 
Red Bluff AP 54~ 58. 72. 69. 63. 
Sacramento AP 53. 56. 67. 64. 60. 
Sacramento co J4. 57. 68. 65. 61. 

The list presents the average earth temperature from 0 to 10 '.fe.et below the 
surface for the four seasons of the year and for the whole 'year. fo~· .. the indicated 
locals.· The temperaturei were computed on the basis of the methdd d~scribed 
in the ·1965 ASHRAE technical paper- entitled "Earth Temperature and Thermal 
Diffusivity at Selected Stations in the United States" by T. Kusuda and P. R. 
Achenback (in ASHRAE Transactions, Volume 71, Part I, p. 61, 1965) using the monthly 
average aii temperature~ publis~ed by the U.S. Weather Bureau f~r listed localities 
in the Uni:ted States. Earth temperatures are exp-ressed in ~ahrenheit degrees • 

. . . 
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TABLE III-9 (cont.) 

Location Winter Spring Sununer Autumn Annual 

California 
Sandberg co 47. so. 63. 60. 55. 
San Diego AP 59. .. 60. 66. 65. 62 . ,. 
San Francisco AP 53. 54. 59. 57. 56. 
San Francisco co 55. 55. 59. 58. 57. 
San Jose COOP 55. 57. 64. 62. 59. 
Santa Catalina AP 57. 58. 64. 62. 60. 
Santa Maria AP 54. 55. 60. 59. 57. 

Colorado 
Alamn~A AP 30. 35. 52. 48. 41. 
Colorado Springs AP' 39. 43. 5Y. 35. 49. 
Denver AP 39. 43. 60. 56. so. 
Denver CO 41. 45. 61. 58. 51. 
Grand Junction AP · 39. 44. 65. 60. 52. 
Pueblo AP 41. 45. 62. 58. 51. 

Connecticut 
Bridgeport AP 40. 44. 61. 57. so. 
Hartford AP 39. 43. 61. 57. so. 
Hartford AP (Brainer) 39. 43. 60. 56. so. 
New Haven AP 40. 44. 60. 56. so. 

Delaware 
Wilmington AP 44. 48. 64. 60. 54. 

Washington, D.C. 
Washington AP 47. 51. 66. 63. 56. 
Washington CO d 47. 51. 66. 63. 57. 
Silver Hill OBS 46. 50. 65. 61. 55. 

Florida 
Apalachicola CO 63. 65. 75. 73. 69. 
Daytona Beach AP 65. 67. 75. 74. 70. 
Fort Myers AP 70. 71. 78. 76. 74. 
Jacksonville AP 63. 66. 75. 73. 69. 
Jacksonville co 64. 66. 76. 73. . 70. 
Key West AP 74. 75. 80. 79. 77. 
Key West CO 75. 76. 81. 79. 78. 
Lakeland CO 68. 69. 77. 75. 72. 
Melbourne AP 68. . '70. 77. 75. 72 . 
Miami AP 72. 74. 79. 78. 76. 
Miami CO 72. 73. 78. 77. 75. 
Miami Beach COOP 74. 75. 80. 78. 77. 
Orlando AP 68. 70. 77. 75. 72. 
Pensacola CO 62. 64. 74. 72. 68. 
Tallahassee AP 61. 64. 74. 72. 68. 
Tampa A£ 68. 69. 77. 75. 72. 
West Palm Beach 71. 73. 79. 77. 75. 

Georgia 
Albany AP 60. 63. 75. 72. 67. 
Athens AP 54. 58. 71. 68. 63. 
Atlanta AP 54. 57. 70. 67. 62. 
Atlanta CO 54. 57. 70. 67. 62. 
Augusta AP 56. 59. 72. 69. 64. 
Columbus AP 56. 59. 72. 69. 64. 
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TABLE lll-9 (cont.) 

Location Winter Spring Sutruner Autumn Annual 
i. 

Georgia 
Macon AP 58. 61. 74: 71. 66. 
Rome AP 53. 56. 70. 67. 61. 
Savannah AP 60. 63. 74. 71. 67. 
Thomasville co 62. 64. 74. 72. 68 .. 
Valdosta AP 61. '64. 74. 72. 68. 

Idaho 
Boise AP 40. 44. 62. 58. 51. 
Idaho Falls 46 w 30. 35. 55. 50. 42. 
Idaho Falls 42 N w 28 .. 33. 54. . 49. 41. 
Lewiston AP -42. 46. 63. ~9. 52. 
Pocat~llu AP J). "40. 59. 55. 47. 
Salmon CO 32. 37. 56. 52. 44. 

Illinois 
Cairo co 49. 53. 70. 66. 60. 
Chicago AP 38. 43. 62. 57. so. 
Joliet AP 37. 42. 6l. 56. 49. .. 
Moline AP . 38. 43. 62. 58. so. 
Peoria AP 39. 44. 63. 58. 51: I "" 

Springfield AP 41. 45. 64. 60. 52. 
Springfield co 43. 47. 66. 62. . 54. 

Indiana 
Evansville AP 47. 51. 67. 63. ::57. 
Fort Wayne AP 39. ll.3. 61. 'j 7. )0. 
lndianapoli·s AP 41. 46. ; 64. 59. 

(; 
52. 

Indianapolis co 43. . 48. 65 . 61. 'i4. 
S01.tth Bend AP 38. 4'1.. 61. 56. 49. 
Terre Haute AP 42. 47. '65. 60. 53. ·.-·l\ 

•' 
Iowa 

Burlington AP 39. 44. . fi4. 59. 51. 
f·1 

Charles city co 33. 38. '·6o. 55. 46 .. 
Davenport co 39. 44. .64. 59. 51. 
Des Moines AP :37. 42. 63. 58. so. 
Des Moines co . '38. 43. 64. 59. 51. 
Dubuque AP. 34. 39. 60. 'i'i '•7. 
Sioux Ci.Ly. AP J). 40. 62. 57. 49. 
Waterloo AP 35. 40. 61. 56. 48. 

Kani:lC 
Concorrlia co 42. 47. 67. 6'1.. 54. 
Dodge City AP 43. 48. . 67. 62. 55. 
Goodland AP. 38. 43. 62. 57. 50. 
Topeka AP 43. 47. 66. '62. 55. 
Topeka co 44. 49. 68. 63. 56. 
Wichita AP . 45. JO. ML 64. 57. 

Kentucky 
Bowling Green AP 47. 51. . 67. 63. 57. 
Lexington AP 44. 48. 65. 61. 54. 
Louisville AP 46. ,SO. .67. 63. 56. 
Louisville co 47. 51. 67. .64. 57. 
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TABLE III-9 (cont.) 

Location Winter Spring Summer Autumn Annual 

Louisiana 
Baton Rouge AP 61. 63. 74. 72. 67. 
Burrwood CO 65. 67. 77. 74. 71. 
Lake Uharles AP 61. 64. 75. 73. 68. 
New Orleans AP 63. 65. 75. 73. 69. 
New Orleans CO 64. 66. 77. 74. 70. 
Shrev~port AP 58. 51. 75. 72. 66. 

Maine 
Caribou AP 24. 29. 50. 45. 37. 
Eastport co 33. 37. 51. 48. 42. 
Portland AP 33. 38. 56. 51. 44 .. 

Maryland 
Baltimore AP 45: 59. 65. 61. 55. 
Baltimore co 47. 51. 67. 63. 57. 
Frederick AP 44. 48. 65. 61. 55. 

Massachusetts 
Boston AP 41. 44. 61. 57. 51. 
Nantuc~et AP 41. 44. 57. 54. 49. 
Pittsfield AP 34. 38. 55. 51. 44. 
Worcester AP 36. 40. 58. 54. 47. 

Michigan 
Alpena CO 33. 37 .. 54. 50. 43. 
Detroit Willow Run AP 38. 42. 60. 56. 49. 
Detroit City AP 38. 43; 60. 56. 49. 
Escanaba CO 30. 35. 53. 49. 42. 
Flint AP 36. 40. 58. 54. 47. 
Grand Rapids AP . 36. 40 . 58. 54. 47. 
Grand Rapids co 38. 42. 60. 56. 49. 
East Lansing co 36. 40. 58. . 54. 47. 
Marquette CO 31. 35. 53. 49. 42. 
Muskecon AP 36. 40. 57. 53; 47. 
Sault Ste Marie AP 28. 32. 51. 47. 39. 

Minnesota 
Crookston COOP 25. 31. 55. 49. 40. 
Duluth AP 25. 30. 52. 47. 38. 
Duluth CO 26. 21. 52. 47. 39 .. 
International Falls 22. 27. 51. 45. 36. 
Minneapolis AP 32. 37. 60. 54. 46. 
Rochester AP 31. 36. 58. 53. 44. 
Saint Cloud AP 28. 33. 56. 51. 42. 
Saint Paul AP 32. 37. 60. 54. 46. 

Mississippi 
Jackson AP 57. 61. 73. 70. 65. 
Meridian AP 57. 60. 72. 69. 64. 
Vicksburg CO 58. 61. 74. 71. 66. 

Missouri 
Columbia AP 43. 48. 66. 62. 55. 
Kansas City AP 44. 49. 68. 64. 56. 
Saint Joseph AP 42. 47. 67. 62. 54. 
Saint Louis AP 45. 49. 67. 63. 56. 
Saint Louis co 46. 50. 68. 64. 57. 
Springfield AP 4S. 49. 66. 62. 56. 
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TABLE III-9 (cont.) 
''. 

Location Winter Spring Summer Autumn Annual 

Montana 
Billings AP 35. 40. 59. 55. 47. 
Butte AP -27. 31. 50. 45. 38. 
Glasgow AP 27. 33. 56. 51. 42. 
Glasgow CO 28. 34. 57. 52. 43. 
Great Fall's AP . 34. 38. 56. 52. 45. 
Harve co 31. 36. 57. 52. 44. 
Helena AP '31. 36. 55. 50. 43. 
Helena CO 32. 36. 55. 50. 43. 
Kalispell AP 32. 37. 54. '>0. 43. 
Miles City AP 32. 37. 59. 54. 45. 
Missoula AP 33. 37. 56. 51. 44. 

Nebraska 
Grand Island AP 38. 43. 64. 59. 51. 

' Lincoln AP 39. 44. 64. 60. 52. 
Lincoln CO University 40. 45. 65. 61. 53. 
Norfolk AP 35. 40. 62. 57. 48. 
North Platte AP 37. 42. 62. 57. 49 . 
Omaha AP 39. . 44. 65. 60. 52. 
Scottsbluff AP 36. 41. 60. 56. 48. 
Valentine co 35. 40. 61. 56. 48. 

Nevada 
Elko AP 34. 39. 57. 53. 46. 
Ely AP 33. '39. 56. S-2. 45. 
Las Vegas AP 56. 60. 78. 74. 6 7. 
Reno AP 40. 44. 58. . 55. 49. 
Tonopah 41. 45. 61. 57. 51. 
Winnemucca AP 38. 42' 60. 56 l,g. 

New Hampshire 
Concord AP· 33. 38. '56. 52. 45. 
Mt Washingt-on COOP 17. 21. 37. 33. i7. 

New JersP.y 
Atlantic City co 45. 49. 63. 60. 54. 
Newark AP 43. 4 7. 63. 59. 53. 
Tn:!uLun CO 4J. 47. 64. no. 53. 

New Mexi<.:o 
Albuquerqu~ AP 4ft. 50. 67. 63. 57. 
Clayton AP 43. 47. 63. 59. 53. 
Raton AP 38. 42. 58. 54. 48: 
Roswell AP 51. 54. 69. 66. 60. 

New YoLk 
Albany AP 36. 40. 59. 54. 47. 
Albany CO 38. 43. 61. 56. 49. 
Bear ·Mountain CO 38. 42. 59. 55. 48. 
Binghampton AP 34. 38. 56. 52. 4'>. 
Hinghampton co 38. 42. 59. 55. 48; 
Buffalo AP 37. 41. 58. 54. 47. 
New York AP 

(La Guardia) 44. 48. 64. 60. 54. 
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TABLE Ill-9 (cont.) 

Location Winter Spring Sumnier Autumn Annual 

New Yo~k 
New York co 44; 47. 63. 59. 53. 
New York Central Park 44: 48. 64. 60. 54. 
Oswego CO 36. 40. 58. 54. 47. 
Rochester AP 37. 41. 58. 54. 47. 
Schenectady COOP 35. 40. 59. 55. 47. 
Syracuse AP 38. 42. 60. 56. 49. 

North Carolina 
Asheville CO 48. 51. 64. 61. 56. 
Charlotte AP 52. 55. 69. 66. 60. 
Greensboro AP 49. 53. 67. 64. 58. 
Hatteras CO 56. 59. 70. 68. 63. 
Raleigh AP 51. 55. 69. 65. 50. 
Raleigh CO 52. 56. 70. 66. 61. 
Wilmington AP 56. 59. 71. 69. 64. 
Winston Salem AP 50. 53 .. 67. 64. 58. 

North Dakota 
Bismarck AP 27. 33. 56. 51. 42. 
Devils Lake co. 24. 29. ·54. 48. 39. 
Fargo AP 26. 32. 56. 50. 41. 
Minot AP 25. 31. 54. 49. 39. 
Williston co 27. 33;. 56. 50. 41. 

Ohio 
Akron-Canton AP 39. 43. 60. 56. 50. 
Cincinnati AP 43. 47. 64. 50: 54. 
Cincinnati CO ·46. 50. 66. 63. 56. 
Cincinnati ABBE OBS 45. Lt,9 • 65. 61. 55. 
Cleveland AP 40. 4~. 61. 57. 51. 
Cleveland CO 41. 45. 62. 58. 51. 
Columbus AP 41. 46. 62. 59. 52. 
Columbus CO 43. 47. 64. 60. 53. 
Dayton AP 42. 46. 63. 59. 52. 
Sanousky co 41. 45. 62. 58. 51. 
Toledo AP _ 38. 43. 60. 56. 49. 
Youngstown AP 39. 43. 60. 56. 50. 

Oklahoma 
Oklahoma City AP 50. 54. 71. 67. 60. 
Oklahoma City co 50. ...... 

JJ. 71. 68. 61. 
Tulsa AP 50. 54. 71. 67. 61. 

Oregon 
Astoria AP 47. 48. 56. 54. 51. 
Baker CO 36. 40. 56. 52. 46. 
Burns CO 36. 40. 58. 54. 47. 
Eugene AP 46. 48. 59. 57. 52. 
Meacham AP 34. 38. 52. 49. 43. 
Medford AP 46. 49. 62. 59. 54. 
Pendelton AP 42. '46. 63. 59. 53. 
Portland AP 46. 49. 60. 57. 53. 
Portland CO 48. 50. 61. 59. 55. 
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TABLE ur...,9 (cont.) 

Location. Winter Spring Summer Autumn Annual 
·.;. 

Oregon 
Roseburg AP 47. 49. 60. 57. 53 . 
Roseburg co 48. 51. 61. . 59·. 55. 
Salem AP 46. 49. 60. ~.7. 53. 
Sexton Summit 42. 44. 55. 52. 48. 
Troutdale AP 45. 58. 59,. 57. 52 .. 

Pennsylvania 
Allentown AP 40. 44. 62. 58. 5l. 
Erie AP 38. 42. 58. 55. 48. 
Erie co 40. '•'•. 60, 56. ')0. 

Harrisburg AP 43. 47. 63. 59. 53·: 
Park Place co 36. 40. 57. 53. 46. " 

Philadelphia AP. I I ........ 4.8' 64. b I . 54 . 
Philadelphia CO 46. 50. '66. 62. 56. 
Pittsbu~gh Allegheny 42. 46. 6,2. 58. 52. 
Pittsburgh GRTR PITT . 40. 44. 61. '57. 51. 
Pittsburgh co 44. 48. 64. 60. 54." 
Reading CO 43. 47. 64. 60. 54. 
Scranton CO 40. 4ll. 61. 57. 5.0. 
Wilkes Barre-Scranton 39. 43. 60. ·5n. '49. 
Williamsport AP 40. 44. 61. 57. 51. 

Rhode Island 
Block Island AP 41. 45. 59. 55. 50. 
Providence AP 39. 43. 59. 56. 49. 
Providence 41. 45. (i2. 58. 

~· $ ,;,. •• ·" 
.., 

co 5l' 
South Carolina .... 

Charleston AP 58. 61. 72. 70. 65. 
Charleston co 60. 62. 74. 7i. '{n. 
C:o h.1mbia AP 56. 59. 72. 69. 64.' 
Cql'.'ml;lia co 17. 60. 72. 69. 64. 

5.5. 59. 72. 69. 
··.: :i 

Florence AP 64. 
Greeuville AP 53. :>q. blJ. 66. 61. 

... •' 

Spartanburg AP 53. 56. 70. 66. 61. 
South Dakota 

Huron AP 31. 37. 60. 55. 46. 
Rapid City AP 34. 39. 58. 54. 46. 
Sioux Falls AP 32. 17. 60. 55. 46; 

I 

Tennessee 
Bri&tol AP 48. 51. G.J. 62. 56. 
Chattannnea AP 51. 55. 69; n1. (,Q 

•Knoxvi lle AP 50. 54. 68. 65. 59 .. 
Memphis AP 52. 56. 71. 68. 62. 
Memphis co 53. . 57. 72. 68. 62. 
Nashville AP 51. 54. 69. 66. 60. 
Oak Ridge co 49. 52. 67. 64. 58. 
Oak Ridge 49. 52. 67. _64. 58. 

Texas 
Abilene AP 55. 58. 73. 70. 64. 
Amarillo AP 47. 50. 67. 63. 57. 
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TABLE III-9 (cont.) 

Location ~int.er Spring Sununer Autumn Annual 

Texas 
Austin AP 60. 63. 76. 73. 68.· 
Big Springs AP 56. 59. 74. 70. 65. 
Brownsville AP. 68; 70. 79. 77. 71;+. 
Corpus Christi AP 65. 68. 78. 76. 72. 
Dallas AP 57. 61. 76. 72. 66. 
Del Rio AP 62. 65. 77. 75. 70. 
El Paso AP 54. 58. '72. 69. 63. 
Fort Worth AP (Amon 

Carter) 57. 60. 75. 72. .66. 
Galveston AP 63. 66. 77. 74. 70. 
Galveston CO 63. 66. 17. 74. 70. 
Houston AP 62. 65. 76. 73. 69. 
Houston CO 63. 66. 77. 74. 70. 
Laredo AP 67. 70. 81. 79. 74. 
Lubbock AP 50. 54. 69. 65. 59. 
Midland AP 55. 59. 73. 70. 64. 
Palestine CO 58. 62. 74. 71. ·66. 
Port Arthur AP 61. 64. 75. 72. 68. 
Port Arthur CO 63. 65. 76. 74. 69. 
San Angelo AP 58. 61. 74. 71. 66. 
San Antonio AP QJ.. 64. 77. 74. 69. 
Victoria AP 64. 67. 78. 76. 71. 
Waco AP 58. 62. 76. 73. 67. 
Wichita Falls AP 53. 57. 73. 69. 63. 

Utah 
Blanding CO 39. 43. 60. 56. 50. 
Milford AP 37. 42. 61. 56. 49. 
Salt Lake City AP 40. 44. 63. 59. 51. 
Salt Lake City CO 41. 46. .65. 60. 53 .. 

Vermont 
Burlington AP 32. 37. 57. 52. 44. 

Virginia 
Cape Henry CO 51. 55. 68. 65. 60. 
Lynchburg AP 48. 51. 66. 62. 57. 
Norfolk AP 51. 54. 68. 64. 59 .. 
Norfolk CO 52. 56. 69. 66. 61. 
Richmond AP 48. 52. 67. 63. 58. 
Richmond CO 50. 53. 68. 64. 59. 
Roanoke AP 48. 51. 66. 62. 57. 

Washington 
Ellensburg AP 37. 41. 59. 55. 48. 
Kelso AP 45. 47. 57. 54. 51. . 
Not·th Head L·.u RESVN '•7. 49. 54. 53. 51. 
Olympia AP 44. 46. 56. 54. 50. 
Omak 2 mi N W 36. 40. 59. 55. 47. 
Port Angeles AP 45. 46. 53. 52. 49. 
Seattle AP (Boeing 

Field) 46. 48. 58. 56. 52. 
Seattle CO 47. 50. 59. 57. 53. 
Seattle-Tacoma AP 44. 47. 57. 55. 51. 
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TABLE Ill-9 (cont.) 
. . ~~ 

Location Winter s2ring Summer Autumn Annual 

Washington ' .... 

Spokane AP 37. 41. 58. 54. '· 47 ~ :;i 

Stampede Pass 32. 35. 48. 45. 40. ·r· 

Tacoma co 46. 48. 58. iSS. 52. 
Tattosh Island co 46. 47. 52. 51. 49. . . 
Walla Walla co 44. 48. 65. 61. 54. 
Yakima AP 40. 44. .61. 57. 50; , .. 

West Virginia ·," 

Charleston AP . 47. so. .65. 61. 56. 
Elkins AP 4L 41. 59. ·56. .JO •· 
Huntington co . 48. 52. 67. 63. ·;57 .. 
Parkersburg co 45. 4q. 65. ". ··~61. ~ ~ 

,1_1 • 

PetP.rsburg co 44. l•B. 63. 60. )4·. 
Wisconsin 

Green Bay AP 31. 36 .. 56. '· 51. 44. 
La Cros,se AP 32. 38. 60. .'.'55. 46 .. 
Madison AP 34. 39. . . 59. '.54. 47 ;. 
Madison co 34. . 39. ·60. ,'} 5 . 47 .· 
Milwaukee AP 35. 40. 58. .. 54. 47 .· 
Milwaukee co 36. 41. ·59. .. 55. /18. 

Wyoming -.· 

Casper AP 34. 38. . . 17. • .. 52. 45. 
Cheyenne AP 35. 39. . 55. ,• 51. 45. 
Lander AP 31. 35. 56. 51. 43: 
Rock Springs AP 31. 35. 54. so. 42. 
3het·ic..lan AP 33. 37. i56. . 52. 44 .... 

Hawaii 
Hilo AP 72. 72. .74. 74. 73: 
Honolulu AP 74. 75. 77. 77. 76, 
Honolulu co 74. 74. 77. 76. 75. 
Lihue AP 72. . 73. 75. 75. 74. 

Alaska 
Anchorage AP 25. 29. '46. 42. . : 35. 
Annette Ar 40. . 42 .· '51. .. 49 . 46. 
Barrow AP 4. 7. 16; 1.4, 10. 
Hethel AP .18. 23. 41. 37. 30. 
C:nln R:ty AP 33. 35. 4J. 41. 38 .. 
Cordova AP · 32. 35. ·45. 43. 39. 
f?it"banks AP 1 u. 19. 38. J4. 26. 
Galena AP 13. 1 R. 37. 33. ?.5. 
<.;ambeil AP 15. 19. 34. 30. "24. 
Juneau AP 34. 36. 47. ..45. 41. 
Janeau co .. 36. 39. .49. 46. ·42. 
King Salmon AP 25. 28. '44. .40. 34. 
Kotzebue AP 10. 14. 31. .27. 21. 
McGrath AP . '14. 18. 37. 33. ,25 . 
Nome AP 16. 20. 37. 33. 26. 

• Northway AP . 12 . 16 . 32. 29. 22: 
Saint Paul 'Island AP 31. 32. 40. . , .. 38. 35. 
Yakutat AP '33. 36. 45. 43. .39; 
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TABLE III-9 (cont.) 

Location Winter Spring Summer Autumn Annual 

West Indies 
Ponce Santa Isabel AP 75. 76. 78. 78. 77. 
San Juan AP 77. 77. 79. 79. 78. 
San Juan CO 77. 77. 79. 79. 78. 
Swan Island 80. 80. 82. 81. 81. 

Virgin Islands 
St. Croix, v. I. AP 78. 78. 81. 80. 79. 

Pacific Islands 
Canton Island AP 83. 84. 84. 84. 84. 
Koror 81. 81. 81. 81. 81. 
Ponape Island AP 81. 81. 81. 81. 81.' 
Truk Moen Island 81. 81. 81. 81. 81. 
Wake Island AP 79. 79. 81. 81. 80. 
Yap 81. 81. 82. 82. 82. 

aAP = Airport data. 

bco = City office data. 

cCOOP = Cooperative weather station. 

dOBS = Observation station \ 
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Line No. Input Parameter 

156 (cont.) 

1.15 
I 

1.10 
U "" X•U input 

X 1.05 

1.00 

.95 
0 1 2 

T~ngth/ntameter Ratio 

Explanations/Options 
!• 

ass~mes a cylindri.cal tank with 
length/diameter ratio .equ<ll. to 
one. Hence, the'~ank area can 
be expressed as;· ' ' . 

A .. 
tank ( K ) 2/ 3 ~ ~2 /3 6·rr- A 

2n co ··· 

where· K = St'orage volume/collec
tor area ratio, Fd/Ft 2 '. 

•' 

A = Collector area, Ft 2 , 
<.:oi 

If a given storage tank has an 
L/D ratio significantly -differ
ent than·one, ·t~e user should 
adjust the input U-value by. 
the facto~ X ;given in the follow
ing figure. 

.. , 

3 

U-Value Multiplier X for L/D Correction 

157 Ambient Temperature at Auxiliary 
o.w.l P1:~h~at Tnn\{::i, "1•' 
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Ambient temperature .at auxili
ary and preheat tank location. 
Losses from these tanks are 
. computed from: 

Qloss = U A (Ttank - Tamb) 
( 



Line No. 

169 

-170 

171 

172 

173 

174 

175 

176 

Input Parameter* 

Flag to Indi~ate that the 
Collector Parameters are to 
be Updated 

Flag to Designate that the 
Input Collector Parameters 
have been Defined to be a Func
tion of Average Collector 
Temperature and not Inlet 
Temperature 

Mass Capacitance Flow Rate 
(~ ) per ft 2 of Collector as 

c 
p 

Tested 

Mass -Capacitance Flow Rate 
(~ ) per ft 2 of Collector 

c 
p 

as Used 

FRTa Input for each Collector 

·Path 

·' 

FRUL Input for each Collector 

Path 

Number of Series Collectors in 
Each Parallel Path. 

Nu~ber of parallel paths with 
different parameters or flow rat~s. 

* See AppendixE for the Methodology Development. 
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Explanations/Options 

Input a "1" to ,execute this 
option. The SOLCOST program 
will update the collector para
meters which are input with 
additional information in lines 
170 through 189. The resultant 
efficiencies at 0 and effi- · 
ciencies at .5 will be included 
in lines 14 and 15. 

Input a "1" to indicate that 
the collector parameters are to 
be updated to be a function of 
inlet temperature not average 
temperature as input. 

Input the mass capacitance flow 
rate as per square foot of col
lector area as the collector 
was tested. Input as Btu/hr-
0F-ft2. 

Input a mass capacitance flow 
rate per square foot of col
lector area as panels are to be 
used. The SOLCOST progarm 
assumes a d~fault for liquid 
(10) and a separate default for 
air systems (2). 

Input. the FR Ta_ for each panel 

in e·ach path, hot.Jever, if more 
than one path is assumed, the 
user must input line 21 equal 
to a 3 and input the collector 
area in line 22. 

Input the FRUL per panel per 

path for up to 10 parallel 
path!;;. (See line 173) 

SOLCOST assumes that the number 
of series collector in each path 
are the same. Remember, that if 
there is more than one path 
assumed, line 21 must be equal to 
a 3 and the collector area must 
be input on line 22. 

See Line 175. 



Line No •. 

177 

180 

lBl 

182 

183 

184 

185 

186 

187 

188 

189 
; . ' 

Input Parameter 

Individual Collector Panel Area 
for each Parallel Path. 

Flag to Ind~cate that the Col
lector in Air Systems are Leaky.* 

Air Collector Pressure Drop Flag 

Leaky Parameters, o 

~eaki Parame~ers, B 

Leaky Parameters, 6 

Heat Exch~ng~r Flag 

1- '. 

Heat Exchan~er Effectiveness 

Manifold Conduction Flag 

UA Inlet Pipi~g/Duc ting 

Outlet U~ of ~iping/Duc~ing 

· .. 

Explanati~ns/Options 

This is the collector area of 
each panel in each parallel 
path in· ft 2 • It is the 
individual panel area. 

This methodology is accurate 
only in the neighborhood of 
where the par.ameters were 
d~r:fv~d r·~-r fhe collector area. 
Ii the ieakag~ is in excess 
of 20% this methodology may 
not''work too well. 

1 = negative'and 2 
p~essure 

positive 

Jnput ·a "1" to cause SOLCOST 
to calculate,an F1 /FR number . R 
to update the collector para
meter to reflect the inclusion 
of a heat exchanger between the 
collector and storage. Input 
the effectivetlt!S~ .in llue 186. 

Input betwe~n 0 and 1 

The user may update the col
lector manifold heat loss 
conduction by inputting line 
187 equal to a "1" and then 
the inlet and outlet UA's of 

·the· in~l.~t. and· outlet manifolds. 

.:· 

The user must .input line 21 
equal Lo a "3" to execute this 
~~ti_on. . .? 

* Lines 180-184 are used for situations when the air collector array leaks some-
what. The reader is referred to Appendix C for details· of' what' exactly the 
individual parameters are. Also, the reader should update· the·· input collector 
flow rates to reflect what the collectors may actually experience. 
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Line No. 

190 

191 

192 

193 

201 

202 

203 

204 

SUBSYSTEM COMPONENT SELECTION OPTIONst 

Input Parameter 

Flag to Execute Subsystem 
Selection/Siz~ng Routines 
(Integer) 

Flag for Counterflow L"iq
Liq UX in Collection Loop, 
(Integer) 

Flag for Crossflow Air
Liq (or Liq-Air) HX in 
Collection Loop (or in 
Load Distribution Loop) 
(Integer) 

Flag to Include Co~ponents 
in System Costs. for Life 
Cycle Cost Analysis (Integer) 

Explanations/Options 

. Control flag to exercise sizing 
routines. A liquid system is 
assumed, unless Line 1 = 7. The 
default value is 0. Enter a 1 
if this featur~ is de&ired. 

Flag to size a counterflow liquid
to-liquid heat exchanger in the 
collection loop. The default 
value is 0. Enter a 1 if this 
feature is desired. 

Flag to size a crossflow air-to
liquid or a liquid-to-air heat 
exchanger in the collection loop 
(or in the load distribution loop). 
The default value is 0. Enter a·l 
if this feature is desired. 

Flag to include component costs in 
in life cycle cost analysis. The 
default value is 0. Enter a 1 if 
this feature is desired. 

LIQUID COLLECTION SUBSYSTEM DESIGN/COST DATK · 

Collector Flow Rate 

Collector Pressure Drop 

Heat Exchanger Pressure Drop 
(Collection Side) 

Total Pipe or Duct Length 
in Collection Loop 

Collector area dependent volumentric 
flow rate. Enter as gallons per 
minute (GPM) per square. foot of 
collector area: usually magnitudes 
are 0.01 - 0.03. 

The collector pressure drop is usually 
independent of collector area but 
very dependent on the col·lector 
area dependent flow rate described 
above. Enter in feet of head loss. 

If a heat exchanger is present in 
the collection loop enter its 
expected head loss in feet. 

Enter the. total pipe/duct length in 
the cqllection loop. SOLCOST uses 
this length to estimate pipe/duct 
costs and pumping/blower require~ents. 

+see Appendix D for more details. 
I 
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Line No. 

205 

207 

208 

209 

210 

211 

212 

213 

214 

LIQUID.COLLECTION SUBSYSTEM DESIGN/COST DATA (CONT.) 

Input; Parameter 

Installed riuct/Pipe Cost 
per Foot 

Additional Velocity Head 
Above Pipe, Valve and Tee 
Velocity· Los:ses. . '· 

Pressure Head. L~ss, (Collec-
tion Loop). '· .. · · 

Elevation. H~ad .. (Collecpon 
Loop) 

Design -Pipe .Ve_locity 

~· .' 
• !' 

Number ·~r valves (Integer) 
in Collection Loop'' . . :. 

Number of Elbows (Integer) 
in Collection Loop 

. ~ ·. 

Number of Tee~ (inte.gAr) ··in 
Collection Loop 

Specific Heat of Collector 
Fluid 
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Explanations/Options 

F.nter cost in dollars per foot to 
purchase and install the collector 
lopp piping or. ducting. 

!f any additional velocity he.:u.l 
loss exists that is not included 
in the piping, valve, tee or elbow 
lusses, input this line number. 

lf any h'ead l'osses in the collectio~ 
loop exist due. to_unaccounted 
pressure chang~s~ input this line. 

If any elevation head losses exist 
in the collector loop such as those 
encountered in by pipe openings in 
a drain ·down system, input this line· .. 

·The· pipe bulk velocity is not 
allowed to exceed this amount by 
selecting the pipe diameter. See 
Appendix D for details. 

Total number of valves in· the collec~ 
tion loop. This number is used to 
calculate total beau loss and sub
eumponene costs. 

Total number of elbows in the flow 
loop. This number is u~f':n t,-. .:alcu~ 

late total head loss and suBcomponent 
CO::;l::; • 

Total number of tees iu the eullection 
loop (flow in one side only). This 
number'is used to calculate total 
head loss and subcomponent costs. 

Enter the specific heat of the collec
tor 'fluid in Btu/lbm-°F. This input 
is used for heat exchanger selection 
and calculating the collector outlet 
temperature. 



Line No. 

215 

217 

218 

219 

221 

222 

223 

224 

Input Parameter 

Specific Heat of Storage 
Fluid 

Cost Per Elbow 

Cost Per Valve 

Cost Per Tee 

Friction Factor for 
Velocity Head Loss 
Calculation 

Equivalent Pipe Length 
Per Valve at Ref. Dia = 
12 Iri. 

Equivalent Pipe Length 
Per Elbow at Ref. Dia. 
12 In. 

Equivalent Number of 
Feet Per Tee at Ref. Dia. 
12 In. 
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Explanations/Options 

This is the specific heat of the 
storage fluid used for liquid 
systems. This input parameter is 
used exclusively for sizing heat 
exchangers. 

Enter the cost per elbow including 
materials and installation. 

Enter the cost per valve including 
materials and installation. 

Enter the cost per tee including 
materials and installation. 

This is the friction factor as ob
tained from.a Moody diagram which 
may be seen in most texts dealing 
with fluid mechanics. For example, 
Streeter, V.L. The default friction 
factor is for relatively smooth 
pipes such as extruded copper with a 
Reynolds number in excess of 10 
million. This factor is a function 
of roughness, bulk pipe velocity 
and the viscosity of the fluid used 
in the collection loop: 

This is the equivalent length of 
pipe valve at a reference diameter 
equal to 12 inches. SOLCOST 
internally scales this equivalent 
length for diameters other than 12 
inches. See Figure III-2 for sug
gested input values other than 
those defaulted. 

Equivalent pipe length per elbow at 
a reference diameter of 12 inches. 
SOLCOST internally compensates for 
diameters other than 12 inches by 
scaling. See Figure III-2 for sug
gested values other than those 
defaulted. 

Equivalent number of feet per tee at 
a reference diameter of 12 inches. 
SOLCOST compensates internally for 
diameters other than 12 inches. It 
also assumes that flow is through 
one side of the tee only. See Figure 
III-2 for suggested equivalent 
lengths other than those defaulted. 



GLOBE VALVE,0PE.N - 350 ft. 

ANGLE Vf•c.VE ,OPEN - i b~> fl. 

0 
SWING CHECK VALVE f.l() ft. 

FULLY OPEN 

~ 
CLOSE RETURN BENU - 75 ft. 

'STANDARD TEE 
THROI,JGH $10E OUTI..ET - 65 ft. · 

STANDARD ELBOW OR RUN OF 30 ft, 
TH REDUCED 1/2 

MEDIUM SWEEP ELBOW OR RUN25 ft. 
OF TEE REDUCED 1/4 • 

LONG SWEEP ELBOW OR RUN 20 ft 
OF STAN~ARD TEE • 
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GATE '. .~ :.vF.: 

3/4 CLOSE 0 - B50 (t. 
1/?. CLOSED - i:'UO ft. 
1/4 CLOSED 40 ft. 

FULLY 01-'EN 7 ft. 

-1-BJ-
~;TI\NDfiiW TEE - 65 ft. 

p 
SOU/\RF: t:. LOOW - 65 ft. 

{~ 
45'' E LUO~Ii 1'" .) ft. 

Figure 111-2. 

Equivalent Length of Pipe. 

Diameter= 1·2 in. 



Line No. 

225 

227 

230 

231 

232 

233 

234 

Input Parameter 

HEAT EXCHANGERS (AIR OR LIQUID) 

Storage Side of Heat Exchanger 
Multiplier· 

Fi/FR Ratio for Collector Heat 

Exchanger 

Design Point for Crossflow 
Load HX-Liq. Space Heating 
(Ratio of e:C . /UA

1 
d) . 

m1n oa 

Load HX Air Flow Rate 

Load HX (Liq-to-Air) Water 
Flow Rate (Also Service 
t.Jater Coil -in Air Systems) 

Duct Design Air Velocity 

Air Collector Design Flow 
E.atP. 
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Explanations/Options 

The mass capacitance flow rate 
for the storage sid:e of the 
hea~ exchanger is assumed to be 

·a multiple of the mass capaci
tance flow rate of the collec
tors where the multiplication 
factor is this line number input. 

The penalty that the user is 
willing to pay for inclusion of 
an exchanger in the collection 
loop for liquid systems. See 
Appendices C and E for more dis
cussion of this particular para
meter. Also, the collector 
parameters are not modified to 
reflect any degradation. 

The effectiveness of the load 
heat exchanger for liquid systems 
is computed using this design 
point input. See Appendix D for 
a detailed explanation of how· the 
design .point plays a role in the 
heat exchanger selection. 

Load heat exchanger air flow 
rate is input in standard cubic 
feet per minute. It· is assumed 
that this flow rate is constant 
irregardless of collector area. 

Flow rate of water in gallons per 
minute for the liquid side of 
crossflow heat exchangers for 
both the load heat exchanger and 
liquid.systems and the service 
hot water coil in air systems. 

A duct diameter is selected so 
that the average air velocity is 
not allowed to exceed this 
amount. See Appendix D for more 
discussion. 

The total standard flow rate of 
the collector is equal to this 
line number times the total ar:~a. 
This input is in standard cubic 
feet per minute (SCFM). 



Line No. 

235 

236 

238 

239 

240 

250 

251 

252 

Input Parameter Explanations/Options 

HEAT EXCHANGERS (AIR OR LIQUID)(cont.) 

Air Collector Pressure Drop 

A.it· System Service Water Coil 
Pressure Drop 

Solar System Site Elevation 

Rock Bed Pressure Drop 

Air System Service Hot 
Water Coil Effectiveness 

No. of turns in Air System 
Collection Ducting (Integer) 

No. of Nnrmr~l.l.y Open Dampers 
in Air Systems 

Installed Cost Per Turn in 
Air Systems 
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Air pressure drop is input in 
inches of water. SOLCOST 
assumes that this pressure drop 
is independent of collector area. 
In other words, it is propor
tional only to the length of 
collector that the air m~st 
travel throuih or the module 
length. 

This i~ the prcoourc drop in 
inches of water of the service 
hot water coil in the air space 
heating system. It is assumed 
to be constant irregardless of 
the collector area. 

This is the altitude of the 
location where the solar system 
i~ being built in feet. It is 
u~ed to·adjust the density of 
air.for a calculation of duct 
dimensions. 

The total pressure drop of the 
ruck bed in the air system in 
inches uf wat:er. 

Input an effectiveness for each 
candidate cnllPrtnr ar~~. 

T.otal number of turns in the 
air system collection loop. 
·This number is used to calcu
late the total air system 
pressure drop in the cost of 
installation. 

Th~ "!'lumber of th~:~ normally open 
dampers in the air system collec
tion loop. This number is used 
to calculate the total system 
pressure drop and the cost of 
installing the solar system. 

Total cost for installing a 
turn or elbow in air systems. 
Includes both materials and labor. 



Line No. 

240 

241 

242 

243 

244 

246 

Input Parameter 

Air System Service Hot 
Water Coil Effectiveness 

.Maximum Duct Pressure Drop 
per 100 ft of Duct 

Flag to Indicate that 
SOLCOST is to Calculate 
the Rock Box Pressure Drop 

Rock Bed Pressure Drop 

Rock Bed Inside Height 

Maximum Number of Branches 
tor Collector Manifold when 
the SOLCOST. Program is 
Sizing the Manifolds for 
Air System Collector Arrays 
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,Explanations/Options 

Input an effectiveness for 
each candidate collector area. 

When the SOLCOST program cal
culates· the duct diameter it 
checks to see that the pressure 
drop per 100 ft of duct does 
not exceed this amount. If it 
does it recalcul?tes the dia
meter and then the square duct 
dimension for a side. 

Input ·a "1" so that SOLCOST 
will ignore line 243 and then 
use lines 244 and 245 to cal
culate the rock box pressure 
drop in inches of water. 

The total pressure drop of 
.the rock bed in the air sys
tem in inches of water. Used 
if line 242 is equal to zero. 

Put the height of the rocks 
between the two bed plenums. 
SOLCOST uses this number to 
calculate the pressure drop 
.through the bed if line 242 is 
input as a "1". 

This is the maximum number of 
branches which can be utilized, 
normally 10. 



Line No. 

253 

254 
.· .. · 

255 

Input Parameter Explanations/Options 

HEAT EXCHANGERS (AIR OR LIQUID)(cont.) 

Installed _Cost Per Normally 
Open Damper in Air Systems 

Equivalent Length of Duct 
for Each Turn at Ref. 
Dia. = 1. 0 Ft. 

Equivalent Length of Duct 
for Each Damper at Ref. 
Dia. = l. 0 Ft. 

This is the total ·crist for 
dampers in the air system. 
It includes both materials 
and labor. 

This is the total equivalent 
length of duct fo::- .:=ach turn 
or elbow at a reference dia
meter o[ 1 foot. See Figure 
Ill-] for suggesteu ~4ulvalent 
lef1gLIIs c.1t round duct other 
than as ~efaulted. 

This is the equivalent length 
of duct for each damper installed 
in the air, space heating system 
collection loop. This input iA 
used to determine the total 
pressure drop of this loop. 

PUMP, HEAT EXCHANGER, FAN PERFORMANCE/COST ARRAYS 

No. of Points in Candidate 
Pump (Head, Flow) Subset 

Pump Head Values for Cand1-· 
data Pumps 
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Each nttmber in this array corre
sponds to the number of flow· 

·versus head drop points that 
exist in arrays 2Rl ~nn 282. S~e 
Table III-10 for example. The 
first element as defaulted for 
arr~y 280 is a 4 which means 
there arc 4 flow vt:!Ll>Ul> head drop 
points for this particu~ar pump. 

Input the_head drop for each of 
th·e pumps· to be used in the 
~PlPrtion procedure. ~cc Table 

.:III-10 for· example. For the 
first pump thPrP ;:~r~?. four ho.:1d 
drop values which corresponrl tn 
flow rates. tnput these in 
decreasing order. In other 
words, the highest drop goes 
first. After all of the head 
drops are input for the first 
pump, proceed to the next 
pump. SOLCOST internally 
separates the pump head drop 
data points depending on what 
values are input in array 280. 



* 

Line No. 

260 

261 

271 

·272 

273 

274 

275 

Input Parameter 

Total Systems* Optimization 
.Flag (Integer) 

Structure Property 
Tax Rate 

Load and Cost Paired 
Inputs for Heat·Load 
Reducing Features .in 
the Form of Wall Insula
tion 

Same as 271 but for 
Ceiling Insulation 

Same as 271 but for 
Windows 

Same as 271 but for 
Doors 

Same as 271 uul fur 
Infiltration Reducing 
Features 

Sec Appendix "E for .details atui au t!xample. 
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Explanations/Options 

0 = Not executed 
1 Executed and short output 
2 = Executed with cash flow 

table output 

SOLCOST uses this parameter to 
calculate the property tax paid 
over time for improvements to 
reduce the structures total 
energy requirements. 

The input pairs (up to 10) 
should contain the net heat 
load per degree~day per square 
foot of floor area (same form 
as line 42) and the cost for 
including the option to change 
from the line 42 input to the 
new net load factor input in 
this line. 



90° SMOOTH ELGOW 
R/0 = 1 . 5 

90° 3-PIECE ELBOW 
R/ D = 1 . 5 

90° 5-?!ECE ELBOW 
R/0 .. 1 . 5. 

45° 3-PIECE ELBOW 
R/D = 1.5 

90° ~HTCR ELL.!OW 
R/0 = • 5 

45o SI~OOTH ELBOW 

RID = 1. 5 

'• I 

I 
F:i,gure III-3 

. . 

Length-ft. 
6 

17 

6 

?? 
Vaned .. · · 

6S 
Not Vanec 

4.5 

Equivalent Length of Round. Duct [ 0=12 in] 
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Line No. 

282 

283 

290 

291 

292 

295 

296 

297 

300 

Input Parameters Explanations/Options 

PUMP, HEAT EXCHANGER, FAN PERFORMANCE/COST ARRAYS (cont.) 

Pump Flow Values Correspond
ing to Heads in Line 281 

Costs for Candidate Pumps 

No. of Points in Crossflow 
HX Cost and UA Arrays 
(Integer) 

Crossflow HX Costs 

Crossflow HX UA 

No. of Points in Counterflow 
HX Cost and UA Arrays (Integer) 

Counterflow HX Costs 

Counterflow HX UA 

No. of Points in Candidate 
Fan Subsets 
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These are the corresponding 
flow rates in gallons per 
minute for the head drops input 
in array 281. See Table 
III-10 for default values. 

·Cost of the input pumps used 
in the selection process. The 
first value for default (see 
Table III-10) is 75i the second 
value is 100, etc. 

Input the total number of cross
flow heat exchanger cost versus 
UA values· that are included in 
.the array inputs 291 and 292. 

Input costs for the crossflow 
heat exchangers in increasing 
order; 

Input the corresponding UA 
value for ~he crossflow heat 
exchangers whose costs are 
listed in array 291. 

This is the number of counter
flow heat exchangers whose 
costs and UA's are listed in 
arrays 296 and 297. This 
input cannot exceed 10. Input 
is similar to line 290. 

See Table III-12 for costs of 
default heat exchangers. Input 
these in increasing order. 

Input the corresponding heat 
exchanger UA values for the 
costs inputted in Line 296. 
Also, se.e Table III-12 for 
default values. 

This is ~n array of values where 
each value corresponds .to the 
number of data point pairs for 
each fan in the fan head and 
flow r.ate arrays. See Table 
III-13. For example, a first val
ue in this array is 5, which means 
there are 5 fan head versus flow 
rate point pairs in arrays 301 
and 102. 



. •, 

t ' . 

TABLE III-10. PUMP SELECTION TABLE (DEFAULT) 

NumhPr F1nw{r.PM) HPilC1 (Ft.) Cn" t.( $) ,, 

1 0.00. 9.50 75.00 ' 
1 5.00 8.50 75.00 
1 10.00 7.00 75.00 
1 19.00 1. 20 75.00 
2 0.00 14.00 100.00 
2 22.00 0.00 100.00 
3 0.00 10.00 105.00 
3 5.00 6.50 105.00 
3 7.50 4.00 105.00 
3 10.00 1. 70 105.00 
4 0.00 8.00 112.00 
4 16.00 0.00 112.00 
5 0.00 20.00 112.00 
s· 30.00 0.00 112.00 
6 0.00 6.00 135.00 
6 14.00 0.01) 135.UU 

. ' 
7 0.00 14.00 171.00 
7 23.00 o.oo 171.00 
8 0.00 40.00 225.00 
8 30.00 0.00 225.00 
9 0.00 20.00 225.00 
9 60.00 0.00 225.00 
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TABLE III-11. CROSSFLOW HEAT EXCHANGER UA VS. COST TABLE (DEFAULT) 

Number YA(Btu/hr-°F) Cost($) 

197.00 45.00 

2 295.50 50.00 

3 394.00 55.00 

4 492.50 n3.oo 

5 591.00 77.00 

6 788.00 84.00 

7 886.50 85.00 
... 

8 985.00 100.00 

9 1773.00 128.00 

10 1940.00 140.00 

11 3546.00 192.00 

TABLE III-12. COUNTERFLOW HEAT EXCHANGER UA VS. COST TABLE (DEFAULT) 

Number UA( Btu/hr- oF) Cost($) 

1 715.00 112.00 

2 1430.00 158.00 

3 2172.00 190.00 

4 3080.00 292.00 

5 4620.00 338.00 

6 6160.00 382.00 

7 7205.00 482.00 

8 9570.00 553.00 

9 14492.00 796.00 

10 22990.00 925.00 

11 27527.00 1040.00 

12 32065.00 1144.00 

13 36602.00 1313.00 

14 45952.00 1690.00 
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TABLE 111-13. FAN TABLE (DEFAULT) 

Number Fan Head(In. of Water) F 1 ow Ra te ( C FM ) Cost($) 

1 0.00 148.00 25.00 

1 .?0 n~. no 2,5.00 

1 .40 121.00 25.00 

1 .50 114.00 25.00 

1 1.04 0.00 25.00 

2 0.00 525.00 55.00 

2 .20 475.00 55.00 
' .. ,., .40 415:00 55.00 t.. 

2 .50 387.00 55.00 

2 1.15 0.00 ~5.00 

3 .30 865.00 
.M •• ···6o.oo 

3 .40 825.00 . 60.00 

3 .50 760.00 . 60.00 

3 .60 660.00 60.00 

3 .70 520.00 ' 60.00 

4 1.00 291.00 80.00 

4 2.00 231.00 80.00 
.4 3.00 156.00 RO.OO 
4. 4.00 0.00 80.00 

5 1.00 530.00 85.00 

5 2.00 47'5.00 85.00 

5 3.00 41:'5.00 85.00 

5 4.00 335.00 85.00 

5 5.00 160.00 85.00 
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TABLE 111-13. FAN TABLE (DEFAULT) (Cont.) 

Number Fan Head(ln. of Water) Flow Rate(CF!i)_ Cost{$) 

6 . 13 1100 .. 00 100.00 
6 .25 1000.00 100.00 
6 .38 890.00 100.00 
6 .50 800.00 100.00 
6 . .75 475.00 100.00 
6 1.00 0.00 100.00 
7 1. 50 1!348 .00 175.00 
7 1. 75 1735.00 175.00 
7 2.00 1610.00 175.00 
7 2.25 1457.00 175.00 
7 2.50 1288.00 175.00 
7 2.75 1047.00 175.00 
8 . 50 2100.00 18!).00 
8 .75 1980.00 180.00 
8 1.00 1460.00 180.00 

9 1.00 1200.00 210.00 

9 2.00 1137.00 210.00 

9 3.00 1069.00 210.00 
9 4.00 1011.00 210.00 
9 4.50 ~37.20 210.00 

10 1.00 2137.00 330.00 
10 . 3.00 1927.00 330.00 
10 5.00 1711.00 330.00 
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Line No. 

301 

302 

Input Parameters Explanations/Options 

PUMP, HEAT EXCHANGER, FAN PERFORMANCE/COST ARRAYS(cont.) 

Fan Head Values for Candi
data Fans 

Fan Flow Values Correspond
ing to Heads in Line 301 

Costs for Candidate Fans 
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. ' 
Input.the fan pressure drop in 
inches of water for each fan 
to be considered in the selec
tion,process. 

Input the corresponding flow 
rates for the fan pr~ssure 
drop input in array 301. 

Input the individual costs for 
each of the fans inputted in. 
arrays 300, 301, and 302. 
Enter one cost per fan; not to 
exceed 10 costs. 



IV. SOLCOST INPUT DESCRIPTION WITH SAMPLE DESIGN CASES 

Input Description - The SOLCOST input file is free format in nature. Integers 

can be input for real values and vice-versA. Also, the position of the numeric 

values on the card is not important: however, they must be separated by a 

c~mma or blank. Arrays must be terminated with an asterisk(*). Arrays can 

also be continued on additional cards, if necessary. A dollar sign ($) is a 

special character designating comments. The input subroutine.ignores every

thing after a dollar sign on each input image. The SOLCOST program input file 

structure is organized-in such a way to allow multiple runs. However, the inter

Rct:i.ve input creat·ion program will edit only one set of inputs at a time. The 

first character expected by the SOLCOST program is either a T or N.. A "T" d(~s:i.g

nates that a title is on the next card (up to 70 characters) and an "N" indi

cates that the next card contains a line number with the appropriate informa

tion. The line number inputs can be in any order and scalers and arrays can be 

mixed in order as well. 

The input file structure would appear as follows: 
(See page IV-4 through IV-36 for-examples) 

TITLE 

THIS IS A TITLE 

1,8,8,8,8,8,8,8,8,8,8,8,8,* 

RUN 

W 'l'l'l'L~ 

RUN 

EXIT 

CASE 1 

CASE 2 

TO STOP PROGRAM 

Figure IV-1. SOLCOST Input File Structure 

NOTE: All 
the 
use 

control words (riTLE, RUN, NO TITLE and EXIT) can be reduced to 
first letter only (i.e. Instead of TITLE ue:e Tf instead nf RUN 
R~ instead of NO TITLE us.e N. and j.nstead of .EX T us.e E}, 
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When using the interactive program the input file to the SOLCOST program is. 

constructed for the user. However, the interactive program will not merge 

outputs together for multiple runs. 

A shorthand feature is available for those arrays requiring 12 inputs. The 

program (SOLCOST and Conversational) t-1ill fill the array with the last value 

encountered. Don't forget the * terminator.· 

Input Listing Suppres~ion 

SOLCOST refonnats the input and prints them for easy reading by the 

user at the start of every run. This first listing of the inputs can be 

suppressed by the user by simply adding an L to the title cards as follows: 

L NO TITLE 

L TITLE 

(1his is the first card of input file with 

no title). 

(This is the first card of input file with 

a title). 

The suppressing of the input listing reduces the number of characters 

transmitted and reduces thP. cost of a run. 

Service Hot Water System Sample D~sign Problem - The objective of this design 

case was to determine the optimum solar collector area for a residential ser

vice hot water system in Denver. The collectors J.mder consideration cost 

$50/sq. ft. installed. An all electrir system was the baois for comparison. 

The auxiliary heating sy~tem for the snlRr in~t~ll~tion alco uocd clcetricity. 

Figure IV-2a and IV-2c illustrate using the interactive program which creates 

the input file for SOLCOST. Each figure is followed by the SOLCOST analysis for 

this system. Also illustrated is an example wh1.ch shows how to use the editing 

features (Fig. IV-2c). A constant daily hot water load of 0.59 million Btus was 

also specified. Review the example closely for it includes'hints, for proper 

usage. 
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After execution the SOLCOST program prints the sumrna~y sheet shown in Figures 

IV-2b and IV-2d. This sheet mirror~ the inputs and prints the computed loads 
I 

and weather data used in the analysis. Next the solar system performance 

summary is output. Finally, the cash flow sheet for the cost optimum collector 

size is ou~put. Rates of return and payback years are given on the cash flow 

sheet. If more than one tilt angle has b~en defined, the program will find the 

optimum collector area and print a cash flow sheet for each input tilt angle. 

The cash flow sheet summarizes the financial aspects of the solar investment. 

The columns are explained at the bottom of the sheet. Column G is headed by 

the down payment made on the total system cost. 
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WELCOME TO THE SOLCOST CONVERSATIONAL INPUT 
. PROGRAM. 
NOTES 

1 I ALL USER COMMANI•S MUST E<E ENTERED AS 
9Ir~DL~ CH~RACTER JNI'UISo 

J> nbb nnn~YG MU~T DC TCRMI~AT~Q WITH Tht 
ASIL~!S~ CH~RACTER (f), . 

31 A CARRAIG£ RETURN BY ITSELF ON ANY INPUT 
loiiLL CAUSE TilE JOB TO IIAL T, 

41 FOR ARRAYS OF DIMENSION 12r I.E, 
INPUTS loiHICH CORRESPOND TQ MONTHLY 
VALUESr ONLY ONE VALUE NEED E<E ENTERED 
IF ALL VALUES ARE THE SAME 

TYPE H<ELP> FOR LIST OF USER COMHANDS

OTHERioiiSE INDICATE TYPE OF FILE TO 
BE PROCESSED BY ENTERING O<LD> OR·N<EW> -
HII'UT 

T H 

USER COMMANDS '(11UST DE ENlt.HED AS SINGLE-CHARACTERS> 
H<ELP> - LIST USER INPUT COMMANDS 
D< ISP> - [IISF'LAY LINE INPUT OPliONS AND/OR 

[lf.FAULT VALUES 
G<O> -DEFAULT VAL'JES O.K., GO TO NEXT INPUT 
L<I3TI - LIST CUNNLNI U~t~ ~ILE 
C<URRENTI- SAME AS LIST COMMANDr BUT FOR CURRENT 

LINE NUMDER ONLY. 
P<URG£>- FURGE CURRENT LINE NUMDER FROM OUrPUT 

FILE. 
t.IJ\111 - SAVI:: TilE ll!':l':f:l I'YI.I: ANt> END 

SESS.lON 

NOTES--
1. USER FILE LINES ARE NUMFER(D SEQUENTIALLY 

llEGINNING IIITH 1 r I,£, r I r 2r .ETC, THE LINE 
NUME<ERS ARE AUTOMATICALLY RESEQUENCED AS USER 
INPUTS ARE ENTERED, 

2. US£~ tOMM~NDS Dr Gr L• Cr Hr OR E MAY BE lNPUT 
AT ANY TIME CONSTANTS AND/OR nRRAYS ARE E<~ING 
li.'NI'[RED. 

3, TO.FACILHATE INPUTr ONLY ONE ELEMENT OF A MON
THLY ARRAY NEED DE ENTERED IF ALL ELEMENTS OF 
THE ARRAY IIAVE TilE SAME VALUE, 

4. ALL PERCENTAGES ARE TO ~E ENTERED AS 'DECIMAL 
FRACTIONS, 

CAUTION: 
A CA~~AiOE RETU~N SY ITSELF ON ANT INPUT 
loiiLL CAUSE THE PROGRAM TO HALTr SAVINO THE 
OUTPUT FILE; 
REMEMDER TO END ALL ARRAYS loi1TH THE ASTERISK 
<*> CHARACTER. 

ENTER TYPE OF FILE TO BE PROCESSED <O OR N> 
INPUT-

? N 

Figure IV-2a. Interactive Ex~mple, Interrogation Mode 
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DO YOU WISH TO ENTER A TITLE? CY OR N> 
INPUT-

? y 

ENTER TITLE CUP TO 70 CHARACTERS> 
? THIS rs· A SAMPLE SERVICE HOT WATER SYSTEH 

TWO INPUT HODES ARE AVAILABLE --
1) INTERROGATION FOR ALL REQUIRED SOLCOST 

INPUTS. THIS HOUE IS RECOMMENDED FOR·ALL 
F"TRST TIHE USERS, CENTER ·o 

-2> USER SPECIFIES SOLCOST INPUT LINE NUMBERS, 
CENTER 2> 

NOTE -- · 
AFTER COMPLETION OF MODE 1• MODE 2 CAN BE 
ENTERED TO HAKE ADDITIONS AND/OR CORRECTIONS. 

ENTER 1 OR 2 
INPUT-

? •.-

ENTER LINE 1: CINTEOER ARRAY) 
SOLAR SYSTEM TYPE FLAGS BY MONTH 

INPUT-
1.8* 

ENTER LINE 2! CREAL ARRAY> 

. ' 

AVO MONTHLY TRANSRORT EFFIC/COP - SOLAR SYSTEM 
INPUT-

? 0 

INPUT
? 0 

INPUT-
? 2* 

ENTER LINE 3! <REAL ARRAY> 
MONTHLY COLLECTOR INLET TEMP'~T DAWN• DEG F. 

ENTER LINE 4! <INTEGER ARRAY> 
REFERENCE SYSTEM FUEL TYPE 

ENTER LINE 5: CREAL ARRAY) 
AVG MONTHLY EFFIC/COP -·REFERENCE SYSTEH 

INPUT-
? 0 

ENTE~ LINE 6: <INTEGER> 
SOLAR AUX1LIARY ~N~NU~ FLAG 

INPUT-
? 2 

ENTER LINE 7: CREAL VALUE> 
AUXIL.IAR'f FURNACE EFFICIENCY 

TNPIIT-
? o· 

INPUT-
? 2 

ENTER LINE 10: <INTEGER> 
COLLECTOR TYPE FLAG 

ENTERLINE 11! <INTEGER> 
COLLECTOR TRACKING FLAG <DEFAULT=FIXED> 

INPUT-
? D 

Figure IV-2a. (cont.) 
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COLLECTOR FIXED OR TRACKING TYPE FLAG 
TYPE 
FLAG 

CLINE 11> 

1 FIXED COLLECTOR ~EAH I DIFFU5E <DEFAULT 
2 AZIHUTH TRACKINGr ~EAH - DIFFUSE 
3 ALTJTU[oE TRACKING• f!EAH - lllf'F'USE 
4 FULL TRACI\INGr DfAH - DIFFUSE 
5 FIXED COLLECTOR, f!EAH ONLY 
6 AZIHUTH TRACKINGr DEAH ONLY 
7 ALTITUDE TRACKINGr f!EAH ONLY 
8 FULL TRACKINGr ·DEAH ONLY 

ENTER LINE 11: C INTEGER) 
COLLECTOR TRACKING FLAG CDEFAULT=FIXED) 

INPUT-. 
1 G 

INPUT-
1 0 

ENTER LINE 12: CREAL VALUE) 
COLLECToR AZIHUTH ANGLE 

ENTER LINE 13: CREAL ARRAY) 
COLLECTOR TILT ANGLESr DEGREES· 

INPUT-
1 40.,. 

ENTER LINE 16: <wEAL VALUE) 
UPPER LIHIT ON COLLECTOR OUTLET TEHPr DEG F 

INPUT-
1 G 

ENTER LINE 171 CREAL VALUE) 
LIQUID STORAGE CGAL/SO.FT OF COLLECTOR AREA) 

INPUT-
t 2. 

ENTER LINE 21: <INTEGER) 
FLAG FOR COLLECTOR AREA USED IN LCC ANALYSIS 

i~Pti't-
1 G 

Tt.IPIIT, 
T 16, 

INPUT
? G 

INPUT
? 44 

ENTER LINE 23: CREAL VALUE) 
COLLECTOR HODULE SIZE (SQ, f'T,) 

ENTER LINE 24: CTNTEG~Rl 
FLAG TO INCLUDE LISTING OF SOLCOST WEATHER SITES 

ENTER 1 TO LIST SITES, 0 OTHERWISE <DEFAULT IS 0) 

ENTER LINE 251 <iNTEGER) 
SifE LOCAlJON COVE 

ENTRY OF ZERO REQUIRES INPUTS FOR LINES 
26r 27r 29r 30r 31r AND EITHER 28 OR 35, 

ENTER LINE 34: CREAL ARRAY) 
GROUND REFLECTANCE BY HONTH 

INPUT-
? ·o 

Figure IV-2a. (cont.)· 
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ENTER LINE 411 <INTEGER> 
SERVICE HOT WATER LOAD - COMPUTE/INPUT FLAO 

INPUT-
? 0 

ENTER LINE 491 (REAL VALUE> 
LOAD FOR WATER HEATINGr ETC. <MIL BTU/DAY) 

INPUT-
? .o~9 

ENTER LINE 55: <REAL VALUE) 
SOLAR SYSTEM FIXED COSTr DOLLARS 

INPUT-
? JOO, 

ENTER LINE 561 <REAL. VALUE) 
COST OF SOLAR SYSTEMr DOLLARS /SO,FT 

INPUT-
?.50, 

ENTER LINE 57: <REAL VALUE) 
LIQUID STORAGE COST <DOLLARS/GALLON) 

INPUT-
? 1.5 

ENTER LINE 59: <REAL VALUE) 
SOLAR SYSTEM MAINTENANCE <FRACTION OF INIT COST) 

INPUT-
? 0 

ENTER LINE 60: <REAL ·vALUE>. 
REFERENCE SYSTEM FIXED COSTr DOLLARS 

INPUT-
? 0 

ENTER LINE 61: <REAL VALUE)" 
REF. SYSTEM MAINTENANCE <FRACTION OF INIT, COST) 

INPUT-
? 0 

ENTER LINE 651 <INTEGER> 
FINANCIAL SCENARIO FLAG(RESrBU5rNPOl: 1•~• OR J 

INPUT-
? 1 

INPU.T-
? G 

INPUT-
? G 

ENTER LINE 66: <REAL ARRAY) 
INCOMF TAX CREDIT 

FNTFR LINE 67; <REAL VALUE) 
DISCOUNT RATEr FRACTION 

ENTER LINE 68: <REAL VALUE) 
MORTGAGE INTEREST RATE • PERCENT /YE,AR 

INPUT-
? .21:! 

INPUT-
T 7, 

ENTER LINE 69: <REAL VALUE> 
LOAN TERM• YEARS 

Figure IV-2a. (cont.) 

TV-7 

/ 



·ENTER LINE 70: <REAL VALUE! 
DOWN PAY~ENT !FRACTION OF INITIAL COST> 

INPUT-
? .2 

ENTER LINE 
TERH OF LIFE 

INPUT-
T G 

71: (REAL VALUE> 
CYCLE ANALYSIS 

.·.· 

ENTER LINE 72: <REAL VALUE> 
BUILDING FIRE INSURANCE RATEo !FRACTION ~F I,C,) 

INPUT-
? fi 

ENTER LINE 73: !REAL VALUE> 
PROPERTY TAX RATEo FRACTION OF INITIAL COST 

INPUT-
? o. 

ENTER LINE 74: !REAL VALUE> 
INCOME TAX RATEo !FRACTION> 

INPUT-
? .3 

ENTER LINE a~· <REAL VALUE) 
INFLATION FACTOR FOR HAINTo INSURo·P.ROP TAXES 

INPUT-
T .07 

ENTER LINE 84: !INTEGF.Rl 
FLAG FOR COLLECTOR OPTIMIZATION OPTION 

!NPIJT- . 
T G 

ENTER LINE 911 <REAL ARRAY) 
ENERGY COST SCHEDULE-ELECTRICITY 

INPUT- " · 
'~.~.o .•. os.too .•• o4;i:E9~.16·•· 

llO ELECTRICAL llEHAND CHARGES APPLYT 
!YOU MAY WANT TO CONSULT THE MANUAL> 
iD~~~ULI VALU~ J~ 'N') 

ENTER Y OR N I 
INPUT-

1' N 

llOES A SUMNER COST SCHFnLUF APPI Y 
FOR REFERENCE FUEL? 
<YOU HAY WANT TO CONSULT THE MANUAL> 
\'i"R~ Llt:.~IIULI VALU~ ~~ 'N'l 

ENTER Y OR N : 
INPUT

? N 

no~S A SUMM~~ ~U~I ~CHEDULt 1\rrLV 
FOR AUXILARY SYSTEM FUEL? 
<YOU HAY WANT TO CONSULT THE HANUAL> 
<THE DEFAULT VALUE IS 'N'> 

£NIER Y OR N I 
INPUT-

? N 

ENTER LINE 120: <INTEGER> 
REFLECTOR ANALYSIS FLAG 

INPUT-
? G 

Figure IV-2a. (cont.) 
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ENTER LINE 130: <INTEGER> 
EXTENDED PRINT FLAG FOR HOURL,Y SOLAR FLUXES 

INPUT-
? G 

ENTER LINE 131l <INTEGER> 
PRINTER - PLOTTER FLAG 

INPUT-
? G 

ENTER LINE 132l <INTEGER> 
EXTENDED PRINT FLAG - HONTHLY INSOL, SUHMARY 

INPUT-
? G 

ENTER LINE 133: <INTEGER> 
FLAG TO PRINT INPUTS, LOADS, AND UPDATED PARAMETERS 

INPUT-
? G 

INPUT-
? G 

ENTER LINE 134l <INTEGER> 
OUTPUT CONTROL FLAG 

ENTER LINE 140: <INTEGER> 
FLAG TO SKI~INLET TEHP, ITERATIVE PROCEDURE 

INPUT-
? G 

INPUT
? G 

ENTER LINE 144: <REAL VALUE) 
CONTROL DELTA TEHP. FOR COLLECTOR SHUTDOWN <F> 

<COLLECTOR OUTLET TO STORAGE> 

ENTER_LINE 150: <REAL ARRAY) 
HOURLY HOT WATER LOAD FRACTIONS 

INPUT-
? G 

ENTER LINE 151:· <REAL VALUE) 
AUXILIARY WATER HEATER SET TEHPr CF> 

INPUT-
! 140. 

ENTER LINE 152: • <REAL VALUE> 
WATFR nELIVERY CMIXING VALVE> TEHPERATURE (f) 

INPUT- - . 
' 140. 

ENTER LINE 153: <REAL ARRAY> 
MONTHLY SUf'PLY <OR GROUN[I) WATER TEHF'ERATURES <F> 

INPUT-
T 0 

ENTER LINE 155: <REAL VALUE) 
AXILARY TANK UA, &TU/HR-DEG F 

INPUT-
? G 

UtPUT-
1.9 

ENTER LINE 156: <REAL VALUE) 
PRE-HEAT <OR STORAGE> TANK INSULATION U-VAL 

<&TU/HR-SO.FT-DEG F> 

Figure IV-2a. (cont.) 
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ENTER LINE 1571 <REAL VALUE> 
AMBIENT TEHP. AT AUX. AND PRE-~EAT TANKSt (F) 

INPUT-
? G 

ENTER LINE 169: <INTEGER> 
FLAG TO UPDATE COLLECTOR PARAMETERS 

INPUT-
'1'.0 

ENTER LINE 190: <INTEGER> 
FLAG TO EXECUTE SUBSYSTEM SELECTION/SIZING ROUTINES 

ENTER 1 TO EX(RCtSE ROIJTINESr OR 
F.NTER 0 <OR Gl TO SUPRlSS THEH. <DEFAULT IS 0) 

INPUT
? G 

THIS COMPLETES TilE LONG FORH OF THE 
OUESTIONS. YOU NOW HAVE THE OPTION OF 
ENTERING THE SHORT FORH OF OUESTIONING 

'TO CORRECT ANY ERRORS HADE IN THE LONG 
FORH. IN THE SHORT FORH HODE OF OUESTION
ING YOU MERELY ENTER THE NUMBER OF THE 
LINE YOU WISH TO EDIT• AND YOU WILL BE 
PROHPTCD WITH TilE RE5rECTIVE QUESTION. 

~0 YOU WISH TO CHANGE ANY OF. 
YOUR ANSWERS• BY ENTERING THE 
SHORT FORH HODE'I' 

ANSWER Y OR N -
INPUT-

? L 

Figure IV-2a. (cont.) 
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T 
THIS IS A SAHPLE SERVICE HOT WATER SYSTEH 

1• 8 8 8 8 
8 8 8 8 0 

t SOLAR SYSTEH TYPE fLAGS BY HONTH 
4· 2 2 2 2 

2 2 2 2 * 
t REFERENCE SYSTEH fUEL TYPE 

6· 
t SOLAR AuXILIARY ENERGY fLAG 

10· 2 
t COLLECTOR TYPE fLAG 

13• .'IOOOE+02 0 
t COLLECTOR TILT ANGLES• DEGREES 

17• .2000E+01 

8 

t LIOUID STORAGE CGAL/SO.fT Of COLLECTOR AREAl 
23• .1600E+02 

t COLLECTOR MODULE SIZE ISO. fT,) 
25· '14 

t SITE LOCATION CODE 
'19, • 5900E-01 

t LOAD fOR WATER HEATING, ETC. CHIL BTU/DAY) 
55 • . 3000E +03 

t SOLAR SYSTEH fiXED COST, DOLLARS 
56• .5000E+02 

t COST Of SOLAR SYSTEH• nnLLARS /Sn.FT 
57• .t500E+01 

t LIOUID STORAGE COST <DOLLARS/GALLON> 
65. 1 

t fiNANCIAL SCENARIO fLAGCRESoBUS,NPOll 1•2• OR 3 
'68, .2120E+01 

t MORTGAGE INT~R~ST RATE• PERCENT/YEAR 
69• • 7000E+01 

t LOAN TERH, YEARS 
70 • • 2000E tOO 

t DOWN PAYHENT (fRACTION Of INITIAL COST) 
73· o. 

t PROPERTY TAX RATE• fRACTION Of INITIAL COST 
7'1o .3000E+OO 

t INCOME TAX RATEo <FRACTION> 
82• • 7000E-01. 

t INFLATION fACTOR fOR HAINTo INSURo PROP TAXES 

8 

2 

91• .3500E+01 O. .SOOOE-01 .1000Et03 .4000E-01 
• lOOOE+OO 0 
t ENERGY COST SCHEDULE-ELECTRICITY 

151• .t400Et03 
t AUXILIARY WATER HEATER SET TEHP• Cfl 

152• .t'I00Et03 
t WATER DELIVERY CHIXING VALVE> TEMPERATURE (f) 

Figure IV-2a. (cont.) 
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DO YOU WISH TO ~HANGE ANY OF 
YOUR ANSWER5r BY ENTERING THE 
SHORT FORM MODE? 

ANSUER Y OR H 
INPUT-

? y 

ENTER SOLCOST INPUT LINE NUMBER -
lNt'UI-

'P "' 

ENTER LINE 68: (REAL'VALUE> 
HORIGAU~ lNI~~~~I ~AI~i P£RC~NT/Y!AR 

INPUT-
? .12 

ENTER SOLCOST INPUT LINE NUMBER -
INPUT-

? E 

DID YOU INTEND TO EXIT THE PROGRAM? 
ENTER Y OR N -
INPUT-

? y . 

Figure IV-2a. (cont.) 
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T 

THIS IS 
lr 

4r 

6· 

lOr 

13· 

17r 

:!3. 

2:5r 

49r 

ss. 

56· 

57. 

65. 

68r 

69r 

70. 

73. 

74. 

82r 

91r 

1St. 

Hl2• 

RUN 

TITLE! 

A SAHPLE SERVICE HOT WATER SYSTEH 
8 8 8 8 
8 8 8 8 • 

t SOLAR SYSTEH TYPE FLAGS BY HONTH 
2 2 2 2 
2 2 2 2 • 

t REFERENCE SYSTEH FUEL TYPE 
2 

t SOLAR AUXILIARY ENERGY FLAG 

t COLLECTOR TYPE·FLAO 
.4000E+02 • 
t COLLECTOR TILT ANGLESr DEGREES 
,2000Et01 

8 

t LIQUID STORAGE <GAL/SO.FT OF COLLECTOR AREA> 
.1600E+02 
t COLLECTOR HODULE SIZE <SO. FT.> 

44 
t SITE LOCATION CODE 
.5900E-01 
t LOAD FOR WATER Hf.ATINGr ETC. <HIL BTU/DAY> 
.3000E+03 
t SOLAR SYSTEH FIXED COSTr DOLLARS 
.SOOOEt02 . 
t COST OF SOLAR SYSTEHr DOLLARS /SQ.FT 
.1SOOE+01 
t LIOUID STORAGE COST <DOLLARS/GALLON> 

1 
t FJNANr.JAI_ St:f.NARJO FI_II(JIRES•FUSoNPO): 1o2o OR J 
.1200Et00 
t HORTGAGE INTEREST RATEr PERCENT/YEAR 
.7000E+Ol 
t LOAN TERHr YEARS 
.2000EtOO 
t DOWN PAYHENT <FRACTION OF INITIAL COST> 

o. 
t PROPERTY TAX RATEr FRACTION OF INITIAL COST 
.3000Et00 
t lNCOHE TAX RATEr <FRACTION> 
.7oooE-01. 
t INFLATION FACTOR FOR HAINTr INSURr PROP TAXES 

8 

• 3500Et01 0. , SOOOE-01 .1000Et03 , 4000£-01 
.tOOOEtOO S 
t ENERGY COST SCHEDULE-ELECTRICITY 
.t400E+03 
t AUXILIARY WATER HEATER SET TEHPr <F> 
.i<fvvt:+u:s 
t WATER DELIVERY <HIXING VALVE> TEMPERATURE <F> 

THIS IS A SAMPLE SERViCE HOT WATER SYSTEH 

Figure IV-2b. SOLCOST Output for Input 
Illustrated in Fig. IV-2a. 
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TITLE: THIS IS A SAMPLE SERVICE HOT WATER SYSTEM . 

----LISTING OF USER INPUTS AND SOLCOST DEFAULT VALUES----

LOCATION --POINT MUGUrCA LATITUDE ~ 34.1 TILT ANGLES 40.0 
SERVICE IJATER HEATING SYSTEM WITH 2. 0 GAL STORAGE PER SO FT OF c·OLLECTOR 
COL. EFFIC. INTERCEPT m ,67 
COL• EFFIC. .30 
INPUT SER. HOT WATER LOAD= 
AUXILIARY ENERGY IS ELECTRIC 

AT DEL T/FLUX = .5 HR-F-SQ FT/BTU 
.059 MILLION BTUS/DAY. 

LENGTH OF ANALYSIS 20.0 YEARS 

~. SOLAR REFERENCE 
SYSTEM SYSTEM 

INITIAL COSTr t FIXED 300 .• 00 o.oo 
INITIAL cosT. t/SO FT so.oo 
DOWN PAYMENTr X OF IN. COST ;!0.0 20.0 
LOAN TERMr YEARS 7.0 7.0 
INTEREST RATEo X 12.0 12.0 
DISCOUNT RATEo X 9.0 9.0 
INCOME TAX RATEo X 30.0 30.0 
PROP. TAX RATEr X OF IN COST o.o o.o 
INSURANCE RATEr X OF lN COST .s .s 
MAINTENANCE RATEr X OF I.N COST .s .s 
GEN INFLATION• X PER YEAR 7.0 7.0 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT 

SOLAR SYSTEM T.YPE a a a a a a a a a a 
TRANSPORT EFFIC. ,90 .90 .90 .90 .90 .90 .90 .90 .90 .90 
REF, FUEL TYPE ELEC ELEC ELEC ELEC ELEC ELEC ELEC ELEC ELEC ELEC 
REF. SYSTEM EFFIC. .90 .90 .90 .90 .90 .90 .90 ,90 .90 .90 
DAILY LOAD-MIL BTU .06 .06 .06 .06 .06 .06 .06 .06 .06 .06 
MEAN MIN TEMP, • F 45. 44. 43. 43. 45. 46. 4a. 4a. 47. 47. 
MEAN MAX TEMP., F sa. 59. 60. 60. 6?. 64. 66. 66. 67. 67. 
f'ERCENT POSS. SUN 53. 57. 63. 69. 70. 75. 68. 63. 70. 70. 

NOV 

a 
.90 

ELEC 
.90 
.06 
46. 
64. 
62. 

DAILY HOR. INS.OL·· 927.1~~0.1636.1951.201a.2055.2118.1935.1608.1296.1006. 

HEATING C•EG. DAYS . 400. 358. 403. 387 • 
SUPPLY WATER , F so. so. so. so. 
ENERGY COST DATA 

ELECTRIC ,~.SOO PiR UNIT FOR FTRST 
ELECTRIC t .050 PER UNIT FOR NEXT 
ELECTRIC t .040 f'ER UNIT FOR NEXT 

ESCALATION RATE m 10.00 f'ERCENT 

356. 301. 
so. so. 

o. 
100. 
.100Et10 

Figure IV-2b. ( cuut.) 
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50. 

UNITS 
UNITS 
UNITS 

so. 
2~3. 248. 275. 
so. so. so. 

DEC 

a 
.90 

ELEC 
.90 
.06 
47. 
61. 
54. 

BS6. 
364. 
so. 



TITLE: THIS IS A SAHPLE SERVICE HOT WATER SYSTEH 

SOLAR SYSTEH COST SUHHARY TABLE 

COLLECTOR AREA 16. J2. 4A. 64. so. 96. 112. 
STO~AGE: SIZE 32. 64. 96. 120. 160. 192. 224. 
STORAGE COSTS 48. 96. 144. 192. 240. 2BB, 336. 
COLLECTOR COSTS 800. 1600. 2400. 3200. 4000. 4800. 5600. 
FIXED COSTS 300. 300. 300. 300. 300. 300. 300. 

TOTAL COSTS 1148. 1996. 2844. 3{>92. 4540. 5308. 6236. 

Figure IV-2b. (cont.) 
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TITLE! THIS IS A SAHPLE SERVICE HOT WATER SYSTEH 

SYSTEH PERFORMANCE AND COST SUHHARY FOR 40.0 TILT ANGLE 

COLLECTOR SOLAR SOLAR· RATE OF NET PRESENT . LIFETIHE COST . 
AREA ENERGY SYSTEH Rt:TURN WORTH OF SAVINGS 
<SQ,FT, l FRACTION COST ON EOUITY SOLAR SAVINGS (UN[o I SCOUNTED l 

t X • <SEE NOTE 2) t 

16.0 .260 1148.00 16.1 397.37 2350.21 
32.0 .430 1996.00 15.6 638.62 3936.85 
48.0 .s~J 2844.00 12.9 570.83 4777.11 
64.0 .652 3692.00 10.8 342.63 5159.53 
ao.o .740 4540.00 9.0 -7.90 5192.33 
96.0 .809 5388.00 7.6 -382.75 . 5155.63 

112.0 .865 6236.00 6.5 -782.77 5046.98 

ENERGY BALANCE BY .HONTH FOR 3::!,0 SO. FT. COLLECTOR 

HONTH FRACTION AVERAGE USEFUL TOTAL USEFUL AUXILIARY CONVENTIONAL 
flY 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

ANNUAL 

NOTE 

NOTE 2 

SOLAR SOLAR F'ER [lAY SOLAR ENERGY ENERGY SYSTEH ENERGY 
< fiTU/foAY-SO FTl (HIL BTU/HOl (HIL fiTU/HOl <HIL BTU/HO> 

.387 713.1 .71 t. 24 2.03 

.432 797.3 .71 1.06 1.84 

.466 859.1 .as 1.09 2.03 

.459 847.0 o91 1.08 1.97 

.423 779.6 .77 1.19 2.03 

.414 762.4 .73 1.22 1.97 

.438 806.7 .ao 1.21 2.03 
,'450 829.1 .82 1.13 2.03 
.447 824o1 .79 loll 1. 9.7 
.114 819o1 .R1 1.14 2.0J 
.414 762.6 .73 1.16 1.97 
.383 706.1 .70 1.25 2.03 

• 430 9.25 13.87 . . 23.93 

CONV, ENERGY ANU SOLAR AUXILIARY ENERGY ARE GROSS VALUES 
<I.E. THEY INCLUDE TANK INSULATION AND/OR COHEIUSTION LOSS> 

NET PRESENT WORTH OF' SOLAR SAVfNGS ~ RRESENT WORTH OF NET CASH 
FLOWS <FOR A 9.0 Z DISCOUNT RATE> MINUS THE DOWN PAYHENT 

Figure IV-2b. (cont.) 
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TITLE: THIS IS A SAMPLE SERVICE HOT YATER SYSTEM 

COLLECTOfl ~~z~ OI'TIMIZATION I!!IY SOL COST 

BEST SOLAR COLLECTOR SIZE FOR TILT ANGLE OF 40. DEGREES IS 32. SD. FT. 
COLLECTOR TYPE = LIClUHt. FLAT PLATE, 2 COVERS, PAINT 
FINANCIAL SCENARIO--RESIDENCE 

••• CASH FLOY ~UMMARY ... 
(A) ( 1.'1) <C> <D> CE> 

YR FU£L/UTILITY MAINT. P~OPEF<TY ANNUAL TAX 
SAVINGS +INSUR, TAX INTEREST SAVINGS 

1 118. 20. o. 19~. 6:56. 
2 130. 21. o. 173. 52. 
3 143. 23. o. 151. 45. 
4 157. 24. o. 128. 38. 
:5 173. :!6. o. 101. 30. 
6 190. 28. o. 71. 21. 
7 ~09. JO. o. 37. u. 
8 230. ~2. o. o. o. 
9 253. 34. o. o. o. 

10 278. 37. o. o. o. 
11 306. 39. o. o. o. 
12 336. 42. o. o. o. 
13 370. 45. o. o. o. 
14 407. 48. o. o. o. 
15 447. 51. o. o. o •. 
16 492. 5:5. o. o. o. 
1;1 !5-tt. :37; (), u. o. 
18 596. 63. o. o. o. 
19 655. 67. ·o. o. o. 
20 ·721 ~ 7;!. o. o • o. ... _______ 
TOTI'IL& 6752. 016. o. 0:13. B5J, 

SOLAR INCENTIVE INCLUDED IN YEAR 1 TAX SAVINGS 

PAV~ACK TIME FOR FUEL SAVINGS TO EOUAL TOTAL INVESTMENT 
PAYBACK TIME FOR NET CASH FLOY TO OFFSET DOYN PAYMENT 
NET PRFSENT UORTH OF SOLAR SAVINGS ••••••••• 
RATE OF RETURN ON NET CASH FLOY •••••••••••• 
ftMMYnL PORTION or LOAn PRnVYfiPh ~y ~OLAR , •. 
~NNUAL ENERGY SAJINGS YITH SOLAR SYSTEM 

TAX SAVINGS = INCOME TAX RATE X (C t D> 
NET CASH FLOY. = A - 8 - C t E - F 
AROVE PAYBACK TIMES BASED ON UNDISCOUNTED DOLLARS 

Figure IV-2b. (cont.} 
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( F') <O> 
LOAN NET CASH 

PAYMENT FLOW 

-399. 
350. 404. 
3:50. -189, 
350. -184. 
350, -178. 
350. -172. 
350, -166. 
3:J\), ~!::1'1. 

o. 198. 
o. 218. 
o. 241. 
o. 266. 
o. 294. 
o. 325. 
o. 359. 
o. 396. 
o. 437. 
o. 4sj; 
o. 533. 
o. 588. 
o. 648. 

:2450. J\143. 

S98.80 DOLLAR~ 

10.4 YEARS 
1.0 YEARS 

638.62 llOLLARS 
15.6 PERCENT 
.u. o rmcruT 
9.3 MILLION BTUS 

• 



WELCOME TO THE SOLCOST CONVERSATIONAL INPUT 
PROGRAM, 

NOT~S 
1l ALL USER COMMANDS MUST DE ENTERED AS 

SINGLE CHARACTER INPUTS. 
2> ALL ARRAYS MUST ~E TERMINATED WITH THE 

ASTERISK CHARACTER <*>• 
3) A CARRAIGE RETURN DY ITSELF ON ANY INPUT 

WILL CAUSE THE JOB TO HALT. 
4) FOR ARRAYS OF DIMENSION 12r I.E, 

lNPUTS WHICH CORRESPOND TO MONTHLY 
VALUESr ONLY ONE VALUE NEED DE ENTERED 
IF ALL VALUES ARE TilE SAME 

TYPE H<ELPl FOR .LIST OF USER COMMANDS

OTHERWISE INDICATE TYPE OF FILE TO 
BE PROCESSED BY.ENTERING O<LDl OR N<EWl -
INPUT- . 

?.0 

DO YOU WISH TO CHANGE YOUR TITLE? <Y OR Nl 
INPUT-

?·N 

ENTER SOLCOST INPUT LINE NUMBER -
INPUT-

? 13 

ENTER LINE 131 <REAL ARRAY> 
COLLECTOR TILT ANGLES, DEGREES 

INPUT-
? 30 •• 

ENTER SOLCOST INpUT LINE NUMBER -
INPUT-

? .131 

ENTER LINE 1311 <INTEGER> 
PRINTE~- PLUII~H ~LAU 

INPUT-
T D 

PRINTER PLOTTER FLAG. DEFAULT IS O, ENTER A 1 FOR 
PRINTER f·LOTS. 

ENTER I.INE 131: <INTEGER) 
PRINTER·- PLOTTER FLAG 

INPUT-
?·1 

ENTER SOLCOST INPUT LINE NUMBER -
INPUT-

? E 

DID YOU INTEND TO EXIT THE PROGRAM? 
ENTER Y OR N -
INPUT-

T y 

· Figure IV-2c. Interactive Example, Editing Mode 
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'r 

THiS IS 
1o 

4· 

6o 

1·o, 

13o 

17· 

23r 

25r 

49o 

ss. 

S6o 

57. 

6Sr 

68r 

69r 

70r 

73r 

74r 

82r 

91r 

131· 

1Slr 

1S2• 

RUN 

TITLE: 

A SAHPLE SERVICE HOT WATER SYSTEH 
8 8 8 8 
8 8 B 8 • 

t SOLAR SYSTEH TYPE FLAGS aY HONTH 
2 2 2 2 
2 2 2 2 • 

t REFERENCE SYSTEH FUEL TYPE 
2 

• SOLA~ AUXILIA~Y fNf~OY I"LAO 
2 

t COLLECTOR TYPE FLAG 
.3000E+02 • 
' CQU.Et:TOR TILT 1\NGLI;;Iir Di;;QRI;;Ir;8 
.2000E+01 
t LIOUIP STORAGE <GAL/SO.FT OF COLLECTOR 
.1600E+02 
t COLLECTOR HODULE SIZE <SO, FT.l 

44 
t SITE LOCATION CODE 
.S900E-01 

8 

2 

AREAl. 

t LOAD FOR WATER~EIITJNG• ETC. (HIL BTU/DAY> 
.10001:+03 
t SOLAR SYSTEH FIXED COSTo DOLLARS 
.SOOOE+02 
t COST OF SOLAR SYSTEHo DOLLARS /SQ,FT 
• 1:'iOOE+01 
$ LIOUI D STORAG.E COST < [oOLLARS/GALLONl 

1 
t FINANCIAL SCENARIO FLAG<RESr~USrNPOl: 1o2o OR 3 
.l::!OOE+OO 
t HO~TGIIGE INTEREST RIITEr PERCENT/YEAR 
.7000E+01 
t LOAN TERHt YEARS 
.2000E+OO 
t DOWN PAYHENT <FRIICTION OF INITIAL COSTl 

o. 
I ~HU~tHIY lAX HAitr ~NACIION OF INITIAL COST 
.3000E+OO 
t INCOHE TAX RATEr <FRACTION) 
.7000E-01 
t INFLATION FACTOR FOR HAINlr lNSUHr PRUP TAXES 

8 8 8 

2 2 2 

.3500E+01 O, .SOOOE-01 .1000Et03 .4000£-01 .1000E+10 

.1000E+OO * 
t ENERGY COST SCHEDULE-ELECTRICITY 

1 
t PRINT~R - PbOTT~R fLAG 
.1400E+03 
; AUXILIARY l.iATEil fiEAfEil SET TEHI'r (f') 
.l'IOOE+OJ 
t WillER DELIVERY <HIXING VALVEl TEHPERATURE (f) 

THIS IS A SAHPLE SERVICE HOT WATER SYSTEH 

Figure IV-2d. SOLCOST Output for Inputs as Edited 
and Illustrated in Fig. IV-2c. 
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TITLE: THIS IS A SAMPLE SERVICE HOT YATER SYSTEM 

----LISTING OF USER INPUTS AND SOLCOST DEFAULT VALUES----

LOCATION --POINT HUGUrCA LATITUDE~ 34.1 TILT ANGLES 30.0 
SERVICE WATER HEATING SYSTEM YITH 2.0 GAL STORA~E PER SD FT OF COLLECTOR 
COL. EFFIC. INTERCEPT = .67 
COL. EFFIC, .30 
INPUT SER. HOT WATER LOAD= 
AUXILIARY ENERGY IS ELECTRIC 

/'IT DEL T /FLUX = • 5 HR-F-SD HI BTU 
.059 MILLION BTUS/DAY 

' INITIAL COSTr 
INITIAL COSTr 
DOUN PAYHENTr 
LOI\N TERHr 
INTEREST RATEr 
DI!JCOUNT RATE,. 
INCOME TI\X RATEr 
f'ROP. TAX RAlEr 
INSURI\NCE RATE• 
MAINTENI\NCE RATEr 
GEN INFLATION, 

t FIXED 
t/SD H 
X OF IN. COST 
YEI\RS 
% 
% 
% 
Yo OF IN.COST 
X OF IN COST 
X OF IN COST 
X PER YEI\R 

LENGTH OF ANALYSIS 20.0 YEARS 

SOLAR 
SYSTEM 

300.00 
50.00 
20.0 
7.0 
12~0 
9.0 

30.0 
o.p 
.s 
.s 

7.0 

REFERENCE 
SYSTEM 

o.oo 

20.0 
7.0 

12.0 
9.0 

30.0 
o.o 
.s 
.5 

7.0 

JAN FEB MAR APR HAY JUN JUL AUG StP OCT NOV DEC 

SOLAR SYSTEM TYPE 8 8 8 B 8 B B 8 8 a B 
TRANSF'ORT EFFIC. .90 .90 .90 .90 .90 .90 .90 .90 .90 .90 .90 
REF, FUEL TYPE ELEC ELEC ELEC ELEC ELEC ELEC f.LEC ELEC ELEC ELEC ELEC 
REF. SYSTEM EFFIC, .90 .90 .90 .90 .90 .90 .90 .90 .90 .90 .90 
DAILY LOAD-HIL BTU .06 .06 .06 .06 .06 • 06 .06 .06 .. .06 .06 .06 
HEAN HIN TEHP,, F 45. 44. 43. 43. 45. 46. 48; 48. 47. 47. 46. 
HEAN HAX TEMP., F sa. 59, 60. 60. 62. 64. 66. 66. 67. 67. 64. 
PERCENT r·oss. SUN 53. 57. 63. 69. 70. 75. 60. 63. 70. 70. 62. 
DAILY llOR. INSOL. 927.1220.1636.1951.2018.2055.2110.1935.1600.1296.1006. 
HEATING DEG. DAYS 400. 358, 403.·307. 
SUPPLY WATER ' r· so. .:50, :,u. 50. 
ENERGY COST DATA 

ELECTRIC t3.SOO PER UNIT FOR FIRST 
ELECTRIC t .OSO PER UNIT FOR NEXT 
ELECTRIC t .040 PER UNIT FOR NEXT 

ESCALATION RATE • 10.00 PERCENT 

356. 301. 
:10• so. 

o. 
100. 
.100E+10 

Figure IV-2d. (cont.) 
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266. 257. 
so. 

UNITS 
UNITS 
UNITS 

50. 
223. 248. 275. 
so. so. !50. 

B 
.90 

ELEC 
.90 
.06 
47. 
61. 
54. 

856. 
364. 
so. 



I ITLE! THIS is A SAHPLE SERVICE IIOT LIATER SYSTEI1 

SOLAR SYSTEH COST SUHHARY TABLE 

COLLECTOR AREA 16. 3~. 48. 64. eo. 96. 112. 128. 
STORIIGE SIZE 32. 64. 96. 128. 160. 192. 224. 256. 
STORIIGE COSTS 48. 96. 144. 192. 240. 288. 336. 384. 
COLLECTOR COSTS eoo. 1600. 2400. 3200. 4000. 4800. 5600. 6400.· 
FIXED COSTS 300. 300. 300. 300. 300. 300. 30.0. 300. 

TOTAL COSTS 1148. 1996. ;!844. 3692. 4540. 5389. 6236. 7094. 

Fi enrP. TV-7.r'l, (rnnt,) 
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TITLE: THIS IS A SAMPLE ·SERVICE HOT ~ATER SYSTEM 

SYSTEM PERFORMANCE AND COST SUMMARY FOR 30.0 TILT ANGLE 

COLLECTOR SOLAR SOLAR RATE OF NET PRESENT LIFETIME COST 
AREA ENERGY SYSTEM RETURN ~ORTH OF SAVINGS 
<SO,fT,l FRACTION COST ON ElWITY SOlAR SAVINGS <UNDISCOUNTED l 

• X • <SEE NOTE 2) • 
16.0 .261 i14B.OO 16.3 410.79 2389.56 
32.0 .431 1996.00 15.8 659.31 3995.99 
48.0 .555 2844.00 13.1 . 592.09 4837.95 
64.0 .658 3692.00 10.9 340.62 5153.90 
eo.o .740 4540.00 9.0 9.11 5240.95 
96.0 .eoe 5388.00 7.7 -363.16 5211 ;63 

112.0 .869 6236.00 6.5 -788.91 5029.73 
128.0 .914 7084.00 5.4 -1293.58 4650.27 

ENERGY ~ALANCE BY MONTH FOR 32.0 SO. FT. COLLECTOR 

MONTH FRACTION AVERAGE USEFUL TOTAL USEFUL AUXILIARY CONVENTIONAL 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

ANNUAL. 

NOTE 

NOTE. 2 

BY SOU'IR SOLAR PER DAY SOLAR ENERGY ENERGY SYSTEM ENERGY 
< ~TU/DAY-SO ·FT l <MIL ~TU/MOl <MIL ItTU/MOl <MIL BTU/110) 

.363 669.2 o66 1.29 2.03 

.417 769.6 o69 1.09 1.94 

.464 854.9 .as 1.09 2.03 

.470 866.7 .83 1.04 1.97 

.447 824.6 .82 1.13 2.03 

.441 813.5 o78 1.15 1.97 
o465 857.2 .as 1 .14 2.03 
.469 862.4 .86 1.09 2.03 
.450 830.2 .eo loll 1.97 
o433 798.8 .79 1 .17 2.03 
.391 721.6 o69 1.20 1.97 
,359 660.6 o66 1.30 2.03 

.431 9.29 13.79 23.93 

~ONV, ENERGY AND SOLAR AUXILIARY ENERGY ARE GROSS VALUES 
< 1.1:.. IHI:.T iNLLuioE TANI'o: IN!!ULATION AIW/Or< COHDUCTiml LOSS> 

NET PRESENT ~ORTH OF SOLI\R.SAVINGS = RRESENT ~ORTH OF NET CASH 
FLOWS <FOR A 9,0 X DISCOUNT RATE) MINUS TltE DO~N PAYMENT 

Figure IV-2d. (cont.) 
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TITLE: THIS IS A SAMPLE SERVICE HOT WATER SYSTEM 

COLLECTOR SIL£ OPTI"IZATION BY SOLCOST 

~~SI SULAR COLLECTOR SIZE FOR TILT ANGLE OF 30. DEGREES IS 
COLLECTOR TYPE = LIOUIP• fLAT PLAIEr ~ COVFRSo PAf~T 
~iNANCI~L SCENARIO--RC~IDENCE 

YR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
l3 
i4 
1:5 
16 
17 
18 
19 
20 

(A) 

FUEL/UTILITY 
SAVINGS 

1i9. 
131. 
144. 
158. 
174. 
191. 
211. 
232. 
~ss. 

280. 
308. 
339. 
373. 
410. 
4::i1. 
497. 
546, 
601. 
661. 
727. 

TOTALS 6008. 

CBl 
MAINT. 

+INSUR, 

20. 
::!1. 
23. 
24. 
26. 
29. 
30. 
32. 
34. 
37. 
39. 
42. 
45. 
48. 
:51. 
:s:s. 
59. 
63. 
67. 
72. 

816. 

CCl 
PROPERTY 

TAX 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
q. 
o. 
o. 
o. 
o. 
o. 

o. 

(Dl 
ANNUAL 

INTEREST 

192. 
173. 
151. 
1::!8. 
101. 
71; 
37. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

853. 

SOLAR INCENTIVE INCLUDED IN YEAR 1 TAX SAVINGS 

CEl 
TAX 

~AVINGS 

656. 
52. 
45. 
38. 
30. 

'21. 
1i. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

953. 

PAYBACK TIME FOR FUEL SAVINGS TO EOUAL TOTAL INVESTMENT 
PAYBACK TIME FOR NET CASH FLOW TO OFFSET DOWN PAYMENT 
NET PRESENT WDIHH OF SOIA.R SAVTNGS , , , , , , , , , 
RATE. OF RETURN ON N£T CASH FLOW , , , , , , , , , , , , 
ANNUAL PORTION OF LOAD PROVIDED ElY SOLAR ,,, 
ANNUAl. F.:NF.:ROY SAVINGS WITH SOLAR SYSTEM 

TAX SAVINGS =INCOME TAX RATE X CC +.Dl 
.NET CASH FLOW = A - 9 - C + E - F 
ABOVE PAYBACK TIMES BASED ON UNDISCOUNTED DOLLARS 

Figure IV-2d. (cont.) 
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3::!. SO, FT, 

CF> 
LOAN 

PAYMENT 

350. 
350. 
350. 
350. 
3~0. 
350. 
350. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

2450. 

COl 
NET CASH 

fLOW 

··399. 
405. 

-188. 
-183. 
-177. 
-171. 
-164. 
-157. 

200. 
221. 
244. 
269. 
297. 
:1:18. 
362. 
400. 
441. 
407. 
538. 
593. 
655. 

4001· 

590.80 DOLLARS 

10.3 YEARS 
1.0 YEARS 

659,31 DOLLARS 
15.8 PERCENT 
43.1 PERCENT 
9,3 MILLION BTUS 



TITLE% THIS IS A SAHPLE SER.VICE HOT IJATER SYSTEH 

PLOT NUHBER 1 

1 1 1 1 
100.0 1-------------------------------------------------1 

1 1 

1 * 
1 * 1 
1 1 

80.00· ·---1 • 1 
1 1 
1 * 1 
1 ~ 1 

1 * 1 
60.00 . ---1 1 

1 * 1 
1 1 
1 1 
1 * 1 

40.00 ---1 1 
1 1 
1 1 

1 * 1 
1 1 

20.00 ---1 1 
1 1 
1 1 
1 1 
1 1 

o. 1------------------~------------------------------1 
1 1 1 1 

25.60 76.80 128.0 
o. 51.20 

X AXIS IS COLLECTOR AREA <SO ~T) 
Y AXIS IS.PE~CENT SOLAR 

Figure IV-2d. (cont.) 
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TITI.E: THTS TS A sAMPLE ~ERI.IICE HOT WATER 5YiTEM 

PLOT NUHBER 2 

1 , 1 1 
659.J 1-----------·-------------------------------------1 

1 * 1 
1 1 
1 • ~ ' 1 

1 * 1 
270.7 ---1 1 

1 1 
1 1 
1 * 1 
1 1 

-117.8 ---1 1 
1 1 
1 1 

1 * 1 
1 1 

-506.4 ---1 1 
1 1 
1 1 
1 1 
1 * 1 

-e?~.o ---1 ~ 
1 1 
1 1 
1 1 
1 ' 1 -1284. 1------------------------~--------------------~---· 

1 1 1 1 
25.60 76.80 128.0 

o •. "i! . ?(I 11)::1.4 

X AXIS IS COLLECTOR AREA CSO FTI 
Y AXIS IS DISCOUNTED SAVINqS FOR bJf~ Qf SYSTE" 

Figure IV-2d. (cont.) 
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TITLE: THIS IS A SAHPLE SERVICE HOT WATER SYSTEH 

PLOT NUHBER 3 

1 1 1 1 
654.8 1·--------------·-------- -~-- -----------------------· 

1 1 
1 * 1 
1 • 1 
1 1 

.486. 1 ---1 * 1 
1 • 1 
1 * 1 
1 * 1 
1 • 1· 

317.4 .--1 • 1 
1 • • 1 
1 . • 1 
1 • • 1 
1 1 

148.7 ---1 1. 
1 1 
l l 
1 1 
1 1 

-20.00 ·---1 1 
1 1 
1 1 
1 1 
1 • • • 1 

-188. 7 1----·-·--·--------------------------.-------------l 
1 1 1 1 

4.000 .12.00 20.00 
o. 8.000 16.00 

X AXIS IS LIFE OF SYSTEH C YE.ARS > 
Y AXl~ ~~ 9t~l~" ~ASH FLOW STATUS CDOLLAR3) 

Figure IV-2d. (cont.) 
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Residential Sample Design Problem - The objective of this design case 

was to determine the optimum solar collector area for a residential 

space heating system in Denver. The collectors under consideration 

cost $24/sq. ft. installed. An all electric system was the basis for 

comparison. The auxiliary heating system for the solar installation 

al3o u3cd electricity. 

The input file for this sample problem as well as the ~OT.I.OST 

output is listed in Figure IV-3. The space heating loads were defined 

with an. input building heat loss coefficient of 7.1 Btu/degree day-sq. 

ft. A constant daily hot water load of 0.09 million Btu's was also 

specified. 

After execution, the program pri~ts the summary sheet shown in 

Figure IV-3. This sheet mirrors the inputs and prints the computed 

loads and weather data used in the analysis. Next, the solar system 

performance summary is output. Finally, the cash flow sheet is output 

for the cost optimum collector size.. Rates of return and payback years 

are given on the cash flow she~t. If more than one tilt angle has been 

defined, the program will find the optimum collector area and print a 

cash flow sheet for each input tilt angle. 

The cash flow sheet summarizes the financial aspects of the solar 

investment. The columns are explained at the bottom·of the sheet. 

Column G is headed by the down payment made on the total system cost. 
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T 

RESIDENTIAL SAMPLE [IESIGN PROBLEH 
1. 1 1 1 1 

4· 

1 1 1 
t SOLAR SYSTEM TYPE FLAGS 

2 
2 

2 
2 

1 * IcY MONTH 
2 
2 • 

t REFERENCE SYSTEM FUEL TYPE 

t SOLAR AUXILIARY ENERGY FLAG 

2 

to. 21 
t COLLECTOR TYPE FLAG 

13• .5500Et02 *· 
$ COLILCfOR TILT ANGLES, [IEGREES 

14. • 72001:: 1·00 
$ COLLECTOR EFFICIENCY AT DT/0 • o. 

15• .3tooE•oo 

40. 

41 ,· 

43. 

49. 

55r 

56. 

59. 

65. 

t COLLECTOR EFFICIENCY AT CTIN-TAMDl/U • O.S 
55 

$ SITE LOCATION CQDE 
2 

$ [tUIUtiNIJ LOAD COMF'UTE METIII.Ht FLAO 
3 

$ SE'RVIr.~: HOT WATER Ll.lA[t ... COMPI.ITE/JNI"Il'f FI.AIJ 
.7100Et01 
S [ti.ITIII\NI~ IIEAT LOCS FAI:l0f( C[c'fU/[I[iG· DcW··Sll.F'Tl 
.t~jOOE 104 .. 
$ BUILDING FLOOR 1\RCI\ CSO.FT> 
.9000[··01 
S UtAI• rllri WATER tiEATHIG• ETC. CMIL fiTU/TIAY> 
.t~;oor:to4 

t SULAR SYSTEM FIXED COST• DllLLARS 
, 2400[ t CJ::! 
$ CO!H nr SIJLI\fi SYSTEM, [cOI.LAti:S /!;11, FT 
.6000£ .. 0:~ 
$ SOLAR SYUTLM M~INTENANCE CFRAr.TII.IN OF !NIT COST> 

1 
$FINANCIAL SCI.NARIO FLAGCRES,DI.If.l,NPUl: 1•2• OR 3 

67• .lOOOE·tOO 
S Ltl!:;cUIJNT RA'rE, FRACTION 

72, , 7000E ··0:! 
$ BI.IILTIINI; FIRE INSLmANCE RcHE, Cf"Jil\r.TION OF I .c.> 

73. o. 

74• 

82. 

$ F'ROf'rfiTY TAX RI\TF., Ff(ACliiJII OF IN! flc)l. CO!H 
.3000[+00 
$ IIICIIML li\X lii\TE, CFRACrtONl 
.JOOOF.t·OO 
$ !NFI AI TUN ~1\CTOf( FOR MA'INf• TN!.:Ufi• F'fWf' TAXES 

2 

91. .t4;~CiEt·O<l .J!;OOE·t·O::! .t.:,:ooF .. OI .~;OOOEt·O:~ .4:100£-01 
• 3bOOE -0 I • I OOOF. t·O::i • I OOOE tOO * 
~ I,;N('I;:l1Y •.:U!;T !'Cfll[IIJLE··EI.r::t.: m U: I fY 

145• I 
$ FLI'\G fU Pti:HIT MONTHLY MI\X, MIN •. cWfJ. :;]'(]f(c)l;t·: TF.MF'S 

156. .1000~+00 

S PRE-f~I\T COR STORI\GEl TnNK Iti~I.II.AT!Iltl. U·-VI\L 
RUN 

TITLE: RESIDENTIAL SAMPLE DESIGN F'ROBLEH 

2 

Figure IV-3. Residential Sample Design Problem 
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TITLE! RESIVENTIIIL SIIHPLE DESIGN PROBLEH 

-.---LISTING Of II!>ER INF''IJTS liNn !;OLCOST fif"FIIlii.T Vo,I.IIES----

I.OCIITION --[ICN\.'I'R,CO LI'\TTI'IHIF " :w.n TTl r Mlr.LES ~~.0 
I IOIITr1 <;OI .:.~· r.;yr;T\;·M I·!! HI .I.:; Iiiii .. t:fOI/1";[ f'l.li Gl.l l''f IW Clll.l CeTI:IR 
COL, EF'F IC, I NTUiCEf'T = , 72 
COL. EFFIC. ,31 liT ron. T/F'I.IIX " .~ llr.-F .. SO FT/BTU 
INPUf Sf'llr:E HEoH 1.1-\.'III.UE 7, tO F<Tili<F-[oiiY-·!;n FT> l'l.OOR llli£1\•• 1500. SO FT 
INPUT S(R, HUT WI\TE'I< l.OA[I= .0'10 Hill. HIN E<TII!.O/foiiY 
1\UXllli\RY ENERGY I!> ELEr:TRIC l..ENIHII OF MMLY!;IS :'!0,0 Yf:IIRS 

!)fJI.ftf~ lit:n"RF.NCE 
SY~ilEH !iYSff:H 

IN! TIIIL cosT. $ FIXED - 1500.00 o.oo 
INITIAL COST, . $/SO F'f 24.00 
DOWN PIIYHENT, %·oF IN. COST 10.0 10.0 
LOAN TERM, YEI\RS 20.0 20,Q 
lNIERESf RATE, >:: 9.0 ?.0 
[IJSCOUNT RIITEo X to'.o to.o 
INCOME TAX RATE• X JO,O 30.0 
f'ROP. TAX RATE, % Of' IN COST o.o o.o 
INSLIRANCE Rllrr.. r. OF IN COST .7 ~? 
MAl N I UlfiNCt RArr., :Y. or IN (!(j!;f ·" .5 
GEN INFLI\TIQN, r. I''[R Yf:I\R 10.0 to.o 

.MN rt.Ic Hill< M·R MIIY .JUN Jill AUG !iF.P OCT NOV DEC 

SOLAR SYSI'EH TYPE 1 
Trii\N!>r·ora EFFir:. .95 I?~) . '}~. I fJ~.) I 

115 .95 .95 .9:) .?~ ,'/!) .95 .?S 
REF, FU!:l TYPE El.r-c ElE:C 1.1 r:c 1.1 r:c ri..EC ELEC Fl.EC ar:c r:t..CC EI.EC F.I.EC F.I.EC 
REf, SYSTEM EFF Tf:, 1 .on 1 ,1)0 1 .on 1 ,()(l 1 ,()() 1 ·"'' t ()(\ t ' '·' <~ 1.00 1. 00 .\ ,1)0 J ,(}(} 
[11\.ll y LOA£1·-H I L [ITIJ .46 .43 • :l'l .::ou , lB .12 ,09 • 0'1 • t:J .2J .36 ,4J 
HEliN HIN TEMP,, F 1 .~. .t9. :'4. :.14. 44. 5:'!. ~;I} t ~il. •lB. 3'7. ?5. 1?. 
H[o)N HI\ X TEHf·,, F .,.,, 46 • ~o. 61. '10. IJO. 0/. OA. 7A, 67. 5J. 46. 
f'f.kCEtH ross. fit IN ft'l •. .'1? I /,'). l>l. 1.1 ''''1' loR !!'J. ;q 0 n. ,., ,t,g, 
[11\Jl y HOR. INSI.Il.. 040,1127,l~~0.\07Y.?!J~,2J~l.~2/J,2044.1/?'?.1~01, nR<I. ., .. "~, 
Hr.t'\"rttiG r1f:o. [IAY~i 1onu. 902. u.~o. ~:; : ~ ~ ·' . :~~3. flO. o. o. t:>o. 4013. 76:~.1004. 

SIJF'F'L Y wATER . ~ ~0 • so. so. ~;o. !;,;(), ~iO, =:;o. ~)0. 50. ~o. 50. so. 
ENERGY COST rtiiT/1 

ELECTRIC 'To • 14:! PER IJNif FOR FIRST 15.0 UNITS 
ELECTRIC $ • 0/.2 f·FH IJIIIT Filii m~ x r :';(),Q UNIT:3 
l::l.ECTR!C $ ,1)•\:l H~R UNIT Ffll( m:n 120. II NITS 
El.ECfRIC ·• .0 .. 16 f-'t:f( IINir Fl. I(( NCXT , l OOE ~o~; I IIIlTH 

E St:llLIII lUll lif\ I~. = 10.00 l'l:riCCN'r 

Figure IV-3. (Cont.) 
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TITLE: RESIDENTIAL SAMPLE DESIGN PRODLEM 

SOLAr; !iYS'fFH CO!>T f>IIMMI'\r;Y TABLE 

COLLECTOR A REI\ . t.o. 140. :~:~o. :wo. :wo. 440. ~i:""O. t.oo. MJO, 
STORAGE SIZE 90." 210. :uo. 4~·;o. ~"/0. ,t,,t,O. 1110. '100. 10~0. 

STOR1~GF: COSTS '}0. :·!10. :uo. 4~i(). ~-j}(). ,'.,',Q. /:10. '}()0. 10::?0. 
COLLECTOR COST!:l 1440, :uno. ~: .. :·~10. /:'<'0. 'J t :.•o. tn::;,t,o. I :• ·1:10, 14400. tn:no. 
FIXED COSTS 1 !.;oo .. l~iOO, t:;oo. t:iOI), 1 ~·,lh'\. t ~i()l). t:·.oo. 1~00. l::iOO, 

TOTAL COSTS ~\030 .• 5070. 7110. •Jt!iO, 111 '10. t:!720. I 47/,(), I .'.1100, 101340. 

Figure T.V-1. (Cont.) 
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TITLE: RESIDENTIAL SAMPLE DESIGN PRO~LEH 

SYSTEM PERFORMANCE AND COST SIIMMARY f"!H; ~;s.O TILT ANGLE 

COLLECTOR SOLAR fJOI.AR ram~ OF NCI" f'Rf:if'N f I H'FT T MF ri)'H 
II REA ENU;:r;y !:iYSTEM rwrtmN IJI'IP'III nr :it\') (Nn:.~ 
<SO.FT. l FRACTION COST ON r::mr r 1 v !ltll 1\1\' :lA\.' TNI'i!'i < IIN[ot :~r:nrJN rEO> 

t r. $ c::rt: 111.1 I'[ ~) t 

60.0 .196 :1030.00 131>. t l :lt.L I~ 47:14 .. H 
1'10.0 • 410 ~·i070. 00 .14:1.6 .1'/11(). ~.:J t:l\.',0,79 
:?20.0 .~;su 7tto.oo I :~'i', 0 ·1'/:·•n. :.10 li·I:W, 01 
300.0 .679 ?150.00 115.9 !·i.~.:!:l.:-'B ::?O:!.S9o 7;1 
.liJO,O .701 lll'JO, 00 tn.o ~~t.,:'O. 7J :>t.~:H.:n· 

440.0 • Billo 1::?7~0.00 ~(,. 4 :·o.l:l•l, '17 :>I :'i:':"! •. 14 
520.0 • 'I :!~·i 1•1'760.00 Jf., I 4/'/0.AO :'t:-'!:·!2. 15 
600.0 ,9/0 IMIOO.OO 24.4 :1/,/1.10 1 .,, on. 9'1 
6flO,O .'"196 1UII40.00 11..0 :.~t ~ ... 42 1 ~7.J:5. 00 

ENEHIW I.<M.MICE EtY MONHI FOR :wo. 0 :lll. rT. COLLEr. TOR 

MONTI! FfiACT ION oWifio"'Ur: U:>EFUI. TOTAl. IJ:'il't'lll. All X rt J AfiY I:ONVEtiT [ IJNo'l. 

~ 

-~ 
4 
5 
6 
7 
a ., 

10 
1 I 
.12 

ANNUAL 

NOTE 1 

tiOTE 2 

EtY SfJl.A_t.: ~illLAii F·FR DAY SOl. f'H\ I N!'liliY ENFF;t;v SY~ll'FH UIEI~I;Y 

(II flJ/ (IH 7 -~U I· I) I Mil. IIIIJ/Mc.ll (HI!. HIJ/HOi CHit. f<TIJ/MOl 

.502 710.0 fl. :17 6.00 I '1. :sA 
·6i1 7 771.8 u .. :l .I. y 1 1:!. 13 
./'::JY 775.4 9.13 2.90 1;>.()3 
.985 716.2 IL16 .D 0. :~9 

1.000 '16?.8 ~j. 411 o.oo :),49 
1.000 315.9 3. ~~s o.oo 3.5~ 
1 .ooo :!6?.3 ~~I "/'] o.oo 2.79 
1.000 :318.6 2.79 o.oo 2. '19 
1.000 403.3 3.90 o.oo :'1. 'Ill 
1.000 419.1 7.14 o.oo 7. 14 

.752 718.0 n. 19 2t6 17 10.00 
,SA6 670.9 7.90 5.58 13o'l8 

.781 7:). 70 :::!t. 22 96.92 

COl IV. ENU<IiY MHo !':()1 fl": All X I I. I AliY I"Nffii~Y AI{F l'il<n:;:; VALllE!l 
(!,f, 1111 Y ltiCl.Ul<E TMII\ Hl:olll AfJOtl Mll</1.11< CI.IMI<II!>J'tON LOSS> 

NF.l' r:·m::·;ntT WfiiHH llf' !:111 flli ::1\VlNc"i!·i ·:· f<lif'!',f liT Wl.lli I'll l.lF liEf CA:.llt 
~-LmJ::: o:rm f\ .tO.Q ;' (og;o;lllll!l Bl'dC> 1111111:1 1111' l'olll~l·t ~.-,·.-r;l'll!'!' 

Figure IV-1. (Cont.) 
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TITLE: RESH•f:NT I IlL SI'IMF'LF: [1£5 IGN F'ROI•I .. EM 

COLLECTOR SIZE lll"liMFATION I:IY .SOLCOST ..... 

I:IEST SOLAR COl t..Ef:l"llli !1l7F. FOR lll.T Milot E OF 5::;. ror:r.;r;t:r:s IS 
Ctlll.EI'"IOR TYf"E" = ll:"a~R [o[FINE[Ir LHIUiro TYI'"E 
F .I NANC IAL SC:ENI"\fil IJ·-··RL:·s I [oENC£ 

$$$ CM;Il now :;UMMAiiY $$$ 

<A> ([<) <C> ([I) <E> 
YR FUEL/UTII. ITY 111\INT. F"Rili'"E I(J"Y 1\tiNI.JAI. TAX 

SAVINGS ~IN SUR, TAX INTI:.RE~)l ~·;,,v 1 ~r;s 

822. 145. o. '106. :~472. 

:? 905. 160. o. "fJI)9. :..·11·1. 
3 995. 176. o. IJ6Yo :!bl. 
4 1095. 194. o. 1140. :·•!:;4. 

s 1204. ::!tJ. o. 112~·;. :'41.1. 
6 1:125. ~:14. o. ooo. :o!·10. 
7 1457. 2~0. o. 7"/J. :!.S :.~ • 
0 1603. 283. o. 7.U. :!:?3. 
9 17n3. :~ 12. o. 711. ~~I :5 • 

10 1939. 343. o. 67n. ~o:s. 

11 2133. :s77. o. 6:5"1. I '1 I • 
1 ., 2:!46. 415. o. ~:~'IS. I'/'/ • 
13 2581·. 457. o. ~:i~iO I t .t,~j. 

14 :.?fl:J'1. 502. o. ~iOO. 1~0. 

1~ 31:?3. :5~2. o. 445. 1:54. 
16 34:'J5. nOB. (). ::IIJ6. 1 ln. 
17 3779. 6"613. o. 322. ?"/. 

Ill 4157. 735. o. :-!St ,· IS. 
19 4573. 809. o. 175. ~;~·. 

20 5030. 1:1'10. o. 91. '..!l. 
--------

TOTALS 47104. o:B1. o. .11 '792. 5l'J'7 I 

:wo. SO. FT. 

<F> ( r,) 
'I. !JAN. NFT CA!>H 

f"fWMEN r ~LUW 

' -.1119. 
.1103. 2046. 
.1103. -91. 
110~. -·22. 
1103. 52. 
1103. 136. 
1103. 227. 
1103. J2a. 
1103. 439. 
1103. 561. 
1103. 696. 
1103. A44. 
110~. tOOl. 
1.103. .11011. 
1 1 o:~: .t3B4. 
I 103. .1601. 
11 0~~. 1040. 
1 I()~. :~.1 04. 
1103. 2394. 
1103. 2713. 
110:5. :son4. 

2~060 • 21390. 

SOLAR INCENTIVE .\ NCLIH•r·:.n IN YEfiR 1 I" AX !J()VJtlfiS ?:!00. 00 (oiJL.l.ARS 

f'fiYB.~C:K TlME FOR FIJEl. :;,w tNnS TU Eilllfol fll 1"1\1. JNVF·:; I Ml' NT 
PAYE•IICK T HIE nm tiEr 1'1\!";11 Fl. OW lll 01 I :·;[ r (IIJWtl I·"I)YMI· tll 
NET F"l't:~;UIT W!lfil"ll IIF :.:ul.o"i SAVINGS , , , , , , • , • 
1::r•TE UF r,f."fiJRN I"IN m· f r:l\!~11 FLOW • , , , , • , , , , , , 
MltiiJI\L f"ORT I llN Ill I lloHo I"I;IIV l rot:ro I<Y :;1.11 Af' , , , 
1\NNI.II\l. !:NERGY SAV I Nr;:; WI Ill ::;OL•"' ~;y:;r L·:M 

TAX SAVHlGS '"' INCIIMf: To~X f((l"f[ X <C + [c) 

NET CASII FLOW = A - .1! ·• C + E - F 
ABOVE 1-"1\Yf<fiCK T I Ml: :; l<l\!;1:[1 liN UN[o I :;CUIJN rue (oOU .. I\RS 

Fip,ure IV-1. (Cont.) 
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TITLE: RES I DENT! AL SI'IMPLE DESIGN f'ROllLEH 

TEMPERATURE I'INro 
MONTH STOiicU>t: 

DAUN 
<DEGREE 

.~OQ. 
2 100. 
J 100. 
4 i09. 
s 146. 
6 180. 
7 188. 
8 187. 
9 182. 

10 tss. 
11 100. 
12 100. 

['NfT;r;y JNFORHI'ITION f"OR COIL.FCTIIR 1'\REI'I 
1 I."Mf·ERI'ITURf: S I fll\fi(JE NIJM[<I'R OF 

MI'IXIMUM I'IVERAGE l.O~:;~·:r::s I fUii'ITIONS 
F) 

. l;H, 
13?. 
140. 
JJ1::.. 
171. 
1?7. 
:!00. 
:!00. 
:!00. 
1'71. 
141. 
1J3. 

< f<TIJ/[<AY J 

116. 'l"i'l'l • 
119. 10077. 
i i ,, . 101 ... 7. 
1.-!~ I 11 :>btl. 
151... I •11 ?5, 
107. :!6567. 
193. ;!fl091>. 
19:1. ~BOOI>, 

190. 2'1'274. 
171. :·~·1,05. 

1::!0. to:at. 
116. '7434. 

Figure IV-3. (Cont.) 
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Business Sample Design Problem The objective of this design case was to size a 

solar water heating system for a car wash business. The installation qualifies 

for the·solar incentive (enter .20 for investment. tax credit) and additional first 

year depreciation, since the system is income producing equipment. (Note - solar. 

space heating and service water systems also qualify for. the solar incentive (enter 

.10 for investment tax credit); howeyer, the additional first year depreciation 

cannot be claimed because the system is not income producing. They ca~ be 

depreciated over their useful life, since they are part of the building's HVAC 

equipment.) 

The applicable financial parameters for this sample case are: 

Line 67 Owner's discount rate .15 (15%) 
/ 

Line 74 Owner's income tax rate .50 (50%) 

Line 75 Depreciation method 1 (Straight Line) 

Line 77 Investment tax credit .20 (20% for solar incentive) 

Line 78 Additional first year depreciation .20 (20%) 

Line 79 Solar System useful life 15. (15 years) 

Line 80 Water tank useful life 20. (20 years) 

Line '81 Solar System salvage. value .10 (10%) 

For this example, the reference system anci the· solar auxiliary systems were 

assumed to be an electric boiler, so the capital costs considered in the analysis 

are due to the solar system alone. .Electricity was assumed to escalate at 8% per 

year. The useful life of the solar system for tax purposes was assumed to be 

15 years; however, the solar system life was expected to be 20 years. Figure IV-4 

lists the data file for this run and shows the processed input summary. 

The solar system performance and financial summary reports for this sample 

problem are shown in Figure IV-4. SOLCOST computed a collec~or area of F20 sq. ft. 

as being the most economic· for this sample problem. The rate of return on the 

solar investment is 104%. (Users are cautioned that rates of return are very sensi
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tive to the amount of dgwn payment, and indeed rates of return can become ridicu-

lously large for minimum down payment conditions. Also, if alternatives are 

being being considered, they must be financed under similar terms in order for 

rate of return comparisons to be valid.) 

Some additional explanation of the depreciation column may be helpful. 

SOLCOST computes separate depreciation for 1) the. water storage components and 2) 

the rest of the system. The procedure is as follows: 

1. Compute basis for depreciation, where 

2. 

Basis Initial Cost Salvage Value - Additional First Year Depreciation 

Add. First Year Dep. = Rate x Initial Cost 
(Note: For corporations, there is a $2,000 upper limit for AFYD*. 
This is checked internally by SOLCOST.) 

Initial Cost 
Salvage Value (1.0%) 
Add. First Yr. Dep. (20%) 
Basis 

Compute allowable straight 

SL Dep. = Basis/Life 

Basis 
Life 
SSL Dep. 

Storage System-Storage 

2580. 
258. 
516. 

1806. 

line depreciation 

St_e>.rage 

1806. 
20. 
90. 

per year: 

43280. 
4328. 
2000. 

36952. 

System-Storage 

36952. 
15. 

2463. 

*Tax Guide for Small Business, 1977 Edition, IRS Publication 334. 
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T 

BUSINESS SAMPLE DESIGN PROBLEM 
,, 8 8 8 a 

a a a 0 * $ SOLAR SYSTEM TYPE FLAGS OY MONTH 
4. 2 2 2 2 

2 2 2 2 * $ REFERLNCE SYSTEM FUEL TYPE 
6. 2 

$ SOLAR AUXILIARY ENERGY FLAO 
to. 21 

$ COLLECTOR TYPE FLAG 
13• .4500E+02 * 

$ CUI.I.Et.:TOR TILT ANGLES, [oEGREES 
14• , 7400E+OO 

15· 

25. 

40. 

$ COLLECTOR EFFICIENCY tiT DT/0 ,~ O • 
• :>.toor:+oo 
$ C:OLLI:CTOR EFFICIENCY tiT <TIN--TtiMJ:o)/0 

· 5S 
$ SITE I IJCATION CODE 

c -· $ BUll I• I Nl; LOAD COMPUTE HETIIUfl FLAG 

8 R 

2 2 

o.~ 

46. .15001:101 ,1400f. 1·01 , l400t:Hil .1 :•:·;,)[1·01 
,t:)OOLI<•I .1b00Ei01 •. U.OOEf01 .t:;OOE+Ol 

• t3:!or: 101 
,1300E 1·01 

$ USER INPUT I.OADS ARRAY 
ss, .2000[104 

$ SULnR SYSTEM FIXED COST, DOLLARS 
56, • 2400F. to:~ 

$ COST ur !~Ol.AR SYSTI:M, [ofii.Lo,RS /SO,FT 
59, , .\O<IOE -01 . 

$ ~OL~U SYUTEM M~INTF.NnNCE <I·RnCTION U~ !NIT ·COST> 
65.. ., 

$ F .I No~NI.: l AL !;CENnf; I 0 Fl. nG < ra:s, IHJ!>, NPU) : I , 2 • OR 3 
6 7 • , I :7.00!. HH> 

$ DISLUUNT RnTE, FR~CTION 
68, , I :.'OOE I 00 

$ MORfGnGE INTEREST Rtlf[, PERCENT/YEAR 
71 , , 2000E I 02 

$ TERM OF LIFE CYCLE ANtiLYSIS 
72. • 6000[ -02 

$ [oliiLDING FWE .lNSURAIICE r;nTE. <rHnCTIIlN OF I.C,) 
73. .1500[-01 

•) F'fiiWHirY TAX f;ATE• FriM:TIIJN OF "INITIAL COST 
74, , SOOOE·I 0<) 

$ INCDMC TAX RATE. <FI~ACTIUN> 
n:;, 1 

$ DEPRECIATION METHOD 
77, • ~(100[ +00 

$ Hl'.'i.SfHENT CT;EDIT <FRtiCTIOH OF .lNITI•"- CO!H) 
78. • :!OOOE+OO 

t ADDITIONAL 1ST YEA~ DEP. RATE, <FRtiCT, UF J,C,) 
79, •. 1500E+02 '-../ 

i IIVAC SYSTEM USEFUL LIFE. YE~f;S 

oo, . :wooE 1 o~ 
S SIORAHE TANK US[FUL I.!FE• YEARS 

81, , JOOOF 1·00 
$ SYSTEM SI'II.Vnt;E WILliE (f"JiACTlON fir- HII TlAL COST> 

82, .!OOOE+OO 
$ INFLATION FtiCTOR !-"OR MA.Itlf, IN!"'I.If;, f·r.rw TtiXF.S 

8 

2 

8 

2 

• 1500E ~0 I 
,1300EI·01 * 

Figure IV-4o Business Sample Design Problem 
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'} 1 , ,1420Fl00 .1500F:t02 .t.:·!OOF:>·Ot 
,3600F-01 .1000[.05 .!OOOFIOO * 
$ ENCRfiY COS f !~CIIU•ULE·· U.I:CH\ICITY 

1 

, !.oOOOI: I 02 ,4]00E···01 

$ FUIG TO f'R I NT MONT tiL y MAX, MIN, 1'\Vn, ~HIJI~I'IIIF. TEHF'S 
155, 0. 

S ''XII.I'IriY TI'\NK IJA, £tTlt/HR·[I[(l F 
.156, .tOOOE+OO 

$ r·m:-·lll'·l'l·t <Of~ SHlrii\GEl TI'INI\ !Wil.ll.l'l-rlllN ll··VI\1. 
RIIN 

TITLE! ~USINLSn ~1\MPLE DESIGN ~RODLEH 

\ 

Figure IV-~. (Cont.) 
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TITLE: [<IJS!NE:!>S SI\Mf'LF: .DESIGN HWBLEM 

----LIST lNG OF I:ISO~ .I NT·lJTS 1\ND SOLemn [<f'FI'IUL T VI'IUIES--··-

LOCI\TION --fc[NVFRrCO l.l'lfl fllfc[ • ."1?.1.1 TILT 1\NI>I ES •15.0 
SERVICE 1~1\l"[f.~ IWoHIN(; !:iYSTEM WITII t.~:i GilL !iltll·:o)tit: I"Ui St.l Ff Ill" COLLECTOR 
COL. EFFIC. !NlERCCPT ,74 
COL. EFFIC, .21 l'lf rou. T/1"1 IIX " ,5 tlfi ·F··SO FT/[tTU 
SOL. M; SYSTEM l. CtoH< HI\S rct."CN I Nf'I.JT I<Y tl:':l~f;, m:E I'<El.IIW 
INF·UT SER. llllf W;)HR Ulc)[c~ O.OtlO MliLIIttl f<ltl!o/01\Y 
I'IUXlLIARY ENt':liloY l~i ELECTRIC LFIII.iltt llf- 1\111\LY!iiS 20.0 YF:o,RS 

t FIXED 
·JI!>O FT 

.lN.ITII'Il CO!Hr 
INITIAL COST, 
[<OWII F'I\YMEIIT • 
1.111\11 TERMr 
INTU:F.ST RIITEr 

r. I.W IN. CO!lT 
YEI'IRS 
X 

DISCOUNT RI'ITEr X 
J/IC011E T I\ X Til\ TE, X 
PRI.Ir·, TIIX RAT[, Y.·UF Ill COST 
INSURI'IIICE RIITEr ~ OF IN CUST 
MI\JNTEIIIINCE R~TE. r. OF IN COST 
I>LN INFLI\TIOIIr % PI R YEAR 
SI\L~AGE VALUEr X OF TN, COST 
rot: t·"hFC r 1\ Tt DN Yf 1\1~:; ··· tt'JI'IC S Y!l, 
[cr:t··f-[r. I ,n lOll )TI\f;:;-- .. ~;·1 ORI'IGE 
TI'IX III'R[C, ML'fll()[c 
INVF:;TMfNT Cf;Ucl r, r. Of' HI, COST 
1\f:C. 1ST YR [cEI·ta:c, X IIF IN. CUST 

JfiN FE[< MfiR 

SOLAR SYSTEM TYPE B a a 
TI~M>Sr··ora Ef"F.TC. ,<)0 .90 , 'lO 
RF.F. FUEL Tvr·E rt.EC EI.EC ELCC 
REF. SYS rut I f'F I C, • '10 • '}0 ,'}() 
!'lAilY LUA[I IIIL l.CIU t.!.JO 1. ·10 1. -10 
MEliN MUI lEMr-·, • F J6. 19. :~4. 

MEI'IN MfiX TEMf·,, F 44. 46. ::;o. 
f•J.:RCEIH PU!JS. SIIN 1·7. 67. /.~:;. 

SOLI\R 
!)Y!:i'IEM 

2000.00 
21\.00 
10.0 
20,.0 
1 :-!. 0 
ts.o 
:;o.o 

fiF'R 

(] 

.90 
i-.I ... EC 

• '}0 
1. 25 
;~·I, 

1>.1. 
(.,J, 

1.~ 

.6 
l .o 

10.0 
10.0 
1~.0 
20.0 

St. 
20.0 
20.0 

MI'\Y 

IJ 
.90 

ru:c 
• '}0 

t. Ji:! 
•14. 
/0. 
,q, 

.I UN 

B 
,<)0 

FI.LC 
• '/0 

i. .r-.o 
~.:=' • 

.II(), /,.,. 

,lUI. 

IJ 
• •;o 

I 1..1"1: 
,90 

t.:,o 
~.i'l. 

1.17. 
hfl. 

fii:.Ff.I<F:NCE 
sy~·ITCH 

I"IUG 

0 
.90 

1."1 I:C 
,'?0 

I • ,,,) 
~;;. 

II.~. 
l.n. 

o·.oo 

10.0 
:w. 0 
12.0 
15.0 
:'.0,0 

1.5 
.6 
• !) 

10.0 
10.0 
1:;,o 
20.0 

!JL 
:.•o.o 
:w.o 

~lf':P 

I) 

• ')0 
F.I.EC 

.'10 
t •. •.() 
·Ill, 
/fl, 
II, 

OCT 

B 
,90 

[I EC 
• '}0 

t,t;O 
:II·. 
.'1? I 
7 J. 

Tci\.I.L y III.IR. .lNriUI .• U40. l t 2'7. 1 ~:·<()I .1 U/'1,? t.<!i. :!:<:·,· . :·•:.•;.~. :.'O·l·l. I /:•·;. 1 :~ot . 
tiCfiTINI> [c[li. flt'\Y~i · \Of.I:J. 90:-!. Ut..IJ. ~:,:~:·;I :~ ~·~:' I (1(), o. o. I :•,) .• 40IJ, 
surn. r w.~ ru~ . F ~:;o. 50. ~-;o. 50. ~o. !:.0. ~o. :;o. ~;o. ~)0 I 

ENERGY COST [<AlA 

EI.EC.lRIC ~ ' I -1:' f·fT; llllfT nm FJJ,·!·;·r 15.0 IJIITTS 
F.I.F"Cl RIC ~ I Ot.:'! f'("f;• UNII FOR tiE X r ::;o.o IIIIIIS 
Et.tCTRIC " • 0•1:1 r·n~ I.III.IT Fflt~ m xr 1:'!0. UNITS 
H.t:crr.·1c " • 0:11. PLR Uti I r FJm NFXT .JOOHo::; Utlll!3 

F:SC/\1.1\TIUN lii'ITE .. 10.00 f'I::RCENT 

Figure IV-4. (Cont.) 
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TITLE:.: ~ISTNESS SAMPLE DESIGN PRO~LEH 

SOLAri SY~iTI.M cnsr !iiiMMARY fAili.F. 

COLLECTOR AlifA 340.' 700. 10•10, LillO, t;:•o. :·•tMO. :'•tOO, :-'7·;0 •. :HOO, 
!:TOF:M:JF. 6 T II .. . 510. l<':.;o. t:d.(). :·•o .to. :1:;n.;) . :101)(). :II.\)(). •1110. •IA:iO. 
STURAri!': r.u;. '~; :Ho. 1 o:·,o. . 1!'",/!(), :'0 1('1 • ~I~; !l{) ' ;10'10. J.~oo. 4 I Ill, •lo;jO, 
COLLECTOR C0!3 JS fllt.O. . I .'.11Cli1. :!4'Jt,O. :1.1 I :'0, •tt:···t(), 4'}140 • :dl.oClO, t..'::i/1,0. 74400, 
F' IXI::ro COST!; :·•ooo. 2000. :.>ooo. :•iHhl. :!<.l(l(). :•ooo. :.>O<.lO. :.>ooo. :•ooo. 

TOTAL COSTS 10670. . 190:JO, ~H~,20. :·~,., 1 '}() • 4~:ill/,O. ~:;4~;:<0. • ~:1:~00. 7111/0 • lliOSO, 

Figure IV-4. (Cant~~ 



TITLE: E<IJS I NESS SI'IMF'LE [1[•5 I GN PriOE<l.EM 

SYSTEM F'FIWORMI\NCE fiN I< COST 5UMMI'IRY FOR 45.0 TILT ANGLE 

COLLECTOR SOLAR SOl. fiR RI\Tf: OF N[T r·r•c:rNT l..IFF.TIME COST 
1\RF.I\ ENr:RUY SYSTEM m:nlf<N lJOf' I H tJF SAVINGS 
<!3(1 .FT, 1· FRI\C r ION CO!>T UN EIH.IlTY !:iill ~H ::t,V I ~HiS < liNfi"!SCOIJNTE[I) 

$ :v. s <!..trr: Ill) f[ 2) • 
340.0 • :~6:1 !01.70.00 o.o ··.H~i/,:.l:i .• t 1~-'1.~:5. 3:! 
lOO,O • 41.1:·.· 19fl50.00 o.o -<''1'},"/0 ·-·Hl~)ll. 7~ 

.1040.0 • l,41} :-'n:·:.::!o.oo t t:l .n :~110:~. :1!-j n~.:~.~.i4 

t:IBO, 0 .70.1 ·:17190.00 t10.9 :l'hlll. 41 .!.!'7J0,;~1 

ll:w.o ,(lf11 4:,1)6().00 104. :.~ ·1:?·10. 10 1·1'10\. 45 
2060.0 .954 :.4~·30. 00 9~.1 :14.10, t I 1 o:~:~o. :'l5 
:~400. 0 • 

17£1~ AJ:~oo. oo o.o I 01.1'1, :-19 ... t /OJ. 15 
2l40.0 • 9 114 7\IPO.OO o.o liJ:~:-~. ~~'I -·I lo'lll9, 02 
3100.0 • •;•?/ ll1050 •. 00 o.o ···~i.U0,/>1 <~4:'41. 98 

ENERGY HAL MICE E<Y MONfH FOil 17:?,). 0 sn. FT. Clll.l.CCTOR 

1101/TH rT,I'ICl !1111 ,·,•J[r.:AI.iE IJ5£TIJL Til TAl. U!:iEFUl. (IIIX!UI'IRY CONVENTIONI'IL 
E<Y 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

ANNUAL 

NOTE 

IHHE:! 

SOLA II :.:fll All I'"ER l<AY SOl ,,r, UIEI~IOY f:NfRGY SYSlEH HIERGY 
C I<HI/[11\Y·-50 Fr> (Mil. E<TIJ/MO l (MIL [I I"IJ/MO) <MIL BTU/MOl 

.719 64-'1.5 34.:.17 .! 3 .~)6 51.67 

.037 681 .1 32.1.10 t .. n, 4:L:i6 

.070 /01].4 37.77 :·; .1.17 4\0.22 

.935 6"79. 3 J~i.05 :.~. :\•.1 •lt. 67 

.921 7.06. 4 37.67 3. J~j 4:;. 47 

.920 002.6 41.41 3.00 50.00 

.9:53 1131.1 -'14. :n 2.~4 ::i1. 67 

.9:30 1.172. 2 46.50 :1. ;~ l 5~.11 

• '}30 872.6 •\5.03 :~. 95 ~JJ. 33 
.Y19 BOt, ~.i 42.7-'1 J,OfJ 51.67 
.839 6.1:!.8 :1~.70 6.9'1 43.:n 
.779 501).9 3.1.-10 !0.21 4-'1.70 

.004 46 t. 75 6S.2A 580.47 

CC.ltJV, Ctll' I{IW f\llf< ~>Ot.l\r, ''IJX H f MIY !"llr-f;c;y AI iF r;:;n:;!; 'Jf\UiES 
(1,[, fHFY fNCUH<E J'I\IIK Jrl;iiJl.AfiiiN M/l'l/111' LIIMI<IJ:;T!fltl LOSS) 

NE f J·fif:~iCriT WOfiTfl Cll' !inJ.Ar.: Sf\<Jitlf;:; " l<lif :;rttT Wllkfll OF NF.T CASU 
FLOWS <FOI~ 1'1 .1~.0 % OE>COUIH f-:1Hll Mlllll:; 'IIH-: I<UlJN f"I\YMENT 

Figure IV-4. (Cont.) 

TV-41 



TITLE! BUSINESS SAMPLE DESIGN PRODLEH 

TFHF'ffMTURF. ANn Olr:FWY INFORMATION FOR COLLECTOR AREA tno. 
MDNlH STOfiMiE ITHf·r."n lURE S I ORAGf· ,)II\ fLJARY tiiiM l'<lcR OF 

[lAWN 11o~X IMUM AVCf;AGF: tns~·;•:~~ Hll liliY t'ri:.RtHitlN!3 
( [•EGfiEE F >. ( l.flli/[IAY) <l.trll/liAY) 

90. 121. too. tl.~)~j7. :w:u. 11 •• 2 
:.~ ?0. t:IO • I 0'1, 2:~::-:~;t •• :.>:~o 737. :1 
3 lOt. IJJ, 1 I:>. :

1 ·\.h>tl. l /0·1116. 3 
'I 109. 13?. 1 :·.·o. :·:·1:( l ~. 11 rn. 3 
5 106. 1:111, I I 'l, ?•~46(.1. 'J/:~72. J 

" 105. .\·10. 1 \ '1, :•n•l.I:J. 11•10'}}. 3 

:' 101>. 1'1"'. l ~.,' ~~l fl2f"j. •'•-t'Jo,·,, 3 
a 10/. 14~;. t:!i, :·!o .t (>:~. '/..!::'flO, 3 
9 108. 147. t :•J. :.1 I ; ~ :1'~ , 111.15'} 1 • 3 

10 106. 143. 119. :?111.10:';. t.t:uoo. 3 
11 ?f:l. 128. 100. 21o;,b. :'00196. 3 
12 '13. 12t. 1 O:i, tiJJt:l. :.!?6..154. 2 

Figure IV-4. (Cont.~ 
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TITLE: 9USINESS S~MPLE DESIGN PRO~LEH 

COl.LECTOR SIZE OPTIMIZATION DY SOLCOST 

BEST SOLIIR C!.lt.:U:r:n.m !HZ[~ FOR TILT 1\NGl.F. OF 4:>, IIHH;f"YS 15 ll:~,). Sfl, FT, 
C:Ol.LECTIJR TYF·r· '" IJ!:;u; lt[F!NE{I, LIOI.JIII I"YPE 
FTN~NCJAL SCENI\RJU·-·-DI.JSINES5 

lA) 
f"liF:L/IJTll.ITY 

SAVlrJGS 

< !l) <C> (!)) (£) 
INCOME 
IM\(.5 

<F> <G> 
YR h.~ l N r, I Nf.l m rou-·r;E" · LOiiN l.O~N NET C•~511 

PROP, TI\X Cli\IION TNI"EREnF f'IIYo'1f.NT FLOW 

0 -450.~. 

0 --9.l72. '11 72. 
1 3711 14:.!1 50/o9, •l ~~~·~::? I ·l.;o:;n. ~j~;::!~. '11102. 
2 408:'. 156~. :!~')~·jJ • 411114. ·<'·1 ~:i'/. c;:&:"''c:" .:..J ...... J. --~i47. 

3 4•190. 1720. :·~·;:~;~,. 4110"1. ~<~: ''}~j. s~:.:!s. ··4~;9. 

4 493•}. 1orn. : ~ ::. ~' ~i • .p:~o. . .:.~ 1 1:1. ~:; ~.i :!~.~ • ·-."11>4 • 
~ :::;43], :~Oiil>t ~~~-;~~:·\. ~(',:'4. -1'11 ., ~~ .• ?~. -:y,o. 
6 '5977. 2201.1. ?~.~i.1. 4:;11>. ··1!.'11 5~:-'5. -141>. 
7 6S74. 2510. ::!~·;:; ~" • 4.1?5. ··1446. S~);.~~ • ·-:~:J I 

8 "7::!3:-?. :-~770. :.I~·.: i3. 4: ·~·jl~. 1 l ~~-;. ~~~~ ~~;. I I I, 
9 7?~~. :1047. ?:·;~,;:\. 4107. ...~.~.. ~.~):!~. ::!~)?. 

10 0751 ~i.l~)2. :~ ~·., ~·; :3 • .i'!::7. ~.i4~. ~;~·,:!~}. 419. 
11 '1626. :lt.I:J7. ~~~~~·j:~. :1746. -1110. ~j~~:-~~~. ~)9~J. 

12 1 O~.HJ9. 40:J6. 25~,:3. :s:;.s:~, :~:.)~. ~~~::!5. "71l4. 
L! 11647. 4461 :'1~;: i.i. :s::'lJ. /,/,9. :·,:::.:!:·). '}'} 1. 
14 12lH 2. 4907. ~~~~~;J. . su::6. l 16:~ • !·,~:;::~~. 1:n6. 
lS 140'14. :·i]'}fJ. :!:~~:;~~ • :?'/:~t... I 10/, 5~i :~::i. \461. 
16 1:::·;o:1. ~i93U. '10. :.'.\'70. J~1:~. ~;~;~~5. 4'76. 
17 .170:',:1, /15 .. ~2. YO, :~·) l 4 . 4;'()FI, ~;~-~ :-!~. "7117. 
IIi 111/:'•}. 71115. '10. t:,•,':-!. ~t '/ •l ~I • !.i! I :!~it I 102. 

19 :!(J6J:-i. 7'704. IJO. 1 l:'o. ~·, l~",'} • : .:-.~~;;. 144::1. 
20 ::!~!6'}0. u.~.'74. 110. : ,•}:.'. t..t,t.o. ..-.-., .. -

·"'•'•'' .11117. 
---·····---- -· ···---·- -·- ·-·-·-···-- --- ·- -----------

;!1251>0. IJ.I41~;. 4.1 :!I> I /,'J:-!:l.~. I 14:;. t1o:·,oo. 140?1), 

11, 4 Yf:l\f(S f"IIYF<ACI\ TIME 1""1.11' Fl.ll"l. :_;,witw:; Ill IJIIII\1. fl.llo)l INVI·::HIHH • , , 
f··IIYEci\CI\ TJMfc Flll< Ill" r t.f\:;11 f"LOW 1"11 I.IFF!ii.l i<IIWII f·o"c"fl"ll·lll •• J YI:I\RS 

4:?'10, IIJ [IIJLL~R!J 

.1 0 4, :-: r·F:RCEIIT 
1111,4 f"rRr:ENT 

NI~T f·r::ESEII f ~101; I"H Ill" ~·:Ill M' ::,w IJ-Il;:; , , • , , , , , , 
r'ATE OF KLTIJIUI 1111 Nl,t' CI\~;H I"IIJW , , , , , , , , , , , , 
I\ Nil! 1(•1. r·nr;r 11.111 i.H" Llio~l> ~·f;IIV I f"lt"Cc I'IY Slll .. I\R , ,·, 
f•NrJUAL Ult::I<UY ::ii\VHH;~; UtTII ::;nl.o~l1: fl'c'!31"EI1 , , , , 

INCOME TI\X • TAX RI\TE X (~ - D - C - {I) 
NET cr.~.>ll FLOW = ,~ ·- I< -- E - F 
1\[<GVI:: F·I'.Hii'\CI·." TIME!) J'<,~S[(I mr IINfil!·;,:ciiiiHf:(l I<CIIl.l\1~5 

YE"Afi II FNIT<Y IN 111"1" 1':1\!.al f"l.llW f:lll.llrill :r,; liiiWN l'"liYMFIH 
YEAr' I ENH'Y IN TliX CUI.liMN !NCL.I.II>I:S lNV[!;If1ENf TI\X CW::D.tT 

CI\UTIIlN.,, 1\ f"U[I l.ll.lr.tiTTTY w;u·c IN TIIJ!; CliSE 
< ... ,C[U>Efi TIIF" INr·ur F"lll:L Cfi:;T TAf<I.E 

Figure fV-4 (cont.) 

•1,\:), MILl. tON rtrtJS 

Note: SOLCOST informs the user when the fuel quantity used exceeds the 
input fuel table. However, the program uses the last block price 
for exceeded quantities. 
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On the following pages, four additional sample SOLCOST analyses are 

shown. They are: 

Figure IV-5. Residential Solar Service Hot Water System Analysis 
for Sunnyvale, CA 

Figure IV-6. Residential Solar Service Hot Water System Analysis 
for Sioux City, IA 

F1gure IV-7. Residential Air Solar Space Heating ~ystem Analysis 
for Madison, WI 

Figure IV-8. Residential Solar Service Hot Water System Analysis 
for Albany, NY 
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T 

SUNNYVALE rCA 
1r 8 

8 
t SOLAR 

2 
2 

EXAHPLE 
8 8 
8 8 

SYSTEH TYPE FLAGS BY 
2 :;! 
2 :;! 

t REFERENCE SYSTEH FUEL TYPE 

"' S SOLAR AUXILIARY ENERGY FLAG 
10r 1 

S COLLECTOR TYPE FLAG 
12• .SOOOEt01 

t COLLECTOR AZIHUTH ANGLE 
21r 3 

8 8 
B * 

HONTH 
:;! 2 

2 * 

t FLAG FOR COLLECTOR AREA USED IN LCC ANALYSIS 
22r .4000Et02 

S SPECIFIED COLLECTOR AREA WHEN LINE 21=1• :;? OR 3 
25, S2 

S SITE LOCAT.ION CODE 
49· .:3000E-01 

S LOAD FOR WATER HEATING• ~TC. (MIL BTU/DAY) 
ss. .2000Et03 

S SOLAR SYSTEH FIXED COST, DOLLARS 
56 • • 4500E t02 

t COST OF SOLAR SYSTEM, DOLLARS /SO.FT 
6Sr 1 

S FINANCIAL SCENARIO FLAG(RES,BUSrNPOl: 1r2r OR 3 
66r .SSOOEtOO .3000Et04 O. .1000Ct07 * 

S INCOHE TAX CREDIT 
6Br .1200Et00 

t HORTGAGE INTEREST RATEr PERCENT/YEAR 
69, .7000Et01 

S LOAN TERHr YEARS 
73, -.1000Ct01 

S PROPERTY TAX RATEr FRACTION OF INITIAL COST 
74r .3400Et00 

S INCOME TAX RATEr (FRACTION) 
82r .1000Et00 

S INFLATION FACTOR FOR MAINTr INSIJR, PrWP TAXES 
83• 0. .4000Et01 .1000£-01 .1600Et0:;! * 

S PROPERTY'TAX RATE VS TIHE 
91• .soooE-01 .1000Et07 .YOOOE-01 * 

S ENERGY COST SCHEDULE-ELECTRICITY 
RUN 

TITLE I SUNNYVALErCA EXAHPLE 

8 8 

2 2 

Figure IV-5. Residential Solar Service Hot \-later 
System Analysis for Sunnyvale, CA 
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TITLE I SUNNYVALErrA EXAMPLE 

----LISTING OF USER INPUTS AND SOLCOST DEFAULT VALUES----

LOCATION --SUNNVUALEoCA ~ATJTUP~ = 37,1 TILT 1\NGLES 37,4 44,9 ~,,4 
SERVICE WATER HEATING SYSTEM WITH 1· 5 GAL STORAGE F'ER SO FT llF r.m.U:::CTIJR 
COL. EFFIC, INTCRCErT • tOZ 
CUL. ~~~lC. .24 AT DEL T/rLUX = .~ H~-r-§d Ff/BTU 
INPUT SER. lfOT WATER LOAD= .030 MILLION ElTUS/DI\Y 
AUXILIARY ENERGY IS ELECTRIC LF.NGTif UF ANALYSIS 20.0 YEARS 

SOLAR REFERENCE 
SYSTEM GYSTEH 

INITIAL COST, t FIXED 200.00 o.oo 
INITIAL COST• t/S(J fl 45.00 
DOWN PAYMENT• X OF IN. COST 1o.o 10.0 
tOI\N TERHr YEARS 7.0 7.0 
INTEREST RATE• X 12.0 12.0 
DISCOUNT RATE• X 9.0 9.0 
INCOME TAX RATEr X 31.0 34.0 
f'ROP, TAX RATEo X OF IN COST o.o 1.0 
INSURANCE RATE• X OF IN COST .s .s 
MAINTENANCE RATEr X OF IN COST .s .s 
GEN INFLATIONr X, PER YEAR 10.0 10.0 

JAN FEB MAR AP~ HAY JUN JUL. AUG SEP OCT NOV 

SOLAR SYSTEM TYPE 8 8 8 0 8 8 8 8 8 8 8 
TRANSPORT EFFIC. .90 .90 .?0 .?o .?0 .90 .90 .?0 .90 .90 .90 
REF. FUEL ITt"£ £LEC t:U:t; t:L~C EL~C ~LEI.: ELEC ELEC ELEC ELEC IOLE:c E:LEC 
REF. SYSTEM EFFIC, ,90 .90 .90 .90 .90 .90 .90 .90 .90 .90 .90 
DAILY LOAD-MIL BTU .o.J .03 .03 .03 ,OJ .OJ .03 .03 .03 .03 .OJ 
MEAN MIN TEMP. r F 44. 44. 47. 49. 54~ S7, 59. 59. sa. 53. 46. 
MEAN MAX TEMP. r F' 57. !59. 64. 66. 71. 'ls. 77. 77. 78. 73. 64. 
PERCENT POSS. SUN 53. 57. 63. 69. 70. 75. 60. 63. 70. 70. 62. 
DAILY HOR. INSOL. 738.1038.1485.1944.2277.2453.2441.2167.1760;1248. 843. 
HEATING DEO. DAYS 461. 349. 322. 229. 122. so. 13. 14. 13. 90. 275. 
SUPF'LY WATER , F so. so. so. . ~o. ~o. ~o. 50. so. 50. so. so. 
ENERGY COST DATA 

ELECTRIC • .oso PER !JHIT FOR FIRST .100Et07. UNITS 
ESCALAIWN RATE .. 9.00 rr:RCENT 

Figure IV-5. (Cont.) 
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DEC 

8 
.90 

ELEC:: 
.90 
.o·:s 
43. 
57. 
54. 

660. 
455. 
so. 



TITLE! SUNNYVALErCA EXAHPLE 

COLLECTOR AREA 
STORAGE SIZE 
STORAGE COSTS 
COLLECTOR COSTS 
FIXED COSTS 

TOTAL COSTS 

40. 
60. 
60. 

1900. 
200. 

2060. 

SOLAR SYSTEH COST SUHHARY TABLE 

Figure lV-5. (cont.) 
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TITLE: 

HONTH 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

ANNUAL 

NOTE 

NOTE 2 

SUNNYVALErCA EXAMPLE 

ENERGY ftALANCE BY HONTH FOR 40.0 sa. FT. COLLECTOR 

FRACTION AVERAGE USEFUL TOT I'lL USEFUL AUXILIARY CONVENTIONI'\L 
BY SOLAR SOLAR PF.R [lAY SQLAR ENF.RliY ENERGY :OYSTEH ENEROY 

<BTU/DAY-SO FT> <NIL BTU/NO> <NIL [tTU/HO l <MIL BTU/HO> 

.665 499.0 .62 .34 1.03 
• 783 586.9 .66 .19 .93 . 
• 882 661.4 .02 .11 1.03 
,919 689.6 .83 .06 1.00 
.935 701.6 .87 .04 1.03 
.'153 714.4 .86 ,03 t .oo 
.955 716.4 .09 .02 1.03 
.963 722.0 .90 .0::! 1. 03 
.952 714.2 .86 .02 1.00 
.901 675.6 .84 .09 1.03 
.754 565.9 .68 .24 1.oo 
.644 482.6 .60 .:J/ .03 

.859 9,41 1.53 12.17 

CONV, ENERGY AND SOLAR AUXILII'\RY [NERGY ARE OR09S VALUES 
(I, E. TilEY INCLUI•E TI\Ni: INSULA liON AN£t/OR COMBUST ION LOSS) 

NET PREENT WORTH OF SOLAR SAVINGS =.RRESENf WORTH OF NET CASH 
FLOWS <FOR A 9,0 ~ DISCOUNT HAfEl MINUS fHE DOWN PI'\YHENT 

Figure IV-5. (COI\t:.) 
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TITLE I SUNNYVALEoC~ EXAMPLE 

COLLECTOR SIZE INPUT BY USER 

BEST SOLAR COLLECTOR SIZE FOR TILT ANGLE OF 37. OEGREES IS 40. sa. FT. 
COLLECTOR TYPE = LIOUIDo FLAT PLATE, 1 COVERo PAINT 
FINANCIAL SCENARIO--RESIDENCE ... CASH FLOW SUMMARY ••• 

(A) ([I) <C> ([I) <E> <F) <G> 
YR FUEL/UTILITY MAINT. PROPERTY ANNUAL TAX LOAN NET CASH 

SAVINGS +INSUR. TAX INTEREST SAVINGS PAYMENT FLOW 

.... 206. 
1 156. 21. o. 222. 1209. 406. 938. 
2 170. 23. o. 200. 68. 406. -190. 
3 185. 2S. o. 176. 60. 406. -185. 
4 202 •. 27. o. 148. so. 406. -180. 
5 220. 30. 21. 117. 47. 406. -109. 
6 240. '33. 23. 82. 36. 406. -186. 
7 261. 36. 2S, 44. 23. 406. -18:!. 
8 285 •. 40. 27. o. 9. o. 227. 
9 311. 44. 30, o. 10. o. :>46. 

10 339. 49. 33. o. 11. o. 269. 
11 369. 53. 36. o. 12. o. 291. 
12 402. 59. 40. o. 14. o. 317. 
13 438. 65. 44. o. 15. o. 345. 
14 478. 71. 49. o. 17. o. 375. 
15 S21. 78. 53. o. 18. o. 407. 
16 568. 86. 59, o. 20. o. 443. 
17 619. 95. 65. o. 22. o. 481. 
18 675. 104. 71. o. 24. o. 523. 
19 735. 115. 78. o. 27. o. 569, 
20 801, 126. 86, o. 29. o. 619. --------
TOTALS 7975. 1180. 740. 989. 1721. 2042. 4731. 

SOLAR INCENTIVE INCLUDED IN YEAR 1 TAX SAVINGS 1133.00 DOLLARS 

PAYBACK' TIME FOR FUEL SAVINGS TO EOUAL TOTAL INVESTMENT 
PAYBACK TIME FOR NET CASH FLOW TO OFFSET DOWN PAYMENT 
NET PRESENT WORTH OF SOLAR SAVINGS ••••••••• 
RATE OF RETURN ON NET CASH FLOW •••••••••••• 
ANNUAL PORTION OF LOAD PROVIDED ElY SOLAR [,, 
ANNUAL ENERGY SAVINGS WITH SOLAR SYSTEM 

TAX SAVINGS = INCOME TAX RATE X <C + Dl 
NET CASH FLOW = A - B - C + E - F 
ABOVE PAYBACK TIMES BAS'ED ON UN[IISCOUNTED DOLLARS 

Figure IV-5. (Cont.) 
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9.1 YEARS 
.2 YEARS 

1343.52 DOLLARS 
327.4 PERCENT 
85.9 PERCENT 
·9.4 MILLION BTUS 



TITLE% SUNNYVALErCA EXAHPLE 

COLLECTOR AREA 
STORAGE SIZE 
STORAGE COSTS 
COLLECTOR COSTS 
FIXED COSTS 

TOTAL COSTS 

40. 
60o 
60. 

teoo·. 
200. 

2060. 

SOLAR SYSTEH COST SUHHARY TABLE 

Figure IV-5. (Cont.) 

IV-50 



TITLE I 

MONTH 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
1l 
12 

ANNUAL 

NOTE 1 

NOTE 2 

SUNNYVALErCA EXAMPLE 

ENERGY BALANCE BY MONTH FOR 40.0 so. FT. COLLECTOR 

FRACTION AVERAGE USEFUL TOTAL USEFUL AUXILIARY CON.VENTIONAL 
BY SOLAR SOLAR .PER IoAY SOLAR ENERGY ENERGY SYSTEM ENERGY 

([ITU/DAY-SQ FT> <MIL l<TU/MO> <MIL l<TU/MO> <MIL BTU/MD> 

.693 519.6 .64 .31 1 .• 03 

.799 599.6 .67 .ta .93 

.aa1 66o;a .82 .11 1.03 

.903 677.6 .a1 .oa 1.00 

.909 681.7 .a5 .07 1.03 

.923 692.3 .a3 .06 1.00 

.939 704.3 .a7 .04 1.03 

.955 716.1 .a9 .03 1.03 

.947 710.3 .as .02 1.00 

.910 6a2.8 .as .oe 1.03 

.779 584.2 .70 .21 1.00 

.673 504',9 .63 .33 1.03 

.a60 9.41 1.53 12.17 

CONV, ENERGY AND SOLAR AUXILIARY ENERGY ARE GROSS VALUES 
<I.~. THEY ~NCLUDE TANK INSULATION AND/OR COMBUSTION LOSS> 

NET PRESENT WORTH OF SOLAR SAVINGS = RRESENT WORTH OF NET CASH 
FLOWS <FOR A 9.0 X I•ISCOUNT RATE> MINUS TilE I•OWN PAYMENT 

Figure IV-5. (Cont.) 
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TITLE I SUNNYVALErCA EXAHPLE 

COLLECTOR SIZE: iNPUT BY USER 

IIEST SOLAR COL'LF:CTOR SIZE FOR TILT ANGLE OF 45. DEGREES IS 40. so. FT, 
OOLL!:OTOR T'o'rl:' - LHIUIC.r P'LI'tT P·LATe:; ! LUVI:...:r ~'AlNI 

FINANCIAL SCENARIO--RESIDENCE 

us CASH FLOW SUHHARY sss 

<A> <It> <C> ([l) <E> 
YR FUEL/UTILITY tiAINT, F'ROf·ERfY ANNUI'IL TAX 

SAVINGS tlNSUR. TAX INTEREST SI'IVINGS 

1 156. 21. o. 222. 1209. 
2 170. :!3. o. 200. 68. 
3 185. 25. o. 176. 60. 
4 202. '2.7. o. 148. 50. 
5 220. 30. . ::>t. 117. 47. 
6 240. 33. 2J. 02. 36. 
7 261. 36. 25. 44. 23. 
8 285. 40. 27. o. 9, 
9 311. 44. 30. o. 10. 

10 338. "19. 33. o. . 11 .• 
11 369. ·53. 36• o. 12. 
12 402. ·59. 40. o. 14. 
13 438, 65. 44. o. 15. 
14 478. 71. • 19. o . 17. 
15 521. 78. 53. o. 10. 
16 560. 86. 59. o. 20. 
17 619. 95. 65. o. 2';!. 
ia 674. 104. 71. o. 24. 
19 735. 115. 78. o. 27. 
?0 . 801' 1:J6 • 06. o. ~9'. 

--------
TOTALS 7973. 1180. 740. 989. 1721. 

SOLAR INCENTIVE INCLUDED IN YEAR 1 TAX SAVINGS 

PAYBACK TIHE FOR FUEL SI'IVINGS TO EOUAL TOTAL INVESTMENT 
PAYIII'ICK TIHE FOR NET CASH FLOW TO OFFSEr DOWN PI'IYMENT 
NET PRESENT WORTH OF SOLAR SAVINGS ••••••••• 
kATE OF RETURN ON NET CI'ISII FLOW •••••••••••• 
ANNUAL PORTION OF LOAD PROVIDED BY SOLI'IR ,,, 
ANNUAL ENERGY SAVINGS wirH SOLAR SYSTEH 

TAX SAVINGS ~ INCOME TAX RATE X <C t D> 
N£T tASH FLOW = A - B - C + E - F 
A&OVE Pl'IY&ACK TIHES &ASED ON UNDISCOUNTED DOLLARS 

Figure IV-5. (Cont.) 
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<F> <O> 
LOAN NE r CI'ISH 

f'1WMENT FLOW 

-206. 
406 •. 938. 
406. -190, 
406. ··185. 
406. -181. 
106. -18?. 
406. ··106. 
406. -182. 

o. 227. 
o. 246. 
o . :as. 
o. 291·. 
o. 317. 
o. 34S, 
o •. 375. 
o. 407. 
o. 443. 
o. 4B1. 
o. 523. 
o. 569. 
o. oie. 

~842. 47;!9. 

1133, 00 DOLLARS 

9.1 YEARS 
.2 YEARS 

1:.143.03 DOLLARS 
:~~7. 4 f·ERCENT 
86.0 PERCENT 
9.4 MILLION &TUS 

• 



'•· 

TITLE I SUNNYVALErCA.EXAHPLE 

COLLECTOR AREA 
STORAGE SIZE 
STORAGE COSTS 
COLLECTOR COSTS 
FIXED COSTS 

TOTAL COSTS 

SOLAR SYSTEM COS,T SUHHARY TA8LE 

40. 
60. ·.· 
60. 

1800. 
200. 

2060. 

Figure IV~S. (Cont.) 
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TITLE I 

HONTH 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

ANNUAL 

tiOTC 

NOTE 2 

SUNNYVALErCA EXAMPLE 

ENE;;.C>T ltALANl:l:. IIY MONTH FOR 40,() so. FT. COLLECTOR 

FRil\rTTON llllf'"L•M:f Uili:F'UI. TOT/Ib UGC:rUL "'UIIfLIAI\'o' CuNVtN I liJNAL 
1IY SOLAR SOLI'IR PER ltAY SOL/\R ENEROY ENERGY SY5TEH I:NE:~OY 

<II rU/ItAY-SQ FT) <MIL IITU/110 l <MIL llTU/MO> <HlL BTIJ/HO) 

.711 533.3 .66 .29 1.03 

.808 605.8 .68 .17 ,93 

.872 654.1 .at .12 1.03 

.879 659.2 .79 .11 r.oo 

.872 654.1 .at .tl 1.0] 

.882 661.6 .79 .10 1.00 

.904 678.2· .84 .oe 1.03 

.931 698.1 .87 .06 1.03 

.945 709.6 .os .OJ 1.00 

.912 684.2 .as .o8 1.03 

.793 595.0 .71 .19 1 .oo 

.694 520.2 .65 .31 1.03 

.a5o • 9.31 1.66 12.17 

.... CONV• ENEROY AND SOLAR AUAiLfA~T I:.NI:.~UY ARE GROnS VALUES 
([,E, THC:Y INCI.UDE TIINK INSULATION AND/OR COMBUSTION LOSS> 

NET PRESENT WORTH OF SOLIIR SAVINGS = RRESENT WORTH OF NET CASH 
F'LOWS iFOK A Y.U X lllSt:OUNT RATE) HfNUS TilE [tOWN PAYMFiiT 

Figure IV-5. (Cont.) 
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TITLE I SUNNYVALEoCA EXAMPLE 

COLLECTOR SIZE INPUT BY USER 

BEST SOLAR COLLECTOR SIZE FOR TILT ANGLE OF" 52. DEGREES IS 40. so. FT. 
r.nl I F"r.TnR TYF'F" : 1 trllltn. Fl. AT f·L.ATEr 1 COVERr PAINT 
F"INANC IAL SCENARIO--RESIDENCE ... CASU FLOW SUMMARY ••• 

<A> (1'1) <C> ([\) <E> 
YR F"UEL/UTIL ITY HAINT. PROPERTY ANNUAL TAX 

SAVINGS +INSUR. TAX INTEREST SIWINGS 

1 154. 21. o. 222. 1209. 
2 168. 23. o. 200. 68. 
3 183. 25. o. 176. 60. 
4 199. 27. o. 148. so. 
:5 217. 30. :!1. 117. 47. 
6 . 2J7. 33. 23. 82. 36. 
7 258. 36. 25. 44. 23. 
8 282. 40. 27. o. 9. 
9 307. 44. 30. o. 10. 

10 334. 49. 33. o. 11. 
11 365. 53. 36. o.r· 12. 
12 397. 59. 40. o. 14. 
13 4J.J, 6:5. 44. o. 15. 
14 472. 71. 49. o. 17. 
1:5 515. 78. 53. o. 18. 
16 561. 86. 59. o. 20. 
17 611. 95. 65. o. 22. 
18 666. 104. 71. o. 24 • .. 
19 726. 11:5. 78. o. 2.7. 
20 792. 126. 86. o. 29. --------
TOTALS 7877. 1180. . 740. 989. 1721. 

SOLAR INCENTIVE INCLUDED IN YEAR 1 TAX SAVINGS 

PAYBACK TIME FOR FUEL SAVINGS TO EOUAL TOTAL INVESTMENT 
PAYBACK Ti~~ ~OR NET CASH ~LOW TO OF"F"SEl UOWN PAYMENI 
NET PRESENT WORTH OF" SOLAR SAVINGS ••••••••• 
RATE OF" RETURN ON NET CASH FLOW •••••••••••• 
ANNUAL PORTION OF" LOAD PROV I OED BY ·SOLAR , , , 
ANNUAL ENERGY SAVINGS WITH SOLAR SYSTEM 

TAX SAVINGS = INCOME TAX RATE X <C + D> 
NET CASH FLOW ~ A - B - C + E - F" 
ABOVE PAYBACK TIHES BASED ON UNDISCOUNTED OOLLARS 

Figure IV-5. (Cont.) 
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(f'") (0) 
LOAN NET CASH 

f'AYMENT FLOW 

-206. 
406. 936. 
406. -192. 
406. -187. 
406. -183. 
406. -192. 
406. -188 • 
406. -18:5. 

o. 223. 
o. 243. 
o. 264. 
o. 287. 
o. 312. 
o. 339. 
o. 369. 
o. 401. 
o. 436. 
o. 474. 
o. 515. 
o. 560. 
o. 609. 

2842. 463:5. 

1133.00 DOLLARS 

9.2 YEARS 
.2 Tt:ARS 

1309.28 DOLLARS 
J26.0 PERCENT 
85.0 PERCENT 
9.3 MILLION BTUS 



T 

SIOUX CtTY•IA EXAMPLE 
t. 8 8 8 

8 9 9 
I SOLAR SYSTEM TYPE FLAGS BY 

4t 2 2 2 
2 2 2 

I REFERENCE SYSTEM FUEl TYPE 

I SOLAR AUXILIAftY ~N~RGY FLAG 
to. 1 

I COLLECTOR TYPE FLAG 
12r .5000Ef01 

~ COLLECTOR AZIMUTH ~NOLE 
21r 3 

8 
0 • 

MONTH 
2 
2 • 

8 

2 

I FLAG FOR COLLECTOR AREA USED IN LCC ANALYSIS 
22r , 1000E+03 

I SPECIFIED-COLLECTOR AREA WHEN LINE 21=1• 2 OR 3 
25r 102 

I SITE LOCATION CODE 
4lr 3 

S SERVICE tlOT WATER LOAD - COMPUTE/INPUT FLAA 
49o , SSOOE-01 

I LOI'\D FOR WATER HEATING, ETC, IMIL I:IIU/llAU 
55 r , 2000E+03 

I -SOLAR SYSTEM FIXED COSTr DOLLARS 
56r .3500Ef02 

~ COST OF SOLAR SYSTEM• DOLLARS /SD.FT 
65. 1 

I FINANCIAL SCENARIO FLAGIRESo~USoNPO>: 1r2• OR 3 
66r O, .1000E+07 * 

S INCOME TAX CREDIT 
68r .1200E+OO 

I MU~TUAGE INIEREST RATEr PERCENT/YEAR 
69, , 7000E+01 

S LOAN TERHr YEARS 
73· .1000£-01 

S ~~OPERTY TAX RATEr FRACTION OF INITI~L COST 
74, , 2SOOE tOO 

S INCOME TAX RATEr !FRACTION> 
B2r ·.aoooE-01 

t-INFLATION FACTOR FOR MA!Nlo lNSURo PRUP TAXES 
?1r o6000E-01 .1000Et07 -,1000Et01 t 

I ENERGY COST SCHEDULE-ELECTRICITY 
101• .t200Et00 .OOOOEt01 .1000Et00 .12bOEt02 * 

I ESCALATION fABLE FOR ELECTRICITY 
tJt. 1 

I PRINTER - PLOTTER FLAG 
RUN 

TITLE: SIOUX CITYriA EXAMPLE 

8 0 

2 2 

Figure IV-6. Residential Solar Service Hot Hater 
System Analysis for Sioux City, IA 

IV-56 
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TITLE I SIOUX CITYoiA EXAMPLE 

----LISTING OF USER INPUTS AND SOLCOST DEFAULT VALUES----

LOCATION --SIOUX CITYoiA LATITUDE = 42,4 TILT ANGLES 42,4 49,9 57,4 
SERVICE WATER HEATING SYSTEM WITH 1.5 GAL STORAGE PER SOFT OF COLLECTOR 
COL. EFFIC. INTERCEPT = ,82 
COLo EFFIC, ,24 AT DEL T/FLUX = ,5 IIR·-F-SO FT/BTU 
INPUT SER. HOT WATER LOAD• .055 MILLION DTUS/DAY 
AUXIliARY ENERGY IS ELECTRIC LENGTII OF ANALYSIS 20,0 YEARS 

INITIAl COSTo 
INITIAL COSTo 
DOWN PAYMENTo 
LOA!'! TERM• 
INTEREST RATEr 
DISCOUNT RATEr 
INCOME TAX RATEr 
PROP, TAX RATEo 
INSURANCE RATEr 
MAINTENANCE RATEo 
GEN INFLATION• 

SOLAR SYSTEM TYPE 
TRANSPORT EFFIC. 
REF, FUEL TYPE 
REF, SYSTEM EFFIC, 
[oAil Y lOAD-MIL 8TU 
MEAN MJN TEMP. • F 
MEAN MAX TEMP, , r 
PERCENT POSS, SUN 

t .FIXED 
t/SO FT 
X OF IN. COST 
YEARS 
X 
X 
X 
X OF IN COST 
X OF IN COST 
X OF IN COST 
.X PER YEAR 

JAN FEB MAR 

8 8 8 
.90 .90 ,90 

ELEC ELEC ELEC 
o90 o90 .90 
.06 o06 .06 
e. 13. 23. 

28. JJ, .qJ, 
55 .• sa. 58, 

APR 

8 
.90 

ELEC 
.90 
.06 
37, 
61, 
59. 

SOLAR 
SYSTEM 

200.00 
35.00 
to.o 
7.0 

12.0 
9.0 

25.0 
i .o 

.5 

.s 
e.o 

MnY 

a 
.90 

JUN 

8 
.90 

ELEC ELEC 
.90 .9o 
.06 .06 
49. 59, 
73, at. 
63. 67. 

JUL 

0 
.90 

ELEC 
,90 
.06 
64. 
07. 
75. 

REFERENCE 
SYSTEH 

AUG 

0 
.90 

ELEC 
,YO 
.06 
6:?. 
01'.;. 
72. 

o.oo 

10.0 
7.0 

12.0 
9.0 

25.0 ' 
t.o 

.5 

.5 
e.o 

SEP 

9 
.90 

ELEC 
,90 
.06 
51. 
:>S. 
67. 

ocr 

8 
.90 

ELEC 
.90 
.06 
40. 
66. 
65. 

DAILY HOR, INSOL, 569. 842.1170.1570.1901.2124.2122.1845.1421.1038. 

NOV 

9 
.90 

ELEC 
,90 
,06 
26. 
/l7-

53. 
643. 

DEC 

0 
.90 

ELEC 
,90 
.06 
14. 
:1:1. 
so. 

469. 
HEATING DEG. DAYS 1457.1165. 986. 474. 189, 33, o. 10. 113. 378; 861.1297. 
SUPPLY WATER r F so. so. so. 50, so. so. 50. so. so. so. so. so. 
ENERGY COST DATA 

ELECTRIC • .060 PER UNIT FOR FIRST .100Ef07 UNliS 
ESCALATION RATE = 12.00 PERCENT FOR e. YEARS 
ESCALATION RATE = 10.00 PERCENT FOR 12. YEARS 

Figure IV-6, (Cont.) 
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TITLE% SIOUX CITY,IA EXAHPLE 

COLLECTOR AREA 100, 
~IU~AUE SIZE 150, 
STORAGE COSTS 1~0. 
COLLECTOR COSTS JSO~. 

FIXED COSTS 200, 

TOTAL COSTS 3850, 

SOLAR SYSTEH COST SUHHARY TABLE 

Ftgure IV-6. (Cont.) 
~ 
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TITLEt 

HONTH 

1 
2 
3 
4 
5 
6' 
7 
8 
9 

10 
11 
12 

ANNUAL 

NOTE 

NOTE 2 

SIOUX CITY,IA EXAHPLE 

ENERGY ~ALANCE ~y HONTH FOR 100.0 so. FT. COLLECTOR 

FRACTION AVERAGE USEFUL TOTAL USEFUL AUXILIARY CON\IENTIONAL 
BY SOLAR SOLI\R PER DAY SOLAR ENERGY ENERGY SYSTEM ENERGY 

I BTU/01\Y-SD FT> <HIL ~TU/110) <11IL IHU/110) 111ll liTIJ/110) 

.616 338.7 1.05 .71 1.09 

.737 405.3 1.13 .42 1. 71 

.806 443.6 1.38 .32 1.89 

.923 507.4 1.52 .12 1.83 

.967 531.8 1.65 .03 1o89 
1.ooo 553.7 1.65 .o.oo 1.83 
1.ooo 552.8 1. 71 o.oo 1o89 
1.ooo 556.1 1o71 o.oo 1.89 

.996 547.8 1o64 .oo 1.83 

.950 522.5 1.62 .05 1o89 

.742 408.4 1.23 .46 1.83 

.574 315.9 .98 .eo 1.89 

.860 17.26 2.92 22.31 

CONV, ENERGY AND SOLAR 1\IJXILII\RY ENERGY ARE GROSS VAlUES 
<I.E, .THEY INCLUDE TANK INSULATION 1\N[I/OR C011~USTION LOSS> 

NET PRESENT WORTH OF SOLAR SAVINGS = RRESENT WORTII OF NET C~SH 
·FLOWS !FOR A 9.0 X DISCOUNT RI\TE> HINUS THE DOWN PI\YHENT 

Figure IV-6. (Cont.) 
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TITLEl SIOUX CITYoiA EXAMPLE 

COLLECTOR SIZE INPUT BY USER 

BEST SOLAR COLLECTOR SIZE FOR TILT ANGLE OF 42. DEGREES IS 
~ULL~~IUW IYP~ • LlUUlUo ~LA! PLAJ~, 1 COVER• PAINT 
FINANCIAL SCENARIO--RESIDENCE 

100, SO. FT. 

YR 

1 
2 
3 
4 
5 
6 ., 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

CAl 
FUEL/UTILITY 

SAVINGS 

341. 
382. 
427. 
479. 
536. 
601. 

"'l· 753. 
829. 
912. 

1003. 
1103. 
1213. 
1335. 
1468. 
1615. 
1776. 
1954. 
2150. 
;!9l~. 

TOTALS 22485. 

ttt CASH FLOW ~~"ARY tts 

<B> 
MAINT, 

tiNSUR, 

38. 
42. 
4:5. 
18. 
52. 
57. 
61. 
66. 
71. 
77. 
83. 
90. 
97. 

lOS, 
113. 
1~2. 
132. 
142. 
~54, 
166. 

1761. 

<C> 
PROPERTY 

TAX 

38. 
42. 
4:5. 
48. 
52. 
57. 
6i. 
66. 
71. 
77. 
83. 
90. 
97. 

lOS. 
113~ 
122. 
132. 
142. 
~S4. 
166. 

1761. 

<D> 
ANNUAL 

INTEREST 

416. 
375. 
328. 
277. 
219. 
154. 
81. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

·o. 
o. 
o. 
<), 
o. 

1050. 

<E> 
TAX 

SAVINGS 

114. 
104. 
93. 
01. 
69. 
53. 
36. 
16. 
18. 
19. 
21. 
22. 
24. 
26. 
29. 
31. 
33. 
36. 
J8. 
·12. 

903. 

<F> 
LOAN 

f'AYHENT 

759. 
75?. 
759. 
759. 
759. 
759. 
759. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

5313. 

PAYRAC:K Tti1F FOR FIJFI. SAUTNflS TO F.:OIIIIL TOTAL TNVF.STHF.:NT •.. 
PAYBACK TIME FOR NET CAS~ FLOW TO OFFSET DOWN PAYMENT 

7.'\ 

10.3 
NET PRESENT WORTH OF SOLAR SAVINGS ••••••••• 
RATE OF RETURN ON NET CASH FLOW •••••••••••• 
ANNUAL PORTION OF LOAD PROVIDED BY SOLAR ••• 
ANNUAL ENERGY SAVINGS WITH SOLAR SYSTEH 

TAX SAVINGS = INCOME TAX RATE X <C + Dl 
NFT C:ASH FlOW= A- R- r. + F- F 
ABOVE PAYBACK TIMES BASED ON UNDISCOUNTED DOLLARS 

26?0.66 
17.9 
86.0 
17.3 

Figure IV-6. (Cont.) 
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<G> 
NET CASH 

FLOW 

-395. 
-381. 
-356. 
-327. 
-295. 
-259. 
-:w~. 
-172. 

6311. 
704. 
777. 
857. 
946. 

1044. 
1151. 
1270. 
1401. 
1546. 
1705. 
1880. 
26H. 

14170. 

YF.:Ail!; 
YEARS 
DOLLARS 
PERCENT 
PERCENT 
MILLION BTus 



' 

TITLE: SIOUX CITYoiA EXAMPLE 

PLOT NUMBER 1 

1 1 1 1 
2644. 1-------------------------------------------------· . 

1 1 
1 1 
1 1 
1 1 

2039. ---1 1 
1 * '1 
1 1 
1 * 1 
1 * 1 

1434. ---1 • 1 
1 * t 
1 * t 
1 * 1 
1 * 1 

828.6 ---1 • • 1 
1 * 1 
1 * 1 
1 1 
1 1 

223.4 ---J 1 
1 1 
1 1 

1 * 1 
1 • * • 1 ·-381. 9 1-·--·-·---------------------·-----------------·----1 

1 1 1 1 
4. 000 12; 00 20 0 00 o •. 8.ooo 16.00 

X AXI3 13 Lire Or ~Y~TCM CYC~nGl 
Y AXIS IS SYSTEM CASH FLOU STATUS CDOLLARSl 

Figure IV-6. (Cont.) 

/ 
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TITLE% SIOUX CITY.IA EXAHPLE 

COLLECTOR AREA 
STORAGE SIZE 
~f(JKAI,it: «.;Y:i!~ 
COLLECTOR COSTS 
FIXED COSTS 

TOTAL COSTS 

100. 
150. 
1;)1,1, 

3500. 
200. 

3850. 

SOLAR &YSTEM COST SUMMARY TABlE 

Figure IV-6, (Cont.) 
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TITLE: 

MONTH 

1 
2 
3 
4 
5 
6 
7 
9 
9 

10 
11 
12 

ANNUAL 

NOTE 1 

NOTE 2 

SIOUX CITYriA EXAHPLE 

ENERGY BALANCE BY HONTH FOR 100.0 so. FT. COLLECTOR 

FRACTION AVERAGE·. USEFUL TOTAL USEFUL 1\UXILIARY CONVENTIONAL 
BY SOLAR SOLAR PER DAY SOLI\R ENERGY ENERGY SYSTEM ENERGY 

( BTU/[oAY-SQ FT> <MIL BTU/MO> <MIL DTU/MO> <MIL. BTU/MO> 

.651 357.9 1.11 .66 1.99 

.759 417.0 1.17 .39 1. 71 

.907 443.9 1.39 .32 1.99 

.905 497.9 1.49 .1s 1.83 

.941 517.3 1.60 .07 1".99 

.979 538.6 1.62 .01 1.93 
1.000 553.0 1. 71 o.oo ·1.99 
1.000 557,5 1. 71 o.oo 1.99 

.993 545;9 1. 64 .01 1.93 

.960 527.9 1.64 .04 1.99 

.771 423.9 1.27 .41 1.83 

.606 333.4 1.03 .74 1.89 

* 17.35 .864 2.79 22.31 

CONV. ENERGY AND SOLAR 1\UXILIARY ENERGY ARE GROSS VALUES 
<I.E. THEY INCLUDE TANK INSULI\TION 1\ND/OR COMBUSTION LOSS) 

NET PRESENT loiORTH OF SOLAR SAVINGS = RRESENT WORTH OF NET CASH 
FLOioiS <FOR ~ 9.0 % DISCOUNT RI\TE> MINUS THE DOWN PAYMENT 

Figure IV-6. (Cont.) 
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TITLE I SIOUX CITYriA EXAMPLE 

COLLECTOR SIZE INPUT BY USER 

BEST SOLAR COLLECTOR SIZE FOR TILT ANGLE OF ~0. DEGREES IS 
COLLECTOR TYFE • LlaUIDr PLAT rLAT£r 1 COVC~t PAIHT 
FINANCIAL SCENARIO--RESIDENCE 

100, SO, FT. 

YR 

2 
J 
4 
s 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1:) 

10 
17 
18 
19 
20 

(A) 

FUEL/UTILITY 
SAVINGS 

J4J. 
384. 
430. 
482. 
540. 
605. 
677. 
759. 
834. 
918. 

1010. 
1111. 
1222. 
1344. 
14:-&. 
1626. 
1789. 
1968. 
2164. 
2955. 

--------
TOTALS 22639. 

ttt CASH FLOW SUMMARY ttt 

<B> 
MAINT, 

+INSUR. 

38. 
42. 
45. 
48. 

. 52. 
57. 
61. 
66. 
71. 
77. 
83. 
90. 
97. 

lOS. 
113. 
122. 
132. 
142. 
154. 
166. 

1761. 

<C> 
PROPERTY 

TAX 

JB, 
4"' ,. 
45. 
48. 

"52. 
57. 
61. 
66. 
71. 
77. 
8J, 
90. 
97. 

105. 
ilJ. 
122. 
132. 
142. 
154. 
166. 

1761. 

CD> 
ANNUAL 

INTEf;EST 

416. 
J:tS, 
328. 
277. 
219. 
154. 
81. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

1850. 

(E) 

TAX 
SI\VINC.5 

114, 
104. 
93, 
81. 
68, 
53. 
36. 
16. 
18. 
19, 
~1. 

22. 
~4. 
26. 
29, 
31. 
JJ, 
36. 
38. 
42. 

903, 

<F> 
LOI\N 

PAYMENT 

759. 
7SY. 
759. 
759. 
759. 
759. 
759. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

5313. 

PAYllACK TIME FOR FUEL SAVINGS TO EOUAL TOTAL INVESTMENT ... 7.5 
f'AYEtACK TIME FOR NET CASH FLOW TO OFFSET DOWN PAYMENT 10.3 
NET PRESENT WORTH OF SOLAR SAVINGS ......... ::!743.41 
RATE OF RETURN ON NET CASH FLOW ............ HI.O 
ANNUAL PORTION OF LOAD PROVIDED EtY SOLAR ... 06.4 
ANNUAL ENERGY SAVINGS WITH SOLAR SYSTEM 17.4 

TAX SAVINGS = INCOME TAX RATE X <C + D> 
N~T CASH fi..Q!ol = A - ~ - c + ~ - f' 
ABOVE PAYBACK TIMES BASED ON UNDISCOUNTED DOLLARS 

Figure IV-6. (Cont.) 

IV-64 

(0) 
tiET CASH 

FLOW 

-JG5. 
-379. 
-JSJ, 
-324. 
-292~ 
-25=s. 
-214. 
-160. 
643. 
710. 
783. 
864. 
954. 

1052. 
1161. 
1280. 
1412. 
1550. 
1718. 
1895. 
2665. 

14325. 

YEARS 
YEI\RS 
DOLLARS 
PERCENT 
PERCENT 
MILLION BTUS 



TITLE% SIOUX CITYriA EXAHPLE 

\ 
PLOT NUHliER 

1 1 1 1 
2665. 1-------------------------------------------------· 

1 1 
1 1 
1 1 
1 1 

2056. ---1 1 
1 • 1 
1 1 

1 * 1 
1 * 1 

1447. ---1 • 1 
1 . * 1 
1 * 1 
1 • 1 

1 * 1 
839.1 ---~ • * 1 

1 * 1 
1 * 1 
1 1 
1 1 

229.3 ---1 1 
1 1 
1 1 
1 • 1 

1 • * * 1 
-379.5 t-•--•-•------------------------------------------1 

1 1 1 1 
4.000 12.00 20.00 

o. a.ooo 16.00 

X AXIS IS LIFE OF SYSTEH <YEARS) 
Y AXIS IS SYSTEH CASH FLOW STATUS <DOLLARS) 

Figure IV-6. (Cont.) 
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TITLE I SIOUX CITYoiA EXAMPLE 

r.m I Fr.TnR ARF.A 
STORAGE SIZE 
STORAGE COSTS 
COLLECTOR COSTS 
FIXI!:D COSTS 

TOTAL COSTS. 

100. 
150. 
150. 

3500. 
zoo. 

3950. 

SOLAR SYSTEM COST SUMMARY TABLE 

Figur.e IV-n. (Cont.) 
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TITLE I 

HONTH 

1 
2 
3 
4 
5 
6 
7 
9 
9 

10 
11 
12 

ANNUAL 

NOTE 

NOTE 2 

SIOUX CITYoiA EXAMPLE 

ENERGY DALANCE 9.Y MONTH FOR 100.0 so. FT. COLLECTOR 

FRACTION AVERAGE USEFUL TOTI\L USEFUL 1\UX ILIARY CONVENTIONAL 
liY SOLAR SOLAR PER DAY SOLAR ENERGY ENERGY SYSTEM ENERGY 

1111 U/ Lllff•:iO I" f) UIIL DTU.'HOl (MIL RTIIIHn l <MIL IITU/t10! 

.670 369.6 1.14 . . 62 1.99 

.769 422.3 1.19 .36 1o 71 

.797 439.1 1.36 .35 1o99 

.967 476.9 1.43 .20 1.93 

.905 497.7 1.54 .14 1o99 

.951 522.9 1.57 :.06 1o93 

.969 533.0 1.65 .01 1.99 
1.000 551.9 1.71 .01 1.99 

.970 533.5 1.60 .01 1.93 

.961 529.9 1.64 .04 1oB9 

.797 433.0 1.30 .37 1.83 

.635 349.0 1.08 .72 1.99 

.957 17.20 2.09 22.31 

CONV. ENERGY AND SOLAR AUXILIARY ENERGY ARE· GROSS VALUES 
(I.E. THEY INCLUDE TANK INSULATION AND/OR COMBUSTION LOSS) 

NET PRESENT WORTH OF SOLI\R SAVINGS = RRESENT WORTII OF NET CASH 
FLOWS <FOR.A 9,0 ~ DISCOUNT RATE> MINUS TilE DOWN PAYHEHT 

Figure IV-6. (Cont.) 
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TITLE I SIOUX CITYriA EXAMPLE 

COLLECTOR SIZE INPUT BY USER 

BEST SOLAR COLLECTOR SIZE FOR TILT ANGLE OF S7. OEGREES IS 100. SO, FT. 
COLLECTOR TYPE = LIOUIDr FLAT PLATEr 1 COVER~ PAINT 
FINANCIAL SCENARIO--RESIOENCE 

ttt CASH FLOW SUMMARY ttt 

VR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
19 
19 
20 

(A) 

rUELIU'fiLiTY 
SAVINGS 

342. 
383. 
428. 
480. 
S3i. 
602. 
674. 
755. 
831. 
914. 

1005. 
1106. 
1216. 
1338. 
1472. 
1619. 
1781. 
1759. 
2154. 
294~. 

TOTALS 22539. 

< B_> 
MAINT. 

+INSUR, 

38. 
42. 
45. 
48. 
_:l2. 
57. 
61. 
66. 
71. 
77. 
93. 
90, 
97. 

105. 
113. 
12:!. 
132. 
142. 
154. 
166. 

1761. 

<G> 
PROPERTY 

TAX 

38. 
42. 
45. 
48. 
52. 
57. 
61. 
66. 
71. 
77. 
OJ, 
90. 
97. 

105, 
113. 

132. 
142. 
154. 
166. 

1761. 

([l) 

fiNNUAL 
INTEREST 

416. 
375. 
320. 
277. 
219. 
154. 
81. 
o. 
o. 
o. 
o. 
~;. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

1850. 

(E) 

TAX 
SAVINGS 

114. 
104. 
YJ, 
81.-
69, 
53. 
36. 
16. 
18. 
19. 
21. 
22. 
24. 
26. 
28. 
31. 
33. 
36. 
38. 
42. 

903. 

IF) 

LOAN 
PAYMENT 

759. 
759. 
759. 
759, 
759. 
759. 
759. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

5313. 

PAYBACK TIHE FOR FUEL SAVINGS TO EOUAL TOTAL INVESTMENT ••• 
PAYBACK TIME FOR NET CASH FLOW TO OFFSET f•OWN f'AYMENT 

7.5 
10.3 

2700.46 
17.9 

NET PRESENT WORTH OF SOLAR SAVINGS ••••••••• 
RATE OF RETURN ON NET CASH FLOW •••••••••••• 
ANNUAL PORTION OF LOAD PROVIDED BY SOLAR ••• 
ANNUAL ENERGY SAVINGS WITH SOLAR SYSTEM 

TAX SAVIN03 • INCOME TAX ftAT! X (C t D) 
NET CASH FLOW = A - 8 - C t E - F 
ABOVE PAYBACK TIHES BASED ON UNOISCOUNTED DOLLAR~ 

Flguw IV-6. (Conr.) 

• 

IV-68 

85.7 
17.2 

(fl) 

NET CASH 
FLOW 

-385, 
-380. 
-355. 
-326. 
-294. 
-258. 
-211. 
-171. 
640; 
706. 
779. 
1:160. 
949, 

1046. 
1155. 
1274. 
i405. 
1550. 
1709. 
1885. 
26Sl. 

14223. 

YEARS 
YEARS 
OOLLARS 
PERCENT 
PERCENT 
MILqON !HU5 



TITLE I SIOUX CITY•IA EXA"PLE 

PLOT NU"BER 

1 1 1 1 
1------------~------------------------------------· 
1 1 
1 1 1 1 
1 1 

204:5. ---1 1 

1 * 1 
1 1 

1 * 1 
1 * 1 

1438. ---1 * 1 
1 * 1 
1 * 1 
1 * 1 
1 .• 1 

831.8 ---1 * * 1 
1 * 1 
1 * 1 
1 1 
1 1 

225.4 ---1 1 
1 1 
1 1 

1 * 1 
1 * * * 1 -381.1 1-·--·-·------------------------------------------1 

1 1 1 1 
4.000 12.00. 20.00 

o. a.ooo 16.00 

X AXIS IS LIPE OF SYSTEM <YEARS) 
Y AXIS IS SYSTEM CASH FLOW STATUS !DOLLARS> 

Figure lV-6. (Cont.) 
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T 

HADISON,WI EXAHPLE 
1. 7 7 7 7 7 7 

7 7 7 7 * 
I SOLAR SYSTEH TYPE FLAGS 8Y HONTH 

4. 4 4 4 4 4 4 
4 4 4 4 * 

t REFERENCE SYSTEH FUEL TYPE 
6, 4 

t SOLAR AUXILIARY ENERGY FLAG 
10. 7 

t COLLECTOR TYPE FLAG 
2h 3 

t FLAG FOR COLLECTOR AREA USED IN LCC ANALYSIS 
22, • 6000E +03 

t SPECIFIED COLLECTOR AREA WHEN LINE 21•1• 2 OR 3 
25. 303 

t SITE LOCATION CODE 
40, 2 

I DUILDING LOAD COHPUTE HETHOD FLAG 
42, .8000E+01 

·S OUIU•ING IlEAl LO!lS FACTOR <liTU/DEG-DAY-SD.FT> 
43, o1200Ef04 

S DUILDING FLOO~ AREA <SO.FT) 
55, .S000Et03 

S SOLAR SYSTEH F.IXED COST, DOLLARS 
56 r , 3000E t02 

S COST OF SOLAR SYSTEHo DOLLARS /SD.FT 
65r 1 

t FINANCIAL SCENARIO FLAO<RESoDUS,NPOll 1,2, OR 3 
66, o. .1000£+07 * 
74r 

82. 

93. 

103. 

131r 

RUN 

TITLE I 

t INCOME TAX CREDIT 
.2100E+OO 
S INCOHE TAX RATEr <FRACTION) 
.eoooE-01 
$ INFLATION FACTOR FOR MAINT, INSUR• PROP TAXES 
.4~00Et00 .1000Et07 -,1000Et01 t 
$ ENCr•GY COST SCHEDULE -PROPANE 
, 1800EtOO , 6000Et01 • 1400Et00 • SOOOE+01 , 1100Et0.0 
$ESCALATION TAIILE FOR LP GAS, 

1 . 

t PRINTER - PLOTTER FLAG 

MADISONoWI EXAHPLE 

7 7 

4 4 

,9000Et01 * 

Figure IV-7. Residential Air Solar Space Heating 
Systen Analysis for Hadison, WI 
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TITLE I MADISON,WI EXAHPLE 

----LISTING OF USER INPUfS AND SOLGOST DEFAULT VALUES----

LOCATION --MADISON•Wl L~TITUDE = 43.1 TILT ANGLES 43,1 50.6 58.1 
AIR SOLAK ~~~ltM wiTH 30.0 L~9 or ROC~ OTOnAC[ P(R GO ~T 0~ cm.l~~TnR 

COL. EFFIC, lNI~K~~~~ s .&v 
COL, EFFIC, .17 AT DEL T/FLUX = ,S HR-F-SO FT/9TU 
INPUT SPACE HEAT U-VALUE • 8.00 FTU/(F-DAY-50 FT> FLOOR AREA= 1~00. SO FT 
INPUT SER. HOT WATER LOAD• 0.000 MILLION FTUS/DAY 
AUXILIARY ENERGY IS LP GAS LUIIHit OF ANALYSIS ::>0.0 YEARS 

INITIAL COST• 
INITIAL COST• 
DOWN PAYMENT• 
LOAN TERM• 
INTEREST RATE• 
DISCOUNT RATE• 
INCOME TAX RATEo 
f"ROP. TAX RATE• 
INSURANCE RATE• 
MAINTENANCE RATEo 
GEN INFLATION• 

SOLAR SYSTEH TYPE 
TRANSPORT EFFIC. 
COL. INLET TEHP, 
REF. FUEL TYPE 
REF. SYSTEH EFFIC. 
DAILY LOAI•-MIL BTU 
MEAN MIN TEMP. , F 
MEAN MAX TEHP., F 
PERCENT f'OSS. SUN 
DAILY HOR. INSOL. 
HEATIIIG DEG. D/\Yii 
SUPPLY WATER ' F 
ENERGY COST DATA 

LP GAS • .4~0 ESCALATION RATE : 

ESCALATION RATE = 
ESCALATION RATE "' 

t· FIXED 
t/S!l FT 
% OF IN. COST 
YEARS 
X 
% 
% 
%OF IN COST 
% OF IN COST 
% OF IN COST 
% PER YEAR 

SOLAR 
SYSTEM 

soo.oo 
30.00 
10.0 
20.0 
9.0 
9.0 

21.0 
o.o 

.5 

.5 
e.o 

REFERENCE 
SYSTEM 

o.oo 
10.0 
~o.o 
9,0 
9.0 

21.0 
o.o 

.5 

.s 
8.0 

JAN FEB MAR APR HAY JUN JUL AUG SEP OCT NOV DEC 

7 7 7 7 7 7 7 7 7 7 7 7 
.9S ,95 ,95 .9S .95 .95 .9S ,9S .9S .95 .95 .95 
70. 70. 70. 70, 70. 70. 70. 70. 70. 70. 70. 70. 
LPG LPG· LPG LPG LPG Lf·G LPG LPG Lf·G LPG LPG LPG 
.70 .70 .70 .70 .70 .70 .70 ,70 .70 .70 .70 .70 
.46 .43 .33 .19 ,09 .02 .oo .01 .06 .15 .29 .41 
e. 11. 21. 35. 45. 55. 59. 57. 49. 39. :!6. 14. 

25. 30. 39. 56. 67. 77. 81. 80. 71. 61. 43. 30. 
44. 49. 52. S3. sa. 64. 70. 66. 60. 56. 41. 39. 

~1S. 904.1136.139.9.1743.1948.1934.1708.1299. 911. 504. 389. 
1494.12'52 .. 1079. ~91. -:!.97. 7"Z. 14. 39. 173. 474. 909,1336. 

so. so. ~o. so. so. ~o. so. 50. so. 50. so. so. 

PER UNIT FOR FIRST .100Ei·07 UNITS 
18.00 PERCENT FOR 6. YEARS 
14.00 PERCENT FOR s. YEARS 
11.00 PERCENT FOR 9. YEARS 

Figure IV-7. (Cont.) 
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-TITLE I HADISONoWI EXAHPLE 

SOLAR SYSTEM COST SUHHARY TABLE 

COLLECTOR-AREA 600·. 
:,IUt.:Rl>l:. ~ILl:. 1:;. 
STORAGE COSTS 750. 
COLLECTOR COSTS 18000 •. 
FIXED COSTS 500. 

TOTAL COSTS 192:50. 

.. 
Figure IV-7 . (Cont.) 

• ·• t. 

·.·. 

~ · .. 
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TITLE I 

HONTH 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

ANNUAL 

NOTE 

NOTE 2 

HADISONrWI EXAHPLE 

ENERGY BALANCE BY HONTH FOR 600.0 so. FT. COLLECTOR 

FRACTION AVEfi:AO£ USEFUl_ TOTAL USEFUL AUXILIARY CONVENTIONAL 
BY SOLAR SOLAR PER DAY SOLAR ENERGY ENERGY $'(S1EH £NERDY 

< lrTU/[IAY-SO FT> <HIL Ir'TU/HO> <HIL liTU/MO> <MIL BTU/HO> 

.419 323.4 6.02 11.90 20.49 

.638 456.6 7.67 6.21 17.17 

.989 551.0 10.25 .16 14.80 
1.000 658.3 5.67 o.oo 8.11 
1.000 823.2 2.SS o.oo 4.07 
1.000 960.5 .69 o.oo ,99 
1.000 1032.4 .13 o.oo .19 
1.000 1007.2 .37 o.oo .sJ 
1.ooo 855.4 1.66 o.oo 2.37 
1.000 "677.8 4.55 o.oo 6.50 

.655 31"7. 8 5.72 4.30 12.47 

.349. 240 •. 4 4.47 11.93 18.32 

.673 *. 50.06 34.50 106.01 

C6NV. ENERGY·AND SOLAR AUXILIARY ENERGY ARE GROSS VALUES 
<I.E, THEY INCLUDE TANK INSULAriON AND/OR COMBUSTION LOSS> 

NET F'RESENT WORTH OF SOLAR SAVINGS = RRESENT WORTtf OF NE·r CASH 
FLOWS <FOR A 9.0 X DISCOUNT RATE> MINUS TlfE IrOWN PAYMENT 

Figure IV-7. (C6nt.) 
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\ 

TITLE: MADISONoWI EXAMPLE 

COLLECTOR SIZE INPUT BY USER 
., . 

I) EST SOLAR. COLLECTOR SIZE FOR· TILT 1\NGLE OF 43, DEGREES IS :- 600, SQ, FT, 
COLLF~TOR TYrE = 1\IRr Fli\T PLI\TCo I COVE~• PAINJ 
FINANCIAL SCENARIO--RESIDENCE 

ttt CI\SH FLOU SUMMARY tU 

YR 

1 
2 
3 
4 
5 
6 
7 
R 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

CA> 
FUEL/UTILITY· 

SAVINGS 

328.· 
387. 
457. 
539.· 
636. 
751. 
856, 
976. 

1113. 
1268, 
1446. 
1605. 
178;? •. · 
1978. 
2195. 
2437. 
2705. 
300~. 
3332. 
3699. 

TOTALS 31492, 

(8) 
MAINT, 

+INSUR. 

192. 
200. 
225. 
242. 
262. 
28J. 
305. 
330. 
356. 
385. 
416.· 
449. 
4i5. 

•524. 
565. 
611. 
659. 
712. 
769. 
831. 

9809. 

<C> 
PROPERTY 

TAX 

o. 
o. 
o ... 
o. 
o. 
o. 

, ··o. 
o. 
o. 
o. '. 

... 0·. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

.CD>.· 
1\NNUAL 

INTf.REST 

1559. 
1529. 
14'}6, 
1459. . 
11120. ,. 
1377. 
1330. 
1279. 
1:!23. 

--· 162. 
1096. 
1024. 
~ ~145. 

.()60. 
766. 
664. 
553. 
432, 
300. 
157. 

20631. 

CE> 
TAX 

SI\VINGS 

327. 
3::!1. 
314. 
306. 
298. 
289. 
279. 
269. 
257. 
24'!\ •. 
230. 
215. 
·1'/Y, 
1'81. 
161. 
140. 
116. 
91. 
63. 
'33. 

4333. 

CO) CF> 
LOAN 

PAYMf.N_T 
NET CASH· 

FLOW 

-1898. 
19,98, 

.1fl98, 
'1,89!!, 
1.99;8. 
1898. 
1898. 
1898. 
1898. 

. , 1898,.', ... 
'• •1890. 

1898. 
HIYI), 

. ~098. 
1B98, 
1898. 
~099, 
1898. 
1899. 
1899. 

J7'i'60. 

-1925. 
-1434··· 
-1396 .. ' 
-1l5o·. ~ .. 
-1294. 
-1224,,,. 
-1140." 
-1067. ~ 
-982. 
-884. 
-769 • 
-.636. 
-526. 
-401; 
-262·. 
-106. 

69. 
263. 
403. 
729. 

1003. 

-17.fl5t. 

PAYBACK TIME FOR FUEL SAVINGS TO EOUI\l TOTAL INVESTMENT,,, 
PAYBACK TIME FOR NET CASH FLOW TO OFFSET ~OWN PAYMENT 

16.2 
o.o 

-9037.46 
o.o 

67.5 
50.1 

YEARS 
YEARS 
[IOLLI\RS 
PERCENT 
PI!:RCI!:NT 
MILLION 

NET PRESENT UORTH DF 3QLAR SA~INGS ••••••••• 
RATE OF RETURN UN NET CASH FLOW •••••••••••• 
ANNUAL PORTION OF LOAD PROVIDED &Y SOLAR,,, 
ANNUAL ENERGY SAVINGS WITH SOLAR SYSTEM 

TAW OAVIH03 • INCOri~ IHA HAl~ X CC + D) 
NET CASH FLOW • A - B - C + E - F 
ABOVE PAYBACK TIMES BASED ON UNDISCOUNTED DOLLARS 

Figure lV-7. (Cont.) 
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TITLE I HADISON•WI EXAHPLE 

PLOT NUHBER 

1 1 1 1 
1003. 1--------------------------------------~----------· 

1 1 
1 1 
1 * 1 

. 1 ... 
---1 * 1 

1 1 
1 1 

1 * 1 
1 1 

29.02 ---1 * 1 
1 ·* 1 
·1 1 . 

1 * 1 
1 * 1 

-459.:5 ----1 i 
i * 1 
1 * 1 
1 * . t" 
1 * 1 

-947.1 ---1 * 1 
i * 1 
1 * 1 
1 * 1 
1 * * 1 

-1435; 1-·--·---------------------------------------------1 
1 1 1 1 

4.000 12.00 20 .. 00 
o. e.ooo 16.00 

X AXIS IS LIFE OF SYSTEH CYEARS> 
Y AXIS IS SYSTEH CASH FLOW STATUS CDOLLARS> 

Figure lV-7. (Cont.) 
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TITLE: HADISON,Ul EXAMPLE 

COLLECTOR AREA 
STORAOE SIZ!: 
CTOOI\GC CO::IT::l 
COLLECTOR COSTS 
FIXED COSTS 

TOTAL COSTS 

600. 
. t~. 

7::10. 
18000 •. 

soo. 

19250. 

SOLAR SYSTEM COST SUHHARY TABLE 

Figure IV-7. (Cont.) 

..... 
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TITLE I 

HO!'ITH 

1 
2 
3 
4 
5 
6 
7 e 
9 

10 
11 
12 

IINNUAL 

NOTE 

NOTE 2 

HADISONoWI EXAHPLE 

ENERGY l<ALANCE BY HONTH FOR 6oo.o sa. FT. COLLECTOR 

FRACTION AVERAGE USEFUL TOTAL IJ!'>EFIIL AUXILIARY CONVENTIONAL 
BY SOLAR SOI,AR f'ER DAY SOLI\R ENF.RGY ENERGY SYSrEH ENERGY 

<BTU/DAY-Sa FTl <HIL BTU/110) <HlL BTU/HOI <HIL DTU/HOl 

.448 345.1 6.42 11.32 20.49 

.664 475.3 7.98 ·S, 76 17.17 

.983 547.6 10.18 .25 14.00 
1.000 630.9 5.67 o.oo 8.11 
1.ooo 774.4 2.85 o.oo 4.07 
1.000 899.3 .69 o.oo .99 
t.ooo 9.74.2 o13 o.oo .19 
t.ooo 967.3 .37 o.oo .53 
1.000 843.2 1.66 o.oo 2.37 
1.000 688.9 4.55 o.oo 6.50 

,691 335,0 6.03 3.95 12.47 
.374 259.2 4.80 11.46 18.32 

.692 51.36 32.65 106.01 

CONV, ENERGY A'ND SOLI\R 1\UX I LI IIRY ENERGY ARE GRUSS VALUES 
<I.E, THEY INCLUDE TI\NK INSULATION liND/OR COMBUSTION LOSS) 

NCT PRESENT. WORTH OF SOLIIR SI\VJNGS = RR[StNT WORTH OF NET CASH 
FLOWS <FOR A ·9,0 ~ DISCOUNl RATE> HJNUS THE DOWN PAYHENT 

Figure IV-7. (Cont.) 
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TITLE: MADISONrWI EXAMPLE 

COLLECTOR·SIZE INPUT BY USER 

BEST SOLAR COLLECTOR SIZE FOR TILT ANOI.E bF 51. DEGREES I~· 600. SO. FT. 
COLLECTOR TYPE = AIR• FLAT PLATEo 1 GQVERr PAINT 
tlNAN~lAL SCENARIO--RES~~ENt~ 

YR 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
~0 

(A) 

FUEL/UTILITY 
SAVINGS 

337. 
397. 
469. 
:553. 
653. 
770. 
878. 

1001. 
1141. 
1301. 
1483. 
1647. 
1828. 
2029. 
<:<!S2r 
2500. 
2775. 
3080. 
3419, 
:179!'i. 

~•" o• o ~-•--

TOTALS 32308. 

PAY8ACK TIME FOR 
PAYBACK TIME FOR 
NET PRESENT WORTH 
RATE OF RETURN ON 

FUEL 
NET 

OF 
NE-:-

$$S CASH FLOW SUMMARY SSt 

((lj 

MAINT, 
tiNSUR, 

192. 
:we. 
225. 
:!.,:!. 
262. 
283. 
305. 
330. 
356. 
385. 
416. 
449. 
485. 
S:Z4. 
565. 
611. 
659. 
712. 
769. 
R~!' 

0809. 

~~, 

PROPERTY 
TAX 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
n. 
o. 
o. 
o. 
o. 
1). 

o. 

(11) 

ANNUAL 
INTEREST 

1559. 
1529. 
1496. 
1459. 
1420. 
1377. 
t:-1:10. 
1279. 
1223. 
1162. 
1096. 

.. 1.024. 
945. 
860. 
7,t,A, 
664. 
SSJ, 
43::!. 
:~nn. 

l6;t, 

20631. 

11=.:) iF> 
TAX LOAN 

SAVINGS· PAYMENT 

327. 1098. 
3::!1. 10?0. 
314. 1098. 
306. 1090. 
:!9A. 10?8. 
289. 1B9B, 
?79, 101'0. 
269. 1898. 
257. 1898. 
244. 1898. 
::!30. tBYB. 
215. 1098. 
199. 1890. 
181. 1898. 
161. .. ' 10?0. 
140. 1899. 

. 116. 1890. 
91, 1898. 
6]. 1898. 

""' 16'111; 

.ti333. 37960. 

Si\VINGS TO EOUAL TOTAL INVESTMENT ... 16.0 
CASH FLOW TO OFFSET [I OWN PAYMENT o.o 
SOLAR SAVINGS ......... -9570.52 

CAS II FLOW ............ o.o 
ANNUAL f·ORTION OF LOI\D PROVIDED £tY SOLAR ... 69.::! 
ANNUI\L ENERGY SAVINGS WITH SOLAR SYSTEM 51.4 

TAX SAVINGS = INCOME TAX RATE X (C t 0) 
NET CASH FLOW = A .., B - c t E - F 
AE<OVE F'AYMCK TIMES I•A5E£t ON UNOlSCUUNTED [tOLLARS 

Figure IV-/. (Cont.) 
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(0) 
NET· CASH 

FLOW 

-192:5. 
-1425. 
-1386. 
-1338. 
·-1200. 
-1208. 
-1120. 
-1016. 
-957. 
-ass. 
-736. 
-599. 
-484. 
-355. 
-211. 

. ' 4'7' • 
1'31. 
333. 
560. 
015. 

10?1. 

-12035. 

YEARS 
YEARS 
DOLLARS 
PERCENT 
f'Ef!~ENT 

HILLION BTUS 



TITLEI HADISON•WI EXAHPLE 

PLOT NUHBER 1 

1 l 1 1 
1099. 1---------------~---------------------------------· 

1 1 
1 -1 
1 * 1 
1 1 

593.8 _.;._1 * 1 
1 1 
1 1 
1 * 1 
l l 

ss.s2 ---1 * 1 
l * l 
l 1 

l * l 
l * l 

-416.2 ---1 l 

1 * l 
1 * l 
l * l 
l * l 

-921.2 ---1 * 1 
1 * l 
l * l 

.1 * 1 
l * • 1 

-1426. .l-·--·--------------------------------------------1 
1 1 1 l 

4.000 12.00 20.00 
o. o.ooo 16.00 

X AXIS IS LIFE OF SYSTEH <YEARS> 
Y AXIS IS SYSTEH CASH FLOW STATUS <DOLLARS) 

Figure IV-7. (Cont.) 
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TITLE: HADISONoWI EXAHPLE 

COLL~CTOR 14i.:tA 
STORAGE SIZE 
STORAGE COSTS 
COLLECTOR COSTS 
F'!l(EI:' CO~T~ 

TOTAL COSTS 

600. 
l:S. 

7:50. 
18000. 

600. 

19250. 

SOLAR SYSTEH COST SUHHARY TABLE 

Figur.e IV-7. (Cont.) 
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TITLE I 

HONTH 

1 
2 
3 
4 
5 
6 
7 
9 
9 

10 
11 
12 

ANNUAL 

NOTE 1 

NOTE 2 

HADISONrWI EXAHPLE 

ENERGY 9ALANCE BY HONTH FOR 6oo.o sa. FT. COLLECTOR 

FRACTION AVERAGE USEFUL TOTAL USEFUL AUXILIARY CONVENTIONAL 
BY SOLAR SOLAR F'ER DAY SOLAR ENERGY ENERGY SYSTEH ENERGY 

(BTU/DAY-SO FTl (MIL HU/MO) <MIL llTU/MO> <MIL 9TU/HO> 

.466 359.2 6.69 10.94 20.49 

.676 483.9 9.13 5.56 17.17 
,959 ·533.9 9.93 .61 14.90 

1.000 593.6 '5,67 o.oo 9.11 
1.ooo 715.3 2.9!5 o.oo 4.07 
1.ooo 927.4 .69 o.oo .99 
1.000 904.7 .13 o.oo .19 
1.ooo 915 •. 4 .37 ·0.00 .53 
1.000 919.9 1.66 o.oo 2.37 
1.ooo 699.6 4.55 o.oo 6.50 

.714 346.0 6.23 3.57 12.47 

.392 270.3 5.oJ 11.14 19.32 

.700 51.93 31.93 106.01 

CONV, ENERGY AND SOLAR AUXILIARY ENERGY ARE GROSS VALUES 
<I.E, THEY INCLUDE TANK INSULATION AND/OR COMDUSriON LOSS) 

NET PRESENT IJORTH OF SOLAR SAVlNllS = RRESENT WORTtt OF NET C~SH 
FLOWS <FOR A 9.0 ~ DISCOUNT RATE> MINUS THE DOIJN PAYMENT 

Figure IV-7. (Cont.) 
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TITLE I HADISON.Wl EXAMPLE 

COLLECTOR SIZE INPUT BY USER 

~£~1 ~ULA~ ~ULLlCTOR SIZE ~0~ tiLT ANGLE OF 58, DEGREES IS 
COLLECTOR TYPE = AIR, FLAT PLATEr 1 COVER• PAINT 

600, SO, FT. 

FINANCIAL ·scENARIO--RESIDENCE . . 
ttt CASH FLOW SUHMARY ttt 

YR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

(A) 

FUEL/UTILITY 
SAVINGS 

341. 
402. 
474. 
559. 
660. 
779. 
see. 

1012. 
1154' 
1316. 
1500. 
1665. 
18dfl. 
2051. 
2277. 
2528. 
2806. 
3114. 
3457. 
3837. 

TOTALS 32668. 

( 8) 
HAINT, 

tiHSUR. 

191.. 
:!08. 
225. 
242. 
262. 
283, 
305. 
330. 
:I:S6. 
3~. 
414. 
449, 
485. 
S24. 
545. 
611. 
659. 
712, 
749. 
831. 

8809, 

CC> 
F'ROF'ERTY 

TAX 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

o. 

CD> 
ANNUAL 

lNII::REST 

1559. 
1529. 
1496. 
1459. 
1420. 
1377. 
1330. 

. 1279. 
1~~J. 

1162. 
1096. 
1024. 
~'115. 

860. 
766. 
664. 
553. 
432. 
300. 
157. 

:.!0631. 

CE) 
TAX 

SAVINGS 

327. 
321. 
314. 
306. 
298. 
289. 
279. 
:!69. 
::!::17. 
244. 
230. 
215. 
199; 
161. 
161. 
140. 
116. 

91. 
63. 
33. 

4333. 

(F) 

LOAN 
PAYMENT 

1898. 
1898. 
1890. 
1898. 
1898. 
1898. 
1898. 
1898. 
19·;a •. 
1998. 
1898. 
1898. 
18,8. 
1898. 
1898. 
1898. 
1898. 
1898. 
1898. 
1898. 

37960. 

(Q) 

NET CASH 
ROW 

-192:5. 
-1421. 
-1382. 
-1333. 
-127J. 
-1200. 
-1112. 
-!OJ:S, 
-946. 
-U4:.!. 
-722. 
-582. 
-466. 
~335. 

-188. 
-24. 
159. 
364. 
59:5. 
853. 

1141. 

-11674. 

PAYBACK TIME FOR FUEL SAVINGS TO EOUAL TOTAl. tNUESTHENT ,,, lS.9 YEARS 
~AYBACK TIME FOR NET CASH FLOW TO OFFSET DOWN PAYMENT 0.0 YEARS 
NET PRESENT WORTII OF SOLAR GAVINGS ••••••••• 
RAl~ U~ K~IUNN UN NET CASH FLOU •••••••••••• 
ANNUAL PORTION OF LOAD ·f'ROVHoED BY SOLAR , , , 
ANNUAL ENERGY SAVINGS WITH SOLAR SYSTEM 

TAX SAVINGS = INCOME TAX RATE X CC t 0) 
"ET CI\CII rLOW • A - R - l': + r. - rr 
ABOVE PAY~ACK TIMES DASED ON UNDISCOUNTED DOLLARS 

Figure IV-7, (Cont.) 
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-9452,27 nOI.LARS 
0.0 PERCENT 

70.0 PERCENT 
51.9 MILLION BTUS 



TITLE I MADISONrWI EXAMPLE 

PLOT NUH8ER 

1 1 1 1 
1141 •. 1-------------------------------------------------· 

1 1 
1 1 
1 • 1 
1 1 

---1 • 1 
1 1 
1 1 
1 • 1 
1 1 

115.8 ---1 • 1 
1 • 1 
1 1 
1 • 1 
1 • 1 

-397.0 ---1 1 
1 • 1 
1 • 1 
1 • 1 
1 • 1 

-909.7 '---1 • 1 
1 • 1 
1 • 1 

; 1 • 1 
1 • • 1 

-1422. 1-·--·--------------------------------------------1 
1 1 1 1 

4.000 12.00. 20.00 
o. a.ooo 16.00 

X AXIS IS LIFE OF SYSTEM <YEARS> 
Y AXIS IS SYSTEM CASH FLOW STATUS <DOLLARS> 

Figure IV-7. (Cont.) 
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T 

ALBANYr NY EXAMPLE 
l• 9 9 9 

9 9 9 
S SOLAR SYSTEM TYPE FLAGS BY 

4• 2 2 2 
2 2 2 

s REFERENCE SYSTEM FUEL TYPE 
6r 4 

t SOLAR AUXILIARY ENERGY FLAG 
lOr 2 

t COLLECTOR TYPE FLAG 
fJ, .~ooOtiO~ • 

9 

9 * MONTH 
2 

2 * 

• COLLE~iUK IILI ANbL~~' U~UK~~S 
21r 0 

9 

2 

t FLAG FOR COLLECTOR AREA USED IN LCC ANALYSIS 
25r 199 

t SITE LOCATION CODE 
49r , SOOOE-01 

S LOAD FOR WATER HEATINGr ETC. <MIL BTU/DAY) 
55, , 2000E +OJ 

$ ~OLAR SYSTEM FIXED COSTr DOLLARS 
56, , 2500E t02 

S COST OF SOLAR SYSTEMr DOLLARS /SO,FT 
S7r .9000Et00 ~ 

t LIOUID STORAGE COST <DOLLARS/GALLON> 
60r 0. · 

t REFERENCE SYSTEM FIXED COSTr DOLLARS 
6Sr 1 

t FINANCIAL SCENARIO FLAG<RESr~USrNPO>: 1r2r OR 3 
66r 0. ,1000Et07 * 

S INCOME TAX CREDIT 
{.a, .12ooEtoo 

t MORTGAGE INTEREST RATEr PERCENT/YEAR 
69. • 7000£+01 

s LOAN TERM, YEARS 
7n, . ?()00f. tOO 

S DOWN PAYMENT CFRACTION OF INiTIAL COST) 
74, , 2000t tOO 

t INCOME TAX RATEr <FRACTION) 
S2r ,9000£-01 

t INFLATION FACTOR FOR MAINTr INSURr PROP TAXES 
04o J 

t FLAG FOR COLLECTOR OPTIMIZATION OPTION 
91r .5000E-Ol .1000Et07 .1000Et00 * 

t ENERGY COST SCHEDULE-ELECTRICITY 
93r .4~00Et00 .1000E+07 .1000£+00 * 

" ENERGY COST SiCHii:toUL.Ii:-PROPANE 
131. 1 

t PRINTER - PLOTTER FLAG 
RUH 

TITLE: ALBANYr NY EXAMPLE 

9 9 

2 2 

Figure IV-8. Residential Solar Service Hot Water 
System Analysis for Albany, NY 

IV-84 
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TITLE l AL~ANYo NY EXAHPLE 

----LISTING OF USER INPUTS AND SOLCOST DEFAULT VALUES----

LOCATION --AL~ANYoNY LATITUDE = 42.8 TILT ANGLES 40.0 
SERVICE WATER HEATING SYSTEH WITH 1,5 GAL STORAGE PER SOFT OF COLLECTOR 
COL, EFFIC, INTERCEPT " .67 
COL, EFFIC, ,30 AT DEL T/FLIJX = .s IIR-F-SO FT/~TU 
INPUT SER, HOT WATER LOAD• .050 MILLION DTUS~DAY 
AUXILIARY ENERGY IS LP GAS LENGTII OF ANALYSIS 20.0 YEARS 

SOLAR REFERENCE 
SYSTEH SYSTEH 

INITIAL COSTo $ FIXED 200.00 o.oo 
INITIAL COSTo t/50 FT 25.00 
DOWN PAYHENTo X OF IN, COST 20.0 20.0 
LOAN TERHo YEARS 7.0 7.0 
INTEREST RATEo X 12.0 12.0 
DISCOUNT RATE• X 9.0 9,0 
INCOHE TAX RATE, X 20.0 20.0 
PROP, TAX RATE, X OF IN COST o.o o.o 
INSURANCE RATE, X OF IN COST .5 .5 
MAINTENANCE RATEo X OF IN COST .s .5 
GEN INFLATION• X PER YEAR e.o a.o 

JAN FEB HAR APR MAY JIJN JUL AUG SEP OCT NOV DEC 

SOLAR SYSTEH TYPE a a a a B a a a a 
TRANSPORT EFFie. ,90 .90 .90 .90 ,90 ,90 .90 .90 ,90 
r--EF. FUEL TYPE ELEC ELEC ELEC ELEC ELEC ELEC ELEC ELEC ELEC 

·REF, SYSTEM EFFIC. .90 .90 .90 .90 ,90 .90 .90 ,90 .90 
DAILY LOAD-MIL ~TU .os .os .os .os .os .os .os .os .os 
MEAN MIN TEMP,, F 13. 14. 24. 36. 46, so .. 60. sa. so. 
MEAN MAX TEMPo, F 30. 33. 43, sa. 70. 79. a4. at. 74. 
PERCENT POSS, SUN 43. St. 5:1. 53. 57. 6~. 63. 61. so. 
DAILY HOR. INSOL. 457. 6aa. 9a6.1335.1S70.1730.1725.1499.1170. 
HEATING DEG, DAYS 1•349 .1162. 9ao. 543. =:!SJ, 39. 9. 
SUPPLY WATER • F so. so. ~0. so. so. so. so. 
ENERGY c·osT DATA 

ELECTRIC t .OSO PER UNIT FOR FIRST .tOOEt07 UNITS 
ESCALATION RATE = 10.00 PERCENT 

LP GAS t ,4SO ~ER· UNIT FOR FIRST .,tOOEt07 UNITS 
ESCALATION RATE " 10.00 PERCENT 

22. 
so. 

Figure IV-3. (Cont .. ) 
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135. 
so • 

a a a 
.90 .90 ,90 

ELEC I::LEC ELEC 
.90 .90 .90 
.os .os .os 
40. 31. 1a. 
63. 4G, 34. 
54. 39. 3G, 

817. 457. 356. 
422. 762.1212. 
so. so. so. 



TITLEl ALBANYr NY EXAHPLE 

SOLAR SYSTEH COST SUHHARY TABLE 

ClJLLEI:fOR AREA .20. 60, :100. 140. 180. 220. ::!60• 280 •. 320. 
STORAGE SIZE 30. 90. 150, 210. 270. 330. 390. 420. 480. 
STORAGE COSTS 27. 81. 135, 189. 243. 297. 351. 378. 432. 
COLLECTOR COSTS 500. 1500. 2500. 3500. 4·soo. s~oo. 6500. 7000. 8000. 
rJ)(CD OOOT:J :i:OOo ZOO; 200. 200. :!00. ..!UUo :.!UU. :.!00. 200. 

TOTAL COSTS 727. 1781. 2835. 3889. 4943. 5997. 7051. 7578. 8632. 

Figure IV-0. (Cont.) 
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TITLE: ALBANY• NY EXAHPLE 

SYSTEH PERFORHANCE AND COST SUHHARY FOR 40.0 TILT ANGLE 

COLLECTOR SOLAR SOLAR RATE OF NET PRESENT LII'"ETIHE COST 
AREA ENERGY SYSTEH RETURN WORTH OF SIWINGS 
<SO.FT,) FRACTION COST ON EOUITY SOLAR SAVINGS (UNit I SCOUNTED) 

• X • CSEE NOTE 2) • 
20.0 .265 7:!7. 00 70.1 2965.59 9629.77 
60.0 .561 17a1.00 26.9 2601.5a 10262.11 

100.0 .73a 2a35.00 17.2 1a69.76 9843.16 
140.0 .835 38a9.00 12.0 ea4.96 a701.21 
1ao.o .aa4 4943.00 9.4 -219;35 72::!0.51 
220.0 ,'914 5997.00 5.7 -'1396.45 5554.66 
260.0 .934 7051.00 3.6 -256a.16 3849,89 
290.0 ·,940 7578.00 2.6 -3164.55 291.H .69 
320.0 .950 8632.00 loO -4370.85 1206.63 

ENERGY BALANCE BY HONTH FOR · 60.0 SO, FT. COLLECTOR 

HONTH FRACTION AVERAGE USEFUL TOTAL USEFUL AUXILIARY CONVENTIONAL 
BY SOLAR SOLAR PER ItAY SOLAR ENERGY ENERGY SYSTEH ENERGY 

<BTU/DAY-SCI FT> (Hil JHU/HO> <HIL BTU/HO> OHL BTU/HO) 

1 .339 282.4 .53 1o6l 1.72 
2 • 41.4 345,3 .sa 1.29 1.56 
3 .504 419.9 .78 1o25 1.72 
4 .617 513.8 .92 .93 1.67 
5 .672 560.0 1.04 .78 1. 72. 
6 .740 616.9 1 ,·11 .60 1.67 
7 .780 650.1 1.21 .52 1.72 
a .756 629.9 1.17 .sa 1.72 
9 .6a1 567.4 1.02 .72 1.67 

10 .5a6 4aa.7 .91 1.05 1.72 
11 .350 292.0 ·.53 1oS2 1.67· 
12 .284 236.7 .44 1.74 1.72 

ANNUAL .561 10.24 12 .• 60 20.2a 

NOTE ,,,, CQNV. ENERGY AND SOLAR AUXILIARY ENERGY ARE GROSS VALUES 
<I.E. THEY tNCLU~E TANK lN~ULAfiON AND/OR COM~USTION LOS&> 

NOTE 2 NET PRESENT WORTH OF SOLAR SAVINGS = RRESENT WORTII OF NET CASH 
FLOWS <FOR A 9,0 X ItJSCOUNT RATE> HINUS TilE [tOWN PAYHENT 

Figure IV-8. (Cont.) 
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TITLE I ALBANYo NY"EXAHPLE 

COLLECTOR S!I~ O~TIHIZATION &Y 90L~U~I 

BEST SOLAR COLLECTQ~ SIZE FOR TILT ANGLE OF 40. nF~RFFS r• 
~ru I F~TnR TYPF • b!OUI~r ~LAT PLATE, J COYERO, rAINT 
FINANCIAL SCENARIO--RESI~ENCE 

YR 

1 
2 
J 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1!5 
16 
17 
18 
19 
20 

M> 
FUEL/UTILITY 

SAVlNUS 

235. 
259. 
284 • .. 
313. 
344. 
379. 
417. 
458. 
504.' 
554. 
610. 
671 •. 
738. 
012. 
tJY~. 
982. 

1080. 
1188. 
1307. 
1-qe, 

TOTALS 13466. 

ttt CASH FLOW SUHMARY ttt 

(8) 
HAINT. 

+INSUR, 

18. 
19. 
21. 
22. 
24. 
26. 
28. 
31. 
33. 
36.· 
:Sif. 
42. 
45. 
48• 
:S:l. 
~~.. 
61. 
66. 
71. 
n. 

814. 

<C> 
PROPERTY 

TAX 

o. 
o. 
o. 

. o. 
·o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

·o. 
o. 
(). 
o. 
o. 
o. 
o. 
o. 

<D> 
ANNUAL 

INTEREST 

171. 
154. 
1·35. 
114 • 
90. 
63. 
33. 
o. 
o. 
o. 
o. 

·Oo .. o. 
o. 
Q. 
o. 
o. 

. o. 
o. 
o. 

760. 

<E> 
TI\X 

SAVINGS 

34. 
31. 
27. 
23. 
18. 
13. 
7. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
(), 

153. 

60, sa, FTo 

<F> 
LOAN 

PAYMENT 

312. 
312. 
312, 
312. 
31;!, 
312. 
312. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

2184. 

(G) 
NET CASH 

FLOW 

-356. 
-60. 
-41. 
-20. 

1. 
26. 
53. 
83. 

428. 
471. 
519. 
571. 
629. 
693. 
763. 
B4t, 
926. 

1019. 
1123. 
t~J6. 
1JI,t., 

10266. 

PAYBACK TIME FOR FUEL SAVINGS TO EOUAL TOTAL JNVESTMENT ,,, 5,9 YEARS 
PAYBACK TIME FOR NET CASH FLOW TO OFFSET DOWN PAYMENT ,,,,, 7,7 YEARS 
NET ~~ESENT WORTH OF SOLAR SAVINGS ,,,,,,,,, . 2601,58 DOLLARS 
RATE OF RETURN ON NET. CASH FLOW ,,,,,,,,,,,, 27,0 PERCENT 
ANNUAL PORTION OF ~QAQ PROYI~ED BY SOLnR ,,, 5A.1 PERCENT 
ANNUAL ENERGY SAVINGS WITil SOLAR SYSTEM 10.2 MILLION BTUS 

TAX SAVINGS = INCOME TAX RATE X <C t Dl 
NET CASH FLOW = A - 8 - C t E - F 
ABOVE PAYBACK TIMES BASED ON UNDISCOUNTEP VOLLARS 

Figure IV-8. (Cont.) 
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TITLES AL~ANYo NY EXAHPLE 

PLOT NUHBER 1 

1 1 1 1 
100.0 1-------------------------------------------------1 

1 * * 1 * • . 1 
1 * 1 
1 * 1 eo.oo ---1 1 
1 1 

1 * 1 
1 1 
1 1 

60.00 ---1 1 

1 * 1 i 1 
i 1 
1 1 

40.00 ---1 1 
1 1 
1 1 
1 * 1 
1 1 

~.~ --1 ~ 
t 1 
1 1 
1 1 
1 1 

o. 1-------------------------------------------------1 
1 1 1 1 

64.00 192.0· 320.0 
o. 128.0 256.0 

X AXIS IS COLLECTOR AREA CSQ FTl 
Y AXIS IS PERCENT SOLAR 

Figu~e IV-8. (Cont.) 
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TITLEJ ALBANYo NY EXAHPLE 

PLOT NUHBER 2 

1 1 1 1 
2966. 1--·-----------------~----------------------------1 

1 . • 1 
1 1 
1 1 
1 • 1 

1498. ---1 1 
1 1 
1 • 1 
1 1 
1· 1 

Jl.Ol ---1 1 
1 * l 
1 1 
1 1 
1 1 

-1436. ---1 • 1 
1 1 
1 l 
1 1 
1 • 1 

-2904. ---1 1 
~ * 1 
1 1 
1 1 
1 1 

-4371. 1-------------------------------------------------· 
1 1 1 1 

64.00 192.0 320.0 
o. 128.0 256.0 

X AXIS IS COLLECTOR ARE~ <SO FT) 
Y AXIS IS DISCOUNTED SAVINGS FOR LIFE OF SYSTEH 

Figure IV-8. (Cont.) 
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TITLE: ALBANY, NY EXAHPLE 

PLOT NUHBER 3 

1 1 1 1 
1361. 1-------------------------------------------------•. 

1 1 
1 * 1 
1 1 
1 • 1 

1077. ---1 1 
1 • 1 
1 1· 
1 • 1 
1 • 1 

792.4 ---1 1 
I a 1 
1 • 1 
1 • 1 
1 • 1 

508.0 ---1 • 1 
1 • • 1 
1 1 
t 1 
1 t 

223.7 ---1 1 
1 1 
1 • 1 
1 • • 1 
1 • • 1 

-60.69 1-·--·--------------------------------------------1 
1 1 1 1 

4. 000 12.00 20.00 
o. 8.000 16.00 

Figure IV-3. (Cont.) 
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APPENDIX A. SOLCOST SOLAR RADIATION MODEL. 

The SOLCOST methodology is based on a one day simulation performed on the 

15th day of each month. Hourly steps are taken during the daylight hours 

of the simulation, so radiation incident on the collector must be available 

on an hourly basis. The simulation also requires that the collector be 

driven with two radiation profiles, one for a clear day and one ior a 

totally cloudy day. 

The starting point for the cle~r day model was the ASHRAE model (Ref. A-1) 

in which the direct normal irradiation is estimated by: 

I = --:-'A:.:o._-:----:-:-
DN exp(B sin S) ( 1) 

where A is the apparent extraterrestrial irradiation at air mass = 0, and 
* B, the atmospheric extinctiqn coefficient, are functions of the month 

which take into account the earth-sun distance and the air's water vapor 

content. The angle S is the solar altitude angle above the horizon. 

Values for A and B are given in Table A-1. The values of A and B were 

selected so that the resulting value of ION would be in a~reement with the 

Threlkeld and Jordan measured radiation values (Ref A-2) on average cloud

less days. 

In order to account for local values of atmospheric water content and 

variable aerosols, .the ASHRAE model uses a parameter called clearness 

number to modify the direct normal solar component. This Lt!nn ls glveft 

by 

CN 
IDN(measured) 

= I0~-( calculated) 
( 2) 

where IDN (measured) is the measured direct normal irradiance and IDN 

(calculat:ed) is computed by Eqn. (1) above. 

Unfortunately very little direct normal radiation is available to allow 

direct calculat:ion of clearness numbers. The recent work by Randall and 
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Whitson (Ref. A-3) has resulted in improved direct normal insolation esti

mates which are now available for 26 SOLMET sites (Ref. A-4). 

TABLE A-1. CONSTANTS A, B, AND C FOR ASHRAE SOLAR RADIATION MODEL 

A B c 
Apparent Solar 

Constant,* Atmospheric Diffuse to 
Month (Btu/Hr-Sg.Ft) Extinction Coef. DN Ratio 

Jan 391 .142 .058 

Feb 386 .144 .060 

Mar '31"8 .154 .068 

Apr 362 ~177 .0\.l:l 

May 351 .194 .118 

Jun 345 .206 .133 

Jul 344 .207 .137 

Aug 349 .203 .126 

Sep 363 .182 .096 

Oct 376 .163 • 076 

Nov 386 .151 .064 

Dec 391 .143 .058 

The Department of Energy has recently recommended that the SOLMET data base 

be used in all solar simulation and design work. This insolation data base· 

has been available in "SOLCOST since Version 2.0 (i.e., monthly average total 

insolation values). However, in Version 2.1, an additional step has been 

taken to further align. the SOLCOST radiation model with the SOLMET data set. 

Specifically, monthly clearness numbers have been derived for 26 cit-ies from 

the clear sky, solar noon total irradiance values used by the SOLMET developers 

to generate their data base (see Appendix A irt Ref. A-4). These clearness 

numbers .are shown in Table A-2. Based on these clearness numbers, the set of 

default monthly clearness numbers given in Table A-2 were calculated. 

Obviously, this default set does not apply to all the cities in the data bank, 

so a parameter called the clearness factor has been estimated for each city in 

the data bank. This facto·r 'is a multiplier on the default monthly clearness 

* Apparent solar constant for air mass zero. 
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numbers to account for location. The map in Fig. A-1 shows the clearness 

factors which have been assigned to the cities in the SOLCOST data bank. 

These default values are printed in the insolation summary (Line 132 =1). 

Users can input their own monthly clearness numbers (Line 36) or clearness 

factor (Line 27). If clearness numbers are input directly on Line 36, 
-

users should input a value of 1.0 for the clearness factor. Caution should 

be used in changing clearness factors~ since the SOLCOST results are very 

sensitive to the radiation input to the collector. 

The diffuse component for clear day radiation in the ASHRAE model is based 

on the work of Threlkeld (Refs. A-2 and A-5) in which a dimensionless para

meter C is defined: 

(3) 

where IdH. is the diffuse radiation on a horizontal surface for a clear day. 

Valti~s for C are listed above in Table A-1. 

In SQLCOST, Threlkeld's diffuse term is divided by the clearness number 

squared to.account for varying atmospheric clarity. 

(4) 

This modification to the ASHRAE model was based on the wor~ of Kusada 

(Ref. A-6) and checked experimentally by Hulstrum (Ref. A-7) for Boulder, 

Colorado, conditions. 

The total radiation incident on a horizontar surface, ItH• is given by the 

sum of the direct normal and the diffuse components. 

(S) 

where e is the angle between the direct normal radiation and the horizontal 
0 

surface. 
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TABLE A-2. Clearness Numbers Hequln•d In SOLCOST to Match SOLMET Clear 
Day Noon Solar lrradlance 

Clf'A rnPIUI 
Location Factor J F H A tl J J A s 0 

··--
Albuquerque, NM 1.12 1.11 1. 13 1. 08 1.05 1.02 1.00 .97 .98 1.03 1.09 
Apalao:.hi.:ulu, fL .?.;! ,89 .94 ,'}1 .89 .85 .ill .il .80 • jl, .119 

Bismark, ND 1. OS 1.02 1.08 1.02 .99 .94 .92 .90 .92 .97 1.04 
Boston, HA .98 .96 1.01 .97 .93 .89 .87 .86 .87 .92 .97 
Brownsville, TX .96 .9S .96 .93 .93 .: .88 .87 .86 .87 .89 .93 
Cape Hatteras, NC .96 . 94 .98 .9S .93 .89 .87 .83 .83 .86 .93 
Caribou, ME 1.04 1.02 1.06 1.03 1.01 .9S .92 .89 .91 .96 1;02 
Charleston, sc .9S .94 .96 .94 .91 .87 .84 .83 .82 .84 .92 
Columbia, HO 1.01 1.02 l.OS 1.0 .9S .94- .88 .87 .87 .91 .97 
Dodge City, KS 1.06 1.06 1.08 LOS 1.0 .9S .92 .91 .92 .97 1.04 
E1 Paso, TX 1.07 1.06 1·.07 1.04 1.03 1.0 .96 .94 .9S .96 ' 1.04 
Ely, NV 1.13 1.11 1.14 1.10 1.06 1.03 1.03 .98 .99 LOS 1.12 
Ft. Worth, TX .97 .97 .98 .96 .93 .89 .88 .86 ,84 .88 .9S 
Fresno, CA 1.02 .96 1.0 .99 .97 .94 .94 .93 .94 .97 1.01 
Great Falls, MT 1.08 1. OS 1.10 l.OS 1.02 .98 .96 .96 :97 1.01 1.06 
Lake Charles, LA .92 .91 .93 .92 .88 .8S .83 .81 .82 .84 .89 
Madison, WI 1.02 1.02. l. 06 1.03. :96 .91 .88 .87 .88 .92 .98 
Medford, OR .99 .96 . .98 .96 .9S .92 .91 .91 .92 .93 .96 
!'liami, FL .91 .RB .. 91 .90 .87 .84 .83 .82 .82 .83 .86 
New York, NY .97 .96 1.01 .96 .93 .89 .87 .84 .86 •. 88 .9S 
N. Omaha, NE 1.03 l.OS 1.06 l.OJ .96 .93 .. 90. .88 .88 .93 1.0 
Phoenix, AZ 1.03 1.0 1. 03 1.02 .98 .97 .9S ~89 .90 .9S 1.01 
Santa Haria, CA .98 .95 .97 .94 .93 .91 .90 • !Ill .91 .9l .93 . 

·llasllvi11t!, TN .97 .96 .99 .96 .93 .89 .86 .84 ,8S .87 .9S 
Seattle, WA .94 ,86 .91 . 91 .91 .88 .87 .88 ,88 .89 . • 92' 
Washington, D.C. .9S .9S .97 .95 .93 .88 .84 .83 .84 .87 .92 

SOLCOST Varied By 
Default CNs Location .98 1. 01 .98 .. 9S .92 .90 .88 .89 .92 .97 

-- ·-· - -

Note: Only the above clearness factors are in the SOLCOST data bank. 

A-4 

N 0 

1.12 1.11 
.90 .118 

1.07 1.04 
.96 .96 
.9S .94 
.96 .94 

1.04 1.01 
.96 .93 

1.01 1:o 
1.07 1.06 
1.06 1. OS 
1.14 1.12 

.98 .97 
1.0 .9-
1.10 1.0 

.90 . a 
1.03 1.(!_ 

.97 .96 

.88 .87 

.9S .9S 
LOS 1.04 
1.02 1.0 
.9~ .94 
.96 .95 
.90 .8S 
.9S .93 

.99 .98 



> 
I 

U1 

ADAK 

- JJ·· • • /P 

Figure A-1. Default Clearness Factors for 
SOLCOST Radiation !"'0r1e1 



For tilted collectors, the incident solar energy is given by: 

where Ide = Diffuse sky radiation 

and I = Diffuse ground reflected radiation. 
r 

) 

( 6) 

The diffuse skyradiation is computed directly from the product of the 

clear day diffuse radiation incident on a horizontal surface, IdH and the 

angle factor between the collector and the sky, F where: ss' 

F = (1 + cos(TILT))/2 ss 

Hence, the diffuse sky radiation is given by: 

(7) 

(8) 

The diffuse ground reflected radiation, I , is computed from the product 
r 

of the total horizontal radiation, ItH' with the ground reflectance, GR, 

and the angle factor between the collector and the ground, F , given by: 
sg 

F sg (1 - cos(TILT))/2 

and, I = I GR F 
r tH sg 

(9) 

(10) 

The default value for ground reflectance in SOLCOST is 0.2, although the 

user can input an array of mont~ly valu.es for the ground reflectance, 

depending on the location and ground cover conditions. 

Cloudy Day Methodology - For cloudy conditions, SOLCOST assumes a totally 

cloudy day, i.e., no direct normal radiation is incident on the collector. 

The diffuse radiation on a horizontal surface is calculated from the follow

ing relation taken from the work of Kimura and Stephenson (Ref. A-8): 
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where 

I . 
dH,cl 

I dH,cl 

CCF 

cc 

K 

IdH [CCF - K(l CC/10)] ( 11) 

Cloudy day horizontal diffuse radiation 

= Clear day horizontal diffuse radiation From Eqn. (5) 
above 

Cloud cover factor 

Cloud cover amount 

= Variable, depending on solar altitude angle and C 
(ASHRAE diffuse sky factor) 

For totally cloudy conditions, CC is equal to 10, and Eqn. (11) reduces to: 

(12) 

Kimura and Stephenson determined that the cloud cover.factor, CCF,~s 

dependent on the season and the amount of cloud cover, CC. They correlated 

their data with the following expression: 

CCF -~ + Q(CC) + R(CC
2

) (13) 

wl~~:~rt:! the valu~~ of P, Q, and R are given in Table A-3. Since CC i3 os::mmcd 

to be equal to 10,. the values of CCF can be computed directly, in fact, the 

values of P·, Q~ and R have been interpolated monthly and input to the CCF 

array in SOLCOST. · 

Once the value of IdH,cl is determined from Eqn. 12, angle factors to the 

sky and ground are applied to compute the diffuse energy incident on the 

tilted collector: 

I = I • (F + F ) 
tS,cl dH,cl ss sg 

(14) 
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TABLE A-3. VALUES OF CLOUDY DAY PARAMETERS P, Q, AND 
R* AND CLOUD COVER FACTOR FOR CC = 10 

Season p Q R CCF 

Spring. 1.05 0.012 -0.0084 0.34 

Summer 0.96 0.033 -0.0106 0.23 

Autumn 0.95 0.030 -0.0108 - 0.17 

Winter 1.14 0.003 -0.0082 0.35 

REFERENCES 
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SAND78-7047), Dec. ~977. 
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APPENDIX B. ITERATIVE DAWN STORAGE TEMPERATURE PROCEDURE 

This procedure was developed to assist the user in estimating the starting 
collector inlet temperature which is key to the SOLCOST average day method
ology. The procedur.e consists of an iterative process wh.ich checks the 
storage temperature at dawn against the previous dawn value. If the 
difference is outside a reasonable limit, the average day analysis is 
repeated using a refined estimate of the dawn storage temperature. Speci
fically, the following steps are executed for an average day each month: 

I. Hourly radiation incident 0n the collector 
is generated using a modified ASHRAE insolation 
algorithm. Profiles for a clear day and -a 
totally cloudy day are constructed fur the 
15th of each month. 

II. The required collector area for a 100% system 
is estimated, then a maximum of 9 candidate 
areas covering approximately 0.10 to 0.90 
solar fractions are chosen. The chosen areas 
are integer multiples of the module size. 

III. The system performance for ari average. day is simulated with 
the following procedure executed on hourly steps: 

1. Compute. collector average day output from: 

Qcol = PP(ni)clear + (l.-PP)(ni)cloudy 

~ay day 

where: 

PP = Percent of Possible Sunshine 
(from data bank+ or estimated 
with horizontal radiation) 

n Collector Efficiency 

I = Incident Radiation, Btu/Hr-Ft 2 

Ti Inlet Temperature, oF 

T Ambient Temperature, Of 
a 

n 

(T.-T )/I 
1 a 

+v. Cinquemani, et al, Input Data for Solar Systems, Nov. 1978, prepared 
by NOAA for U.S. Department of Energy, Division of Solar Technology, 
under Interagency Agreement No. E(49-26)-1041. 
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2. Compute new storage temperature from: 

1 • • • 
Tstor = Tstor + MCP (nsys Qcol - Qload - Qstor) 

old loss 

where: 

M 

c p 

. 

= Mass of Storage Water, Lbs.· 

= Specific Heat of Storage, Btu/lb-°F 

= Efficiency Factor (Accounts for piping losses 
between collector and storage, see additional 
description in this appendix.) 

Qload = UA (68.-T t id ) ou s e 
For space heating 

. 
Qload = · f ( t) *Qdaily 

load 

For service water heating 

For space and service water 
heating. 

Storage Tank Surfaced Area. SOLCOST defaults to 
a cylindrical tank with L/D = 1. 

The minimum allowable storage tank temperature can be specified 
by the user (Line 14J). Below this temperature, the solar system 
cartnot supply usetul energy to the load. The upper limit for storage 
temperature can be specified with Line 16. 

The user can also specify the minimum tempP.rAture r.ise across the 
collector allowed for energy collection (Line 144). Knowing the 
collector .flow rate (Line 201), SOLCOST verifies that the collector 
can operate at the dawn and dusk low radiation levels. In practice, 
the dawn start-up temperature difference from the collector outlet to 
storage \s usually l0°F to 20°F, and the shutdown criteria is typi
cally 3°F. SOLCOST cannot evaluate the dynamics of dawn pump cycling; 
bowt~vfn·, by ~:>pacifying Line 144, t:h~ user can investigate the effect 
of the temperature shutdown control criteria. 

IV. At the end of the above average day analysis, SOLCOST checks the new 
dawn storage temperature against the previous value. If the differ
ence is not within acceptable limits (Line 141), the analysis is 
repeated with a refined estimate of the dawn storage temperature. If 
convergence is not achieved, a warning message is printed and the 
analysis continues. 
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SOLCOST defaults to this iterative procedure. However, the original methodology 
can still be accessed by setting Line 140 = 0 and inputting the starting inlet 
temperatures in Line 2. For those users who are interested, Line 145 can be 
input as a 1 to cause the monthly minimum, maximum, and average storage tempera
tures to be printed for the optim~m or user specified set Line 145 to a 2 to get 
a printout for all candidate areis. 
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APPENDIX C. COLLECTOR PARAMETER MODIFICATION 

Cl. General Description+- There are five different situations of importance that 

can arise which could require redefinition of the collector efficiency curvP.. 

They are: 

1) The efficiency parameters have been defined in terms of 

different variab~~s than the ones required by SOLCOST 

which needs functions. of ·FR TCl and FRUL. · 

2) The flow rate has been varied from the conditions under 

which the FRTa and FRUL were e~pirically determined. 

3) Two or more collectors with different efficiency para

meters are connected in paralle1. ·This can occur by 

using different flow rates in the same type of collector. 

4) ~wo or more collectors are coupled in series~ They may 

be the same or different coliectors. 

5) A heat exchanger is located between the collectors and 

storage. 

6).The user wishes to adjust the collector parameters to reflect 

losses due to manifold conduction los~es. 

7) Air collectors·leak air primarily at the inlet and outlet. 

The collector parameters can be modified to reflect this leakage. 

B~fore showing how the effici~ncy parameters can be easily adjusted to 

reflect the above mentioned perturbations, the SOLCOST collector efficiencx 

methodology must be defined so that the user can understand how the para

meters are modified. The SOLCOST program assumes· a linear efficiency curve 

for the collector system. ·The curve has two parameters. The first is FRTa 

which is the curve intercept when (Tinlet - Tambient)/Radiation is equal 

to zero. See the following figure. 

+Duffie, J.A., and Beckman, W.A., Solar Energy Thermal Processes, Wiley, 

New York, 1974. 
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-slope = ·-F U 
. R L 

T - T inlet ambient 
Radiation 

The second parameter' is FRUL which is the negative of the slope of the effi
ciency line. More specifically the efficiency (n) is defined: 

T - T 
n = F _ F U ( inlet ambient) 

RTa · R L Radiation • 

In reality this efficiency representation is only valid for one collector 

and under precisely the .same conditions that the FRTa and FRUi were derived 

empirically. If the panel flow rate (~) or the specific heat of the fluid 

(c ) are changed, if two or more collectors are placed in series, if two or 
p 

more disimilar collectors are placed in parallel. if a heat exchanger 1s 

included in the collection loop, if the inlet and outlet manifolds have 

conduction losses, or if there are air leaks in an air collection syst~m 

these parameters must be adjusted. The new parameters can be easily esti

mated using basic heat transfer principles thac are stated below. 

'. 
C~. Definition of FR as a Function of Inlet Temperature·- The ef~iciency of a 

collector can be alternatively defined as a function of Tfluid i.nstead of 

T;nlpt• To·further ~omplicate the issue the fluid temperature can be approxi

mated by aa a".:ithmetic average of Toutlet and Tinlet or. (Tinlet + T0 utled /2. 

If the fluid temperature is defined to be an ~verage of the inlet and outlet 

temperatures then the FRU1 (Tinlet) and FRTa (Tinlet) can be defined ns follows: 
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FRUL (Tfluid) 
FRUL (Tinlet) = F U (T )A 

l + R L fluid c 
2tit c 

p 

where A is the area of the collector plate, m is the collector panel total 
c 

flow rate and c is the specific heat of the fluid. The flow rate and p 
s~ecific heat are the game as used to empirically define FR(Tfluid). These 

must be provided by the manufacturer and must be the ones used when the 

panel was tested. If efforts have been taken to obtain the bulk fluid tempera

ture then the FRTa and FRUL have an alternative definition. That is: 

me F'U A 
• I. c)) 
me 

F' Ta(F' Up A ) (1-exp(
L c 

me 
FRUL = -~ (1-exp (

c 

F'U A 
L c)) 

m c 
p 

where m, c , and A are as defined above. 
P. c 

p 

F' is the collector efficiency factor; 

Ta is the effective transmittance-absorptance product and u
1 

is the overall loss 

coefficien·t. For flow rates that are commonly used in collectors, either method 

of correction should give approximately the same answer. Care must be taken to 

ensure that the units check. 

C3. Adjust FRTa and FRUL for Different Flow- To redefine the FRn1 and FRUL products 

to reflect different flow capacitance rates is a simple process. Two things can 

happen to cause the flow capacitance rate (~ c ) to change. They are: the flow 
• p 

rate (m) could change or the fluid could be altered or changed to cause the 

specific heat (c ) to change. . p 
The following equation has superscript numbers which reflect the state 

of conditions; i"e., state 1 and state 2. The required relationship is as 

follows: 

= 

1 - ( 1 ._ 
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C4. Parallel Collectors of Different Efficiencies - Occasionally collectors of 

different efficiencies are connected in parallel. They could be the same 

collector but with different flow rates. The following relati6nship will 

transform the efficiency parameters: 

n 
E A FRw. 

i=l c. 1 

F Ta = 1 

R. ' n 
E A 

i=l c.i 

n 
E A. FRUL 

FRUL 
i=l ci.. i 

n 
E A 

i=l ci 

where i designates the ith parameter for n parallel collectors. 

CS. Series Collector Combination+- When two or more collectors of the same or 

different typ~.are connected in series the resultant efficiency parameters 

will most likely be·different than the ones for any one collector. This comes 

about by the fact that the inlet ~emperatures to the individual collectors are 

different. The resultant FRTa and FRUL are: 

m. c 
p 

Ac(·total) 

m c 
p 

A .c(total) 

n 
[1-exp(- ~ 

i=l 

A F'U 
c. Li ; )] 

m c 
p 

A F'U 
n c."' L. 

exp [- E ( ...:_~ 1) ]} 
j=i+l m cp 

where A (. l) is the total series ~;:ollector area, m c. is the cap"!c:itant.::Q flow 
c tuta p 

rare through each of n collectors and Aci is the ith collector area. The sum of 

the individual Aci must equal Ac(total)· A helpful equation to remember for 

calculating F'UL1is: 

+ Armstrong, P.R., "Extension of the Hottel-\-lhilier-Bliss Model to Multi-Stage 
Collector Systems," Proceedings of the 1978 Annual Meeting, AS of ISES, August 
28-31, 1978. 
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C6. Modification Due to Heat Exchangers - F~Ta and F~UL are terms used as effective 

efficiency parameters whenever heat exchangers are included between the collec

tion and storage systems. The inclusion of a heat exchanger in general degrades 

the overall collection efficiency by increasing the collector inlet temperature. 

In general the designer picks the heat exchanger depending on how much of a 

collection efficiency penalty he is willing to withstand. This is done by 

defining the ratio F~/FR, which must be less than one. 

F' 
R -= 

FR 

y 

X 

1 
l+y(x-l) 

m c (collector) 
p 

E min(~ c ~ p(collector), 

m· c ' 
p(collector) 

cp(storageY 

where E is the heat exchanger effectiveness which, with the flow rates, 

defines the heat exchanger. If the F~/FR ratio is picked by the designer 

and the flow rates are ~stablished, the heat exchanger has been defined. 

The exchanger .can be selected from this information. Likewise, the F~/FR 

ratio can be defined by knowing the flow rates and the heat exchanger effec

tiveness, E. 

C7. Manifold Conduction Losses+ - Conduction losses to the ambient air from inlet 

and outlet mani'folds 'can be accounted for by modifying the net FR Ta and FRUL 

Let UPi and UPo represent the thermal loss coefficient for the inlet and 

outlet manifolds .respectively with net areas A. and A • The total a.rray mass 
1 0 . 

capacitance .flow rate is m cp. ·Then the resultant FRTa' and FRUL' a~e as 

follows: 

+ Beckman, W.A., "Du~t and Pipe Losses in Solar Energy Systems," Solar Energy, 
Vol. 21, 1978. 

tt The capacitance flow rate (m cp) used here should be the same as used to test 
the indifidual collector panels; not the rate through each of n panels as 
s~gnified above. C-5 



m c 
p 

A 
0 

Ac is the total collector area and FRTa and FRUL are the resultant products 

after taking into account effects due to varying flow rate, etc.· 

The UA for a pipe may be estimated by the following equation: 

where ki is the thermal conductance of material i and the r's are as in the 

following figure. L is the 'length and H
0 

and Hi are the outside and inside 

net convective heat transfer coefficients. 

H 
0 

C8. Air Leakage To/From Manifolds 

Air systems leak primarily to/from the array inlet and ou·tlet. This 

results in an overall net collector array efficiency. change. This change 

can be accounted for by modifying the collector parameters. Two types of 

leakage occur: 1) leakage into the array when negative pressures occur and 

2) leakage out of the array·when under positive pressure. These leaks 

usually occur at the inlet and outlet ot the array. These situations will 

be dealt with separately. 

Negative pressure:+ when ·the array is under a negative pressure the 

ambient air leaks into the array. This leakage rate will be designated as 

follows: 

+In this development, it was assumed the blower was located on the collector· 
outlet~ and the net useful energy collected is defined to be a function of 
the blower flow rate and collector inlet and outlet temperatures. 
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(1-B) m (to system)= mcollector 

If B is equal to zero there is no leakage and if B equals 0.2 then the 

collector flow rate equals 80% of the flow rate,going to storage or the 

load. Also a leakage rate can be defined similarly for the inlet to the 

collector array. 
f 

m (from system) (l-o) mcollector 

0 ~.(j ~ 1 

As before, if cr is zero there is no inlet leakage. If cr is 0.2, the rate 

·from the storage .or load is 80% of what is going through the collector 

array. The FRTa product for the collector is not effected by leakage but 

the FRUL is: 

FRUL = (1-a) FRUL + [cr(l-8) + 8] ~ cp 
new 

flow capacitance rate to system 

m c (from system) 
p 

· Positive pressure: The above· definition is not valid when the array 

is under positive pressure:. the 

(to system)· 

m c (from system) 
P c-7 



As before the flow rates through the system are defined in a similar manner: 

~ (to system) = (1-8) ~ 11 t co ec or 

(1-y)~ (from system) = ~ 
11 co ector 

In this situation the resultant energy collected by the collectors is passed 

onto the heated space except for any leaked energy. The resultant parameters 

are: 

= F U (1-8) 
R Lold 

However, as in the case where the collectors were under negative pressure 

the collector parameters should be modified to reflect any different flow 

rates than as tested. For example, if y = • 5 then the collector flol..r rate 

will be one half of the flow rate coming from the heating system. 

Note: Air collection systems ieak somewhat and leakage rates of 

approximately 20% are observed frequently. However, if the 

leakage rate is excessive, the load will be effected by 

increasing or decreasing the infiltration rate to or from 

C9. Example 

.the heated space. Therefore, it is recommended that this 

procedure not he used in situations where the leakage rate 

is excessive; and that possibly a detailed simulation type 

of analysis would be appropriate. 

Following is an exanple illustrating the automatic parameter update 

feature included in SOLCOST. Refer to section III for the input list. 

This example is the same as the air subcomponent sizing example in Appendix 

D, except the collector parameters have been updated to illustrate degrada

tion due to varying flow rates from which the.y were tested, air leakage and 

manifold conduction losses. 

C-8 
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COLLECTOR PARAMETER AO~JSTMENT EXAMPLE 
1r 7 7 7 

7 7 7 
t SOLAR SYSTEM TYPE FLAGS IW 

. 4. 2 2 2 
2 2 2 

$ REFEr,;ENC:E SYSfEM FUEL TYf'E 

"' 2 
$ SOL /'If~ 1\IJXIL 11\I~Y ENERGY FLAG 

23 
$ COLLFCTOfi TYf·E FLAG 

13, , 5~iOOE +<>:·! * 

7 

7 * 
MONTtl 

2 

2 * 

$ COLLF'I:ItJR TILT ANGLES• LIEGfiF.E!.l 
14 •· , 4YOOE 1·00 

$ COU.CCTllf; EFTICIENCY 1\T [IT/0 ,; O, ' 
.1200[+00 

7 

$ CULLCCWR EFFICIENCY AT <TTN··Tf\M[<l/ll = O,S 
21r :1 

$ F"l.M; FOf~ COLU:CTOR 1\R!:I\ w:a.:n Til l.CC 1'\N/\1. Y!> IS 
• 3000[ 1·0:1 
$ !;t·[C\FTJ:l< Clll.LEJ: fOR M<l'l\ WIU:N I. INE :!1·'.1, ;~ IJR 3 

S Sl IF LllCI\III.lN COOE 

$ !ill II [IIIII; l ll.U< COMI''IIl t: Mf"llt<l(l J.'LAH 
4.1, J 

t SLRIJ Il:l. IIU I WI\ lEI~ LOI\1.1 - CI.IMf·JIH:'/1 Nl''ll r Fl./\0 
42, .:'\OOLIO\ 

$ [<li.ILI<lNt; ltf.I\T LOS!.l FI\C\OR ((<111/(<J:H··I<o\Y-~;n,F'fl 

43, • 1500E ltl4 
$ f•l.lll..i•ltH; o"LOIJI~ 1'\liEI'\ C!.;ll,FT> 

49. .9000[-0\ 
$ UJI\l'< HJii: WI'\TE:Ii: lll'l\fiNG, ETC, <MIL f<fiJ/foi'\Y> 

55, ,3/~iOFI03 

$ SOLM~ !>YS'I[M FI:(E'[I COST, fHll.l.l'lliS 
!)6, .4!i,l0l:~O:.! 

$ 1:o::;r Of !iOI.I\R f>YSTEM, [IIJLI.I\R!i /SO,FT 
59, .6ooor -o:~ 

S ~30Lo'R ~;Y!.>T!·.M MAINTENI'\IICE IFI<o":rrON OF HilT CO!H.) 
65r 1 

" F T IIAtlr. l (II.. !:>I~ENI\f~ I 0 FU\fi C I~C.l, 1•11~ ollf"O >: .I, 2, OR J 
6/, ,\OOOEHH> 

$ I.ll:>UIIINf fii\IF., FRACTION 
68· .\0001:'~00 

~ MCil~ 1131'11;[ I NlFf<"S r Rrorr., r·1 m:I:NT /Y[I'\R 
72, , 70001' ·O:~ 

.. [<1.1! U• l NG r Wf. Jt!f;Uiii'\III.T fill l E, C f'lil\!: l'liiN or I. C, ) 
73. o. 

$ PRllPERfY To\X f~Aflc, FT;M:fii)N OF INillAL Cll!jl 
74, ,3000EIOO 

8 ., _, 
i 11/CI)IIE ro'X HoH[, CJ"fii'\CT lUll> 
, lOOOl'tOO 
s tlll'll\ttnN .-,";rem nm MA'IIH· Hl!;llr,, ,.,.,tr· r11x1·~; 

7 7 7 

91. .14.!0r:too .I:.;,>ot:~o:~ .. •.:•oor:·-ot .:.ooor.1o:! .•uooc .. ·OI • 1 ~!01)[ I·O:J 

.3t.<)OE-o1 .1oooE·tos .\O<)or.too =-
t ENL:IWY COST SCIIU<lJl.E--LLEI: lid I: ITY 

169. 1 
s FLI\G TO UP[<I'\IE CIJLLECTOR PARI\METERS 

172· • \11001:+01 * 
$ M-f•O r C--SUlt-·P REf' SO, l"lJUl llf' C(JLLEI:TOfi f\!3 U~>ED 

173· .4900£+00 ,. 
$ F ·-!::U[t -fi f 1'\U 1'\LPIIA I NPU'f FOii EACH COLLECTOR PA I'H 

174• .7400E~OO * 
$ F-SUit-R U··SUit -L INPUT FOfi EI'\Cfl COU.ECHJf< PATH 

Figure c-1. Collec~or ParAm~tcr Update 
Example for an /\lr Syst~m 
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100. 

183· 

187• 

189. 

RUN 

TI ru:: 

S Fl~G TO JNDIC~TE LE~kY ~OLL~CrURU IN ~IR ~YSrE" 
.100()1":·1 ()0 
$ U:M, l'o\f.:~HETEf<S ( SF:E ~F'f'END I X C I 

t 
s Ho\Nll"'.ll. [o L;ONDUCTiON Fl.o\G 
, ~',QOOlc t02 
i INI.[.I LJ,\ IJF f'II"tNG/DIJCl IN(; [1111/<tm, [oi:G-F'I 
.::!0001: II):! 
• OIHLI: I' Uo~ or f' H'll4fl.' fiiJC fl 110 [;'11.1,' I I lr<, [1[;0 f I 

C!ll.l FC IIIR r·Af•~HF.TlR o'lll.II.I:O I MCNl I':Xt'IMr·LE 

Figure C-1. (Cont.) 
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TITLE I COLLECTOR .PARAMETER ADJUSTMENT EXAMPLE 

- ·• --lISTING Of u:;t: I~ 1 NPUTS flNio SOLCOST I• IT 1\lll. r ~·,)[ .. IJ[S----

LOCATION -·-roENVEfioCO Ll\'llllJ[•F: " :l'l,fl 1'11.'1' l\llr.l Ui 55,0 
AIR SOLI\~ SY~;HM tJI'TII ~.Q.O l.[IS OF f<DI:I< ~;HJW\1;1' f'EI< !;II I' f' 1.11" COLLECTOR 
Ct.ll.., EI'F.TC. INH'iil:t:Yr ,49 
Clll .• EFFIC. .12 1\T l.oU. 1/J'l t.IX -· .~:; llli ·I"· !~fl FT/[ITIJ 
INf'·UT Sf'IIC£: III'Af 1.1 V.~l tiE l. 10 l!J'l.l/(1' ·!loW ·:>II I'Tl FI.I'Jilli ,)[<[/\·, l!'oOO. Sll FT 
INf·UT S[fi, HIJ'l Wo\11 I< ll.lo'ro• .1)')1) Mll.l IIIN lo'lll!~/loi\Y 

AUXILIM<Y t:NU;~;y .1:; t:l.l'CIRIC 1..1.1-11>111 IIF lllllii.Y!;In 20.0 YEARS 

INITIAL COSI'o 
INI'TII\L cosr, 
[IIJWN F'tH~IicNT o 

UlAN Tf.RM o 

HI I'ERFS r RAT Eo 
111 ~•coutn RAn:, 
I I-I('; ONE TAX R1HF, 
l'l~fW. 11\X f<o)TE, 
I N!>LJI'i~)NCF RoHI:, 
MlilNTENiiNCF Nlif'£, 
;;~.N INil.liT!IJNo 

t F.lXt1:1 
$/SU FT 
·:~ OF IN, COST 

YEARS 
7. 
X 
:r. 
:r. 1JF TN cusr 
'' OF Ill Cll5 r 
;~ IIF IN CI.JST 
7. f''ER Yf.flR 

!.;Qt..flR f<U'f.liENCE 
uvs·rEM svs·rEH 

:'ll~i. 00 
45.00 
\0.0 
:!0.0 
to.o 
10.0 
:1o.o 
o.o 

.7 

.b 
to.o 

o.oo 

10.0 
:~o. o 
.10.0 
10.0 
:10.0 
o.o 

.7 

.s 
10.0 

,lo)N I'Ell MliR (ll''l< MliY .JitN .1111. ,)[Jn !~IT OCT tiOV DI::C 

:>oli.AR f)Y!:JffM TYI"E 7 7 7 7 7 7 7 7 7 7 7 7 
1 Ri)N!:;f'·IJNT EITlC. . ·}~) .9:-:i . '}~i • I'J!.:,j .95 • 1}:_:-j • 'J:·; • '7~ • .95 .95 .?5 .?S 
CIJI. • .r 1-11. [ r 'Jf.Mf' • /(). lO. lO. /(). 10. ?0. /0, /0. JO. 70. 70. 70. 
REF. Fll[l f'Yf·t: El.l"'.: Cl.t:r: EU·:C u.r:c I" I I'.C J'l IT r 1.rc t:t I·C I I.EI: U.FI: FI~EC El.f.C 
R~.F, Sr!~·n·:M l:.i'TIJ.'. 1. 00 1.00 t.oo 1.<)0 l. 00 I ,()() I .oo 1.00 I ,()() t .oo .t .oo t.OO 
fli).( l y L.Or)[r--·M.II. tlltl ;~b • 4.1 . ::l'l •. :•n .10 1''1 • 0'1 t ()I) .t;l • 2:J .36 -~3 

ME fiN Mill TEMF·. o F II>. I '1. :!•), :·;~. 44. ~:~. :;,t;. ~i'l. 41-1. :ll. 25. 1?. 
11[>)N Mo)X Tf:Mf'·. . r 44 • 41 •• ~;o. t, 1 t 10. oo. UJ. !If. •• 71). ll 7. 53. 46. 
F·[RCENT F'OS~i. ~)UN 6/. 67. b::.-. lo."l, 1...1. 6'}. f>Jl, bll. II 71. 67, 65. 
[Ifill Y tiOR. 1w:o1.. B40.t.t2'J. t530.t!·J!9.2t:~!;.2:s~t.2~73.2044.tJ~7.tJot. 084. /'32. 
II[ A I IIH; [ICG, llt'\l'S I 001J. '?0~. 0/,f) • t:;;!:::i. ;!:·; ~( • 1)(). o. o. t::o. 40::1. :'f.oll; 1004. 
SIJf'F'L Y Wo\TER , F 50. ·!.tO. ~:.iO • ~.JO • ~iO, 50. :"1() .• :;o. ~ .. ;o. :so. 50, ~;o. 

EIIEI~GY CO!H lrA fA 

ElECTf<lC ~ • 142 r"Er< UNIT FOI( FW!JT t::;.o utn rs 
ELECTRIC .$ . ()/,:·~ r·r.r, II NIT FOI< tiEXT ~;o.o IJNTT5 
t::LECTRIC '). • 04:1 f'I'.R IJNI'f I" OR mxr 1 ;~o. UNITS 
El.ECmiC 1. .0."16 f''U( Uti IT Ftm NEXT • 10\lE IO~i Uti ITS 

ESCM .. AT ION RliTE = 10.00 f'U<!::ENT 

Figure C-1. (Cont.) 
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Cffi.I[CTOR PnR~HETlR HnntrrcnTION INPUTS 
NO. OF Po"~•'LLrL ~·a-c I IONS loi.ITII [o.IFf"UiCNI r·nRnHE:TERS "' 

NO. or SERILS Ctli.LlCt"OR5 = 2 

PATH NO 1-- --

.490 

FRLJI.( IN) .7-10 

Pt,NEL AREA 
SOFT 20.0 

COl. I ECTOR F'l (1\.J RoHE IJTU/IIR-[of:I.;F .. saF·r 
1. 0 

TEST FLOW RA fC, ftTIJ/HR-OEGF·-SOFT 
2.0 

AVG OR INLET ff."l'lf' Fl AO 
0 

(IIR COLU;r.TOR r·ra::>:;IIRf: Fl.(l£1 ,. 

SIGHA "' 

l<EIA = 
TIIETA = 

HI'IIIIFOLO CONl•lJI.: r 11!11 UJS!:l INfoiCATED 

I Nl I. f l.lo\ < [tTU-IiR -IoEGF> 

OUTI.I. f llf'c( ItTU/IIr<-·OEGFl 

o.ooo 

0 100 

.~oo 

*****FlllnL f'nW,HETERS FOR TilE COLLECTOR 

FIN(If Ff<"fll .3745 

Figure C-1. (Cont.) 
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TITLE: . COl .. U:CTOR PARAHFTER MUU!JTMI:NT EXI\HPLE 

501.1\f~ !>YSTEM CIJ!>T !iii~IMI'\I~Y TI\[ILE 

COLlF~TOR /\REA 300, 
STOfiMiE SIZE O, 
STOI•AGE COST !i 37:5, 
C:Clli.H:TClR CI\:HS lJ!'iOO, 
FIXEO COSTS 37:5, 

• TOTI\L t;U~fS. 1'12:'50. 

Figure C-1. (Cont.) 
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TITLE: 

MilNTII 

2 
3 
1· 
5 
6 
7 
0 
9 

10 
11 
12 

1\tiNUAL 

~lllTE 

COLLECTOR PARAMETER ADJUSTMENT EXAMPLE 

nn:ncY I"!AI.I'IIICr: [IY MOIITII ron ~oo.o oo. rT, coLLrcroR 

FRACTI11N .:w r:F~ Ml E USEFUL TOlAL U!.>FFUL AIJXILif\f;Y C:OtiVF':NTIONAL 
[cY not.t'''j ~au.nr.: f'ER DAY ~:nt.l\1~ I ~IFfiUY U/Fr;I1Y SYSTEM ENH;GY 

\I(Jlf/[IAY-SO FTl < M ll roTIJ/Mill <MIL [11 U/MIJ l (MIL ·[tliJ/MO l 

.166 256.4 2.30 1 t. '}9 14.3(] 
• 221 310.4 ;~. 67 9.45 .12. 13 
,21-.5 ;li&:j • .t :~. 19 f3,f'l4 12.03 
.458 42~ .• 0 :1.90 4.49 8.~!1 

.B:i'B 51:1.9 4.fJ2 .&7 5.4S 
1.ooo 6aa·.o :1.55 ,,,00 3.55 
1.000 1:!35.3 2.:19 o.oo 2.79 
t.ooo Ill'} .6 2,"/9 o.oo 2.79 
t.ooo 725.3 :1.90 o.oo 3.99 

.743 570.3 5.30 1.8:1 7.14 

.~80 330.7 3.05 7.8:1 10.80 

.177 256.9 2.39 11.09 .13.48 

.420 40.72 5l) .21 96. 9~! 

ClJti'J. l:tl[fWY ANn :001.1\r; I\ IIX lL I 1\f;Y niG;IW AI~£ Gf;O:;:. VALUES 
(I.E. IIlEY HICLIJnE TAill\ ·11/!.:Ul.•\THitl tl/111/01~ COH/<1/!HION LOSS) 

m., r f'I':Fr;niT 1mrn11 CIF :;PI 1\F: lil'\ 1•1 I Wifi - f<~·t;HI.ttiT UI!F:TII OF ~lET CI'IBII 
rt.OW!.; <FOR A tO.O ;; 'r:ll!iCfllltH RoHU MJI/1.1:0 'fill: fltllm r·,WMFNT 

Figure C-1. (Cuul.) 
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TITLE: COI.li:C'TI.lf( F'ARM1ETER AO.JIJSTHFNT EXAHf'LE 

COLLECTOR Sill: INPUT BY USER 

llES'I SOLAR r.ou rc-rnR SIZE FOR TILT I'INGU·: flF ~i":j. I•I:Gf(l.f.S IS :soo. sn. FT. 
COl.Lf".Cl OR 1 Yf·'l" .. 1.1 ~ -;(, li liLF I NEf•• AIR TYPE 
F I NAIIC I AL SCl.NI\1( I 0- .. ·fiUi I OENCE 

$$$ CAS II Fl.I1W !ilJHHI)RY '$$$ 

(A) ([I) CC> ([I) (F) CF) (IJ) 

YR FlJEl./UTil.ITY hi\INT. f''lifii"F:RTY I'INNifl\1. 'lAX l.IMN NET CASH 
SAVINGS HN!JUR. fAX IN If' J;t::i r ~31'\V .f Nl.i!3 r .. ·,nHF:N r Fl. OW 

-1425. 
444. 105. o. t :;~n~!. :~~rrs. t!·:o!.. 1:!17. 

2 4fl'l. 204. o. t2bO, :1/fl, t ~~·j()6 • -·042. 
:J ~>:sa. 224. o. I ~~:!5. J7t. 1!.06. ·-B~!.t • 
4 591. ::!47. o. t :~oo. ."1!.:1. t:\06. -7?(), 
~ ,, 6~i1. 271. o. I I 7?. 3!.'.4. I ~i06. -'71'2. 
t-. lib, :!'JB. o. 1.141-.. .IH, 1!.;06. ..744. 
l 7117. 3:-!A. o. 1110. :.113. 1:\06. ·-713. 
0 066. :3!.1. o. loi'o. :5 ;~ I ' .t:.;o6. -l~l'}. 

'l 9!\~1. . 397. o. 1 o:•t,. :1011. 1:.06. --/,42 • 
10 I 0•113. •1]7, o. '171.1. :-!94. I !>06, ·nOt, 
1 I 1153. 41]0, o. 'l:!fl. :.'/0. l: .• o6. ··551,. 
12 1:!60. !)~9. o. 111.11. :-'/,0. 1!.06. --~;06. 

13 IJ9!i, :-;u I ' o. 110·1. :.•·tl. I ~i06, ·- "~' 1 • 
14 1:134. 6•10. o. /.B. ::~:·!o. l!\06. ·<1?1. 
15 1600. 703. o. ~..~·;,',. 1 ., '· 1:;o6. ·-:·s:!~. 

16 1856. '1'7'1. o. ~il 1 • I 71, 1 :;o.~. --2~):~. 

.17 2042 . 1151. o. 471). 14:1. I !506, ..171. 
18 2246. '1:1.~. o. 3/:·;. 112. l!i06. -OJ, 
19 2471. 10:30. o. :~61. 7fJ. 1!W6, 13. 
:20 2/11:1. 1133. o. .t.n. 1L t!:i06 • 11'1. 

--------
TOTALS 25454 .. 1 060'1. o. 1/]0~. 7.5'7.2. 30120. -·'1:103. 

SOI.M; HICENTH'C HICl.IJ[IE[r IN YEI\fi 1 TI'\X SAVING!> ::.•~!00, 00 [IIJLLARS 

PM I<Ai:l\ 1 HIP. rt)f( f'l.l[l. ~ioW fiJG!'> TO 1.:111.11'11. TIHI'Il. I NI.JI"'~THFtiT I :'i, I Yf:'I'\RS 
f'AYf:l'l(:t; T IHE l'flli m: r f:Mill FLOW TU I.JI'f!:i!'T [rOWtl PI'IYHOIT 0,0 YEI'lRS 
NET f•J<[SUH ~11'11{ I H (IF :>fll I'll( S1Wit1GS , .. ".... ..4•71:!. 42 OOU.ARS 
Rl'lTE OF RETI.IfiN ON N<: r C<):ifl r1.1m , , , , , , , , , , , , 0, 0 PFilCF:IH 
1'\NNl,I.~L F·OIH fOI-l (II' 1.111'11< r·ri!W ll<!:[l OY :;nt.I'IR , , , •1:~, 0 f·'f'l(f:HH 
ANNUAL ENf.liGY !il'l~'INr;:-; W rTH ~ifll.l\ll SYSTEM '40, 7 HH.l.IIJN [•TUS 

TAX SAVINGS ~ TNr.OM[ TAX RATE X <C t [I) 

NET CASH FLOW ~ A ··· I• .. C + F: .. I" 
A[<0\'[ f•fiYf•I'I.CI\ flhl 5 l•t'•:it..[l Otl IIN[Il!ir:flliNTfo:l:l fiUII I'll\!,; 

Figure C-1. (Cont.) 
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APPENDIX D. SOLCOST cmtPONENT SIZING CAPABILITY 

SOLCOST can size typical solar system components, including pipes, ducts, 
pumps, fans, and heat exchangers. The cost for these components can be 
accounted for in th~ SOLCOST analysis at the users option, This Appendix 
outlines the key features of the sizing methodology and explains the input 
parameters (Lines 190-303) with sample probl~ms. 

Users are cautioned that the component sizes defined by these· routines 
should be approved by a qualified system designer prior to their use in 
an actual solar system. . 

If the user wants to use these options, he should set the following flags: 

Line 190 = 1 Control flag to exercise sizing routines 
A liquid system is assumed, unless Line·l = 7. 

Line 191 = 1 Flag to size a counterflow liquid-to-liquid heat 
exchanger in the collection loop. 

Line 192 1 Flag to size a crossflow air-to-liquid or a liquid- . 
to-air heat exchagner j.n the collection loop (or in 
the load distribution loop). 

Line 193 1 Flag to include component costs in life cycle cost 
analysis. , 

The default for .the above flags. is 0, ~o the user must specify the options 
he desires. 

Liquid System Components: Pipe and Pump Sizing 

The collection loop supply and return pipe inside diameter is determined 
from the input pipe desi.gn velocity ·and the flow rate per unit collector area. 

where: 

A Collector area 
c 

Q/A = Volume flow rate per unit collector area (Input on Line 201) 
c 

v
0 

Pipe design velocity (Input on Line 210) 
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The computed diameter is rounded up to the next one-eight increment of 
pipe size. One-quarter inch is the lowest pipe .size allowed. 

Next, the total head loss in the collection loop is c~mputed from the 
generalized Bernoulli equation (in head form) applied at the inlet and 
outlet of the pump. 

H = 
m 

where: 

P -P v 2-v 2 
0 i + 0 i 
p 2g (Ft) 

H Total head across pump 
m 

Po-Pi 
p 

v 2_v 2 
0 i 

2g 

z -z 
0 i 

= Static pressure head 

Velocity head 

= Elevation head 

(Input on Line 208) 

(Input on Line 207) 

(Input on Line 209) 

HL Losses due to friction, collector array, and heat exchanger 

where 

L eq 

f 

Lpipc 

D 

VD 

l!.P 
col 

= f (L /D) (VD
2
/2g) + AP l + 6P eq co HX 

(Ft) 

= Lpipe + (Nvalves Leq 
valve 

Friction factor 

= Pipe length 

= Pipe diameter 

Design velocity 

= Pressure drop across 
collector array 

D-2 

+ Nelbows Leq + Ntees Leq )D 
elbow tee 

(Input on Line 221) 

(Input on Line 204) 

(Computed by SOLCOST) 

(Input on Line 210) 

(Input on Line 202) 



,· .. 
.. 

N valves 

L eq 

N elbows 

L eq 
elbow 

N tees 

L eq 
tees 

= Pressure drop across heat 
exchanger (If used) 

= No. of valves in loop 

= Equivalent pipe diameters 
valve 

-· No. of elt-m.,rs in loor 

= No. of pipe diameter per 
elbow 

= No. of tees in loop 

per 

No. of pipe diameters per tee 

(Input on Line 203) 

(Input on Line 211) 

(Input on Line 222) 

(Input on Line 212) 

(Input on Line 223) 

(Input on Line 213) 

(Input on Line 224) 

Once the total head loss H is known, the routine searches the candidate 
m 

pump,. ta,bl~s for t.he pump which can satisfy the flow and head requirements 
at a reasonable operat~ng point on the pump curve. 

Air System Components: Duct and Fan Sizing 

This routine follows the same approach as the pipe and pump sizing algorithm, 
.with the properties of air corrected for site elevation. 

·.'· 
.ADR = 

530 
·· ALT 

(460+T) exp 27000 

where Tis the air temperature in °Fand AI:.T is the location.altitude (Line 
238) in feet. The routine uses 120°F for sizing purposes. 

The required actual air flow is then computed from 

FLRATE = COLFLW*A /ADR c 
(CFM) 

whe~e CQLFLW is the input air flow per unit collector area (Line 234) in 
standard CFM and A is the collector. ~r.e~. . c 

The duct diameter is 'then determined from 
1.: 

DIA = 24. (FLRATE/1T VDf 2 

wh~r~ VD is the design air velocity. The diameter ie: rounded up to the 

next one.-inch duct size and the minimum duct size is five inches. 
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Next the equivalent .duct length is computed from: 

DUCTL = OLEN + (N L + N L )DIA turns eq dampers eq 
turn damper 

and then the standard· air velocity (V ) in the duct is calculated from:· 
s 

v 576. FLRATE*ADR = s 
1T DIA2 

The duct heat loss can now be computed with: 

.027 (IF) v 1.845 
HL = DUCTL (-s-) 

DIA1.23 ADR 1000 

where IF = insulation friction factor 

The head loss is compared with the maximum head loss and, if excessive, 
a duct diameter is calculated that results in an actual head loss lower 
than the maximum value. 

An equivalent square duct is also determined. By equivalent, it has the 
same head loss per unit length. 

Finally, the total head loss (TOP) in the air collection system is sununed 
as follows: 

TOP = DPCOL + DPBED + DPHx'+ HL 

where: 

DPCOL = Collector pressure drop (Input as Line 235) 

DPBED = Rock bed pressure drop (Input as Line 239) 

DPHX Heat exchanger pressure (Input as Line 236) 
drop (If present) 

HL :::; Duct losses as defined above. 

Rock Bed Pressure Drop C~lculation 

The user may elect to allow SOLCOST to calcu~ate the pressure drop of the 
rock bed, or he may input the pressure drop manually (line 243). To cal
culate the pressure drop, the bed inside height (line 244) and the rock 
density (line 245) must be supplied. The internal procedure is as follows: 

ADR 
530 

ALT 
(460 + T) exp <27000) 
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where T and ALT.are defined on the previous page. The density of air (p) 
is 

p = .075 ADR 

and the velocity (V) of the air in.the bed is 

v Actual volumetric flow rate 
Box inside cross sectional area 

then the Reynolds number (R ) is calculated to be 
e 

R . 106 p V 
e 

and the friction factor (f) is 

f 180 + 3.96(R ) 0"9 . 
.. e 

and finally,the rock box pressure drop 6h is 

. -6 
·6h (inches of water) = (3.41 x 10 ) f H V 

where H is the bed inside height. It should be observed that as long as 
the bed height remains constant and the quantity of:rock and air. flow rate 
is a constant multiplied by the collector area, then the pressure drop 
will be independent of the collector area. 

Heat Exchangers for Air and Liquid_Syst~ms 

For liquid system~, typically two heat exchangers need to be sized: 1) the 
collector-to-storage heat exchanger for systems with anti-freeze fluids, 
arid 2) the liquid-to-air load distribution.heat exchangers. The first option 
requires the following inputs: 

Line 190 = 1 SOLCOST to access the sizing routines 

Line 191 1 Flag for counterflow HX in collection loop 

Line 201 .025 Flow rate per unit collector area 

Line 2'25 = 3. Ratio of (MC )' /(MC ) . 
p storage p collect1on 

loop loop 
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Line 227 = .95 Ratio of F~/FR for collector-storage HX 

The cqunterflow heat exchanger UA is calculated as follows. Specify F~/FR 

(normally 0.95-0.97); then determine the hext exchanger effectiyness (E): 

E 
A F U 

MC ( c R L 
p min 'AC ' p,collector 

' -1 
FR 

+ (-) -1) 
FR 

Determine NTU (the number of transfer units) from 

where 

NTU 
1 

(1-Z) 

for Z = 1 NTU 

ln (l-EZ) Z J 1 
1-E ' -r 

E 
1-E 

z MC /MC 
p~min p;max 

Determine the heat exchanger area conductance product from 

UA = (NTU)MC 
1 p,m 11 

Once the UA has been determined, the heat exchanger is selected from the input 
tables. 

The sizing of the liquid-to-air crossflow load distribution heat exchanger 
requires input of the above parameters (except Line 191) and: 

Line 192 = 1. Flag for crossflow liquid-to-air HX in load 
distribution 

Llul:! 230 2. D!:!slg,u pulul fut L:Lussfluw luau HX 

Line 231 1000. Air flow rate in load HX 

Line 232 15. Water flow rate in load HX 

The effectiveness of load heat exchanger (E) is computed as 

E···= DP*UA/MC p,min 



where DP is from Line 230, UA is the building heat loss coefficient (computed 
from Line 42*Line 43/24.), and MC i is deteremined from the input water and · p,m n 
air flow rates. 

~or a~r systems,.the ro~tines ~ill size tl1e service water coil located in the 
collector.outlet ducting. The user must specify the effectivness in this case 
for each of t'!'Je candidate areas; Array 240. Inputs required are the same 
as for the load- distribution heat exchanger, only the service water flow rate 

. should be input on Line. 232. 

The UA for crossflow heat excahngers is calculated as follows; once the effec
tiveness (E) has been determined. 

When the mass capacitance flow rate of the air side is greater than the liquid 
side then the UA"is: 

····· . 

MC . 
UA -MC ln[l+ • p,m~n ln(l- E)] 

p_,max MC 
p,max 

when the largest mass_ capacitance flow rate is the liquid side then the following 
equation is used. 

c 
UA = - MC . ln[ 1 + cmax 
.. ~·. p,m1n min 

MC . 
ln(l-E • p,m~n)] 

MC · 
p,max 

One~ th~.UA has been determined, the heat exchanger can be selected from the 
input tables. 

·. . .. 
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SOLCOST Component Sizing Examples, Liquid System 

Assume that a residential solar space heating system with liquid collectors 
is in the design stages. Figure D-1 shows a schematic of the proposed system. 
The designer wants to include component sizing in his SOLCOST analysis. He 
elects to use the default values with the exception of the collector flow rate 
and the length of pipe in his system. Figure D-2 is the SOLCOST output for 
this system. 

ColdW.IIfrlft 

Hot Wotor (lui 

Olffrrrntlol 
Conrrolltr 

·,, l·rmptrlnM Valvr 
Sot •t uo· to 140• 

Figure D-1. Liquid Space Heating System 
.for Component Sizing Example 

D-8 

Aut<1 AlfVt .. 

DIN<tlonal Volvo 



'· 

T 

LIOUID SYSTEM COMPONENT SIZING EXAMPLE 
1 , 1 1 1 

1 1 * 
t SOLAR SYSTEM TYPE FLAGS BY MONTH 

4· 2 
2 :~ * 

$ RErERENCr SYSTEM FUEL TYPE 
6. 2 

$ SOLAf; AI IX ILIAI.V ENERGY rl.Ail 
.to, 21 

·J COlt. I:C fOR TYPE FLAG 
1:5, • ~;:;ooE+02 * 

$ COI.t.t.:cllm HLT ANGLES• [lt:GI~EES 
.\4, .J::!OOEtOO 

:~s. 

$ COti.FCTOI~ EITICIENCY AT [ll/ll ~ O, 
, :~ lOOEtOO 
$ COLI.Et:trm EFFICIENCY Af < TIN-Tf\MB)/0 

55 
$ Sl rE Ult:fiTION CODE 

40. 2 
$ f<UIU<!NG LOA[I CIJHPI.ITE METHOD FLAG 

41, 3 

0.5 

-$ SUiV.!CI: IIOT WATER LOAD ·· CIJHJ"·UTF/INJ'·ur FLAO 
42• ,7100E+Ol 

$ l<UH(<!NU HEf\T LO~!.; fnC.IOr; <OTI.I/I.<EIO··I'I•W-!'!Il,FT) 
43, ·, 1 :>OOE t04 

$ ~UIL[ItNG FLOOR AREfl <SO.FT> 
•19, .·~oooc .. ·ot 

$ l.tll'\11 ,. tlli Wf\TEI< IIEfi:TI.NlJ. E rc, <Ill L IHIJ/[If\Y> 
55, .l~jOOE·tO•I 

$ SIJIJ,J; !; Y!.i fEM FIX En cm:;·r, l<ULLfiRS 
56, • 2'1(h)f~ I O:! 

$ COS I IIF ~.;Ot.flr; SYGTEM• l<ULI .. f'IRS /t;II,FT 
~~~~, • bO<>oE -o:~. 

$ 501.1'\li !H!;ILM Mfi·!NTEN•'NCC O'liflt:Tli1N CIF lNLT COST> 
65r 1 

·~ F .I NI'\NC l f\L t;ct:NAr; I 0 FLAG< ra:s, [<1.1!;, NI"O > : I , :? • fiR 3 
1.7, .l()OOEtOO 

• ~I!:>CIII.INI Rf\TE• FRACTION 
68, • .LOOOEIOO 

$ HORrUfiGE INTCRlST RATE, PER~lNT/YEAR 

72, • "/0()0[-"0:.! 
$ [<IJII.fi(Nii Flfac IN~;"URMICE jif\lE, <1-'I~<,CTIUN OF I,C,) 

7:5. o • 

74. 
• PROPERTY Tf\X 'Rflf£, fHfiCTIUN OF INITIAL COST 
. :woor.too 
~ IN~UME Tf\X RATE• IFRA~TTONl 

.·1000E 1·00 
$ lNFLATlllN Fl\l:f'OR FOI~ HAINT, INSIJI~• f'FWF· TAXES 

2 

.1420E+OO .J~00£+02 .o~OOE··Ol .~OOOE.02 ,4JOOC .. ·Ol 

190• 

191. 

1?2. 

.3600£-01 .lOOOEt05 .1000E+OO * 
$ EIIEIWY COST ~;r:HEDULE··El.I"C m lC:IT·Y 

1 
$ FI.I\G fO 1'-:XfCUl E SU£<SY!:iTEM !:;I:I.EC r I ON/!:; lZ CtiG J;f)IJJ INE3 

1 
$ Flflli FOR COUNTERFLOW l.lU-!.11'1 fiX .IN f:Ol.LECJlON LOOt' 

1 
$ Fl 1'\t; Fori CIW!;SFLOW A W···LU < llli Ul· .U f() fiX IN COL l.IJIJP 

20-1, • ·"'~·jOt>~: to:.~ 
6 JOrAL PH'( Oli [<UCT LCtiiHH .IN ~llll.lCTillN LOOP 

RUN 

.12001::+03 

Figure D-2. SOLCOST Ouptut for·Liquid 
System Subcomponent Sizing 
Example 
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TITLE: LIOUID SYGT[M COMPONENT GJZTNG EXAMPLE 

Figure D-2. (Cont.) 
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TITLE: LIOUID SYSTEM CtlH.fONENT SIZING EXI\Hf'I.E 

----LISTING OF UGER INPUTS AND SOI.COST DEFAULT VALUES----

LOCATION --DENVER,CO 
LIUUID ~01.1\R SYSTEM WITH 
COl., EFFIC. INflRCEPT ~ 
COL, EFFIC, 

LATITUDE • ~?.8 TilT 1\NWES SS.O 
1. ~:i GI\L. STIJI';MH-: f'ER SO r·r OF COLLt:CTOR 

·' 7.2. 
.31 1\T [lf,'L T/FUIX ~ .5 IIR .. ·F--!;11 FT /lt'fU 

l NPIII SPliCE tiEl\ T 11--VI\L.UE 
INPUT SER, IIUT WtHER UJI\(1= 
AUXILIARY ENERGY IS ELECTRIC 

7.10 !ITII/IF--[ItW·--~·;n FTl 
.0'10 Mlll..IUN I'ITtn>IDAY 

FLUIJ11 ARE•'~ I :;oo, SO FT 

INITIAL COST, 
INITIAL COST, 
[10WN Pf'IYMENT, 
LOAN 'TERM, 
INTEREST RATE• 
[I I SL:UIINT RI\'J E, 
INCOME TAX IMTE• 
f"ROI·'. TAX Rl\ Tf • 
INSUf;,~NCE RI\Tt:, 
HI\INJENI\NCF. RI\J[, 
GEN INFLI\J'ION• 

$ FIXED 
t/SO FT 
i:: OF IN. COST 
YEAriS 
:r. 
:r. 
X 
Y. OF IN COST 
X OF IN COST 
r. OF IN COST 
:r. PER YEfiR 

LENGTII llF Atii\LYSHl 

:JDt.I\R 
~;YST[ti 

1 ~;oo. oo 
211.00 
10.0 
:.~o. o 
to.o 
10.0 
:10.0 
o.o 

.'/ 

.I> 
.10.0 

20.0 YEARS 

fiE FERENCE 
SYSTf.H 

o.oo 

10.0 
;?o.o 
10.0 
10.0 
:so.o 

o.o 
.7 

L' . ·' 
10.0 

JAN FEB MAl~ APR MAY .JIJN .JUl. AIJG 'SEF' OC'f NOV [IEC 

SOLAR SYSJEM TYPE 
TRt)NSF'ORT EFFIC. 
REF. FUlL TYPE 

.95 
ELCC 
1 .oo 

.116 

.lb. 
44. 
bl. 

• '75 
El.EC 
1.00 

.43 
19. 
4{,. 
6'7. 

.?5 .?5 
n.EC ELU: 
.t.oo 1. 00 

• :l'7 .28 
::!4. 311. 
F,O, 6\, 
6L' ... 63. 

1 
.95 • 'l~.:i . 'IS • '1!'5 

ELF!: n.u: LLF'C U.f.C 
t. 00 t, 00 1 .0() t. 00 

.18 . 12 .0'1 .o? 
114. 52. :~'1. !:'i"J. 
:•o. uo. (.1,7, fl6. 
1.1. 69. nil. /,I). 

REF. SYSTEM EFFIC, 
l'toULY 1.01\[I··MIL IIJU 
MEfiN MIN TfMp,,·F 
M~nN MAX TEMP•• F 
PFRCEMT POSS. SUN 
[lflll..Y HI If\, INSI.II.., 
HEATING DEG. DAYS 
SUPPLY WATER , F 
ENERGY COST DATI\ 

I·Jti0.1127.15JO,llll9.~t~~.~:i~t.22/~.~()11. 

1088. ?02. l)l.(j. ~.:;:~5. 2:):.5. 1:]0. o. o. 
~o. ::;o. :50. 50. ~o. !,:;(), ~0. ~iO. 

ElECTRIC .. • 14:-• Prti UNIT Fllri F.TR~H 1::;. 0 IJNITG 
EL~CI'RIC $ . ()/,:~ f"U; lJNlf FIIR m:x r :·;o.o uttt rs 
F.l.fCli<IC t • OII.S l''l.li lltiiT nm NEX'f 1?0 • lltllTS 
ELECfR[C $ ,()J/, r-u, UN 'IT Fl.lfi NEX I' • IOOLIOS UNITS 

ESCI\LI\ I ION RAIE ~ 10.00 f'ERCENT 

Fig. D-2. (Cont.) 
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1 1 
• '7:-i .?5' .95 o'IS 

EUJ: ELEI: fl.EC EI.EC 
1. 00 1. 00 1.00 ·1.00 
.I :I .23 • :·s6 .43 
41l. :S'J. 25. 1•'1. 
Ill. Ill, ~:l. II .... 
'71. 'It.· 6'7. 65. 

1/:.''7 • .1301. Afl4, 7:52. 
1 :>o. 1100. 76.11.\0011. 
~;o. ~;o. 50. so. 



tH·tttSliDCOHPCINI:Nr TNf'lH f>IJHHI\RY Fflf~ A L TllUill SY!HF.tt 
Al:olll TIONAL VI:LOCITY IIEA[I 
S'I'STEH PRESSURE llf.AD LOSS 
S~STfH lOTI\L El f:VIITTON 111::1\ll LOSS 
HEAT CXCili\NGt:ll IIEAO LOS!i 
COLl E.CTOR llf:A[I LOSS 
TOTAL COLLECIOR LOOP PIPE LENGTH 
NUH~ER OF VALVES IN SYSTEM 
NIJHEIER liF El l<OlJ:; IN SYSTEM 
NliHBER OF TE£~ IN SYSTEM 
prGlGN VCLOCIIY FOR PIPE FLOW 
CO!H OF f.ACII Vl'll.VE 
COST OF fACti ELOOW 
COST OF EACII TEE 
COST OF PIPING 

ttttttPUNP SEt.C:r.TION TAOI.E. 
NUHDER--··Fl.OWIGP~>---IIEII[I<FT>---CODT<tl 

1 u . uo ·7. ~;o '7:'1. oo 
1 ~;. 00 U. 50 7S, 00 
1 to.oO 7.00 l'~i.OO 
1 I '1, 00 I , ;!O /:1.00 
2 o.oo 14.00 100.00 
2 ~2.00 o.oo 100.00 
J o.oo 10.00 10~.00 
3 ~;.oo .... 50 to~;. oo 
3 7.:>0 4.00 1o~;.oo · 
3 10.00 t. 70 IO:'i.OO 
4 o.oo u.oo 1 I 2, 00 
1 til. oo· 0;0() ~- ~:? r 00 
s o .• oo 20.00 112.00 
S JO,OO o.oo 112.00 
6 o.oo 6.00 135.00 
6 \1.09 o.oo t:l:'i .oo. 
7 o.oo 14.00 171.00 
7 ~j.oo o.oo ti'LOO 
8 o.oo 40.00 225.00 
8 ;w.oo o.oo ::!~5.00 

9 o.oo 20.00 225.00 
9 60.00 o.oo 225.00 

.so 
,:)0 
.~o 
.:';0 
.60 

~.~.oo 

2 
10 

0 
:o;.oo 
.1.1)<' 
1 .no 
t.oo 
4.00 

Figure D-2. (Cont.) 
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FEET 
FEET 
FEET 

FTET f·ER ::lECOND 
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++·Ht+COIINTER FI.OW tlf"AT t:Xr.ttANGr:t"i INf'llf !ilfMMARY 
HEAT EXCHANGEU ~R PRIME/FR RATIO 

NIJM[IEI~·--··· 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

··II A ( [C IIJ/111(--[I[I.JF) ................. r;o:.:T ( t) 
715.00 

1430.00 
2172.00 
~~080. 00 
41>20.00 
6160.00 
720:';,00 
?~'i?O .00 

144'U.OO 
~'2Y90, 00 
:a:'>:·!?.oo 
3:!065.00 
:IM,O:!.OO 
45'1:'>2.00 

.112.00 
t:·,n.oo 
190.00 
:.~y:~. 00 
:no .oo 
:.H"J:.!,<lO' 
40~·!. 00 
~i~i~i.OO 

7?1>.00 
l}:.!~i. 00 

1 \l'\0. 00 
1144.00 
t :11 :1. oo 
1 ~ •• ,o. oo 

++++++INPUT SIJMMM~Y FOR CROS~; Fl.fJW IWAT EXCIIANGER 
<•':.i U~iFl< IN .f'HE Lli.IUI[I IIErHJNIJ 5Y:;rEM> 

STtWCTUfiE Ul\ ·14:1.?5 [<TIJI<IIR-f•F.GF> 
Ct,LCULATF:rl U f ECriVENCGG ::!,00 *(Iff\ UF !>lf~IIC'fllfit'.l/(M!N FLOW CI\P RAJ'£) 

CROSS FLOW Ill'' I tXCIIANGER u,, VS CO!.>T 1'1'\[ti.E 
NUM[I[R-- --·1.1.\ <I! I'II/III~- f•EGF)- ...... r;n:.n ( t) 

1 1'17.00 45.00 
2 2 4JS .50 ~:iO ,00 
3 J94.00 5~·;,oo 

4 4?~.50 l.3. 00 
s 5'71. ~0 ?7.00 
6 '/lJfl,OO 04,00 
l f.Jfl;~.50 os.oo 
8 ?IJ~·; .oo .too.oo 
9 1 ?7:1. 00 l:.'lf.OO 

10 1940.00 140.00 
11 3546.00 192.00 

Figure D-2. (Cont.) 
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TITLE I LIQUID .SYSTEM COMPONENT SIZING EXAMPLE 

++++++t+++++tttttrHIS IS A LIOUID SYSTEM 

COLLECTOR AREA 60. 140. 220. 300. 380. 440. 

SUfiCOHPONENT 
COST 276. 2·76. 276. 276. 2'76. 276, 

i>TPE t:liO::.Hf.TF.R 
<INCHES) .38 .63 .75 .sa 1.oo 1.00 

SYSTEM HEAD Loss 
<FEET> 13o76 9o88 8.91 8.22 7.70 7.70 

f'UHP COST 
< t•OLLARS> 112. 100. 100. 100. too. 112. 

f'UMP SELECTION 
INUHllt::R> :) ., . 2 ., . ., . 

COUIITER FLOU IIX 
Ul\ < £1TU/l•EGF--ItR > 639. 1491. 2342. :H?4, 404A, 41.115. 

COUNTER FLOW 
HX COST (S) 112. 1?0. 292. :~:~n. :.1:111. ~iO:.!, 

COUIITCn rLOU 
HX SELECTION 3 4 5 5 IS 

LOAD HEAT EXCHANGER COST< U 192. 

LOAD HEAT EXCIIANGER UA 27tJB, 

LOAD IIEI\T EXCHANGEr• EFFECTIVENESS ,ABO 

LOA[I HEI\T EXCHANGER !:ELECT ION 11 

!lULAf~ SYSJf·.M ClJ!H !.itJHHI\t.:Y '1\lll.~: 

COLLECTOR ARE I\ 60. 
1J'rt!Ji:A6C :uu: 'YO• 
C011f'ot1ENT CO!ITS (JCJ:.! I 

Till: fiUl•Cfll1f'·UNiiNT6 M~l; 

SIUti:I\GE co:ns ?o. 
COLLLCTOR COSTS 1-140. 
F IXE[I COSTS 1500. 

TOTAL COSTS 3030. 

140. 220. JOO, :IHO, 440. 
~Hh .".I.H>• •IJO; ~ii"O, 1\i\0; 
750. 1160. '}06. 'JOb, 'lb::!. 

NIH tiii..LIII>I:[• IN lllh rornL 
210. 

::ut.o. 
1500. 

5070. 

:~:.,u. 4~·,0. ~·,1o. 660. 
S:.'l.h>. J:,•oo. 'Jt:")(), t o:.;M>. 
1500, 1 ~.\00. t ~.oo. I :,oo. 

7110. '7150. 111?0. 12'720. 

Figure D-2. (Cont.) 
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520. 600. ABO. 

276. 276. 276. 

1.13 1. 13 1.25 

7.30 7.30 6.97 

112. 112. 112. 

::; ::; 

=>~:17. 6:\A?, n4o. 

3112. 402. S!'S3. 

6 7 9 

~;;:.~o. 600. 6110. 
'/i'li); '/00; 11):'.0; 
'lb:!. 10.62. tt:n. 

/flO. '}0(), 1 0~~0. 
t:.t-100, 14400. 1 fo.\20. 

1 ~;oo. 1~;oo. 1500. 

14760. 16900. 101'140. 



TITLE: LIOUID SYSTEM COMPONENT SJZJNA EXAMPLE 

SYSTEM f·'E RFOI~MANCE ANfl COST SUMMM~Y f'llR ~:;~;, 0 TILT ANGLE 

COLLECTOR SOLAR. SOLAR RATE OF Nt:'l l"lit'!·;[:Nl I. 11"1-: I' IME COST 
AREA ENERGY SYSI'EM RL'.TUI~N Will' Ill UF S•WINGS 
<SO.f"T. l f"RM~ I JON cos·r I.IN UIU!TY !illl.IH'; !it"'tiJ fNI.;!~ <.liN II'! !;L:ilUNTEO l 

1.: ') < ~iLt-: NurE 2> ··' 
60.0 • .113:! 3030.00 \\II, I '14·1. '}I :.ll>~j4. 71J 

140.0 .387 ~iOlO. 00 1 ~~7. '4 :H 14.:',~• .1'11?6.99 
:-?::?0.0 , ~:.:·.11 /110.00 114.2 ·1 1.11. (I() I~) ItO, 'I? 
:100.0 .65'1 ·n ~;o. oo 10:!. 1 4/77.0.1 1?04'7.16 
JHO,O • 7~·j() I 1'190,00 66.0 4~i7:'. J'l 111.~55. 52 
-140.0 .fll6 t:'.'/20.00 4'l . ., .:.. . .:.. 4:! I 4, I I an:~o.os 
~~120.0 .B'Jl 14/60.00 27.5 .11>:~:1. 46 179.35.40 
1>00,0 .·9~0 II..BOO.OO 

1 ''· 1 
:.~~-, t J. ~n 1 ~i'/07. 11 

6130.0 .9U!.i 180•10.00 1:1.3 1 0'1'1, I <I 1291?.44 

ENERGY BALANCE DY MOHrH FOR :100.0 !if!. FT. COLLECTOR 

·MONTH FIMCTIPN f\VEI,Afil·. ll!ifTUI. .·'urAL IJ~iF.FIIL l'liiXJL I•)RY CONVENTIONAL 

-· ~ 
3 
4 
5 
6 
7 
8 ., 

10 
11 
1 ., 

'· 
AN NIHIL 

NOTE 

NOTE 2 

t<Y ~;OL•'H\ ::cll..l'lk .r·Cfi DAY !.iiJI. l'll"l Ltll:l<li y I.'Nl.IWY ~;Y!';TEH OII'IWY 
( I.<'IIJ/(<.AY·-Sll frJ < M ll. l<III/MIJl <MIL [<TIJ/MO l I MIL BTU/MOl 

I.' 

.4:lB 677.5 1>.30 o.oo 14.38 

.~12 73'}. 6 6.21 5.91 12.13 

.573 741.2 6.8? 5.14 12. 03· 

.747 MJ.7,9 6. 19 2.10 8.29 
t.ooo ~j93." ::0.48 o.oo 5.48 
1.ooo .596. 6 3.55 o.oo 3.55 
1.000 30~ .1 2.79 o.oo . 2.79 
1.000 .30<1.0 2.7? o.oo 2.79 
1.000 442.1 3.98 o.oo 3.98 
t.ooo :uo. 4 jl, 1" o.oo 7.14 

.562 6i'J. 0 6 • .\2 <1.76 10.00 
.-439 63::5 •. 9 S. 'JI 7.57 LJ,48 

• 654 6J. :u • 33.56 96.~12 

CON<); f.NEfiUY AND SOl l'lk •)IIXII lf\I~Y ENt:r:;c.;y l'll(t:: t;f~llS!> VI'\LUES. 
<l,.E; lilLY 1NCLUC<E rMih lri:.IJL l'llllltl MH</UR CIINI.<II!:iriilN LOSS! 

NET l'fi[SI'NT WOFn II ur· :;ut I'll( !>fi<J INI;!;; ·o f.:l';l.:.!:ii.N I Will~ Til Uf" NET GASH 
f'LOW~; <HJI~ l'l '10,0 % (ll~·it;IIIJNI' ~:l'liU MINI.I!i HIE l.iiJWN PAYMENT 

Figure D-2. (Cont.) 
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TITLE: LIOUill SYSTEM COHPON!'Nl STZ IN!; EXt'IHPLE 

COllECTOR SilE UPrtHIZATION DY SOLCOST 

~EST SOLAR COI.IE~TOR ~JZE FOR Tll.T 1\NGI.C OF~~. ~:GR~ES IS 
Ctll.LE.C fOR 1\"f··f. -, 11~·1 f; [ti:F Hl[[t, L llll.i!lt. TYPE 
~ HMtiC IAL i;CI:Nt'tl\ 11.1--:kl.!; I Lii:NI:t; 

.•Hi CI\Sil FUIW SUMHtlkY .... 
(A) ((I) <CI (l"t) ([) 

'I'R FIJ[L/IJT IL I fY M•UNT. I'R(ll""l.l\1 Y ntiN(I,\l U'IX 
SAVINGS + 11N~Ur', TAX J Nll·f\L!iT ~)t'\V lNliS 

6 1} 1 • ttY. o. fl:!.l. :!':'/7 I 

2 /60. .t :u. o. 110'/, :!·1.' . 
:~ tJ:J6. 144. (), l'l.l. 2.11), 
4 9l'lo 1~11. \), //6, :! .I:~. 
5 I 0 I 1 • 174. o. '/:,/. ;.;•:! '· .., ! 11 ~·. l 'I~!, .ll. /:lb • ~!::! l . 
7 'll:~~' ;• t I • o. i' 1.1. :~ t 4. 
u . p46. 2J2. ·o • '/,0/. :!OA, 
9 1481. 2~i5. o. o:.i•J. l'}(J, 

10 162?. :!UO, o. 6:!A. 11111, 
l1 1/'11 , . :.10?. o. ~·i 114. 1/U, 
I ~' I <JJ L. ·'·'''. o. !'=;::·;/, 1,'•'· 
13 2160. :11.1. o. !)lA, 15~. 

11 2:!84· •. . 411. o. 471. 14.1 • 
15 :!.-\23. ·1~2. (), 4:> 1 • 12h. , ... :mn:>. 4'7:1, o. :!/.I,' 111'1, 
17 J1 i'4. :~ .. ]I o. ;50i'. •,•i!. 
18 .wn. loOt • o. ::!4 1 •. /'' ~· 
19 3040·· bl. 1. o. 1611. 50. 
:!0 4~:!4~, 727. o. on.· :M. 

-------·-
IIJ 11\L~ JY:)bUo bUlJ, "· 1 .II II • :J .. Io~!. 

:JOO, SU, F T, 

(F) <G.) 

1.01\N NET .CI\Sil 
h'IYMENT fLOW 

··Y1S. 
?67. Hill::!, 
'JI>I • -']::), 

'}6}. -36. 
'}b7. 26. 
?A"/, ?7; . ,..,,, 174 • 
96"1. 259. 
'161, 3~3. 

"'"'· 4~;6. 

'}f. "I. :; ... 9. 
YA"/, hY4, 
'}67. fBI .• 
'167. '102. 
?67. tl49 • 
'16'7. t:no. 
91;, 7. t·n·1. 
?(.,7, 17G2_. 
'lbJ. I '1'1'5, 
?67. 2262. 
'}67. 25~6. 

t?:Ho. 1)'0:.11. 

SUl.•)R INCENTIVr: lNCLilltFLI ·IN YEI\1~ I TnX !ii'\VIN(j!:i :~c>JO. 00 DOLLARS 

'F·nYI:<I\CK l'.tHr 11m 1"111"1 ~>ftV:!Nt.:f> 111 flll.ll\1. rlll'l'\1. !NVL!jiM~NI 
f'l'\'r'£tACI\ TIME f •Jt.: NE f. 1:1\.!ill FLOW n:, l.lf·F!.il·. r lH.JlJN f'I'\¥HI tlf , , , , , 

0.8 YE/\RS 
.~ YEnRs 

tiET 1'1\"l:~a:tH Wflln II IJI' :·;tll.l\h: !:li\U.ftlli'; , , , , , , , , , 
,;·r. H~ OF Rf:'l Ulal Uti Ill: I l.'t\SH Fl llW , , • , , , , , •. , , , 
ANNUI\l PURf!Otl or IO~U P~U~Yur~ ~y ~n~~~ ••• 
1\NNLio)l ENEf;GY SI\V I tlfi!i W.l Til SOl..I\R SY!ilEM 

4/li'.03 [HJI.LARS 
I O:>. 3 l·"t:f\"CfN r 
1.~;." 1·1:1,r:~·N·r 

1,3, <I HI I.L. I 011 f.tTIJ5 

lAX S"VIN(jS ~ lNLUM~ lOA 1\AI~ A IL + 0) 
IIF: r f.A::;II Fl. OW ~ 1\ ·- T< ·- C ~ E .. F 
.Uif)~'t: l''oWI<M!I; T rm::J ron:n:t1 llN lHW l 1)t':loiJtHlT• [oiJI.I.MIG 

Figure D-2. (Cont.) 
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Air System Component Sizing Exanple 

Assume everything is identical to the previous example, except that the 
air sys tern shown in Fi.gure D-3 is being considered. The designer accepts 
the default for parameters. A crossflow service hot water preheating 
coil is called for in the air handler, hence the designer must input its 
design water flow rate so that coil size can be determined. The SOLCOST 
output follows in Figure D-4. 

<W 

"tupplv Air 

··l/ 

r , . ; lurno~u• 1\ (. 
.I 

I, I i 

j i · !Opt. I Kvp.a.., .. 

~~ . 
IH ... 

Figure D-3. Air System for Component SiZing Example 
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T 

AIR SYSTEM COMPONENT SIZING EXAMPLE 
1, I 7 7 7 

4• 

6. 

to. 

13. 

14· 

15r 

7 7 7 7 
t SOLAR SYSTEM TYPE FLAGS ~y MONTH 

:;? 

2 
:;? 

2 2 
t REFEREN~E SYSfEM FUEL TYPE 

t SOLAR AUXILIARY ENERGY FLAO 
:n 

' C~LL~~TOR TYPE ~LAO 
. ::;~;oor: 102 * 
t f:nt l. CC filii T .l L T ANGI.F:S, (II:Om:ES 
, 4'100E tOO 

2 
2 

* 

* 

t COLLFCtOr; EFFT~Tt=;!'Jf:Y 1'\T [lf!(l " O, 
.12001-:100 

7 

2 

t COLI t:CTOR ErFICTENCY oH < I'JN··fAMt:c)/(1 " O,:j 
,f>OOOE 1·0:1 
t SPEC I Fl r It COLL.ECTOR A fiCA WHEN I. WE 21 "1, 2 OR J 

t SITC LOCATION COPE 
40· 2 

t EcUIL.r•TNG LOArc COMPUH; Mf.THQll Fl.AO 
41, 3 

t S[R\i!CC IIIJT WoHER LOA[I ·- l:IIMt··IJn:tHWIIT FI.I'IO 
42• ,7100EIO\ 

$ [cUll ltiNii fl[oH LOSS FACTOR II<"IIJ/[lr:ti-·ftAY·-!;f),FT) 
43, , t:·iOOE104 

-. ltiiJI.[tiNU FUHfli MlEA !Sfl,FT) 
49, .9\lOOE--Ot 

t LOAD FOR WATER HEATTNUr ETC, <MIL [IIU/DAY> 
56· • 4~00["-1();~ 

t ~osr or S~l.AR SYSTEM, DOLLARS /Sil,FT 
59, .,',OOOE·-·0~ 

s ~;I'll_ AI( Hr!; fEH Hili Ntt:NMltE n'raiCTI<JN OF HI! T COST) 

65• 1 
t FINANCIAL GCr.NMiiO FLAG<RESrf.<IJS,NPO>: 1•2• OR 3 

67r .IOOOEtOO 
$ [ti!:>COIJNT RoHE• FRACTION 

68r , \OOOF.-100 
& MORTGAGE INTEREST RAlEr PERCENT/YEAR 

72. • 7000[·· 02 
i [oLJtLfrlNG FH•E HI~>Ur;MICE RATLr <Fiio,CIIIJN OF I.C,) 

"?lr 0, 
$ f•RIJI··Ui:fY To'X RoHEr f"R1)C liON OF INITIAL CUGT 

74, , 3000C 1·00 
-!. rm:tJHC fAX riATE, Cf"IMCTIIJttl 

B:!o .IOOOFtOO 
f Hffl.I'ITILJN r·M:TIIR FW~ M(IIWI"r w:·ot.lfir f·f':OP TI'IXU> 

7 7 7 

2 2 2 

.14:~ouoo .r:;oouo:! .t..:!oOE···OI .~•ooot:t·o:! .1:1ooE-O.I .1200F:-IOJ 
,JbOOE-··01 .10\JOF-105 , tOOOE-1-00 * 
t I::NCktlY CU!JI" !·iCIIF;roUlt:-IJ.I:C"riW:UY 

190· 1 
t FLAG TO EXEt:IJTE SUE,!JY!}Tf:M m:U'.C r.ION/5 I ZIIIG liOIH INE!i 

191' 1 
t FLAG Hm CUUNTEFWUJW L I 0·-·LI fl HX IN COL.U:C r I UN UJOf' 

!!'::!~ l 
$ FLI'\0 FOR cr;O~>SFLOW Alf~--LU ((Jr; UI··AIIO fiX IN COL Ul!Jf' 

193· 1 
t FLAG TO I NCL(![oE CUMf'•IJijf~IIT::i IN !:;v:; I EM COS rs 

204. .65001:::: .. 0~ 

RUN 
t TOTAL f• If"( OR [llJt;T LENG Til IN COl. LEC r I ON LOOP 

, Figure D-4. SOLCOST Output for the Air System 
Subcomponent Sizing Example 
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TITLE: . AIR'SYS~[M COMPONENT SIZING EXAMPLE 

Figure D-4. (Cont.) 
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TITLE! AIR SY9TEH COMPONENT SIZING EXAMPLE 

----LISTING OF USER INPUTS AND SOL.COST [tCFAUL T VALUES----

LOCATION --rtf:NVFR;CO 1.1\TTTI.I[If: ~ :l9,H TILT 1\NIILES 55,0 
AIR SOL!AR SYSTrH loiiTtl 50,0 l.Et!i OF IWCI\ SHIF(AGE F'f:R Sl1 I' r OF CUU.ECTOR 
COL, EFfiC, INTF.r;Cf.PT = , 49 
COL. erne, " .1~ 1\T [lr.:t. T,•rr.ull - •!:i rm r .:Jo FTlDTIJ 
INr·UT SPACE m:.n U·-VI\UIE"' 7.10 [ITIJ/(F··[tfiY-!j(l fTl FLUOR AREA~ 1~00, SOFT 
INPUT SER. HOT loiATER .LUAD= .090 MILLION I'ITIJ!i/OAY 
AUXIL.IARY ENEIWY IS ELECTRIC LENGTII OF MIM.Y!HS 20,0 YEARS 

INITIAL COSTr 
l N I I 11\L Cm:il r 
DOioiN PAYHCNTr 
LOAN TERHr 
INTF.RtST RATEr 
[tiSCilUNT RATEr 
TNCOHF. TI\X RATEr 
PROf', TAX R1\TE r 
l NSIJRANCE Rl\ n: r 
H.\ IIITCNAIICC I~ A I C, 
GEN INFLI\TIONr 

t FIXED 
t/SU FT 
X OF IN. COST 
YEARS 
X 
X 
X 
X OF TN I.OST 
r. nF IN co::;r 
X Ill" IN CO~iT 
X Pt:R YEAR 

SOLAR 
!>YSTEH 

o.oo 
45.00 
10.0 
:.!0.0 
to.o 
1o.o 
30.0 
o.o 
,/ .... 

1o.o 

REFERENCE 
SYSfF.:H 

o.oo 

10.0 
:w.o 
1o.o 
10.0 
:10.0 
o.o 

.7 

.:s 
10.0 

JI\N FElt HAR 1\F'R HAY .JIJI'I Jlit 1\IJG !;[I> I.IC r NOV DEC 

SOLAR !'lYSTE/1 IYI'E 7 7 7 7 7 7 7 7 7 7 7 7 
TRAilS PORT EFFir.. ,95 .95 .95 .95 • 

475 .?~ . '15 • rJs • '1~i .'IS .95 .95 
COL, INLET Tnrr. 70. 70. 70, 70. 70. 70. 70. 70. 70. 70. 70. '10. 
REF. FIJF.L TYF·'E ELEC n.Er. cu:c ELEC EU:C r:ucc FI.Er. I:I.Er. nEe r.u:c EI.EC ELEC 
REF. SYtilf.H I:TF rc. 1 .oo 1. 00 1 .oo 1. 00 l. 00 t.OO 1 ,()0 t.OO t.OO 1.00 1.00 t.oo 
[l;HLY LOI\[l-MIL HU t'l6 .4J .39 • 2!) .10 • 1 ;! .09 .ov , L1 .2~ o:lh .43 
HEAN HIN TF.Mf·, r f' 16. 19. 211. 34. 44. ~2. ~·j '".1 • 57. 40. 3l. 2~). l?o 
HEAN MAX Tf.Mf', r F 4'1. 46. ~jO. 61. 70. 110. 07. 06. 70. 67. 53. 46. 
PERCENT r-oss .• SUN 67. 67. 6~). 6:1. 61. f>'l. bO. 60. J.t. 71. 67. 65. 
DAILY HOR. INf.OI.. 840, 11 ~7, 1 ~dO, 107'), 2 ,t;~:;. :!.1~, I, :::>::7:!. ~04'1, 1 7~!7, 1301, 004. 732. 
HEATING !1EG. DAYS 1081), 902. Uf>O, 5::!5. ~~:;3. no. o •. o. 1 :·!o. 401). 7/.0,1004, 
!:i.lr·r·t. v UATI':I'l . F' so. so. 50. 50. 50. ~o. 50. 50. t:,o. so. so. so. 
ENEr\GY COST !11\TA 

ELECTRIC • • 142 f'Ef; UNIT <or• FIRST 1 ~:i. 0 IJNH!l 
ELECTRIC • . 0.'.:! F·u;: liN IT FOf< NEXT 50.0 IJNIT!l 
ELECTRIC $ .04.1 f'f:r\ UNIT FOI~ NE:XT L!O. WI ITS 
ELECTFdC $ .o:1b f'ER UNiT ~ nr; N[X'i' • 1 oor: •o~; ut11 rs 

I:'SCAL.I\T lUN Rf'\Tf. - 10.00 f'Er\Ct:NT 

Figure D-4. (Cont.) 
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~· 

tttt++DUCT AND FAN INPUT SUMMARY FOR AN AIR SYSTEM 
COLLECTOR FLOW RATE 
COLLECTOR HEAD LOSS 
DUCT ~CS)GN AIR VELOCITY 
HAXlHUM DUCT HEAD LOGS 
HEIGHT OF ROCKS IN ROCK BED 
£•ENS ITY OF THE BEn ROCK 
POUNDS IF ROCK.PER SOFT OF COLLECTOR 
ROCK I<ED IlEA£• LOSS 
CROSS FLOW IlEAl EXCHANGER HEAD LOSS 
TOTAL DUCT LENGTH 
DUCT COST 
INSULATION FRICTION FACTOR 
SITf t:LEVI'\TION 
NUMBER OF DAMPERS 
NUMBER OF TURNS 
COST OF A DAMI'ER 
COST OF A TURN 
EQUIVALENT DUCT LENGTH AT Du121N-DAMPERS 
EOUIVALENT DUCT LENGTH AT Dc12IN-TURNS 

FAN TABLE 

2,00 GCFH/SOFT-COL 
.50 INt:HEfl OF W(ITER 

JOO,OO F[ET/MJNUTE 
,00000 IN/H20/100FT 

S.OO FEET 
100.00 LDM/FT**3 
~;0, 00 .L[IM/FT**2 

, 1::; I Nf:HE!> OF WATER 
• :>o l.NCHt' ~; OF W(I.TER 

6:;. 00 FEET 
4.00 BOLLARS PER FOOT 

. . l. 15 
:1000.00 FEET 
. 4 

6 
25.00 I.IOLL (IRS 
23.00 DllLLAt<S 

. , 75 FEET . 
,50 FEET 

NUMBER--FAN HEIH•CIN OF WATER> ·---FLOW R(ITF. C CFM > ·-··-t:O!-lT C t) 
1 o.oo 
1 .20 
1 .40 
1 .so 
1 1.04 
2 o.oo 
2 .20 
2 .40 
2 .so 
2 1. 15 
3 .30 
3 .40 
3 .50 
3 .60 
3 .70 
4 1.00 
4 2.00 
4 3.00 
4 4.00 
s 1. 00 
5 2.00 
5 3.1)0 
5 4.00 
s 5.00 
6 .13 
6 .25 
6 .38 
I> .so 
6 .75 
6 1 .oo 
7 1.50 
7 1. 75 
7 2.00 
7 2.25 
7 2.50 
7 2.75 
9 .50 
8 .75 
9 1.00 
9 1.00 
9 2.00 
9 3.00 
9 4.00 
9 4.50 

io 1.oo 
10 3.00 
10 :s.oo 

140.00 25.00 
t:15. 00 25.00 
1 ;! I, 00 2S.OO 
114.00 2~5. 00 

o.oo :?s.oo 
525.00 S5.00 
47S.OO ss.oo 
415.00 ss.oo 
307.00 ::;~.; .oo 

o.oo ~;~. 00 
06~;. 00 t.o.oo 
o:~~;. oo t.o.oo 
71>0.00 t.o.oo 
t •. ~o .oo 60.00 
~:~0. 00 60.00 
2'1.1.00 110.00 
:~.H .oo; no.oo 
156.00' oo.oo 

o.oo oo.oo 
":;:~o.oo 115.00 .. 475.00 f.IS,OO 
415.00 ns.oo 
JJ:),OO u~;.oo 

160.00 B:.i.OO 
.1100.00 100.00 
.1000.00 1()0.00 

11'10. 00 100.00 
ooo.oo too.oo 
475.00 i (1\). 00 

o.oo 100.00 
JIHO. 00 1"/~.00 
17:.\:':i. 00 t/5.00 
1610.00 tr;.oo 
.14~)"/,00 u~;. oo 
J~BU.OO 17:.:i.OO 
11)4/.00 1/:). 00 
;J 100.00 tno.oo 
1900.00 .100.00 
1460.00 1110.00 
1200.00 :>·1o.oo 
I \T/,00 :?10.00 

...,_ 1069.00 ;? 10.00 
1011.00 :)1 o. no 

•J:i7 .oo :•to.oo 
21 J"/, 00 .uo.oo 
.I •i27. 00 :t.l\). 00 
1711.00 :no.oo 

Figure D-4. (Cont.) 
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HHHINPUT SIJMHARY FOR CROSS FLOW llEAT EXCHANOfR 
CAS IISED IN THE AIR HEAriNG SYSTEHI 

CROSS FLOW HEAf FXf:HANf;f.R UA VS COST TADLE 
NUMD£R----UAC~TU/IlR-DfUF)----C05T($) 

1 1'17.00 45.00 
~ 295.50 ~o.oo 
3 ~94.00 55.00 
4 492.50 63.00 
5 591.00 77.00 
b 700o00 04i00 
"I 11Rb.50 RS.OO 
8 'lfJS,OO 100.00 
9 1173.00 120.00 

10 1940.00 140.00 
11 3~46.00 192.00 

AIR COLLECTOR MANIFOLD SIZING FOR A 60o000 
MODULE S t i.'l: = 20.000 Sl11JfiRI': FI:F:T 
tWMl!ER Ill ttolH.JI EB PER BRANCH " 
NUH£<ER Of; l<fiANCHE5 " 

IcfMNCII TAI\COFF ROUND I<IJC'f DIAMETER '" 
llriANCH T fiKEOFF GOIJt~Hr:: [clJC f GI DE • 

MATti SUI"f"I.Y AND RETURN DUC'f Dlt,METFR ~ 

'MAIN DUCT SIDE • 
HAIN DUCf ILOW ~~~T~ • 

SIZING FOR f'<RANCII NUHDER 

FLOW RATE EXI'fiNO [IRANCII ~ 

Mi\N l ~ UL II 1.11 AM~- I H: AF II::. I~ liRfiNCII " 
Sl1UARE MANIFOLD SlOE = 

SIZING FOR DRfiNCH NUHDER 2 

FLOW RATE EXITING ORANCH • 

MANIFOLD DIAMETER AFTER DRANCtl • 
SOUARE MANIFOLD SIDE • 

AIR COLLECTOR MANCFOLO SIZING FOR A 120.00 
MODULE SIZE = 20,000 Sl11JARE FEE'f 
IIIIMicr:n or 110DIIlr:t1 PCI"l [cf<r'tiiCII -
NUMI<ER OF [<fiANCliES = 
DRANCH TAKEOFF ~OUND DUCT DIAMETER 
DRANCII TAKEOFF SOUARE DUCT ~IDE • 

MAIN SUPPLY AND fiETURN Ou~r UIAHEI[H 
MAIN DUCT SIDE • 
MAIN DUCT FLOW RATE • 

Figure D....;4. 
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BI.IIJnfa: FEET COLLECTOR 

1 
3 

~;.oo IN 
J,:Ja IN 

7.00 IN 
~, 75 IN 

\•1.' •• 7~; Af:FM 

'}7,04 ACFH 

1..00 IN 
4.75 IN 

411. 9~~ ACFH 

5.00 IN 
:1.39 IN 

SUUARE FEET COLLECTOR 

1 
6 

5.00 IN 
:!.30 IN 

'1,00 IN 
U.t:l IN 

:!'1:.1, !)\ ACFH 

(Cont.) 



SIZING FOR BRANCH NUMBER 

FLOW RATE EXITING BRANCH = 
MANIFOLD [oiAMETER AFTER BRANCH ., 
SQUARE MANIFOLD SIDE • 

SIZING FOf\ Jlf\ANCH NUMBER 2 

FLOW RAT[ EXITING BRANCH • 

MANIFOLD DIAMETER AFTER DRANCH = 
SOIJARE M•'N.IFOLU SlUE = 

SIZING FOR BRANCH NUMDER 3 

244, :w ACFM 

9.00 IN 
7.3B IN 

1'75, 67 ACFH 

n.oo IN 
6.63 IN 

FLOW RATE EXITING DRANCH 146.75 ACFH 

MANIFOLD DIAMETER AFTER BRANCH • 
SOUARE MANI~OLD SIDE • 

SIZING FOR DRANCH NUMBER 4 

FLOW RATF EXITING BRANCH • 

MI'INIFOl It fiii\MFTF.R AFTER ORI\NCH = 
SOUI\RE MANIFOLD SIDE • 

SIZING FOR DRI\NCH NUMBER 5 

. FLOW RfoTE EX IT I NG [tRI\NCH • 

MI\NIFOLD DII\METER 1\FTER DRI\NCH • 
SOUARE MANIFOLD SIDE • 

AIR COLLECTOR MANlFOLU SIZTNG.FOR A JOO,OO 
MODULE ~iiZF = 20,000 :>oiiJARE FEET 
NUMDf'R OF MODULFH PER DRANCH'y 
NUMDER OF BRANCHES • 

nR,,NCH l AKEOFF fWl.JNn [tiiCT 1'1 l 1\METER • 
[<fii\NCJI TI\1\[0I'F flUIJI\IiE [tiJCf ·st[IE : 

MAIN SUPPLY 1\ND RETURN [IUCT DIAMEfER 
MAIN ftiJCT SHoE • 
MAIN DUCT FLOW RATE • 

SIZING FOR BRANCH NUMB~R 

FLOW RATE EXITING BRANCH • 

MANIFOLD DIAMETER AFTER BRANCH • 
SQUARE MANIFOLD SIDE = 

SIZING FOR BRANCH NUMBER 2 

FLOW RATE EXITING BRANCH • 

MANIFOLD DIAMETER AFTER BRANCH • 
SQUARE MANIFOLD SIDE a 

7.00 IN 
5,75 IN 

9/,·04 ACFH 

6.00 IN 
4,7:) IN 

4B,'J2 ACFM 

5.00 IN 
:J, :Ill IN. 

GUIJARE FEET COU.ECTOR 

I 
y 

~.oo LN 
:1.:111 IN 

II. 00 Ill 
'}, HU Til 

440.26 ACFM 

391. :H ACFH 

ll • 00. IN 
Y,3B IN' 

342.42 ACFH 

10.00 IN 
9,75 IN 

Figure D-4. (Cont.) 
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SIZING FOR ~RANCH NUM~ER 3 

FLOW RATE EXIT~NO BRANCH • 

MANIFOLD DIAMETER AFTER ~RAN~H • 
SOlii'IRI:: Nl'ltH FilL n S I OF "' 

SIZING FOR DRt\NCH NIIMilER ':1 

FLOW ~hTE E~tf~Nd IlRANCH • 

MANIFOLD DIAMETER AFTER BRAN~H • 
SOUARE MI\NTFOLD SIDE = 

5 I ZING FOR OR AN~ II NUME<ER S 

Y,OO IN 
fL ll IN 

'J,OO IN 
7.:50 IN 

FLOW RtHI~ EXITING ImANCII 1'}5,67 flt:fH 

MANIFOLD DIAMETER AFTER DRANCH • 
SOUI\RI:" Mt\NIFOLil GIDF: = 

G I ZING FOI.: rct:I\NCII NUMltER 6 

FLOW RATE FXITTNG DRI\NCII • 

~IMI!FOLI• D 11\MCTI::R 1\FTEH [oF;ANCit • 
SOI~RF MI\NTFOI n ~TD~ • 

SIZING f"OR C•Rt\NCII NUM[IFR 7 

FLOW RATE EXITING .DRANCII = 

H-'INIFOLD [oii\M!:TER ArTER [II·;ANCII "' 
SOUI\RE MANTFOLD SIDE "' 

SIZING FOR [IRAtiCII NUMl•ER 9 

13.00 IN 
I> ,I.:J IN 

I 4/o, 75 1\CFH 

'1.00 IN 
5.75 ttl 

'17,8•1 ACFM 

6.00 IN 
'1.75 IN 

FLOW RATE EXITING ~RI\NCII 40.?2 1\CFM 

MANIFOUo [o.IAMElEfl 1\F'rER ftRANCH '" 
SOUAriE Mt\N I Ffll. n S t DE "' 

AIR COLLECTOR MANIFOLD SIZINU FOR A 240.00 
Mnntu r o:;nF '" ·::'0 noo t;:cHJAm;; n;r;r 
NUMBER OF tiODUL.ES F'ER I<RANCII = 
IIUIWI:Il OF 111\Ailf~IW!\ " 

BRANCH TAKEOFF ROUND [IUCT DIAMETER 
BRANCII TAKEOFF 50UARE rou~r SIDE • 

MAIN SUF'F'l.Y AND RETUHN DIJC r [llAMCTER 
MAIN ~IJCT SIDE • 
MAIN ~UCT FLOW RATE • 

S.OO IN 
:5.:50 TN 

SUUAiiE FEET COLLECTOR 

?. ,. 
6.00 IN 
4,/S IN 

13,00 IN 
t1.:w IN 

~·Ill. 01 ACF'Ii 

Figure D-4. (Cont.) 
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SIZING FOR I•RANCII NUMllER 

fLOW RATE EXITING DR~NCH = 
M~NJFOLD DIAMETER AFTER DR~NCII • 
SCIU~RE M~NlFOl.O SIDE • 

~IZJNG fOR DR~NCH NUMllER 2 
,. 

fLOW RATF EXITING ORANCII • 

M~NIFOLD DI~METER AFTER DRANCH • 
SOUI\RF MANifOLD SIDE • 

SIZING FOR I•R~NCII NUMI<ER 3 

FLOW R~rE EXITING llRANCII • 

MANIFOUo [IIM1[TER AI'"TER £•RANCII = 
SOIJARF ~I.~NJI"IJl.O SIDE' • 

SIZING FOR DR~NCII NUMOER 4 

FLOW R~TE FXlTING DR~NCII • 

MANlFOl.P DfAMET(R ~FTER DR~NCII ~ 

SOtiARF Mo)NIFOl.O SHII~ , 

S I Z 1 NG rtlR I•IMNCII NUM£•ER :i 

FLOW R~TF [X1TING I<R~NCH • 

MfiN.IFOUo D IAMETU~ o)FTER [lf(MICII = 
SQUARE MANIFOLD SIDE = 

AIR COI.l.ECTOR MANIFOL[I STZINU FOR A 300,00 
MUfiiJl.E SIZE = :!0,,)00 ~:;OUAriE FEET 
NUMJ<Ui Of" MIHoUI.ES f'ER [ofMNCH " 
NUMJ.<Ui OF [<f(ANCHES .. ;;> 

!<fiMICil TI'II\F:Of F FWUN[o (otiCT [IJI\METER 
foriANCII T AI\Ellf F SOUAta: I•UC T 5 I [IE • 

MAIN SUf"f'I.Y AND RETURN [oUt:T OIAMETEf' = 
HI'\JN roUCT Gir•E 
MAIN DUCf FI.OW RATE • 

. SIZING FOR [oli~NCII NtiMDER 1' 

FLOW R~n: EXITING [oRANCtl = 

MI\NIFOLD [IIAMFTER AFlER DRANCH • 
SOUARE MANlFOl.D SIDE = 

SIZING FOR DR~NCII NUMOER 2 

FLliW RA It. I'. Xi 1'1 NU t<t<ANGit " 

MANIFOLD {II~METER ~FTER OR~NCII • 
SQUARE MANIFOLD SIDE • 

Figure D-4. 

41J9,1A ~CFM 

.1 ::>.oo IN 
10, ;m IN 

.1'71 , .14 ~CfM 

11.00 IN 
?,JO IN 

9.00 IN 
A,t:J IN 

l9~L67 1\CFM 

a. oo 111 
6.63 IN 

97.0'1 ACFM 

t •• oo IN 
4.7:> IN 

~·;rliJI\I~E FEET COl LECTOR 

;> 
I) 

.-•. oo IN 
4.75 IN 

t4.00 IN 
I:!, '75 IN· 

'/:.U, 77 1\CFii 

t:LOO IN 
11.1111 IN 

~;:Iii, ! 0 liCFi'i 

12.00 IN 
lO.Afl ~N 

(Cont.) 
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SIZING FOR BRANCH NUHBER 3 

FLOW RATE EXITING BRANCH • 

MANIFOLD DIAMETER AFTER BRANCH a 

SOUARE MANIFOLD SIDE a 

SIZING FOR BRANCH NUMBER 4 

FLOW RATE EXITING BRANCH a 

MANIFOUI [oiAMETER AFTER BRANCH • 
SOUARE MANI~ULU SID~ ~ 

SIZING FOR BRANCH NUHBER S 

FLOW RATE EXITING BRANCH • 

MANIFOLD DIAMETER AFTER BRANCH • 
SOUAkf MANIFOLD SIDE a 

SIZING FOR BRANCH NUMDER 6 

FLOW RATE EXITING BRANCH a 

MANIFOUI DIAMETER AFTER BRANCH • 
SOUARE HANIFOLD SIDE a 

SIZING FOR BRANCH NUHI.lER 7 

FLOW RATE EXITING BRANCH a 

MANIFOLD DIAMETER AFTER BRANCH a 

SQUARE MANifOLD SIDE • 

AIR COLL~CTOR MANIFOLD SIZING FOR A 360.00 
NODULE SIZE = 20.000 SOUARE FEET 
NUHl•ER OF HODUl.E5 PER bRANCH = 
NliHE<ER OF (!RANCHES " 

BRANCH TAKEOFF ROUND DUCT DIAMETER a 

BRANCH TAKEOFF SQUARE DUCT SlOE " 

HAIN 5UPPLY AND RETURN DUCT DIAMETER 
HAIN DUCT SIDE = 
HAIN DUCT FL.OU RATE "' 

· SIZING FOR (!RANCH NUMBER 1 

rLOU nATE EXITING DRANCH • 

MANIFOLD DIAHETER AFTER BRANCH • 
SQUARE KANIFOLD SIDE • 

440,26 ACFH 

1 t.OO IN 
9.00 IN 

342,42 ACFH 

1o.oo IN 
u.n IN 

:!44.59 ACFH 

9.00 IN 
7.30 IN 

146,75 ACFH 

7.oo IN 
5,75 IN 

40.9:! ACFH 

5.00 IN 
3.38 IN 

BOUARE FEET COLLECTOR 

2 
9 

1>.00 IN 
4.75 IN 

16.00 IN 
14.00 IN 

Bf.J0,52 ACFH 

15.00 IN 
13,13 IN 

Figure D-4. (Cont.) 
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SIZING FOR BRANCH NIJMDER 2 

FLOW RATE EXIfiNG DRANCII = 
MANIFOLD ~JAHETER AFTER BRANCH • 
SOUARE MANIFOLD SIDE • 

SIZING FOR DRANCII NUMBER J 

FLOW RATE EXITING BRANCH = 

MANIFm D DlAMEfER AFTER BRANCH • 
SQUARE MANIFOLD SIDE • 

SIZING FOR £<riANCII NUMDER 4 

FLOW R.H( EX I Tl NG DRANCII • 

MANIFOLD DIAMETER AFTER DRANCII • 
SQUARE MANIFO~D SIDE ~ 

SIZING FOR ~RANCH NUMDER 5 

1.04.05 ACFM 

14.00 IN 
12.31J IN 

~117.01 ~c~·H. 

13.00 IN 
II ·,:sA IN 

41:19. 11:1 ACFM. 
·. : .. 

1 :'.00 IN 
10.:!0 IN 

FLOW f<~H[ EX !TING [tRANCH 391.:!4 ACFM 

MANII"tlllt fiiAMF.TF.R AI'TF.R [IRANCII 
SQUARt MANIFOLD SlOE = 

SIZING FOR ARI'INCII NUMBER 6 

MANIFOlD O!AMEfER AFTE:R [!RANCH • 
SOUARE MIIN!FULD SIDE • 

SIZING FOR l<RANCII NUMOER 7 

FU)W RATE F.XITINO ItRANCII • 

MIINit"lll. ft It l MIETER AFTCR l.tRIINCII • 
SOl it"~[ MIIN II OLD SIDE • 

SIZING FOR DRANCII NUMDER a 

FLOW RATE EXITING ORANC~ = 
MANIFOLD DIAM~T~R AFTE:R ORQNCH : 
SQUARE MANIFULD SIDE = 

11.00 IN 
9,;59 IN 

'1.,00 IN, 
O.Li IN 

1?5.67 ACFH 

n.oo IN 
6.6:.1' IN 

'17.04 1\CFM. 

(,, 00 IN. 
4;75 IN 

'' 

AIR COLLECfOR HIINIFOLD SiliNU FOR A 4•10.00 
FEET 

SfliJIIIiF. FEET r.OLLECTUR 
MODULE SIZE = 20.000 SQUARE 
NUMI:<Eii OF MODULES f'Er( [tRI\tiCII ·= . 
NUM£<ER OF llriANCfiES = ':. 

£tRANCII TI'IKF.IlFF fWIJN[t DUCT "DII'IMETER 
[tfii\Nr.H TI\1\I.:OFF SUUnFiE IJIJCT SlOE = 

MAIN GIJPf'L Y 1\N[t RETllliN !tUCT It I /\METER 
MAIN l111f:T !ilftF. • 
MAIN DUCT FLOW RATE • 

.~ 3 
R 

7.00 TN 
5,7!) Ill 

17.00 IN 
15.:!8 IN 

10'76.19 IICFI1 

Figure D-4. (Cont.) 
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SIZING FOR [IRI\NCII NmtiJER 

FLOW RATE E:XJTING EIRIINCII '7::!9.-1~ 1\CFM 

111\NIFOU• f!TI\11ETF:R AFTER DR !INC II ~ II• .00 IN 
SOUARE" ti,,N !FULl) !lH•F. = 14. :w IN 

l:>!L!Nt; t u~ lifi.~NI~II NIJH[oF.~ 2 

FLOW RATE f:XIilNG ORI\NCII c 7n::~. 6'7 1\CFM 

MANIFOLD [I{Mif:TC'R AFTE:H liRMICtl = I~;, 00 IN 
SCIUARE 11MIIF01.[1 !:i I Df. " 13. u IN 

SIZING FOI~ [lf;ANCII Nl.!l10f:R 3 

FLOW RIITF LXITING f•RANCII A:J~j. CJ:i 1\CFM 

111\NTFfJI. (I n tA11C rn; AF ru~ 1.11(1\NCtt ~ /.1.00 IN 
SOUAii£ 11MU f I.JI.I) ~; ( [oE "' t 1 .un IN 

SIZING FOR rot;ANCH NIJI1EIER 4 

F'LIJW RAH FXtT!NG llfii\NCH 411'1. 111 1\CFM 

MAIIT r·nur rrJI'IME TEl; Af' TFR l'rfMNCII 1?.00 IN 
SOUI'Ifa'. Mo'N 11'111.[1 !HD£ = to. :m IN 

SlLING rnR ror;·,\Nt.ll NUNT•t::R ::; 

FLOU Rfll( EX IriNG trRANCII :112. 4::! 1\CFN 

t!tiN I FOU• (of I'IMfTCU l'lrn:n [rJM/ICII - 111.00 .IN 
SOIJI\RL Mo~NIFUI..(I Sl[IE = B.J5 IN 

to I Z lllfi FOR loJ;,1NCII NUN£•ER 6 

FLOW RI\TE C:XI riNG [oRANCH I •1:•;. 6'/ ACFM 

ni'INif"Ot r• l• Tl'lti[TI:R I'IFTER tolil'ltiCII .. 11.00 IN 
SQUI\IiE MAIHFI.JL[I SIDE ,. 6.6J IN 

St:liNB FOR £•RANCII NUMEICR 7 

FLOW fll\ Tl:: EX 1 I I Nlio £•RANCII .)1),'1:' I'ICFM 

,\ i1Mnrot.n [r.TAMETEfl AF'rEfl NMNCII = :•;.oo TN 
SCliJI'\fiE lif\NTHll.CI STCIF. ~ ;!,JII HI 

Figure D-4. (Cont.) 
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AIR COl.l..ECTOr; MANIFOLD SIZING FOR A ~90.00 SCIIII\RF. FEF.:T COLLE"CTOR 
MODULE SIZE • 20.000 GOUARE FEET 
NI.IMI"cFfi OF MllfiUl.E!> r·n: [of.:ANCtl ~ 3 
NUMHER Or (ofiMICtiES ~ 9 

fiRANCtl TAt\f.llFF ROUNO fii.IC:T OTAMI:TER " 7.00 IN 
lmf.INCtl 'IAt\UlFF Slii.IAfiE [II.JC t SIDE ., 5, 75 IN 

MAIN SUr'PI.Y 1'\ND RETURN DUCT DII'\METF.:R IA,OO IN 
MAIN DUCT SIDE • 16.50 IN 
MI'\IN DUCT FLOW RATE • 1~2~.95 1\CFH 

SIZING FOR BRI'\NCH NUMDER 

FLOW RATE EXITING ~RANCH • 

MANIFOI.D 011'\METER AFTER BRANCH 
SOUARE MANIFOLD SIDE = 

SIZING FOR BRANCH NUMBER 2 

FLOW RA1E EXITING BRANCH • 

MANIFOI D DIAMETER AFTER BRANCH • 
SOUAR[ MANIFilLD SIDE •* 

SIZING FllR DNANCH NUMDER 3 
•' 

FI.OW RAT[ EXITING BRANCH·= 

M,,NTI'OUo I'IJI\METFR'M'IER DrMNCH m 

SCIIIARC MAIJIFUL!l 5I[oE ~ 

SIZING FOR RRANCH NUMDER_ 4 

FLOW R~TE EXIliNG BRANCH 

MANIFOLD DII\~ETER AFTER BRANCH • 
SOUAra: I"'Nli'IIL[o.S.tDE a 

SIZING FCH; loRI\NCH NUM[IER 5 

1076.1? ACFM 

17 .oo IN 
1S.3B ~N · 

tlo.OO IN 
1•1.30 ·IN 

FLOW RATr EXITING BRI\NCtl. 40?,10 ACFM 

MI\NIFOI.D Dl~METER AFTER [!RANCH • 
SQUARE MI\NJFOL[I SI[IE • 

SilJNG FOR EoRI'INCtl NIJM[o[R 6 

1:~.00 IN 
to.:1o w 

FLOW RATE EXITING BRANCII ·~~~.~2 ~~~~M 

MANIFOLD DIAMETER AFrtN DRANCH • 
SOUI'IRE Mf'INIFOLD SIDt • 

SIZ lNG FOR [oliANCit NIJMEIER 7 

10.00 IN. 
H,'/5 IN. ~·· 

FLOU RATE EXITING EIRANCII 1Y5,67 ACFM 

MANIFOUo LOlAM£TEf< AF'fU< DllANCtl 
SQUARE MANIFOLD SIDE • 

SIZINO FOR. Iora\NCII tiUMBER 8 

FLOW RATE EXITING DRANCH = 
MtiNIFOLfo DIAMETER AFTER llRI'INCII 
SQUARE HANIFULD·SIDE • 

0.00 IN 
6.63 IN 

1\0, 'l~! ACFM 

::;,C)O IN 
:1,30 IN 

Fi_!~ure D-4. (Cont.) 
n-?0 

·.~ . . .·. 
'' 

.. C.~"· 
·-i:·. 

.. ·_;.-·", 

.. ·' 

,._ 

) 



AIR COLl.L:CTOr; MI\NIF'OUl SIZING FOR 1\ 560,00 
MOllliLE SIZE : 20.<)00 !>Ulll\r-10: FEET 
NUMI:<f'cf; llF MlltoiJLES f"·FR [IRI\NGH = 
NlJMt:ICf; OF III~•'NCIIES ,= 

E•RANCII TI\Kt:OFF ROIJN[I [llJCT DIAMETER 
E•r:MII;II TM.I:IIfT Gt'lll/\11[ IIIJIJT !liD[ • 

MAIN SUPPl.Y AND RETURN DUCT DII\METFR 
MAIN DUCT SIDE • 
111\IN DUCT FLUW.RATE • 

SIZING FUR ~RANCH NUMDER. · 1· 

FLOW R1HE EXIT lNG [<RANCII = 

111\NlFfLD DII\MCTER AFTER DRANCH • 
SOUARE MI\NIFOLD ~IDE • 

SIZING FOR DRI\NCH NUMDER , 2 

* 
FI.OlJ IMlt: EXITING TIRI\NCII " 

111\Nlrfll II flli\MFTFR '"'n:r' f•I;I\NCtl a 

SOliM;L MI'INlFOl.D Slf•l:: = 

SIZINIJ FOR r:t~.WCtl NUMI<ER 3 . 

MANIFlllR DIAMFTER AFTCR DRANCtl • 
CllUMIL , lAIII r·ot. [1 !J I I•E h 

SIZING FOR [lt;ANCII NU11E<ER 4 

FLOW RATE EXITING E<RI\NCH • 

MANIFOLD DIAMETER AFIER E<HI'INCtl • 
SOIJARE' /11\N 11-0l. 0 ~I DE = 

SIZING FOR [lli:ANCII NUMI<I:R S 

FLOW R~TC EXITING DRI\NCtl • 

HMIIFOU• [1[1\Mf:TER 1\FTI k BIMNCH 
CIIIJIII:r. H1\N I rOUI !:: 1[1[ •• 

S I Z I NU Fl1R [IRI\NCtl NU11DER · 6 

J 
10 

z.oo 
:i;'rl 

1'/,00 
t 7, .!B 

136'}. /0 

IN 
m 

IN 
IN 
1\CFH 

tn.oo IN 
t6.:;o IN 

10/1,, 1'1 ACFH 

17,00 IN 
l!'i, .!0 IN 

JI,,OO I-N 
14.30 IN 

/0:~, 6? ACFH 

t!'i.OO IN 
13.13 IN 

1.:-1:\.'13 1\CFM 

U.OO IN 
1 I , ilO 114 

Figure D-4. (Cont.) 
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FLOW RI\TE EXITING IIRI\NCH 

MAN I FOUl [I.IAMETER AFTER 
SOUt,RE MANIFOLJ:i· SI[IE .. 

SIZING FOR [lfii\NCII NUI1DER 

fLOW f-'AIF. EXITING £•RI\NCII 

MI\NIFOl..[l [I I AMETER AFTEr; 
SOUI\R[ Mo,NIFOL[I SIC•E = 

SIZING FOR l•F<I\NCil NUMBER 

FLOW fitHE EXITING IIRANCII 

MANIF'OU• [ITI\METER AFTER 
SOIJARE. MANIFOLD s Ir•E = 

STZINCJ FOR [IRI\NCII NUM£•ER 

FLOW RATE EXIriNG E<RANCII 

MANIFOU• [111'\MCTER 1\FTER 
SOUARF. MANIFOL£1 SU•E = 

"' 409.10 ACFI1 

DRI\NCH = .12.00 IN 
to. :m IN 

7 

"' 34?.42 1\CFM 

llHI\NCII = to.oo IN 
n.7s IN 

8 

= t ·J~j .67 ACFI1 

[lfii\NCII .. a.oo IN 
6 • ..;3 IN 

9 

.~ 4(),92 I\CFI1 

£•fUINCII = s.oo IN 
:1.3() TN 

Figure D-4. (Cont.) 
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ttttHHH·HtHt+THI:l I'' .. AN fltR SYSTEM 

COLLECTOR AREA 60. 120. 100. ~40. 300. 31>0. 440. soo. 560, 

[oUCT DIAMETER 
<INCHES> 7.00 9.00 11.00 t:LOO 14.00 16.00 17.00 10.00 1'1 .oo 

SOUfiRE DUCT 
Sl[l£ <IN> 5.75 8.13 9.08 .11.::18 12.75 14.00 15.38 16.50 17.30 

ROCK £cOX CROSS 
:;to m..:~.n ,.., •• .r! 6.0 l:r!.O .\8 .o ~4.0 :lO.O 36.6 44,0 50.0 51 •• () 

SYSTEM fl[fl['l LOSS 
CINCIIES> .90 .90 ,(}'1 .oa .oo ,1)7 .07 .87 .07 

SUE•COMPONENT 
COGT 7ll0. 1060. 1360. . to.',o. •::iJO, l..lf>O, t:'l.o . 1360. 1460. 

FI\N COST 
<[IOLLfiRSl 55. as. 05. 1'7;:-i, li':;. 1/5. 175. 330. 100. 

ffiN SELECTION 
CNI!HllEIO 2 5 s 7 l 7 7 .10 a 

I~RO:JS FLOW It X 
U•) (Eo fU/ [o[GF·-HR l SJ. 105. lSCJ • 21:'?. ~!l.l,. ~i:·! l • :~94. 4~;o. 505. 

CRO!JS FLOW 
HX COST (t) 45. 45. 45. ~o. so. 55. 63. 63. 77. 

cr..:oss FLOW tlX 
EFFECT!VEN~S .JOO • :lOO . :loo .300 .300 .:300 .300 .:!00 • :·soo 

crwss FLOW 
HX SELECTION 2 2 J s 

SOU\ I( !;Y!:ITEH r.u~rr SIJMNM~Y TflroJ.F: 

COLLF.CTOR flf;EA 60. 120. lUO. :~40. 300. :.lt.O. 440. soo. 560. 
<;Tn~·(>r.F ~~2~ :J, 3. f.;, .~. n. ~. I i • 1.1. 14. 
COMF'OIIUH COSTG ()1,0. 1190. .14'/0. 1 ~·n~. 140:;. 1 ~'.i'JO I 14'111. t 7~;:,. .17.1 7. 
~ rr.m,v.il: Cl):;r:·; 7:"i. I ~h'l. '~~··i. ~(II), "' ,I~ ... • ·•:·;(), ta·:o. 1..~~5 ~ ;;iiO, 
r.nt.LEC fUR cu:ns 27()0. 5100. 1'1100. IOIJOO, 1 :.1:;oo. t 6=~~00. 1'11100. 2:~:~oo. 2~)~!00. 
F'IX£[1 C:OSTS o. o. o. o. o. o. o. o. o. 

TOTAL COGTS 36]:'j, 6'740. ')01::.0. 1 :-~305. t5Jt.o. 1U~·IO. :-~IIHIJ, 2411'70. ~!71>17. 

Figure D-4. (Cont.) 
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TITLE: AIR.SYSTEM COMPONENT SIZING EXAMPLE 

SYSTEM F·f:RFOI~HnNCE nN[I COST !JIIMMIIRY J"')f; ~;s,O TILT IINI>i.E 

COLLECTOR SOLAR SOl.IIR RA'ff: OF Nr:T r-r.·r r;rN r l. T FI.'T I ME COST 
1\f\[1\ [ Nl:f(f;y GYSTEH RETIIfiN Wfllil'll rw ~ii\V lNfi!l 
< SO.FT, I Ffi,,C'f ll.lN COST UN l:iHJITY !itll .. f\1~ !lt\VI Nd!; 1 litH> I !;CIJIINTED> 

• X ~ I ~ WC NO'I E 2) ' 
... o.o .175 31>~5.00 ~j~. b '..!'"/( •• :?:J 17:'\A, :?1 

120.0 • ~:1.~ l.o740.00 26.0 (o'}6. 1>1 4159.41 
100.0 .45:1 9AI5,00 1:5.7 :~:~~. =t'l 4041.15 
2•10.0 • ~5~7 12:.1AS.OO l ,[) -·.1.1'/, on T/41 .3:·? 
300.0 • .'>:39 I ~;:I toO, 00 lo6 - tou:.!. t ~ 102.~.(19 

3.SO.O .713 I B:~40, 00 o.o ·J~~:~I•.• •\~ ' <·~Otl:.l. !50 
440.0 .790 :!1048.00 . o.o :.~d.fJt1 .44 ·-.~:w:; .12 
soo.o .o:'.n :!4078.00 o.o --7 '"". '72 -·1061)1.81 
560.0 • 91:; 21617 .oo o.o --?44·1. 28 : .. t:W77.73 

ENERllY l':o~LIINCC ItY MONTit FOR 1~0.0 SO, ~T. COLLE~TOR 

MONT It f'RIICT I ON oWf.I~M;E USEFIIL IOTI\1. U!il.'fl.ll 1\IIX.Tl.TMiY CfJNVr.:rH TON Ill. 

2 
3 
4 
5 
6 
7 
0 
9 

10 
11 
12 

I'INNUAl. 

IIOTE 

NOTE 2 

BY :>01 oW :.; ,." '"~ r· Ft( ro A v !·;(II •'I~ f.N[ h'(j'f FlnlWY !'YSTEM ENERGY 
I I! I 1.1/[ti\Y·-Sll F·T) I M II_ II rii/Mrl I ( M fl. (tli,I/MIJ) IMlL llTU/MO> 

.162 626.8 2. =~l 12.0~ 14.30 
• 1 '/3 695.0 :~. J4 ?.19 12.1J 
.221 714.4 2.66 'I. :10 12.03 
.3:.•o 7:16.3 2.65 5.64 0. ~~f' 
.soa 7•10.0 :?. 7'1 :!.70 s;4H 
,f]4'1 1:1:36.2 :1.01 • ~\4 3.55 

1.ooo 'Itt .a :.~. 79 o.oo 2. "/9. 
1.ooo 9:12.9 :? • 7•/ o.oo 

2 ·''' ,fl5:1 ?12.6 .J.:J? . ~;n :s. 911 
.• 450 063.5 3.;!\ ] .•}2 7.14 

·220 663.5 ~! • :19 11.49 .to.no 
.162 51)0.9 :! • I 'I ll • ~··7 t:.S. 40 

---·-- -------- ---- --- -----·---
.336 :t:'!. 54 to4. :s9 91>.9'2 

I;(JIIV. l'NI.'kl;y liN[< !;IH.IIf'i (IIJX II II'IJ;•y J:llf'I<IOY IIJ;·J: I;J;-t~!;!; 1)1\I.IIF:S 

IT .E •. fii(Y HICLUl<L fM/1\ ltl~:lll.ll.ril.lo'l lliiio:llli Ciltil<ll!>l I liN LI.J~S) 
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APPENDIX E. COMBINED OPTIMIZATION OF SPACE HEATING LOADS FOR WINDOWS, INSULA
TION, noqRs, ETC. AND THE SOLAR COLLECTOR AREA 

Introduction 

When load variables such as windows and insulation types are included in the 
optimization of a conventional or solar space heating system, the overall 
solar cost is lower than that resulting from optimization of a heat supply 
system for a fixed load system. This appendix presents a simple, straight
forward algorithm for optimizing the trade off between construction and fuel 
costs in a conventional heating system or between construction,-fuel and 
collector costs in active solar systems. The methodology which follows was 
developed. by C. Dennis Barley and was implemented on small handheld calcula
tors.for easy.use by the engineering and/or design community. When Mr. Barley 
developed this procedure, he assumed continuity and uniformity in some of the 
parameters which are not continuously defined in the SOLCOST ·program; one of 
these assumpt~ons is that the fuel cost per unit is constant. SOLCOST allows 
for the user to define the fuel costs in a piecewise linear fashion. That is~ 

the average fuel cost per unit may be different for different loads. Also 
inherent in Mr. Barley's development is the assumption that non-modular col
lector areas could be considered to be optimum. These assumpfions have been 
removed to make the following development more general. A cost was paid since 
this development is more general. An iterative procedure must be used if the 
cost of fuel is not constant, or the collector area must be an integer multiple 
of the module size. 

The design heat load (UA) of a building may be defined by Equation E-1. This 
equation adds up all_of the conductances through the enclosure shell incre
ments, that is, walls, windows and/or doors and then includes parameters for 
infiltration losses through cracks in the walls and around windows and doors, 
etc. This UA value is used to calculate the design load of a building and 
can be easily modified using ASHRAE techniques to represent the average UA 
value. For those segments of the extern~l shell which have associated infil
tration rates with them, the Ui 'can be. transformed to an ef~e~tive U' value 
as shown in Eqn. E-2. 

c 
p 

UA + 

conduction 

M 

p cP J:l vj 
infiltration 

th conductance of i element 

area of ith element 

density of air 

= specific heat of air 

1 k f .th 1 k V. - ea age rate o J - ea 
J 

E-1 

(E-1) 



(E-2) 

' This effective Ui value would remain the same as shown in~qn.)E-3 for seg-
ments of the shell such as walls. 

(E-3) 

The individual Ui's and Vj's to be considered for the optimization process 
are the heat load contributing elements of the shell. That is, should RJ, 
R7, R9 or ·Rl6 and so on be considered, or should single-pane, double-pane, .or 
triple-pane windows be considered and similarly fo~ doors; a foam core, solid 
wood, no core, etc. Equation E-4 shows the resultant UA as modified to 
incorporate those sections of the shell which have associated infiltration 
rates. 

N 

UA = E Ui· Ai 
i~l 

conduction 

+ 
M 

p C E V. 
p j=l J 

infiltration 

(E-4) 

The cost of building this shell is given by A-5; this particular cost is not 
the total cost of the external portions of the building. It is the cost only 
of those candidate pieces which are to be considered in the optimization pro
cess. E-6 gives the total cost" for the thermal system (CT) in present worth 
form. 

N M 

c r Ai c + E c 
e ui j=::l v. i=l. J 

surface costs infiltration costs 

Ai area of .th segment 1 

c = cost of ith shell portion for conduction 
ui 

.th c· -cost of J shell portion for infiltration 
·V. 

J 

CT = (Ce + Ch )E1 + L Cf 
----~~------ ~~~----
cost of furnace fuel costs 

ch space heating system fixed costs 

L = heating load 

Cf cost of fuel per unit 

E-2 

(E-5) 

(E-6) 



E1 and E4 are multipliers to bring all of. these costs to present worth. 
The inputs to generate these economic multipliers are discount rates, 
inflation rates, etc., and are currently in the ·SOLCOST program. No 
further explanation will be given as to how to generate them in this 
development. By combining E-5 and E-6, equation E-7 is generated. It 
has been reorganized to indicate the various contrlbutions to total 
thermal system cost expressed in present worth. 

N 
I: 

i=l 

M 

I 

[Ai(Ui DD Cf E4 +Cu. E1)] 
1 

conduction and shell costs 

+ I: [U. p C DD Cf E
4 

+ C E1)] 
'=1 J p v. 

infiltration costs 

+ ch El 
auxiliary fixed costs 

DD = number of degree days for heating. 

(E-7) 

To optimize the choice of insulation, windows or doors and also 'the choice 
of infiltration lessening features, it is desired to minimize CT as shown 
mathematically in E-8. That is, select the individual u's and v's from 
each subsection choice or select the door and select the appropriate insu
lation and select the appropriate windows that will minimi.ze the function 
CT. This is further simplified if the user .i.s willing to assume a fixed 
fuel cost; i.e., the fuel cost per unit does not vary as the fuel require
ments are increased. A simplification results. The individual minimiza
tion selection·of the insulation.can be don~ independently of the cost 
minimization to select the doors and so on and so .fotth.and finally the 
minimization to select the in'filtration conse'rving features. 

E-3 



Min (CT); u = l,2,3, ••• , v = 1,2,3, ••• 

u,v 

if cf = constant 

Min (CT) = MIN (CT, windows) 

u,v u 

+ Min (CT' doors) 
u 

+ Min (CT, insulation) 
u 

+ 

+Min (CT,infiltration) 
v 

If the fuel cost per unit is not a constant and is a function of the amount 
consumed, this separation is no longer possible. An iterative procedure 
can be contrived, however, that allows one to assume a fixed fuel rate, 
do the minimizations separately for the windows, doors and so on; then 
calculate the effective fuel cost based on the total fuel requirements, 
and repeat the whole procedure again and then keep·repeating it until the 
load or the total amount of required energy converges. Since in the neigh
borhood of ~he fuel utilization, fuel costs are fairly const~nt, this itera
tive procedure shouid converge rapidly (see Figure E-1). 

For a solar system, the thermal cost in present worth (CT .) is shown in 
E-9. s 

(Cb + A C ) E c a · 1 
· sol?r s:y:stem costs 

+ 

+ (C + A C ) C E + 
. b c a m 3 

solar syst;em mainte~ 
nance, operating costs 

+ (Ch) El 

auxiliary installa
tion costs 

L UA(DD) 

(Cb + Ac Ca) CI E2 
solar system 

inaurance costs· 

L Cf E4 (1-F) + Ce E1 
auxiliary fuel shell costs 

costs 

E-4 

(E-9) 



where 

Cb solar system fixed costs 

t - soiar system variable costs 
a 

A collector area 
c 

em.= solar system operating and maintenance costs (fixed, fraction of Cb) 

.F solar load fraction 

c
1 

insurance costs 

L is .assumed -to be a function of the UA and the number of degree days (DD). 
To minimize this function, that is, to choose the individual u' s, v' ~and 
the collector area, beco~es a more detailed task because of the-coupling 
of the active solar system to the thermal envelope. Howeyer, there are 
simpiifying procedures. 

If the first partial of E-9 is taken with respect to the collector area 
(see E-11), one can observe that it; is independent of the thermal envelope 
cost and areas. Ce does not appear in this equation. However, L (the 
total load) does·. Mr. Barley demonstrated in his relative areas work 
that in the neighborhood of a collector area, the partial of F with respect 
to Ac. is approximately equal to a constant over the area of the collector 
(see E-12) • If this· is _plugged into E-11, the optimum collector area (A. ) 
is approximately equal to a constant multiplied by the load. opt 

Min (CT ) 
s 

A 
c 

0 F Constant -
0 Ac A 

cC 

· Aopt 

C L Cf E4 -
(El + CI E2 c a 

(E-10) 

(E-ll) 

(E-12) 

(E-13) c E3) + m 
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* 

As is shown in A-14, this reduces to: optimum area divided by load is a 
constant; 

- Constant (E-14) 

a very valuable reduction. If the optimum area is calculated for one-par
ticular load, then it is observed that the load has changed slightly (let's 
say it is increased by 10%), then to get the new optimmn coliector area, 
the old area only need be multiplied by an appropriate scaling factor (in 
this case 1.1). If one is considering the module size in the optimmn pro
cess, only candidate areas are to be considered which are integer multiples 
of the modular size, then it becomes necessary to check the module based 
collector areas in the neighborhood of the calculated optimum. The two 
adjacent candidate areas must be checked to see which one is optimum. It 
cannot be construed that either one would be optimal just because the cal
culated optimal area is closer to it. Thfs reduction allows the user to, 
first of all, check the optimal load fraction, which is presently done auto
matically in the SOLCOST pro"gt'am* and then to use the fraction derived and 
to minimize E-9. On~e· the optimal load fraction is known, _the appropriate 
insulation, windows, doors and infiltration conserving features can be 
easily determined. Once the optimal thermal shell features have been dis
cerned, the new load can be"calculated and then the optimal collector area 
can be scaled because the load fraction'will remain virtually constant. 
However, this is only true if the cost of fuel is to r·emain a constant. 
If it is not to remain a constant, then the whole process becomes iterative 
as illustrated in Figure E-1. 

This iterative procedure will save a lot of computer time because the 
alternative would be to, in a brute force manner, consider all of the 
possiple combinations and then depict the one·with the best economic 
advantage. To use the SOLCOST Program and to evaluate all possible com
binations would require possibly several hundred candidate sets to be con
sidered. For example, if nine candidate collector areas are to be con
sidered along with five candid3te insulation values, three candidate win
dows and three candidate doors, this would lead to 405 possible system 
c;omt;>inations. Using the iterative procedures as describeu, many fewe·L' sys
tem evaluations will be evaluated, saving a lot of time and money. 

The SOLCOST Program does not employ the iterative procedure,·but only cal
culates the total discounted lifetime savings for each system option and 
the derived load fraction. The normal procedure would be for the user to 
run the SOLCOST Program to determine the optimum load fraction and the 

The SOLCOST program can choose the optimum load fraction based on rate of 
return. In that case this procedure is no longer valid. The SOLCOST pro
gram also calculates the cash flow summary to be a difference between the 
thermal system with solar and a reference system without solar. The refer
ence system costs are independent of collector area. Consequently, they 
have no impact in the optimization process when optimizing versus discounted 

.or undiscounted cash flow: not so when considering rate of return. 
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heat reducing features that give the heat savings then readjust the load 
and costs and ruri the program again and repeat this procedure until 
convergence is achieved. A design procedure is illustrated in the 
following example. Revie'~ it closely, for it will give insight into the 
mechanisms that cannot be explained explicitly. 

pdate Base Load 
ncluding Optimum 
elect ions and Re
ine lo"ad reducing 

'ri ut data 

START 

Begin SOLCOST. 

Calculate Optimal Load 
Fraction Based on 
Candidate Area 

SP.lect Best Insulation, 
Windows, Doors, etc. 
For Optimal Load Fraction 

Select Best Collector Area for 
Each Optimum Heat Reducing 
Mechanism Selected Above 

No 

Output Cash 
Flow Summaries 

End SOLCOST 

i Yes 

STOP 

Figure E-1. Design Procedure Used When Selecting the 
Best Overall Solar and Conservation System. 



Total "Systems Optimization Example 

To demonstrate the new total systems optimization methodology, an analysis 
was performed on a standard. construction tract home with electric resis
tance space heat, located in Denver, Colorado. The residence was assumed 
to have aluminum·sashed single glazed windows, standard 2 x 4 wall con
struction with R-11 insulation, an uninsulated floor over the crawl space, 
R-11 attic insuiati~n, and built relatively tight to minimize infiltration 
losses. The input file for this sample problem as well as the SOLCOST 
output are listed in Figure E-2. 

SOLCOST first analyzed and optimally sized a solar spa·ce heating system 
for.the standa~d construction. Then, uoing the baoic rc3idcncc ond 
:Selecteu ~uLH 1;;yl;;L~m as a L~f~I.~ut.:~, several energy economizing features 
were considered. The expenses for each eriergy conservation measure were 
based on Denver's local retail and labor costs. 

The first of these options.shown in Figure E-2 was to increase the effec
tive wall insulation value to R-19. The cost estimates for the decreased 
wall UA values were based on a R-5 rigid styrofoam insulation being 
attached externally ~o the sheathing rather than altering the standard 
2 x 4 construction. This option proved to be uneconomically attractive 
having a net present worth of total lifetime costs less than the reference 
system. 

The second and third energy conservation measures considered R-30 arrd 
R-19 blown attic insulation respectively. Again, the option examining 
R-30 insulation appeared less profitable than the reference system. 
However, the R-19 attic insulation proved. nearly a breakeven choice, 
having a net present worth $55 greater than the referenee system. 

The fourth energy economizing feature considered the effect of double 
glazed aluminum sashed windows in contrast to the single pane on the 
reference system. This option appeared to be attractive in that it had 
a net present worth $727 greater than the reference system. 

In the last two options considered, the residence was analyzed with 
double and triple glazed wooden sashed windows. These options, again 
proved less profitable than the refer~nce system. In fact, to increase 
the net present worth of the total system, SOLCOST decreased the solar 
ayaccm array size reducing the intitial capital costs. 

The sample example iilustrating the ~ptimization method~logy was repeated 
and shown in Figure E-3. However, the residence was assumed to have a 
natural gas forced air heating system, instead of electric strip heaters. 
Only the double glazed aluminum sashed windows appeared to be an economi
cally viable choice, demonstrating that natural gas is still a cheap 
source of energy. 
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T 

OPTIMIZATION SAMPLE ANALYSIS 
1, 1 1 1 

1 1 1 * 
$ SOLAR SYSTEM TYPE FLAGS DY IIONTH 

2, , 9000E tOO , 1/000E tOO , 9000£+00 
.9000Et00 .9000E~OO .9000£+00 

.9000E~OO 

.?OOOE+OO 
$ AVG MONTtiL Y TRANSRORT EFF IC/COP - SOLI\R SYSTEM 

4. 2 2 2 2 2 
2 z 2, 2 * • REFERENCE SYSTEM FUEL TYP£ 
2 

• SOLAR AUXILIARY ENERGY f'LAO 
10. 2 

s COLLECTOR TYPE FLAG 
13. ·• 5500Et02 * • COLLECTOR TI.L T ANGLES, DEGREES ··! 

25. 55 
S SITE LOCATION CODE 

42, .4900E+01 
$ BUILDING HEAT LOSS FACTOR !BTU/~EG-DAY-SO,FT) 

43, .1690Et04 

ss. 

65. 

s llll!LDING FLOOR AREA !SO.f'T) 
,1000E+04 
$ Sfll.AR SYSTEM FIXI:D COST• DOLLARS 
.3000Et02 
s CUST OF SOLAR SYSTEM• DOLLARS /SO.FT 
.:!OOOEt01 
S LI OUI D STORAGE COST < l•OLLI\RS/GALLON) 

1 

' : 1' 

.9000E~OO 

.9000E+OO 

2 

68. 
$FINANCIAL SCENARIO FLAG!RESoBUSoNPOl: 1•2• OR 3· 
.1:!00Et00 

69, 

74. 

82. 

91, 

260, 

271. 

272. 

s MORTGAGE INlEREST RATE• PERCENT/YEAR 
.3000Et02 
l LOI\N TERH, YEARS 
.3000Et00 
$ INCOME TI\X· RATE, !FRACTION) 
.1200Et00 
$ INFLATION FACTOR FOR HAINT, INSUR, PROP TAXES 
._6000E-01 .3500.Et02 .4500.::-01 .4000Et02 .• 30BOE-01 

.• 2230E.-01 .1000Et17 .1000£+00.* 
$ ENERGY COST SCHEDULE-ELECTRICITY 

2 
S TOTAL SYSTEMS OPTIMIZATION FLAG 
.4750Et01 .5340Et03 * . 
S Pl\lN~ lN£W LOAD t COST) FOR UALL INGUl.l\~lON 
.4410Et01 ,5400Et03 , 4600E+O't .1~>80Et03 * 
$ PAIRS CNEW LOAb , COST> FOR CEILING INSULATION . 

'. 

.9000E+OO 

.9000EtOO * 
2 •. 2' 

:;,• 

.4250E+,OJ 

273. •. 3760Et01 .'2SOOE+03 .3620Et01 .17?2Et04 .• 3350Et01 • 2256E+.04' * 

RUN 
$ PAIRS CNEW LOAD , COST> FOR UINDOW INSULATION 

Figure E-2. Total Ene~gy System Optimization 
Example for the Denver Area. 
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TITLE! OPTIMIZATION SAMPLE ANALYSIS 

----LISTING OF USER INPUTS AND SOLCOST DEFAULT VALUES----

LOCATION --DENVERoCO LATITUDE = 39.8 TILT ANGLES 55,0 
LlUU!P SOLAR SYSTF.M IJTTH 1.~ r.AI, STOI<I'Ir.F PFG' c;n O.T o• COL.L.F.CTOn 
COL. EFFIC, INTERCEPT= ,67 
COL. EFFie. .:50 1\T l•EL T/FLUX ~ .~-; IIR--F-SO FT/9TU 
INPUT SPACE HEAT U-VALUE 4.'70 J:<TI.I/CF·-[oAY-50 FT> FLOOR AREA= 1690, SOFT 
INPUT SER. IIOT WATER LOI\fl~ 0.000 MILLION E<TIJS/DAY 
AUXILIARY lNlRGY IS ELECTRIC · LENGTH OF ANALYSIS 20,0 YEARS 

INITIAL COST, 
INITIAL COST. 
[IOWN F·AYMENT, 
LOAN TERM• 
INTi::RI:.SI" RATf.:, 
[oJSCOUNT RATE• 
INCOME TAX RATE• 
PROP. TAX RATE. 
INSURANCE RATE• 
"AINII:.NAN~I:. HAlE, 
GEN INFLATIONo 

SOLAR SYSTEM TY~E 
TRANSPORT EFFIC, 
REF, FUEL TYF·E 
REF. SYSTEH EFFIC, 
DAILY LOAr•-HIL E<TU 
MEAN MIN TEHP,, F 
11f.AN MAX TEHP,, F 
PEfiCENT F'OSS, SUN 

t FIXED 
t/SO FT 
7. OF IN. COST 
YEARS 
X 
x· 
:r. 
:r. OF IN COST 
:r. oF IN cos·r 
:Y. or IN cast 
X F'ER YEAR 

Jl'tN FEll MIIR 

1 1 . 1 
,90 .90 ,90 

ELEC ELEC ELEC 
1.00 1.oo 1.00 

.29 .:!7 .23 
16. 19. 24. 
44. 46. so. 
67. 67. 6::i. 

SOLAR 
sys·rEM 

1000.00 
30.00 
10.0 
30.0 
12.0 

APR 

1 
.90 

ELEC 
1.00 

.14 
34. 
61. 
63. 

9,0 
30.0 
o.o 

.5 

.s 
12.0 

Hll!Y 

1 
.90 

ELEC 
1.oo 

.07 
44. 
70, 
61. 

JUN 

1 
.90 

El.l:C 
1.00 

.02 
52. 
80. 
69. 

JUL. 

.90 
ELEC 
1. 00 

.oo 
59. 
87. 
61:1. 

"'EFERENCE: 
SYSTCM 

o.oo 

1o.o 
'30.0 
12.0 
9,0 

30.0 

1\UG 

.90 
ELEC 
1.00 

.oo 
57. 
86. 
68. 

o.o 
,5 
.5 

12.0 

c£r 

,90 
ELEC 
1.00 

,03 
40. 
78. 
7\. 

OCT 

,90 
ELEC 
1.00 

.11 
37. 
67. 
71. 

DAlLY HOR, INSOL, 840,1127,1530.:879,2135,2J51,2273,2014o1727ol301o 
HEATING [oEG, DAYS 1008. 902. 860, 525. 2S3. ao. o. o. 120. 400. 
SUPPLY WATER . F so. so. so. so. 50. so. so • so. so •. so. 
ENERGY COST [oAT A 

ELEC'tRIC • .060 PER UNIT FOR FIRST 35.0 UNITS 
ELECTRIC • .045 F'ER UNIT FOfl NEXT 40.0 UNITS 
ELECTRIC • .031 PER UNIT FOR NEXT 425. UNITS 
li:l.liCTRIC ._ , ozz rr::r< lJIHT FOI\ NI'&'T .ioO .. +ll umTE 

ESCALATION RATE . 10.00 PERCENT 

Figure E-2. (Cont.) 
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NOV DEC 

.90 .90 
ELEC ELEC 
1.oo t.oo 

.21 .27 
25. 19. 
53. 46. 
67. 65. 

084. 732. 
760.1004, 
so. 50. 



TITLE: OPTIMIZATION SAMPLE ANALYSIS 

SOLAR SYSTEM COST SUMI1ARY TABLE 

COLLECTOR AREA 40. too. 140. 200. 260• 300. 360. 400. 460. 
STORAGE SIZE 60. 150. 210. 300. :wo •. 450. 540. t.oo. 690. 
STORAGE COSTS 120. 300. 420. bOO, ?00. 900. 1000. t:!OO, 1380. 
COLLECTOR COSTS 1200·• 3000. 4200. 6000. 7AOO, 9000. 1.0800. 12000. 13800. 
FIXED COSTS 1000. 1000. 1000. 1000. 1000. 1000. 1000. 1000. 1000. 

TOTAL COSTS 2320. .4300. 5620. 7600. 9580. 10900. 12880. 14200. 16180. 

·''!• 

Figure E-2. (Cont.) 
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TITLE I OPTIMIZATION SAMPLE ANALYSIS 

SYSTEM PERFORMANCE ANO COST SUMHARY FOR 55.0 TILT ANGLE 

COLLECTOR SOLAR SOLAR RATE OF NET PRESENT LIFETIME COST 
AREA ENERGY · SYSTEM RETURN WORTit OF SAVINGS 
<SO.FT.) FRACTION COST ON EOUITY SOUIR !11\V IN CiS <UNO 1 SCOUNTED) 

• X • <Sl:E NOTE 2)" I 

40.0 .151 <. 2320.00 o.o -009.64 -1941.20 
100.0 .335 4300.00 o.o -1263.00 -2641.85 
1~0.0 .• H&:. 5620.0_0. o.o -1<~23. 79 -~;;;/6,J;l 

~uu.u .51~ /600.00 ·o.o -:!44:!.71 -5021". 79 
260.0 .699 '?580.00 o.o' -3:~65.59 -7064i41 
300.0 .770 10900.00 o.o -41'19.77 -8759.89 
360.0 .877 12880.00 o.o '-5413.49 -11162\87 
400.0 .918 14200.00 o.o -6!:;91.64 -13533.72 
460.0 .968 16180.00 o.o -0:'~1.10 -17039.19 

ENERGY liALANCE {1'( MONTH FOR 40.0 sa. FT. COLLEClO~ 

MONTH FRACTION AVERAGE USEFUL TOTAL USEFUL AUXILIARY CONVENTIONAL 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

ANNUAL 

NOTE 

NOTE 2 

liY SOLAR ' SOLAR PER [tAY SOLAR ENERGY ENERGY !;YSTEM ENERGY 
<BTU/OAY-SD FT> <HIL [ITU/MO) <HlL IITIJ/MO> <HIL BTU/MO> 

.007 628.6 .78 8.23 9.01 

.106 705.1 .79 6.68 7.47 

.123 711.8 .as 6.31 7.19 

.171 6~0.4 .74 3,60 4o35 

.289 487.8 .60 1.49 2.10 

.919 ::;o7.4 .61 .o:s .66 
t.ooo 61.2 .oo o.oo .oo 
1.000 88.5 .oo o.oo .oo 

.767 634.9 .76 .23 .99 

.2:J:! 686.4 .85 2.:SJ 3.39 

.123 649.6 .78 5.se 6.36 

.087 585.5 .73 7.59 8.31 

.1:51 7.53 42.29 ~9.92 

CONV. ENERGY AND SOLAR AUXILIARY ENERGY ARE GROSS VALUES 
<I.E. THEY INCLUDE TANK INSULATION ANn/OR COMIIUSTION LOSS> 

NET PRESENT WORTH OF SOLAR SAVINGS = RRESENT WORTH OF NET CASH 
FLOWS <FOR A 9.0 X DISCOUNT RATE> MINUS THE DOWN PAYMENT 

Figure E-2. (Cont.) 
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TITLE: OPTIHIZATION SAHPLE ANALYSIS 

COLLECTOR SIZE OPTIMIZATION DY SOLCOST 

BEST SOLAR COLLECTOR SIZE FOR TILT ANGLE OF 55~ DEGREES ~S 
COLLECTOR TYPE = LIOUIDo FLAT PLATE• 2 COVERS• PAINT 
FINANCIAL SCENARIO--RESIDENCE 

<A> 
FUEL/UTILITY 

SAVINGS 

~--· CASH FLOW SUHHARY' ·;,~tt'! 

(8-)' 

HAINT. 
+INSUR. 

<C> 
PROI'ERTY 

TAX 

<D> 
ANNUAL 

INTEREST 

<E> 
TAX 

SAVINGS 

40. · SD. FT, 

<F> 
LOAN 

PAYMENT 

<G> 
NET CASH 

FLOW 

-232 • 
54, 23. o. 251; •... ·.>'.7.3.9.. '. .259·. 511. 

-150. 2 60. 26. o. 250. 75. 
3 66. 29. O·. 240. . ':-~ . 75.:· 
4 72. 33. o. 247. 74. 
5 eo. ·3-7. o. 246. . -74. 
6 BB. • 41.· .o. .. 24·h 73. 
7 96, ,, 46. ' .. o. 242·. -.. ~;·73. 
a 106. 51. o. 240. 72. 
9 1:17. 57. o. 238. 71. 

10 l2B, ·,·64. o. 235. 71. 
11 141;, ·/~2. o. 232. .·:; 70. 
12 155 .• ··•·81. o. ,22 ... 9. 69. 
13 171·. •. 90. o. 226. 
14 188. iot. o. 221. 

68. 
•. 66. 

15 20.6. i 13. o. 2i7. 
16 227. ·: 127. o. 212. 

65. .... 
64. 

17 250. --142. o. 206. 
18 2~?5 •. .:1·59. o. 2·o·o. 

., 
62. 
60. 

19 392 •.. . i7B. o. 193. 
20 JJJ. ,··.?oo. o. . ~as. 

sa. 
55. 

------.--~ .. 
TOTALS 3'115_ ... ~670. o. 4~62. ~034. 

SOLAR INCE.NTIVE INCLUDED IN YEAR 1 TAX SAVINGS 

PAYBACK TIHE FOR FUEL~SAVINGS TO"EOUAL TOTAL INVESTMENT 
PAYBACK TIME FOR NI::Y CASH FLOW Td O~FSt::T LIUUN I"AfMEii"' 
NET PRESENi WORTH OF SOLAR SAVI~GS ,,,,,,;,, 

.RATE OF RETURN ON NET CASH FLOW·;,,,,,,,,,;, 
ANNUAL f'Of(TION. OF LO./ID PROVWED'.[jy SOLAR .! ~-· 
ANNUAL ENERGY SAVINGS,WITH SOLAR.SYSTEH •••• 

I • ' . 

TAX SAVINGS • INCOME TAX RATE X <C t D~ 
NET CASH FLOW 'c A . - .B - C + .,E - F 
Af<OVE PAYBACK TIHES BASEr• ON UN[IISCOUNTED DOLLARS 

. ··, 

259, 
~ .. 259. 

259, 
;!59. 
~59. 

,;· 259u 
259·. 
259. 

r2·59, 
259. 
259, 
:!59. 

.259. 
259. 
259. 
259. 
'259. 

.. 259 • 

..259 • 

5180. 

-147 • 
-144 • 
-141 • 
-138 .• 
-.135-. 
-132. 

. ' •' ~ 

-128. 
-1.2;4.·~ . 
-120 .• : 
-115_.,: 
-11,0 .•. 
-105. 
-1()'0. 
-9'4~~ 
-8,9, •. 
-'83. 
~76. 
-1o·; · 

---~~-'"-· 
-192:2·,'. 

664.00, DOLLARS 

;_ ~. 5 
-80"9.64 

o_.o 
15. 1 
7.5 

YEARS 
YEARS 
I•OLLARS 
PERCENT 
PERCENT. 
MILLION 'BTUS 

; ' ~-

'1 

:' 

NOTE. +++ HAft:: u~· Rt.fUNN UN 'i'HIS SOLAR IHVI!STHfiH 13 ZCRO OR U:OG. I.C .. NOT ii;CONOHICI\L 

Figure E..,-2. '(Cont.) 



TITLE: OPTIMIZATION SAMPLE ANALYSIS 

TOTAL SYSTEM OPTIMIZATION PACKAGE 

COLLECTOA AA!:A <j(), SQ•I"T 
LUAD FJ.:ACTIOH .1511 
SYSTEM COST 2320. [oOLLARS 

SUMMARY FOR REFERENCE SYSTEM 

FINANCIAL SCENARIO--RESIDENCE 

''' CASH FUJII SUMMARY ... 
<A> ((I) <C> (D) (() (f) <G> 

YR AUXILiARY MAINT, PROPERTY ANNUI\L TAX LOAN NET CASH 
CASH FLOW tiNSUR, TAX INTL:R£ST SAVIIIGS PAYMENT FLOW 

1 -324. 23. o. 251. 
2 -357. 26. o. ::!SO. 
3 -392. 29. o. ~48. 

1 -uJ. Jl_ o. :1'17. 
5 --475. 37. o. 246. 
6 -~23. 41. o. ::!44. 
7 -575. 46. o. 242. 
0 633. 51. o. ~10. 
9 -696. J7. o. 238. 

10 -766. 64. o. 235. 
11 -842. 72. o. ;!32. 
12 .. 927. 81. o. 229 • 
13 -1019. 90. o. 226. 
14 -1122. 101. o. 221. 
15 -1234. 113. o. 217. 
16 -1357. 127. o. 212. 
17 -1493. 142. o. 266. 
19 -1642. 159. o. 200. 
19 -1907. 178. o. 193. 
20 -1980. 200. o. 185. --------
TOTALS -19604. 1670. o. 456::!. 

SOLAR INCENTIVE INCLUDED IN YEAR TAX SAVINGS 

TAX SAVINGS 
NET CASH FLOiol 

INCOME TAX RATE X (C t D) 
A·- 8- C + E- F 

~ET PRESENT WORTH OF TOTAL LIFETIME COSTS •••••• 

739. 
75. 
75. 
;74. 
74. 
73. 
73. 
;'~. 

71. 
71. 
70. 
69. 
68. 
66. 
65. 
64. 
62. 
60. 
58. 
ss. 

::!034. 

Figure E-2. (Cont.) 
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-232. 
259. 132. 

·259. --567. 
259. -606. 
:159. -619. 
259. -697. 
~59. -750. 
259. -807. 
~5?. 071. 
2:l9. -941. 
2~9 •. -1019. 
2~9. -1104. 
259. -1198. 
259. -1301. 
259. -1416. 
259. -1541. 
259. -1680. 
259. -1833. 
25~. -2001. 
259. -2t07. 
259. -2391. 

5180. -::!3659. 

664.00 DOLLARS 

-8414, DOLLARS 



TITLE: OPTIMIZATION SAMPLE ANALYSIS 

HEAT LOSS MECHANISM IS WALL INSULATION 

HEAT LOAD REDUCING FEAfiJRE NUMllER'1 
ADJUSTED UA 4.75 llTU/DEG-DAY-SOFT 
COST 534. DOLLARS 

COLLECTOR AREA . 40. SO-FT 
LOAD·FRACTIOH .• 1472' 
SYSTEM COST :!320. DOLLARS 

FINANCIAL SCENARIO--RESIDENCE 

su CASH FLOW SUMMARY 

<A> ((l) <Cl <Dl 
YR AUXILIARY MAINT. PROPERTY ANNIIAL 

CASH FLOW +INSUR. TAX INTEREST 

* 
-317. 29. 13. 308. 

2 -349. 32. 1:S. 307. 
3 -384. 36. 17. 306. 
4 ·--422. 40. 19. 304. 
5 -464. 45. 21. 302. 
6 -511. so. 24. 300. 
7 . ~562. 56 • 26. 299. 
8 -618. 63. 30. 295. 
9 -680. 71. 33. 293. 

10 ::..749. 79. 37. 289. 
11 :_824. 89. 41. 286. 
12 -906. 99. 46. 282. 
13 -:997. 111. 52. 277. 
14 -1096. 125. 59. 272. 
15 -·1206. 139. 65. 267. 
16 -1327. 156. 73. 261. 
17 -1460. 175. 92. 254. 
18 . -1606. 196. 92. 246. 
19 -1766. 219. 103. 237. 
:iu •1943. S! .. 6. us .. 227, 

--------
TOTALS -19197. 2056. 962. 5611. 

SOLAR INCENTIVE INCLUDED IN YEAR TAX SAVINGS 

TAX SAVINGS = INCOME TAX RATE X <C + D> 
NET CASH FLO~ = A - 9 - C + E - F 

NET PRESENT WORTH OF TOTAL LIFETIME COSTS •••••• 

SAVINGS NET PRESENT WORTH FOR OPTION ••••••••••• 

us 

<E> 
TAX 

SAVINGS 

760. 
97. 
97. 
97. 
97. 
C!7. 
97. 
97. 
98. 
98. 
90. 
99. 
99. 
99. 

100. 
100. 
101. 
101. 
102. 
103. 

2636. 

Figure E-2. (tont.) 
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<Fl <Gl 
LOAN NET CASH 

PAYMENT FLOW 

-295. 
319. 82. 
319. -618. 
319. -658. 
319. -703. 
319. -752. 
319. -807. 
319. -866 • 
319. ..:.933. 
319. -1005. 
319. -1096. 
319. -1174. 
319. -1272. 
319. ;-1390. 
319. -1499. 
319. -1630. 

. 319. -1775; 
319. -1935. 

. 319 • -2.111. 
319. -2306. 
319. -2520. 

6390. -25233. 

'664·. 00 DOLLARS 

-9071. DOLLARS 

-657. DOLLARS 



TITLE: OPTIHIZATION SAHPLE ANALYSIS 

IIEAT LOSS HECIIANISH IS CEILING INSULATION 
~' . . . . , 

HFAT I nMr RFrlllt:"lNG FEATURE NUMPiiR 1 
1\[I.JUSf([I.UA •1.41. E<TIJ/[rEO-DAY-SOFT. 

(A) 

YR AUXILlA~Y 

CAS II FLIJU c 

1 -300. 
2 -330. 
3 -363. 
4 -400. 
5 -440. 
6 -494. 
7 ·-532. 
a ~JB6. 

9 ..:644. 
10 -709. 
11 ··i'Oo, 
12 -858. 
13 .:.944. 
14 -1039. 
15 -1143. 
16 -l.~S7. 
17 -13133. 
19 -1521~ 

19 -1673. 
20 -1841_. 

--------
TOTALS -172f!7· 

COST 540, .[rOLLARS 

CtlLLECTOR ''REA 
LOAD IRI\CTION 
SYSTEH COST 

" 'l~;' !:iO·-FT 
.t:IIH 
:!·3~0. DOLLARS 

FINANCIAL SCENARIO--RESIDENCE 

••• CASH FLOU SUHHARY tU 

<11> <C> (0) <E> (F) 

HAINT. f'ROJ'·Er\T Y ANNUAL 'lAX LOAN 
+INSUR. TAX INfEkt:Sf 5AVINGS PAYI'IENT 

29. 13. 309. 71>1. 320. 
'l 3" 40 15. 309. ?l. 320. 

36. ll. 301>. 97. 320. .. 40 • 19. ..105. 97. 3:!0. 
45. 21. 303. ?l. 3~0. 

so. 24. :JOt. 97. 3~0. 

56. 27. 298. 90. 320. 
63. Ju. '.!.YI>. ?9. 3:.:>0. 
7L 33. 293. 90. 320. 
79. 37. 290. 99. 320. 
89. 42. 2&6. yy, 3:.?0. 
9Y • 47. 292. 99. 320. 

111. 53. 278. 99. 320. 
125. 59. 273. 100. 320. 
140. . 66. 267. 100. 320. 
157. 74. 261. lOt. 320. 
175. A3. 2~·~ 101 . J:JO, 
196. 93. 246. 102. 320. 
220. 104. 238. 102. 320. 

'" 246. 116. 228. 103. 320. 

·:.:o:S9, . 973. 562:2 • :!1>44. 1>400. 
; ~ ' 

(0) 
NET CASH 

FLOW 

-286. 
99. 

-600. 
-639. 
-61]1. 
-729. 
-700. 
-939. 
-?01 • 
-970. 

-1047. 
-UJ~, 
-1225. 
-1329. 
-1442. 
'-15613. 
-1706. 
-tDS9. 
-2028. 
-2214. 
-2420. 
~- ····- ........ 

-24294. 

SOLAR INCENTIVE INCLU[oEO IN YEAR TAX SAVINGS ....... 664.00 DOLLARS 
{•,• 

TAX SAVINGS c INCOME TAX RATE X <C + [l) 

NET CI\SH FLOW c A - B - C + E - F 

NET PRESENT WORTH OF TO~AL LI~~TIH~ COSTS ,,,,,, 

SAVINGS NET PR~SEHT WORTH FOR OPTION ••••••••••! 

Figure E-2. (Cont.) 
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TITLE I OPTIMIZATION SAMPLE ANALYSIS ... , 

HEAT LOSS.MECHANISif IS ,CEI!-,ING. INSULATIO.N 

HEAT LOA!! .REil.UCINO FEA'fURE NUME<ER 2 
AIUIJ!iTED UA ... ".60 E<TU/IlEG-OAY-SOFT 

.COST 1~0. [aOLLARS 

COLLECTOR AREA 40 • SO-FT 
'LOAil FRACTIOH = . ~ 1432 

. SYST.EM COST .. 2320 • . IlOLLARS 

FINANCIAL SCENA~IO--RF.SIIlENCE ... CASH FLOW SUMMARY ... 
<A>, (I)) <Cl (Ill (E) <Fl <G) 

YR AU.XILIARY MAINT. f·ROPERTY ANNUAL TAX 
' 

.. LOAN NET C~!?!'i 
CASH F. LOW t I.NSUR ~· TAX INTEREST. SriVINIJS .. f'AYMENT FLOW, 

1 -310. 25. 4. 268. 745. 
2 : -341· 28. 4. 26'7. 01. 
J. -375. 31. :5. 26~. 81. 
4 -4\2. 35. 6. 21.)4. 

. ·:· 
01. 

5 -454. 39. 6. 21.~. 81. 
6 -~99. 44. 7. 261. oo. 
7 .. -549. 49. e. 25?. oo. 
8 . ,-604. 55. 9. 256. eo • 
9 -665. 61. '. 10. 254. 79. 

10 . -731. 69 • 11. 251. 79. 
11 . -:804. 77. 12 • 248. 78. 
12 -ass. 86. 14. 245. 78. 
13 . -974. 97, 15 • 241. 77. 
14 -o1071. lOB. 17. 237. 76. 
15 :-1178. 121. 19. 232. 75. 
16 -1296. 136. 22. 226. 74. 
17 -1426. 152. 24. 220. 73. 
18 -;-1569. 170. 27. 213. 72. 
19 -:17.26. 191. 30. 206. 71. 
20 .-·1a9e. 213.; 34. 197. 69. ___ ;... ____ 
TOTALS -17767. .1787. . 284. 4872. 2210. 

SOLAR INCENTIVE .JNCLU£•ED. IN YEAR 1 TAX SAVINGS . ~. . . . . .... •:•• 

TAX SAVINGS = INCOME TAX RATE X <C t O.l, 
NET CASH FLOW • A - B - C t E - F 

NET F'RESENT. io!<:J.RTH OF T.OTAL LIFEHHE COS.TS •• •.• •• 

SAVINGS NET .PRE!lE~fT WORTH FOR OPTION • , • , • , •• , • , 

Figure E-2~ (Cont.) 
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-249. 
277. 129. 
277. -568. 
277. -607· 
'277. -;649 • 
277. ·-695. 
277. ;_746. 
277. ·~oo3 • 
277. . -065. 
277. .-9,34. 
277. -1009. 
277. -1092. 
277. -li84. 
277. ·~·i2B6. 
'277. ·~i397. 
277. -1520. 
277 • -1656. 

• • 1, 

277. ·-1806. 
277. .71~71· 
277. -21~3. 
277. ~2353. 

------
ss4o. -~3413. 

664.00 [l<:JL~~R~ 

:-8359. DOLLARS .· . . ~. ·: ~ .. 

55 •. DOLLA~S 



TITLE: OPTIMIZATION SAMPLE ANALYSIS 

<A> 
YR AIJX ILIARY 

CASH FLOW 

t -267. 
2 -294. 
l -323. 
4 -356. 
5 -391. 
6 -130. 
7 -474. 
8 -:52lo 
9 -S7J. 

10 -631. 
1l -694. 
12 -/6.J .• 
13 -940. 
14 -924. 
15 -1016. 
16 -11t8o 
17 -1230. 
iii -1J5J. 
19 -1499. 
20 -t637o 

--------
TOTALS -15J23· 

HEAT LOSS MECHANISM IS GLASS WINDOWS 

HEAT LOA[l ~EDUCING FEATURE NUMEIER t 
ADJUSTED UA 3, 76 EITU/liEG-DAY-SOFT 
COST 280, DOLLARS 

COLLECTOR HKI:.A 
LOAD FRACTION 
SYSTEH COST 

<\0, SO-FT 
.1208 
2320. DOLLARS 

FINANCIAL SCENARIO--RE5I[IENCE ... CASH FLOW SUMMARY . .. 
(9) (C) ([I) <El <FI 

MAHHo PROPERTY ANNUA-L TAX LOAN 
+INSUk. TAX INfEREST SAVINGS PAYMENT 

26. ], 281. 7~0. 290. 
29. a. 290. 06, 290. 
33. 9. 278. 86. 290. 
37. t_o. 277. 06. 290. 
41. tt. 275. 06. :!90. 
46. 12. 273. 86. 290. 
51. , ... :!71. 04. ~90· 
57. 15. 269. as. 290. 
64. t7. ".l.AI;.,· as. 290· 
72. i9. 264. as. 290. 
at. ~2. :>An. 115. 2'10· 
90. ::>4. 257. 04. ~,o. 

10t. 27. 253. 84. 290o 
113. 31. 248. 04 •. 290. 
127. 34. 243. OJ, 290. 
142. 39. 237. OJ, 290o 
1'5<;1, 4:1. £Jlt 52. :c!YO. 
t79. 48. 224. 82. 290. 
200. 54. 2t6. St. 290. 
224, 60. ~07e eo. 290. 

1872. S03. 5110. 2J49. s9oo. 

<0) 
"NET CASH 

FLOW 

-260. 
159. 

-53~. 
-569. 
-606. 
-648. 
-69J. 

.-'744. 
-799, 
-'860. 
-928. 

-1002. 
-10114. 
-1175. 
-1275. 
-1J95. 
-1506. 
-1640. 
-1799. 
-t952. 
-2132. ------

-21422. 

SOLAR INCENTIVE INCLUDED IN YEAR TAX SAVINGS 664.00 DOLLARS 

TAX SAVINGS INCOME TAX RATE X <C + D> 
NET CASH FLOW = A - 9"- c; t E - F 

NET PRESENT WQRTH OF TOTAl. I. TFETINE COSTS . ' .... -768i' • VULLARS 

SAVINGS NET PRESENT WORTH FOR OPTION . . . . . . . . . . . 727 • DOLLARS 

Figure E-2. (ContA) 
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TITLE: OPTIMIZATION SAMPLE ANALYSIS 

HEAT LOSS Mi~HANISM IS GLAS~~INDOWS 

HEAT LOAD REDUCING FEATURE NUM8ER 2 
.ADJUGTED UA 3.6~ BTU/DEG-DAY-SOFT 
COST . 179~. DOLLARS 

COlLECTOR AREA 
LOAD FRI\CHON 
SYSTF.M COST 

FI NANC I I'll SCENAR io-·-RES I DENCE 

20. sa-n 
.2119 
1660, MLLARS 

SSt CASII FLOW SUMMARY tO 

YR 

1 
2 
3 
4 
s 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

(A) 

AUXILIARY 
CASH FLOW 

-234. 
-258. 
-283. 
-312. 
-34:3. 
·-378. 
-415. 
-4·si. 
-soJ. 
-553 .. 
-609. 
-670. 
-7.37. 
-a to;· 
-1;)92; 
-981. 

-10,79. 
-1187. 
-1306 •. 
-1<\J&. 

TOTALS -13443. 

lBl 
MAINT, 

tlNSUR, 

35. 
39. 
43. 
48. 
54. 
61. 
68. 
76. 
as. 
96. 

107. 
120. 
. 134. 
1St. 
169. 
189. 
212. 
237. 
265, 
297. 

.::!486. 

<C> 
PROPERTY 

TAX 

45. 
.so. 
56. 
63. 
70. 
79. 
ea. 

. 99, 
. 111 • 
'1~4. 

iJ9, 
156, 
.175, 
195, 
219. 
24S. 

. 275. 
. 308. 
345. 
3A6, 

3228. 

([J) 

ANNUIIL 
INrEREST 

373. 
"371. 
·370. 
:168. 
36s. 
363. 
360. 
"357. 
:SS4 • 
350. 
346. 
341. 
336 • 
330. 

"323. 
315. 
307. 
297. 
287. 
;!75, 

SOLAR INCENTIVE INCLUDED IN YEAR -TAX SAVINGS 

TAX SAVINGS = INCOME TAX RATE X <C + Ql 
NET CASH FLOW A· - 9 - C + E - F 

NET PRESENT WORTH o·F. TOTAL LIFETIME COSTS , , , , ,., 

SAVINGS NET PRESENT WORTH FOR OPTION ••••••••••• 

<El 
TAX 

~AVINGS 

623. 
126. 
129. 
129. 
131. 

-1:n. 
135. 
137. 
139. 
14;!. 
145. 
149. 
153. 
158. 
163. 
168. 
174 • 
101 • 

"189. 
.· 198. 

35()"1, 

Figure ·E-2. (Cont.)' 

<Fl 
LOI\N 

F"AYHENT 

386. 
386. 
306. 
386. 
386. 

'386. 
386. 
•386. 
386. 
·386. 
"386. 
386. 
386. 
386. 
386. 

. 386. 
386. 
386. 
386. 
386. 

7720. 

·<Gl 
NET CASH 

FLOW 

-345. 
-76. 

-606. 
-6"41. 
··680. 
-723. 
-:77,0. 
-B2J, .. 
-991 • 
-'145. 

-1017. 
-1095, 
-1182. 
-1278. 
-1385. 
-1502. 
-1633. 
-1777. 
-1936 •. 
-2112. 
-2307. 

-23714. 

498.00 DOLLARS 
·., 

-8739o DOLLARS 

-325, [oOLLARS 



TITLE: OPTIMIZATION SAHPLE ANALYSIS 

HEAT LOSS HECHANISH IS GLASS WINDOWS 

HEAT LOAD REDUCING FEATURE NUHOER 3 
A~JUSTE~ UA . 3.3~ FTU/DEG-DAY-SOFT 

YR • 

2 
3 
4 
s 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

<A> 
AUXILIARY 
CAStf FLOiol 

-223. 
-~4:5. 

-270. 
-297. 
-327. 
-360. 
-396. 
-435·. 
"479. 
-527. 
-sao. 
-638. 
-7o:l. 
-7'72. 
-849. 
-934 •. 

-1028. 
-1131. 
-1244. 
-1369. 

TOTALS -121:106. 

COST 2~56, DOLLARS 

COLLECTOR AREA 
LOMt FRACTION 
svsr£H'COST 

FINANCIAL SCENARIO--RESIDENCE 

20, SO-FT 
.1900 
1 MO. [iOLLARS 

SSt CASH FLOW SUHHARY ' SSt 

<F> 
HAINT. 

HNSUR, 

39. 
44. 
49. 
55. 
62. 
69. 
77. 
87. 
97. 

109. 
122. 
136; 
lSJ, 

•171. 
191. 
214. 
240. 
269. 

.Jot. 
337. 

~ 2822. 

<C> 
PROPERTY 

TAX 

56. 
63. 
71. 
79; 
89, 
99. 

111. 
125. 
140. 
156. 
175. 
196. 
220, 

. 246. 
276. 
309. 

. 346. 
387. 
434. 
486. 

4064. 

([l) 

ANNUAL 
INTO>EST 

423. 
4:~1 • 
419. 
4·17. 
415. 
412. 
409. 
405. 

. 401. 
397. 
J92. 
307. 
3fl[, 
3"74. 
366. 
350. 
340. 
337. 
325. 
312. 

·: 7699. 

(E) 

TAX 
BI\VINOS 

642. 
14!;, 
14"7. 
149, 
151. 
153. 
156. 
159. 
162. 
166. 
170. 
175. 
l.llO, 
186. 
193. 
200. 
208. 
217. 
229. 
239. 

4026. 

<F> 
LOfiN 

f'I\YHI:Nf 

438. 
438. 
438. 
'4311. 
438. 
430. 
438. 
439. 
438. 
438. 
430. 
438. 
43A. 
438 • 
438. 
438. 
438. 
438. 
438. 
430. 

8760. 

(0) 
NET CASH 

rLOW 

-392. 
-114. 
-6'15. 
-600. 
-7?0. 
-764. 
-912. 
-866. 
-925. 
-991. 

-1064. 
-tt44. 
-1233. 
-i332. 
-1441. 
-1561. 
-1695. 
-1843 • 
-2007. 
-2189. 
-239'0, 

-24808. 

:iOLAf< INCtllHIII:: INCI;.U[tED IN YI>M TAX !iAVING1i , , , ,., , , 490.00 OOLI.AI?S 

TAX SAVINGS a INCOHE TAX RATE X <C + D> 
NET CASH FLOW • A - 8 - C + E - F 

III:T f"m;:Cii:IIT \IOF:TH OF TOTI\L LIF"IIi:TIM!i: CO'OT~ ,·,,, ·, 

SAVINGS NET r'·"ESEHT· 'WORTH FOR OPTION 

Figure E-2. (Cont.) 
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-9?1 '1, rrnr I AR!'I 

799, DOLLARD 



T 

OI"TIHC:ATlON SMH'·I.I: 1\NI\I .. YSIS--NATUIML GMi 1\IJXILII\r\Y 
1· 1 t 1 1 1 

1 1 1 1 * 
t ~>OLI\k ~;y~nF:H TYrE Fl..t\Gf> [tY HON fll 

2 • • ?OOOF. tOO • '70!lOE tOO , 'J<>OOF: tOo.) • 'IOOOF I 00 , '7000E·I 00 
, 9000!" I iHl • '}<lOOF: tOO , •,:()!)()[ 1·00 .·90,().<ll" I 00 , '10001:.1 00 
S 0\\..'l~ Mfltlllll.Y TI\1\N~.iRIJill I:I·FIC/CIII" ~WI.t'lli !iYSlEH 

4· 1 1 1 1 
t . 1 1 * 

S REFER!"NCE 5Y9TEH FUEL TYPE 
6· 1 

$ SOLI\R AUXILIARY ENERGY FLAG 
to. 2 

S COLl..FCfOR TYPE FLAO 
t3• .s~;ooEIO:! * 

'f Ctlll.n:nm T II. r 1\NGLES, . N:GREES 
25· ss 

S Sill: Lllt:IH.ION CO[IF.. 
42• ,o\'JOOEIOi 

$ ftiiiUtlNi'; IIEI\T 1.05!3 FI\CTt.m (l.llll/[•l.:n~nny .. ~;O,Ff)·. 
43, .16?0FHl4 

<a [tUil.fllllii FLOOr< AREA (!;li.FT) 
55 • , 1 OOOEI·O •\ 

S Slll.t"i SYSTEH FIXt::[l CO!'iT.- [llll.l.ARS 
Soo . :SOOOEtO:' 

t CLlSl 01' !:illl.Ak SYSH:H, l•Ol.l.o,ri!l /Sli.FT 
57, .2000Ef01 . 

$ L [UlJI!t '' ll.mABE COST· ( Ioi11.1.M;:.;/fil\l..LON.) 
65o I 

S f'INI\Nt:ll'll. !lC.t:NI\RIO FI.Mi<f~ESoi':IJ:io~ll"t.l): .t,;!, OR :J 
t.B, • 1 ;!OOE I· Oil 

$ HOI.< lli,\t.il· INlEkC!;T RI\TE • I'Uil:l'N'I'/YEI\Il 
69, • JOOOE to:~ 

$ l.Oo\N lLiiHo YEI\1\S 
'14o ,JOOOE-100 

<a HILI.JML 11\X fil\n:, <rtii\Cl InN> 
n2. . t:•oorHJO 

~ HIFI.I'II II.JN Fl'lt.:TOf< FLm HI'IHI_T, IN!>IIRo r·r;IIP TI\XES 
?Oo ,:·!4110fi·OJ O. .:!:!l'll:tOO • .t<lOOr:t:!O .t:;oOEIOO * 

S I:N[I\GY t:riST l:;CfiE[IULE-NI\r' Go\!J, 1..1'\!H LN I'RY"-Ef.iC'I\L, 
260• 2 

$ TOTAC BY!lTEHS.OPTIMIZI'ITION FLAO 
271· ,4'/50~"t01 '.:-;340£+03 * 

$FoURS <•~!'W L(l(l[o·, CO!JT)·t.-lm WI'ILL 'IWiiii.I'ITIIJN 
272o , 4•l10f:H>t ·;!;4,0<1Et03. , •1600[·101 , t::,IIOE·I·O:I ·lJ 

$ f'A Jr\~i <NEW LOA[I , CO!> r> FOr\ u: H. [ NG l f'JSIIU\ T !'ON 
.3760E+01 .:WOOE·t0:3 •. lt.:Wt>H>t .,.\'/'121:-fO•l ,::;:~~;Ot·:+Ol 
'l PI\If:G <NI:l·J t.Oi'or•·, rrisn r·tm loiHWIIW H~!,.LII.I'IT!IJN 

RUN 

,?OOOF.:tOO 
• 'JOOOE+OO :« 

.225/.>E-:~04 * 

Figure E-3, Total Energy System optimization 
with everything the same as Figure 
E-2 except the auxiliary fuel is 
natural gas. E-21 



TITLE: OPTIMIZATION SAMPLE ANALYGt~-N~TURAL GAS AUXILIARY 

----LISTING OF IJ!;E:R tNl"'UTS AN[l SOI.COGT Joi'.FAUL T VI\LUE!;--·--

LOCATION ---J'IENVF.R,CO lfiTlTUfiE ~ :19.0 TtLT (INGLF!? SS,Q 
LIOIJifl !WU\R SYf.:lF.M UtTII l.S liAI... !:ift.mM;F. r·n~ !:ill FT Ul" r:OL.l ECfOR 
COL, lFFIC, INTERCEPT = .67 
COL, EFFtC, .30 1\T [tr.l 'f/FLIIX '" ,S ltf~-F--!10 FT/l.lTll 
INPUT SPACE I_IC:AT IJ·VI\l..UE 4.'10 l'·l'III<F'-·Lti\Y-!]ll Fl'> FLOUII ARF.fl= 1690, SO FT 
INF'Uf SF.R, IIOT UflfU~ LO.Ut~ 0,000 MILLION llTIJS/[tAY 
AUXILIARY ENEfWY .tS NfiT, lMS LENGIII OF MlfiLYSIS ~0.0 YEAI<S 

INITIAL cosT. 
IN I 'fl AL COST, 
[tOWN f'I\YHF.NT, 
LIMN TlRH, 
INfERC:3T RI\TF.• 
£tlSCOliNT RATE• 
INI:Il1'1[ f•'X RATE• 
r·r;;or·. r AX RAn:, 
I ~lfilii':MIGF. RfiTI,, 
MAlNTlNANCE rinTE, 
GCN INFLATION, 

Snl.MI l1VtHr11 TVPI:. 
TRANSF·Or<T EFFIC. 
RFF. FUEL TYPE 
REF. SYSTEM EF'FIC. 
[tAlLY UJI\(t-HIL £<ru 
HE•)N MIN TEHP., F 
MEAN HAX Tf.HP. • F 
f'E:RCI:NT F'OSS. ~UN 

t FIXED 
'&/SO FT 
)( or IN. CO~T 
YEM<S 
)( 

X 
X 
., or IN COST 
;( OF HI I.:OIH 
)( OF IN COST 
7. f•[fl YEAR 

Jt"tN P£8 HM: 

I , 
.90 .90 .90 
GAS GAS G/\5 
.70 .70 .70 
.29 .27 .23 
16. 19', 24. 
44. 46. !)0. 
6'7. 67. 65. 

!IIIU'IK 
GY!i'fEM 

1000.00 
:lO,OO 
10.0 
:10 .o 
1?.0 

,,r~ 

.90 
GttS 
.10 
.14 
34. 
61. 
6:1. 

'1.0 
JO,O 
o.o 

.5 

.s 
t:!.o 

HAY 

• '10 
a,,s· 
.70 
.07 
4 ~-. 
10. 
61. 

JUN 

, 
.90 
CiA~; 

.70 
0'' 

~.., 

..J • ._. 

HO. 
6'}. 

JlJL 

.90 
GAS·· 
.70 
.oo 
5'}. 

'A7. 
t..o. 

Kl:l-l:l~~:Nt;;E 

SY!HEM 

ftUO 

.'70 

o.oo 

10.0 
JO.O 
t:!.o 
?.o 

Jo.o 
o.o 

.5 

.:; 
12.0 

!.II: I" 

, 
.90 

GAS· Gf\S 
.'10 .70• 
.oo .o:l 
~-j7. 40. 
06. 70. 
MI. /1. 

ocr 
, 

.90 
GAS· 
.70 
• 11 
37. 
67. 
71. 

[tAIL v· !!ORo 111801 .• 040oll27ot~JOolU'/~.21~~~~J~t.~~7Jo~U44ol7~/oiJ01o 

HEI\TitiCi [•ll.l. r•nvs .IOF.Ifl; YO~. At.U, ~:; :!~~. ~~~;:·i. 1.10. o. o. 1~(). 'IOU, 
SUF-F'I.Y WATER . F ~;o. ;;o. ~o . 50. 50. :)0 f ~~o • ~-~0. ~~o. 50. 
ENERGY COST [lATA 

NAT. G•)S t:!.41)0 f"EF\ UNIT FOR f IR!IT o. Ill I ITS 
NAT. Gi'\S • .. , . .,., f·'f:"R UNIT r:uri: Nf.XT , 1 <>OE_I ;·•o UNITS •• H ...... 

f.!.it:ALAT ION I\ ATE = t:>.oo Pt:Rr.t:Nr 

Figure E-3. (Cont.) 
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NOV DEC 

, t 
.90 .9? 
GAS GAS 
.70 .70 
.21 .n 
25. 1 C} I 

·SJ, 46. 
67. 65. 

004. 7J2i 
7611.1004. 
so. so. 



TITLE: OPriMIZf!TION SAMPLE 1\NIILYSH>-NIIT,I.IRI\L 01\S 1\IIXTI.IARY 

SOLAR SYSTE.H COST SUHNIW:f TI\[ILF. 
. ' 

COLLECTOR AREA "40. 100. 140. 200. 260. 300. 3t.O, 400, 4.so·• 
STORI\GE SIZf: 6.0. 150. "210. 300. J'JO, l\50. ~-40. t.oo. /,'}0, 
STORAGE COSTS 1~0. 300. 420, 600. 7110. 900. 10fl0, 1200, Boo·. 
COLLEr: TOR COSTS 1200. 3000. 4200. 6000. 7!'100. '}000. 101100. 1 :·~ooo. 1 :woo. 
FIXED r.osrs 1000. 1000. 1000, 1000. 1000. 1000. 1000. 1000. tooo. 

-·-·---··-
TOTAL COSTS 2:.!20. 4300. Sb:!O. 71.01). 9500. 10'}00. 1~000. 14200. 1l>1BO, 

· .. , 

Figure E-3. (Cont.) 

E-23 



TITLE: OPTIHtltHTUN 51\HI'LE 1\NI\l.YSIS-·NIHUFil\1. Gl\!1 fii.IXILII'IRY 

SYSTEH P[RI'ORHI\NCE 1\N~ COST !1UHHI\RY FOR ~~.0 TILT 1\NGLE 

COLLECTOR !301.1\R Slll.I\R 1:nn: LIF NC:T r·m~!;F.NT I.HTTIMf. COST 
AREA t:NI:TiGY ' ~:iY!:iTEH liETIJRN Wl.li([H !If SI\VINIJS 
<SO.FT. l I' Ro)CT IIJN C0!1T ON EIIIJilY ~..i(ll.t'\1\ :;,\1.1 TNI;!~ <IINDISCOUNTE[ll 

• " $ < :·;n. 110 TE :'! l • 
40.0 • t~l 2320.00 o.o -11.~:0.•19 -2610.71 

100.0 • J:·.~s 4:'.100.00 0.6 ROt '1.04_ .• ~2 . -:-1122.72 
140.0 .446 ~620.00 o.o -'!.b07.s:·, -5315.29 
2001.0 .5lA '/600.00 o •. o -<571~). 76 ·-7.~!i0.24 

260.0 .6~9 .. 9~no.oo·. o:o -41101 •. 55 -101U::i, H 
:100 •. 0 • 770 10?00. oo. o.o ·-5:1"1:1. 91 -1~'~10.57 
J6o;o. .077 .;1 ;.~flfiO. 00 o.o ··/477.:!5 . -1~:;.!71.22 
400.0 • :? Ill t>~::oo.oo o.o -116?S.31 -I i''J::;5.93 
460.0 .9b(l 1t.too.oo o.o -.I O:jO 1 • 56 -220:11.94 

,(. 

f.Nt:RGY "''1. t~NCE IW HON fll FOR 40.0 ~0. Fr. rOLLECTOR 

MIINTII Ff:OI\C r lOti 1\I.'D;,,G[ US[fiJI. 10'11\1. I.J!;ITIJI 1\I.IX!l. rnt:;Y CONI.'[ NT I fJNAL 

2 
J 
4 
5 
6 

" n 
9 

10 
11 
1'' 

ANNUAL 

NOTE 

~IOTE 2 

t•' r:ntnR !':IH.I\Ii Pfli [t,"'Y !:111 •'R I Nl'rWY fNL'.fiGY !; YS TEH ENEfWY 
I I'<TU/01\Y- I>U ~·r l I ~Ill 1.< 1'11/Hfll 11111. H'(U/f'ICJ) <MIL [t'TlJ/tiOl 

.ODl n:m.6 ,/H 1 I, i'b 12 ,8'7 

.10~ 705.1 .i'Y 9. ~~ 1 10.67 
• 1 :!:1 111 .a .no ., • 01 10.27 
• I'll A''O. A ';•4 !i.lf; ,'J • Zt 
.209 ·HI7.B .t.o ;!,1:1 ',l 

0 
C1Cl 

.91? :;o?. 4 .61 .OI.l .95 
1.000 61.2 .oo o.oo .oo 
1 .non fl<3,5 .oo o.oo .oo 

• 767 6:54.9 .76 ,JJ 1.42 
.~52 6U6.4 ·,os 3.61 •1.83 
.123 649.6 .78 7.97 ?.09 
.087• 5FJS.~ .73 10.84 11.88 

----- ------ - ----·-- -------. 
.151 7,S3 60.41 i'1 .1 7 

CONI.'. nJl'fiGY MH< !;Ut.nr:; A !.IX li..H',f.:Y f NEriGY tWI' rmn·:s V,,LIJES 
<I.F.. TilEY INCLU[IE TMH\ .IW;ULI\l'I<.IN !'111(<1(1(; COMI.<U!;rJOil LOSS> 

IIET F'RE!>EIH WOfifll nr !WI Mi: ~;n•JlNii!'i lili[!;Urr worn II OF NET Cfi!}lf 
FLOW!> <F:rn:; A '/,0 7. DISt.:l.li.IIH I:OA'IEI M.IIJII!; .'IIIE lrtiWN f'1WMENT 

Figure E-3. (Cont.) 
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TITLE: OPTIHT7.1\HON St,HPLE 1\NI\LYSTS-·NI'\TIIRI\1. GI\S 1'\IJXIUI\RY 

COLLECTOR SIZE nr· rl H L':l\ ri ON. [tY !.>I'll. COST 

BfST SOLAR COL l F'CTOR sr~E Fllr; TTLT MIGl.E OF •.-co ... , .... DFtiRf.E~ I,. ,, 40. so. n. 
COLLECTOR TYPC: .. l.lC!IIll.lo rt.I'IT f'LI'ITEr .. C0\.'Ef~!1, PAINT 

flNt.IICit'L SCC:NnRIO--RESIDENCE 

••• c.,!>ll FLOW SUHHI'IRY Ut 

(I\) ((I) (Cl ([I) IF.l IFl (Q) 

YR FUEL/UTtl ITY HAINT, f'ROPEfiTY 1'\Ntiiii'IL TAX l DAN NET CI\SH 
SAVINGS t INSUR, TAX l NTUii:ST !'01\IJING~. f'I'I'Yl1CNT FLOW 

24. 23. o. :!~~1 • 739. 
2 27. :'!6. o. :!50. 75. 
3 . 32~ ~9 .... o. 24U. 7S, 

" 3i.. 33. o. :!47. 7'4. 
5 4'' 37. o. :..!46. 74. 
6 48. 41. o. 244. 7J, 
7 5:5. 46. o. :~4::!. /3, 
8 63. ~1. o. 240. l~. 
9 73. ~1 7. o. :!]1}. 71. 

10 04. 1>4. o. :-':i~. /1, 
11 ?'J. I'' ..... o. ~.l:.!. 70. 
1 ., Ill, at. o. :!:~9. 6?. 
13 120. YO, o. 2:~6. 6(1. 
14 147. 101. o. :!:-!t. bl,. 
15 169. 113. o. :! tl. ,, ~) . 
16 19·1. t:!7. o. :! l::!. lo4. 
17 2~J. 142. o. :~06. 6:~. 
18 2S7. t ~j?. . o. :!OO, 1.0, 
1 ') . 2Y5. 178. o • 1?:1, 511. 
20 340. 200. o. 11J5. S~j • 

' --------
TOTALS 2445. '1670. 1), 4~)62. 20]4, 

SOLAR I~CENTIVE INClUDED IN YEAR 1 TnX SAVIHGS 

f'AYF<i\CI\ TIME FOr• FUEL SnVIIIGS ·To El.liJnL TOTnL HIVF~::'fHENT 
PAYr<~CK TIHE FOR NET r:l\!~11 Ft.ow· TO Of·F~:ET flOWN F'I'IYHENT 
UET F·r-:ESi~NT WOf(fll rJf:- t~r)LflR SflVINI.iS , • , • •, • •• 
f<1'•'r[ OF RL:'fiJfd~ (Jii Nt:T CI\GII FLOU • , •••• , ••• , , 
fiNN! I,"- f'Oia HIN OF ·t.OMI l'f•OV T ftf':[l [IY !~OLAR , , , 
1'\NNU.~L ENCRGY SIWHIGS WITH SOl.l'lli SY!HEM 

TAX SAVINGS ~ INCOME TAX RI\TE X (C t Dl 
NET i~A:311 fLOW ., A ... [I --- C t E - F 
A[tO~'t: F'I\Y(IACK T I HES BA·Sf.D ON LJN[ll ~;COIJtfll: f.t fiOI.l.I'IRS 

Figure E-3. (Cont.) 
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-232. 
259. 4131. 
2~j 1/. -182. 
2~~9. -1131. 
:!~i9. -too. 
~~59. -179. 
:·!59. -17A, 
:~~j9. --176. 
259. -174. 
:-?~~9. ·-171. 
2!;?. '-.160. 
:~~;9. 11..1. 
::•:c.;9, -IS?. 
:!!"j9, - t ::.:3. 
:!~;,,. ··146. 
:·~;9. ·- uo. 
2~~·]. ··t27. 
2~·i9. ·-115. 
~!~']. ·-101. 
:?59. -a:s. 
259. -6:5. 

5100. -isa?. 

6t.4, 00 [IULLARS 
\ 

1'1.6 YEARS 
,5 YEiiRS 

·-I t:l5. •1'? DiJLI.AI~S 
0. o f'EriCEN f 

I~;. 'f PEr•t:ENT 
'/,5 'l:lti.LIO~I IHUS 



TITLE: OPTIHI 7.1'1 TlllN SfiMPLE fiN•'L YSIS-NflllJIML Gt\S flUX tLifiRY 

((I) 

YR 1'\UXILII\RY 
C:t\SH FLOW 

-130. 
2 -149. 
] -172. 
4 -198. 
s -::!27. 
6 -='62. 
7 -301. 
8 -346. 
9 -3pll. 

10 -A~O. 

11 -S2:i'. 
12 -606. 
13 -698. 
.14 -Ao::>. 
15 -9:23. 
16 -1061. 
17 -1J:Jl. 
1B -t 40.4. 
19 -1615. 
20 -1857. 

---------
TOTALS -13355. 

HEfiT LOSS M[C:IIfiNI!1H IS WI'ILL INSUIArtON 

IIEfiT LUfiD J;t:rollr:INC1 FFt\TI.IRE NI.IMI"IER 1 
1\[oJUSH:ro UA 4. 7:; ft fll/[oCG- DAY-SOFT 
t:OS T ~i.31. LofiLLI'Ifl6 

COLL[CTOI'I 1\IKI\ 
LOA[I Ffii\CTIIJN 
SYST£1'1 CO\?T 

FlNANCtl\l SCENI\RIO--RFSIDENCE 

40, !SO··I"T 
.147~! 

23::!0, mll.LAR!l 

$$$ Cfi~H FLOW nUMMfiRY ••• 

<£1> <C> <O> <E> CF> CO> 
Hill NT, PIWPf:RTY I'INNIII'\1. To'X LOAN N£ r Cn:.'itt 

~I NSUR.. TAX I NT[I;_I:ST SfoVINI.1!3. l'fiYMEN·r Fl. OW 

·-285. 
29. 13. :1011. 760. 31?. :?69. 
32. 15. :IOl. 97. 319. -418. 
]6, .l7. :J06. '17. 319 • -446 • 
40. .l9. JO'I. '17. 319. -470. 
'IS, 21. :10~~. 97. :u?, -~1:5. 

50. :-!4. :soo. 97. :Jt9. -:5~;7. 

56. 26 .. :?90. 97. :!19. ··-605. 
63. JO. 29~). 91. :lt9. -;660. 
71. 3:J. 29J. 91) •. . !19. -·7;!:1 • 
l?. J7. ;•av. 90. 3t?. ·~·7'/5' 
09. 41. :'06. 90. :u•J, -071), 
99, 16. 262. 90. 319. "''773. 

t t t • 5:!. 217. '}•7. 319. -10111. 
l:?S. ~g. ~l;!. 9'} • :lt9. ··1~05. 

tJ?o· ()~. 267. 100. :119. -i:H-,, 
1 ~;6. n. 261. 100. 319. -1509. 
t;tt:;, n~. Z:i4• 10 I. :H·i. ..,,6'!i~. 

196. '12. :!16. 10h .:H'/, -1909 • 
?19. 103. 23/. 10::!. . !19. --215.., • 
:.!46. 1'15. 221. t 0~1. :119. ··2434. 

2056. '762. 5611. 2636. 63f10. . ··203'79. 

SOLAR INCENTIVE lNCLU[II:[I IN YEI'IR TI'IX Sf1VINGS.••••••• 66 •I • 00 [oOL\.1\RS 

TAX SfiVINGS 
N£l CI'ISI1 •. LUW 

INCOME TI'IX RATE X CC t D) 
A - ~ - C + E - F 

NET PRESENT WORTH OF TOTfiL LIFETIME COSTS •••••• 

SAVINGS NET PREG[N'f WORTH FUR UPflDN ••••••••••• 

Figure E-3. (Cont.) 
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TITLE I OPTIMIZ~TION S~MPLE ~N~LYSIS-N~TUR~L G~S ~UXILl~RY 

TOT~L SYSTEM OPTIMIZI\TION PACKAGE 

COl.I.ECTOR 1\r~EA 40. SO-FT 
l.OI\0 FIMCTlON • 1 :ill 
SYSTEM COST :!~~20. [oOLLARS 

:;aJHMARY FOR REFEJi:ENCE SYSTEM 

FINI\NC:IAL SCENI\RIO-··RESIOENCE 

$$$ CA!itt FLOW !;IJHMARY Ut 

(~) ((l) <CI ([I) <EI <FI (G) 
YR 1\LIXILI~f\Y H~INT. f'RUPERTY ANNU~L TAX .1.01\N NET CASH 

C~Stt FLOW HNSUR, TAX INTEI~EST H~VlNGG P~YHENT FLOW 

-133. 23. o. :'!51. 
2 -153. 26. o. ::!50. 
3 -176. 29. o. ::!40. 
4 -203. 33. o. ::!41. 
5 -:n3. 37. o. :~41.. 

6 -2119. 41. o. :!44. 
7 -309. 46. o. 242. 
a ·-356. Sl. o. 240. 
9 ·-409 .. ~)7. o. 2:511. 

10 -471. .~4. o. ~:,~. 

11 -541,' r• '. o. :!J2. 
12 ~623. At. o. :'!~9. 
13 -716. 90. o. :.!~~IJ • 
14 -0~!4. 101. o. :~:~t. 

15 -948. 113. o. :~17. 

16 -109'0. '127. o; :! 1::?. 
17 -1253. 142. o. :!06. 
18 -144::!. 159. o. 200. 
19 -1658. 170. o. 193. 
20 -1907. 200. o. .lO.S, 

---:-----
TOTALS -13714. 1670. o. 4:362. 

SOLAR INCENTIVE INCLUOED IN YEI\R T~X SI\VINGS 

TAX SAVINGS 
NET C~SU FLOW 

INCOME TI\X R~TE X <C t [I) 

A - • - C t t - F 

NF.T .PRESENT WURTII OF TOTAL L !FEll ME CIJ!;J!; , , , , , , 

7:~9. 
}~j. 

.,5. 
74. 
l4. 
7]. 
/.L 
7::?. 
;• 1 • 
/t. 
70. 
.~9. 

6£1. 
66. 
1'\S, 
64. 
6~1. 

60. 
~;o. 
It~ c: ... ... 

20:14. 

Figure E-3. (Cont.) 
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-232. 
::!:'19. 323. 
259. -364. 
259. -390. 
2~j9. -42.l. 
::?59. -456. 
2~)'}. -4'}6, 
2!)1,1, --541. 
25'i'. -594. 
259, -654. 
:!:;9, ··7::!4. 
259. ·-1303. 
:;.t~·l. -U94. 
:!~)9. -990. 
'2~'}, -1118. 
~5'1, -1255. 
~5'J, ··1412. 
2~i9. -1593. 
:!~i'1. -1800. 
2S9, -2o.:m. 
:·159. -2311. 

5180. -18771. 

664,00 [oOLLARS 

·6\l.l'/, [oQLLI\RS 



TilLE: Of'T .1 MUoH lOll ::1\Mf'L E 1\NI\L YSI !1-NIHIIRI\l.. f:I\S I\ IIX 11.11\RY 

CA> 
YR 1\UXILII\RY 

Ct\Sit FLOW 

·-J 21. 
2 -140. 
:3 -tAl. 
4 --1115. 
:; -':! 1 :c. 
6 -::.~<l's. 
7 -:~82. 
8 -325. 
9 • 37'1. 

JO ---1~HJ. 
11 -495. 
12 -~6?. 

13 -6~;4. 
14 -·,15:!. 
15 -'tl66. 
16 -'}?6. 
17 --11•15. 
1H -1 ;u ;o', 
19 -1~15. 

:!0 -17'1~; 

-----·---
TOTALS -125.28:, 

SOLAR INCEN1IVE 

TAX SAVINGS 
NET CA$11 FLOW 

IIFI\'f l.O!>S HEf:llf'IIH:;M I:. f:F II IIJG' HI!;IIL.I\HIJN ' 

IIUIT l Dlll'l fd.llllf:!NI; I'FoHIII~[ NUMI:II:R 1 
A[r.IIISI"Eir Ill\· · '1, 'II.' J'Cfii/'I'II"G-DI\Y-SOFT 

. 
' 

.. 

conr 

r:OLLECHJI~ 1\liF.I\ 
--I. (lf)lr FRIIC"f !UN 

11Y:iiTEM CIJIH 

F!NI\NI';IIIL :>CF.NIIri!O----f\ES t[rENr.E 

((I) <C> ( [1) 

MI\INT. f·ROPE::fl I'Y 1\NNUI\L 
tiN!.iUR. fo\X . 111 r t·REn r 

'29. I.L :50'}. 
32. 1 ::i. · JOIJ, 
~6. ll. :wt •. 
40. 1'1. :·H>~::i • 
45. :!1 • 30:J. 
~iO. :.!4. ::lOt, 
56. 2'1, :!'10. 
h:5. . 10. :!'lh. 
71. :o. :!'1.~. 

79. :II. ::!90, 
89 •. •l:!. :wt.. 
'19. •17. 20~-~. 

1 I 1 , ~-j ~i • :~ i'IJ. 
'125' ~·l, ::!7~. 

1'10. AI,, ::!bl. 
1:37. 74. . :-!hl. 
175. lB. '254. 
1'16. 1'.1. :-!~6. 

220. 10'1. :·!:5~1. 

'2'16. 1 16. · ·2~~a. 
-----·- ~-=-·~· ·- ...... 
~~OS'J, 'li':l. . ~:i6~:~. 

. \· 

I NCLIIfrF.lr IN Yl::l\1~ Tfll( r.~il'J r ut:,s 

.INCIIIIE TAX RATf: X <C -t [.1) 
1\ -·B· • C t E- F 

~'.40, lllll.L-'I'<S 

40, !30--FT 
• DOt 
:::_.:·;o, [•Ol I.I)RS 

( f') ( F-J 
TI\X 1.0,\N 

SI\V'!NI;!) 1''1\YMI'.NT 

761. :520. 
97. ]20. 
?7. . 120. 
'}7. ..~ :!(). 
?7. :1:'0. 
'}}. :520. 
•}fl. :J::>O. 
'Jil. :1:'0. 
'111. :.1:.!0 • 
'I~] • ]20. 
'19. :!:10. 
'J'}, :c!o. 
?'1. ~i:-!o. 

.llJU, .1:!1). 
too. 3:'0. 
101. :<:~o. 

101. .'!:~1). 

to:~. ,:1:~1). 

10~. 3:.~(). 

.103. :.120. 
--·:.-~-.- ·- .. 

:~t)4., • .lo'IOO. 

cr:n 
NET Cll!:ilt 
I' LOW 

-2B6, 
:uJ. 

-410. 
-4J<'o • 
.. ,,,;o, 
--~02. 

-~_j4;!. 

-507, 
-·640 • 
-~lOO. 
-761). 
·046. 
·-9:~~,. 

--10:5'1 • 
-.II ~:t. • 
-1 '2.!} 1. 
-1.44:;. 
-1 1-.~!:-!. 
-111:~'1. 

-~!0~\6. 

-:·!~S~~\ •. 

-· 1 ?~;·}]·, 

1><'>'1'."00 toOLUif<S 

NET Pf<ESENT WORTH OF lllTAL LIFETIME COSTS --Mo30, (r()U .. I\f<S 

SI\ViNOS NET PliE~;nH WI'IRTft HJR I.IPT ION ·- '1 'I 1 , IrOLLI\R!l 

Figure t:-3. (Cont.) 
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TITLE: OPT HIT l.l\1 ION SAMPLE ANI'\l:Y!O I !>···NI\ flllii\L GI\C. I\ IIX l L !1\RY 

<A> 
m 1\UXlLII\kY 

Cl\511 now 

-1:!6. 
2 '-145. 
:J -167. 

" -\ ?2. 
5 -:-221. 
6 -254. 
7 -:293. 
B -337. 
9 -3AO. 

10 -446. 
\ \ -5\3. 
\2 ~~90. 

13 -679. 
\ 4 -781. 
15 -o'Jin. 
16 -1033. 
17 -1180. 
\8 -1366. 
19 -1571. 
20 -1807. 

--------
TOTALS -12995. 

HEAT Los's MEC~II,N.!!iM IS CUI lNG lN!jUI.'I'IIIIJN· 

IIEoH LOA[o Rr:I'IIICJNIJ I"FI\TI.IJ"i[ NI.IMDER 2 
'1\[oJIJS'J'f.:rt Ill\ 
COST 

•1 .. ~.() f'ITII/J'ol:r; ·lii\Y--!lllFT 
\ :.itl, CoOL L.M.;S 

COLLECTOR /\REA 
LOIH• Fr~I\CTI ON 
SYSTEM COST 

40, SO--FT 
,\43:! 

F 1 NI\NC IAL SCENMil 0--- RES l [I£Nr:C 

Ut Cl\!011 f'UJIJ :;uMMIIfiY ut 

([I) <C> ([I) ([) <F> 
MI\!NT. r·r<OJ'·FRT Y I\IWII"L TI\X 1.01\N 

I LNSUR, lAX .INITI;I'!il snvJ til iS 1"1\YIILNT. 

25. 4. ~~,,n. 745. '277. 
:~e. 4. :~.'. J. II\ , :.~77. 

:11. :>. ~~.:-; fll. :!77. 
J5. 6. :!1·4. l.ll. ':!77. 
39. 6. :~1. :-~. Ill. ~·17. 

44. I. :!lit. lhlt :!/7. 
49. f], ·-~~i'J. no. :!77. 
~-;s. . , . 2~j6 • uo. ~! 77 t 

61. 10. :~:-;4. .,.,, :·•JJ, 
69. 1 \ • 2~.'i 1 • }'}. :·!/7. 
77. 12. ::!41!. 70. 2/7. 
A6, 1 ., • 24~. 70. '.:!77. 
97. 15. :!•lt. 77. ·:u7. 

108. .\7. :!:5'1 • l.S. .. ~!77 t 

121. 1 '1. :~:l:·?' 7:;. '277. 
\:36. 2~. 226. 74. 2/l. 
152. :!4. ::!:~o. 73. 277. 
170. 27. 2\.!. 72. 2ll. 
19\. JO, 201,, 7t. ,'.( ~!77. 
213. :1'1. 1'17. 69. '217. 

1707. 204. 407:.!. :~21 0. ;'!i~·\0. 

<G> 
m: r CI\Stl 

FLOI.I 

-240. 
:1\:!. 

-373. 
--:19?. 

. -42'7. 
--46:!. 
-~)02. 

-~;46. 

-5?0. 
·-656. 
-7:~-1. 
-110.\, 
-Ofl?, 
-'191. 

-1.\07. 
-1240. 
-13?2. 
-1507. 
--17613. 
-19'79. 
·-22'6~?. 

... ~,.,0, 
SOLAR IIICEN T I VE INCLIJ[o([l IN YCAf< 664;()0 [IOL..LI\R!3 

TAX SAVINGS 
NET Co'\Sii FLUW 

INCOME TAX RATE X <C t [I) 

1'1-[• .. C•E-F 

NET T'T<EGEIIT WtlT(TJt UF .TUTI'IL LIFE f !ME t:fl!l f!l 

SAVlNGS NET f;T.;UiEN·r WORfH FUR OPT!.ON ·.,,, •• ,.,., 

Figure E-3. (Cont.) 
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TITLE: OF'TIMIZATIO.N SAMPLE AN•'LYSIS·-NI\TIIRI\l. lil\!.i 1\I.IXILIARY 

IIEI\T LOSS HECHI\Nl!>H l~i nLI\~;n IJINDOI.IS 

tiE AT UII\D REf•IIE [ m.; FE I\ !IJiiL Nlll:lnrR · t 
l'lrl.llJ:lTE£1 lJI\ :1. 76 [<TII/fi[G·-[11\Y-SOFT 
COST :.'00, 111)1.1.1\RS 

r.QI.I..f.r.TOJ; 1\REA 
UJII[I I· I\ ill; I 1 UN 
~YS IFH CMf . 

40, :;u-Fr 
• 171\0· 
:~:520, .[IOI.LARS 

F .l NANC I Ill. SCENI\f~ 10· ... RES WFNr.E 

us Cl'tSft n.ow !.;IIH,MI\RY us 

( (\) ([l) ((;) ([I) . (f) (F) (Q) 

YR •"JXILJ,,r;Y HI\.TIH, l'"fiflf•f'l<lY 1\NNIII\L Til X I 01\N NEr CIISit 
Cl\511 FLOW +I N~)l)R, '11\X 1N I Lldo!;T SAV lNG~J f"I\YHEN'f FLOW 

-260. 
-106. ~~6. 7. 2fl\, 750. ~~90. 320. 

2 -t:·!:!. 29. o. 2110. 86. ~90. ·-31>3. 
:1 '-'140. 33. 9. :uo. 116. ~~?0. -306. 
4 -161. 37. to. 277. Ot., ~?0, -412. 
5 -tos. ·11· .II • 275 . !II,, 290. -442. 
6 -213. 46. l ~~. 2i':!. 06. :??0,. -476. 
7 -245. ~1. 1•1. :u.t. (16, ~1}0. -516. 
8 -202. 57. 15. :!6?. n::;. ~90, -:!161. 
'i' -32:5. 64. 17. :~66. os. 290. -:612. 

10 -374. 72. 1'}. ::!64. os. :!90. -671. 
1.1 --•1:50. 01. 

.,., 
~.~o . A~i, ::?90. -7:16. 

12 -495. 90. ;:!4, ~!~)7 ~ 04. ~70. -1116. 
13 -:S6'i'. 101. '27, ;..~83. 84. 290, -904. 
14 -655. 11J. 31. :!'Ill. no~. :~?0. -1005. 
15 -7SJ, 127. :14. 243. 03. 2?0. -1121. 
16 -EI66. 142. Ja. 2:~7. a:l. :no. -12S4. 
17 ..:.996. 15'1. •t:l; ~!~it • FJ2. :~90. -1407, 
18 ··11 '!<I' . 17'1. 4LI • £Z-t~ u;;.~. ~!90. -ts:;i. 
19 -.1310. 200. ~4. 216. 01. 290. --171l1. 
20 -tS1S. 224. 60. 201. uo •. 290. --2010. 

--------
TO TillS -10996. 1072. 50.~; 5110. 2.l-19. ~;ooo. --169?6. 

SOLAR INCENTIVE INC!.UI'•U• IN Yfi\H 1 T1\X UAV.INGS (),l,l\,00 I•Oli.I\RS 

Til)( SAVINGS " INCOME ri\X RATE X <C + [I) 

NET Cl\511 FLOIJ = A - B - C + E - F 

·NET PI\~~ENT WO~TH OF TOTAL LIFETIME COSTS •••••• - ~i72'l, [•OLLI\RS 

uiWIIIG!: liCT f'I\1!5I:NT Wilt.: I H FOR OF•i'ION , , , • '·',,,,, ·160, [IOLLARS 

Figure E-3. (Cont.) 
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TITLE: OPTIMIZIITION SAMPLE ANI\LYSJS-;No\TIIRI\L GI\S 1\UXILII\RY 

HF.I\ T LOSS MECIIo'N .l SM IS GLI\!jS W 1 N[IOWS 

IIEI\T LOMo RF.IH.IC fNG fTI\TUm: IIIIMliER 2 
1\[o.JI:I!.lTEll IJI\ ~~. 6~ £oHIIDEG····[tAY-SilFT 

(A) 
YR AUXILIM;Y 

CI\SH FLOW 

-9\, 
2 -105. 
3 -12\. 
4 -13¥. 
::; -160. 

" -104. 
'7 -212. 
A -244. 
9 -200. 

10 -32:!. 
.\1 -371 • 
12 -42'7, 
13 - 4'1 1. 
14 -56~. 

15 -6SO. 
11. -747. 
17 -fl~9. 
10 -98?. 
1Y -1137. 
20 -1308.. 

--------
TOTALS -9402. 

COST 17¥2, DOLLARS 

COLLECTOR 1\Rf.A 
LOI\fo FRo,CTION 
SYSTEM CO!lT 

:!O •. !lll-FT 
• ;~ 1 t 9 
1.S60, [oOLLARS 

FINANCIAL SCE~I\RIO--RESt[IENCE 

$U CAS II FLOW ~lUMMIIRY Ut 

(8) <C> ([I) (() (F) 

MI\JNJ, PROI''ER'fY ''NNI.IIIL TAX l.OI\N 
HNSUR, Til X INru;;ua !.;liVINGS F'IIYMENT 

• 
35. 45. J7]. 6:'3. 386. 
39. so. 371. 126. 306. 
43. 56. :.170. 120. 31]6. 
48. 63. ]/,1], 129. :JIJ6. 
54. 70. J65. 131. 306. 
1.1. 79. 31>3. 133. :!06. 
60. 08. ~11.0. 1 ~!5. :IR6. 
76. 99. ~J~i7. IJ7, JO/,, 
as. 111. 354. 13'/, 31]6. 
. 96. 124. J~;o. 142. :lll6 • 

107. \:39. :14&. 145. :106. 
120. 156. :141~ 1•19. :w6. 
134. 175. :·i36. 1~i3. 3111>. 

. 151, 195. 330 • 1 :lO. 306. 
169. 219. 32:5. 163. 3B6, 
109. 24~.). 315. 169. 306. 
212. ~!7~. 30'7. 174. 306. 
:~37. :ll'f~. 297. 1111. l06, 
·~!1,5. 345. 207. Ill'/. 386. 
'2.97. :11'16. 2·1s. 190. 386. 

241M, 3220. 1.7BIJ, 3501. 7'7-:!0. 

<G> 
NET CI\SH 

FLOW 

-345. 
66. 

-453. 
-478. 
-507. 
-540. 
-577. 
-61?. 
--668. 
-723. 
-7116. 
.:.asa. 
-9:19. 

-1033, 
-1139. 
-1:!60. 
-1399. 

·-tS57, 
-t7:u. 
·-1 'J4:J. 
-2178. 

-19673. 

SOLAR INCENTIVE JNClUD~[I IN YEIIR TI\X SII'JlNGS 4'/B, 00 DOLLARS 

TAX SAVINGS 
NET CASH FLOW 

INCOME 'fAX f;I\TE X <C ·• [I) 

II- n - C t E'- F 

NET PHESENT WOfdtl PF n)TIIl. LIFE riME COSTS ' ...... 
SAVING!l NET PRESENT WORTII ~UK nPTlON ••••••••••• 

Figure E-3. (Cont.) 
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TITLE: OPl.IHL'o\TlON SAMPLE •'Nfll.YSIS···IIIHIJRAI. nfl5 fiiiXII.IfiRY 

. 
tH::AT LOSS HECflf\NlSH I~; l1l AS:> W!NOUWS 

IICAT Ulf\TI RCroltC!tlG FFATIII;E NIIHIIER 3 

YR 

3 
4 
5 
6 
7 
0 
9 

10 
11 
12 
13 
14 
15 
16 
17 
.18 
1Y 
20 

(A) 

fill X ILl -'I~Y 
Co,SII n oliJ 

-!lb. 
-??. 

-11 4. 
. --131. 
-,t ~jC). 
:-17J. 
~11''1. 

·-264. 
-104. 
-319. 
402. 

-4c'o2. 
-5:i2. 
-,'J\ 2. 
-?04. 
,-uo9. 
-·?:31. 

-1071. 
~1231. 

(l[o,II.JSTE[I ItA 
COST 

C:nt.u:r.TOR ARfA 
Uifln FR!'oC I' trJN 
SYflTEH CUST 

F I Nt,NC I AL f>CI"Nf\R l 0-- .. I~L~>H•ENCE 

([I) 

Ho\lNf, 
+INmJR, 

~lY. 

44. 
4?. 

c't2. 
69. 
;17. 
07. 
97. 

10'J • 
122. 
1:16. 
.\:53. 
171. 
1?1. 
214. 
240. 
21Jf7. 
301. 
33:1. 

:~022. 

( r:) ( [1) 

t·t;lll 'l.li I'Y fiNNIIfll. 
TfiX INIU;: ~;r 

~·ib. 

b.\. 
71. 
7'} • 
B9, 
9'). 

111. 
1 :)~i a 

140~ 
t ~jf,. 
175. 
1 '76. 
: .. !20. 
::!46. 
::!.71~ ·• 
:30?. 
3')c'o. 
:lB7, 
4:34, 
406. 

40c'o4. 

4:>:1. 
4:11. 
4.1 •;. 
417. 
115. 
412. 
'10'/, 
405. 
401. 
:l9'7. 
3?~. 

:.SOl; 
:101. 
374. 
:.166. 
~5A. 

:34fl • 
3:17. 
3~5. 
3.12. 

76'19. 

SOLAR INCENTIVE INCl.I.I,OE[I IN Y[flli 

TAX SfiVINAS INCOME TAX RfiTC X CC t OJ 
~lli:T GI\GII rLOW •· A • I) - C ·~ t .. ~ 

SAIJINGS NET PRESENT WtlfHH FOR OPTION 

~~l, SO ··FT 
.1'100 
\MoO, [IOI.l.AR!l 

<E> <r> <G> 
J AX I llfiN NF.T r.o,Stl 

:.:ow Jill,;!:,; hWHt:IH FI.OIJ 

h4~. 

t 4~i. 
14'7. 
149, 
t:;t. 
1 :;:1. 
I~;/,, 

t :;•J. 
162. 
\be'., 
1/0, 
1'7~. 
. lllO, 
1Bb, 
t•J:s. 
200, 
20U, 
2.17. 
::'I'}H. 
:l.'\f}, 

uo. 
oiJ!), 

4:11l. 
·IJI), 
•un. 
4.10. 
•I:Jfl, 
•Uil. 
'138. 
<13fl, 
'IJI), 
43B. 
•l.lll. 
~:lll. 
4313. 
'130. 
4:1a. 
430. 
4:JB. 
o~:la. 

0760. 

··'19H, 
~· ~·:. :.~ 4\ • 
-~,54. 

-:)IJ'7. 
-626. 
·-c'o69. 
-'/19. 
:-716. 
-1140, 
-911. 
·9'17 • 

-1092. 
-1~?00. 

-1324. 
-14114. 
-1624. 
·-1007. 
-2015. 
~·2~53. 

-20052. 

·l'llloOO fiOU.Af\!l 

-')497, DOI.LARS 

· 1 JOIJ, DOLLARS 

Figure E-3. (Cont.) 
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APPENDIX F. SOLCOST EXECUTION ON·MMDS .NOS SYSTEM 

This appendix assumes that the. user is familiar with the. NOS system .. 

New NOS users should refer to CDC •·s NOS Version 1 Reference Manual for 

an intrGYduction to the NOS system. The SOLCOST Program can .be executed 

by use of cards or a timesharing terminal. This appendix explains how a 

MMDS user can execute the SOLCOST Program. There are three ways of executing 

the SOLCOST Program discussed in this appendix: input and execution, input, 

and execution. 

Fl. SOLCOST STATUS REPORT 

In· order to keep the user current on changes and new options within 

the SOLCOSt Program,' an information file i"s available. In order to get a 

1 isting of the information file, the user, at an interactive timesharing 

terminal, needs to do the following commands: 

COMMANDS 

GET,SOLAR/UN=LlBRARY 

LNH,F=SOLAR 

COMMENTS 

Retrieves the file. 

Lists the INFO file. 

F2. SOLCOST Convers.ational. Input Program for Timesharing Terminal Users 

The conversational program interrogates the user for SOLCOST inputs 

and builds an input data file {_NEWFILE). At the end of the conversational 

session the user can save NEWFILE for future runs.. NEWFILE can also be 

sent to SOLCOST for execution, On subsequent runs~ the user can bring in 

the saved version of NEWFILE and use the conversational program to modify 

the inputs. The first command should be GET,PROFILE/UN=LIBRARY, which 

retrieves the procedure file. 
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F2.1 Instructions for using the conversational program and executing 
SOLCOST are as follows: 

F2.1.1 For new input, no existing files. 

. COMMAND 

BEGIN,SOLCOIN,PROFIL,,NEWFILE,OUT. 

COMMENT 

Start the conversational program. 

NEWFILE is the file name you want 

the input dat~ saved under. Out 

is the name of the output fi 1 e. 

If you want the output to print at 

the terminal, enter OUTPUT. Any 

other name will make the output 

available for review and/or routing 

to your printer~ 

Comment: Thus. abovP. r.ommands wi1l C)(ccute the conversat1onal program and 

then execute the SOL COST program.. . The input NEWFII..E wi 11 then 

be availclble to either save or return to execute both programs 

again. If the user wishes to save the iriput file and quit, do 

one of the two following commands: 

COMMAND 

SAVE,NEWFILE Make NEWFILE 1nto a permanent file. 

F.2.1.2 For changing existing files. 

COMMAND 

RF.GIN,SOLCOIN,PROFIL,OLDFILE,NEWFILE,OUT. 

GET ,OLDFilE 
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COMMENT 

Same explanation as below.(OLDFILE) 

OLDFILE is the name of the input 

file to be changed. 



F2.2.1 Instruction for using the conversational program only, create new 
file. 

. COMMAND 

BEGIN,COIN,PROFIL,,NEWFILE. 

SAVE,NEW 

COMMENT . 

NEW is the file name where 

the conversationally created 

input file is placed. 

F2.2.2 Conversational program only, modify existing file. 

COMMAND 

GET,OLDFILE 

BEGIN,COIN,PROFIL,OLDFILE,NEWFILE,OUT. 

COMMENT 

OLDFILE is the input file to 
be changed. 

F2.3 SOLCOST - Execution for Timesharing Terminal Users 

Executing SOLCOST in this manner the user should be familiar with 

SOLCOST and XEDIT. This method the user must build his own input file by 

the use of XEDIT. There are some example files available to help the user 

get a start in building his own input file. The input requirements and 

description are found i.n Section IV (_pages IV-1 to IV-3). There are also 

examples shown. in the manual in Section IV. The comments are optional 

. and not required. The main requirement is to start the program with the 

word TITLE (Jor a title) or NO TITLE (Jor no title}. These can be shortened 

to N or T: 

COMMANDS 

GET,OLDFILE 

XED IT 

COMMENTS 

A sample input file. 

Comment: User changes d'ata values in file using XEDIT commands (see Table El). 

Q,filename,L Jr RL 
GET,PROFIL/UN=LIBRARY 

To end XEDIT lSee Note 1 below), 

BEGIN,SOLCOST,PROFIL,NEWFILE,OUT To exacute SOLCOST. 
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Obviously the key to the terminal execution is knowledge of the XEDIT 

commands. T~ble. El summarizes the importan~ XEDIT commands needed to 

modify most files. 

Edit can be used instead of XEDIT. 

Table.Fl. XEDIT Commands for SOLCOST Input File Modification 

Pointer Movement Commands* 

BOTTOM or B 

TOP or T 

LOCATE/STRING/ 

NEXT n or Nn 

PRINT n or Pn 

DELETE n or On 

CHANGE/STRING1/String2/ 

INSERT n or In 

HELP, command 

Moves pointer to last line in file 

Moves pointer to first line in file 

Locates the first line that contains 
a particular string of characters. 

Advances the file pointer n lines from 
its current position. -

Prints~ lines starting a~ current· pointer 
position · 

Deletes n lines starting with the line 
at the current pointer position 

Replaces.stringl ~ith string2 in the 
.line .at the current pointer position 

Insert n lines after line at the current 
pointer-position 

· Requests information ;:~hout a specific 
XEDIT command 

*XEDIT positions a fi.le pointer at a 11nc in the edit file. Initially 
the pointer is positioned at the first line in the file. Refer to the 
XEDIT Manual for·inore detailed information of XEDIT commands. 

1 
The Command Q, Filename, SL causos an exit from EDIT and saves the data 
file as a new fi'le under the user•·s ID. On later runs, the command OLD, 
Filename should be given in p 1 ace of the OLD DHWRES r.ommand in order to 
access the users data file. Also, the command Q, Filename, RL can now be 
given to replace at') old data file which was previously saved with the 
command Q,Fi'lename, SL. The command Q,Fi'lename,L causes an exit fY·om 
XEDlT and makes the edit ftle into a local file only (not saved as a 
permanent fi 1 e).. 
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F3. ?ATCH Execution of SOLCOST (CARD INPUT) 

The control cards needed to execute SOLCOST from cards are as 

follows: (Following cards start in Column 1) 

X!(XX,T40. XXXX.JOBNAME 

USER, USER NUMBER, PASSWORD, C. 

GET ,PROFIL/UN=LIBRARY. 

BEGIN,SOLCOST,,INPUT. 

END-OF-RECORD CARD 

N or T 

INPUT DECK 

END 

END-OF-FILE CARD 

F4. Additional Option for MMDS Users 

(7/8/9 all punched in column 1.) 

(To start the input deck.) 

(The description of the input 

deck is found in Section IV 

pp. IV-1 to IV-3.) 

(To END th~ input deck.) 

(6/7/8/9 all punched in column 1.) 

The SOLCOST program always prints the inputs just as the user supplied 

them. Also, SOLCOST reformats the inputs and prints them for easy 

reading by the user. The first listing of the inputs can be suppressed 

by the user by simply adding an L to the input file. This is done as 

follows: 

L NO TITLE (This ·is the fil·st card of input file 

of a file with no title.) 

L TITLE (.This is the first card of input file 

of a file with a title~). 

Normally, the files start wi.th NO TITLE or TITLE (Both can be 

shortened to one letter N or T} but by inserting the L in front 

of the N or T suppresses the listing of the file. 

The suppressing of the listing reduces the number of characters 

- transmitted and reduces the cost of a run. 
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F5. FILES Available to the Users 

This is a list of the files available and how to attach them. 

FILE 

PROFIL 

SOLAR 

DHWRES 

SAMPBUS 

SAMPNPO 

SAMPRES 

GET,PROFIL/UN=LIBRARY 

GET,SOLAR/UN=LIBRARY 

GET,DHWRES/UN=LIBRARY 

GET,SAMPBUS/UN=LIBRARY 

Procedure file. 

Information file. 

Sample input file residence hot 

water system. 

Sample input file business hot 

water system. 

GET,SAMPNPO,UN=LIBRARY Sample input file non-profit organi-

zation hot water system. 

GET,SAMPRES/UN=LIBRARY Sample input file residence space 

heating system. 

Any of these files can be listed if the user wants to see them by. 

attaching the file first and then doing one of the following commands: 

LNH, F=Fil ename 

or 

LIST, F=Fil ename 
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APPENDIX G. ADDITIONAL INPUT INFORMATION 

Gl. Air Collector Performance Array, Line 19 - Space heating air collectors 

operate at nearly constant inlet temperatures throughout the day. The 

average collector temperature varies through the day, independent of the 

inlet temperature. This means that if ·the air collector is tested at 

constant inlet tempera~ures its performance cannot b~ specified as a 

function of the inlet temperature as with liquid collectors. Typically, 

these test results can be plotted in the formats shown in Figure Gl. 

N 

f;: 
I 

c:x: 
:X:: -::J 
E-< 200. ~ .. 
>< 150. (.!). 
c:x: 
t:<:l 
z 100. t:<:l 

0 
t:<:l 
E-< so. u 
t:<:l 
,...J 

s 0. u 

I--

o. 

Btu 
Insolation = 3?0 ~ ~r-ft 2 

250. 

-150. 

20. 40. 60. 
' AMBIENT TEMPERATURE, DEGREES F 

70. 

Figure Gl. Air.Collector Performance with Constant Inlet Temperature and 

Flow Rate. 

SOLCOST Line 19 allows the user to input the above performance data in the 

f0llowing format: 

19, Xl, X2, Ql, Zll, Zl2, Q2, Z21, z22; Q3, Z31, Z32,* 
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Figure G2 defines the symbols. 

BtU 

lNsoL. = Q3 hi=ft2 

L=~-~~--- Z32 Z31 

Z22 
Z21 

L-----~=~Q~1--------lZ12 
Zll 

Xl X2 

AMBIENT TEMPERATURE, DEGREES F 
Figure G2. Input Guide for Air Collector Performance 

Line 19 for.collector performance data specified in Figure Al will be input as 

follows: 

19, 0., 70., 0., 0., 0., 150., 35., 80., 250., 85.,125., 350., 135., 175.,* 

Note: The three initial zeros must be input to define the zero efficiency 

case for zero solar insolation. 

Gi. Evacuated Tubular Collectors, Input Line 20 - These collectors require input 

of multiple efficiency curves since they have different performance character

istics for each hour angle of the sun, i.e., the azimuth angle of a line from 

the collector to the sun. A family of efficiency curves for a typical tubular 
\ 

collector is shown in Figure A3. The method used to input this family of curves 

on Lirte 20 is also illustrated in the figure. !f a user has curves of this type 

for another collector of the evacuated tubular type, he may in~1t his rlAta on 

Line 20 which will handle up to but no more than 4 sPp~rAt~ pfficiency ~u~v~~. 

The example in Figure G3 contains the default collector efficiency data obtained 

if Line 10 = 6. 
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40. 

20. 

H = SUN HOUR ANGLE 

0 :. .. .2 .4 

(T. - T b) /q. 
1n am 1 

Line 20 input format: 

.6 .8 1.0 

Z32, Z42 

Z22 

Zl2 

20, Xl, X2, Hl, Zll, Zl2, H2, Z21, Z22, H3, Z31, Z32, H4, Z41, Z42,* 

For example, for this set of curves: 

20, 0., 1., 0., .46, .22, 33., .49, .25, 60., .62, .38, 90., .62, .38,* 

Figure G3. Input Guide for Evacuated Tubular Liquid Collectors. 
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G3. Estimating Solar System Transport Factor - The solar system transport factor 

accounts for losses from collector manifolds, supply and return runs, and 

piping to the load distribution heat exchanger. This factor is expressed as 

a fraction of the useful energy output by the collector. Unfortunately, 

this collected energy quantity is unknown prior to the SOLCOST analysis; 

however, it can be initially approximated and then refined with the output 

of the first run. 

Users are encouraged to estimate their losses prior to the first SOLCOST run. 

The following approach is suggested. 

1. Gather the pertinent design parameters. For a first cut, esti

mate all unknowns, assume January temperatures. Summarize in 

tabular form. 

Collection Loop 
To/From 

Supply Return Manifolds ·Load HX c Misc. 

Pipe Length, L 

Pipe 0 .D., Dl 
Insulation Conductivity, k 

lnliiiulation O.D., D2 

Avg. Fluid Temperature, Tf 

Avg. Ambient Temperature,T 
A 

Operating Hours Per Day,N 

Note: Fluid and ambient temperatures should he rtvPrr~p,e over operating hours. 

2. Compute average daily piping heat loss 

n 

I. . ( TJA) . ( T i . - T. :i. ) N 
i=l · 1 ,L a, 

Btuc 

where: 

(UA) 1 21T K.T../loe (D.,/D
1

). 
1 1 n L 1 
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3. Compute transport effic'iency factor for 100nth i, repeat for 

temperature dependence by month. Input efficiencies on Line 2. 

ni = 1 • - Qloss/Qcollected (est.) 

4. Check initial n using Q 11 · d computed by SOLCOST in first co ecte 
run. This Q 11 t d term can be derived from the Average co ec e 
Useful Solar Per Day values listed in the Monthly Energy 

Balance table of the SOLCOST output. 

Qavg. 
useful 
solar 

= Qcollected - Qstor 
loss 

re-arranging, w~ have 

Qcollected (Qavg. + Qstor)/n 
useful loss 
solar 

Btus/Day 

Btus/Day 

The storage loss term can be found by printing storage temperature 

summary table (Line 145=1), then Q 11 dl (est.) can be checked co ecte 
against the actual Q 11 d computed in the first run. If the co ecte 
differences are significant, the monthly values of n should be re-

computed using the q· 11 d values from the initial run. co ecte 

If the u~er.ls uncertain about the magnitude of hio piping losses, 

he can use the defaulted system efficiencies which are reasonable 

for preliminary design purposes. 

Note: The user can either use the above method, or input de-rated 

collector parameters per paragraph C-7. 
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APPENDIX H. SOLCOST LOADS METHODOLOGY 

Hl. Space Heating Loads - Four options are available for the input of space 

heating loads to SOLCOST. Input ~ine 40 is a flag to tell the program 

which option is being used. These options ~nclude: 

Line 40 = 2- The user must compute the design-heat loss 

coefficient, BHLC, for his building with units of Btu/ 

Degree-day-sq. ft. The space heating load is then com

puted from 

LOAD = BHLC x DD x AREA 

·where· 

DD = Heating d~ree days 

AREA = Floor area of heated space 

Line 41 = .3 - The user must input Line 44, which is an array of 

building description on formation which allows SOLCOST to com

pute BHLC using the ASHRAE STD90-75 prescription ror allowable 

U-values in the building. 

Line 41 = 4 - The user must input his utility usage records on 

Line 45 for a retrofit installation. SOLCOST will estimate 

the heating load from the fuel consumption and seasonal degree 

days. 

Line 41. 5 - The user estimates his heating load for an average 

day for each month. of the year. These values, in units of 

million Btu's per day, are input in the array of Line 46. 

SOLCOST assumes that,any load input by the above methods is a space heating 

load with the following two exceptions: 

1) Solar system type 8 (service water heating) is sp·ecified on Line 1, 

2) Solar system types 9 and 10 (heat pumps) are specified on Line 1 

and Line 41 .., 5. This allows the heat pump systems to consider 

any load input on Line 46 as a process load with. load timing as 

specified in Line 150. 
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In the SOLCOST analysis, the space heating load is removed from the storage 

tank at an hourly. rate which is dependent on the outside air temperature 

.and the building skin conductance. This rate is given by: 

LRR ( 65 _ T b) Jan.Load x 1.29 x 10
6 

am Jan. DD 

where 

LRR Load Removal Rate, Btu/hr 

Jan. Luatl "' January Luatl, Mllllun Btu!:l/day 

Jan. DD January Degree Days, °F-Day 

H2. Service or Domestic Water Heating Loads - Five options are available for the 

input of water heating loads. Input Line 41 is a flag to tell the program 

which option is being used. The options include: 

Line 41 1 - TMs option requires input of Line 47 so SOLCOST can 

. compute the hot water load using typical residential hot water 

usage levels. 

Line 41 2 - This option requires input of Line 48 so SOLCOST can 

compute the hot water load from historical fuel usage records. 

Line, 41 = 3 - For this option the user has computed his hot water 

load for djrect input to SOLCOST. Units are millions of Btus 

per day. This load is assumed to be constant throughout the 

~ine 41 = 4 - This option requires input of the daily water usage 

in gallons on Line 154. This load varies by month to account 

for supply temperature (input on the Line 153 array). 

T.inP. 41 = 'l - This option allows thP. nsP.r to P.nter a monthly water 

heating load in the Line 47 array. Setting Line 41 = 5 causes 

SOLCOST to apply time dependent load fractions in Line 150 to 

the load input via Line 46. 
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H3. Combined DHW and Space Heating Systems - For space heating systems which 

also provide domestic or service hot water, SOLCOST assumes that the space 

heating storage tank pre-heats the incoming city water. The program 

internally adds the hot water load to the space heating load. However, in 

the system thermal analysis, the hot water load is applied with the time 

dependent function input on Line 150. In the winter months this load 

effect is usually overwhelmed by the space heating load removal rate from 

storage. 
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