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(} CHAPTER 1
T
o INTRODUCTION
(. -
YA
o The purpose of this project has been to develop a
_:.r.;-
jfﬁ procedure by which the contribution of daylighting to the
\"-:'
DY illumination of a room may be predicted, and to describe
[y
e that contribution in terms of the electric lighting that is
P,
ﬁij not required when daylight is sufficiént to provide a given
[
AP
) level of illumination. This procedure could be used by the
o Air Force to determine the cost effectiveness of unique
'.J'q-.
ji} passive solar daylighting applications., Such applications
ReY
Y,
‘a: could potentially reduce the cost of meeting the energy
‘n demands of the Air Force.
."-‘\-‘
N
R Background
x In 1979, the Congress of the United States passed
Ly
“f& legislation (Section 2688 (a) to Title 10 of the United
M
s .. cq .
N States Code, November 1979) requiring that all new military
R e J
o construction include solar energy applications, where such
. lt'_:c
fﬁ applications are found to be cost effective. Among the
'es ; solar applications to be considered is unique passive
il daylighting, which is defined as using window areas greater
ARAN
2
2£9 than 15% of the affected wall area to provide workplace
e
‘e} illumination. Where increasing the window size is
Y
1
!
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appropriate, savings would result as the level of
daylighting permits electric lights to be turned off.

The experience within the Air Force, however,
indicates that the preliminary analysis to determine the
cost effectiveness of passive daylighting is not being
performed adequately. Specifically, many of the individuals
responsible for doing the required analysis are either not
aware of accepted methods, or they consider those
procedures too time consuming. The task of simplifying the
analysis procedure was offered as a topic for graduate
research at the Air Force Institute of Technology by
Headquarters Air Force/LEEEU. This thesis is the. result of

that research,

Definitions

Unique passive solar daylighting ié defined as an
apolication in which in which glazing is more than 15% of
the affected wall area. Using up to 15% of the wall area
for windows is generally considered to be normal (7:1). A
unique solar application can be expected to add to the
initial cost of a structure, and must therefore be analyzed
and proved cost effective in accordance with Congressional
guidelines (6:1).

The amount of light at a given location is usually

described in terms of footcandles. For the purposes of this

ﬁﬁ;ﬁ["":‘f‘¢gﬁi"{‘h K] U U] _.. L . LI .’. . o Sl 'm. X ,.‘_.- ..._.‘ K .
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report, one footcandle may be considered to be the amount
of light that falls on a one-square-foot surface from a

candle one foot away (5:7).

Problem Statement

It is the policy of the Air Force to consider passive
solar applications in construction where there is a
potential for significant savings of fossil fuel-derived
energy. What is lacking, however, is a simple and direct
approach to analyzing daylighting and quantifying the
savings that may be possible at a given location. Research
into the specific criteria involved in the evaluation of

passive solar daylighting applications is needed.

Research Question

How may the designers of Air Force construction
projects, in accomplishing the required preliminary
analysis of unique solar daylighting applications, quickly
and reliably estimate the value of daylighting at a given

location?

Procedure
Current procedures for predicting interior daylight

illumination is investigated, and a simple computerized

method of estimating potential savings in electric lighting




.:2
h;z costs is developed.

5

ig Scope and Limitations

o This project is limited to consideration of passive
Eé solar daylighting applications, as distinct from passive
f§§ solar heating and cooling applications. A thorough cost
'5; analysis must consider both types of applications, because
?}: increasing glass area is a technique for increasing direct
%? heat gain as well as daylight availability. Predicting the
bd cost effectiveness of solar heating and cooling, however,
Ei is by itself a significant topic and is left for other

\§; research,
e The computer program developed during the course of
‘Qﬁ this project has been written with conventidnal rectangular
’?{ structures in mind. Such daylighting techniques as

£% skylights and clerestories are not considered.,

‘}u Only the quantity of available daylight is taken into
:? account. Such aspects of light gquality as contrast and
;5 glare are ignored.

N Calculations may only be performed for locations

N

; between 24 and 52 degrees latitude, which includes all of
55 the continental United States., The rooms considered in this

program must face south.
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CHAPTER 2

LITERATURE REVIEW

Literature in the field of interior lighting and
daylighting will be briefly discussed in this chapter.
Specifically, previous work that is relevant to developing
simplified estimating procedures is reviewed. Also included
is recent Air Force guidance details approved methods for

the analysis of passive solar applications.

Viability of Daylighting

As BEvans (3:142) observes, "daylighting is part of the
total building cost-benefit picture...and must be
considered in conjunction with other lighting costs and
benefits®" in order to make a reliable estimate of cost
effectiveness, Evans takes particular care to establish
that windows are not necessarily the "energy losers" that
many people believe them to be. Solar gains during the air-
conditioning season and conduction losses during the
heating season are the obvious disadvantages associated
with windows, but these must be balanced against solar heat
gain in the winter and the reduced heat load that results
from not turning lights on in the summer. Multipane windows

offer greatly decreased thermal transmittance as compared

W YO S R N R A N T TR
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to monolithic glass windows. According to a booklet
published by the Libby-Owens-Ford Company (5:3), "the
proper use of daylighting for interiors can reduce the
electrical consumption of a building by three times the
kilowatt cost of heat gain and loss through the windows,

The American Institute of Architects Level 3A Seminar
on Daylighting reinforces Evans's observations concerning
the broader cost-benefit picture (1:5.1), and includes
several simplified methods for estimating the various
energy requirements of a building. The seminar package
includes a worksheet for calculating the electric energy
savings that would result if appropriate lights were turned
off around the perimeter of a building. The method makes
use of the "Sun Angle Calculator," a design aid available
from the Libby-Owens-Ford Company, and local weather

information to determine average annual savings.

LOF Publications

In addition to the above-mentioned "Sun Angle
Calculator,” the Libby-Owens-Ford Company has also

published a booklet called How to Predict Interior Daylight

Illumination . Both of these items are easy to use, and the

fact of their incorporation into the AIA methods suggests
that they have been well received by design professionals,

Air Force Engineering Technical Letter 82-5 specifically

o2t e e e ATl NN Ty




( identifies these LOF publications as acceptable for Air

il Force purposes (6:5). How to Predict Interior Daylight

Eg Illumination provides graphs and tables, from which values
= may be obtained for illumination, coefficients of

:ﬁ utilization, surface reflectance, and glass transmittance.
i

Gl

:¢ cEL-1

EE An extensive computer program, the Conservation of

Eg Electric Lighting Program Version 1.0 (CEL-l), is presently
s available for aiding the illumination engineer in designing
:3 energy efficient rooms. In particular, CEL-1 calculates the
:E§ most efficient luminaire locations given the user's design
Sj criteria. The user may provide such details as the
?:ﬁ placement of furniture, walls and partitions, and the use
_ﬁz of dimmers. The level of detail possible with CEL-1

2 suggests that its most profitable use might be somewhat

- later in the design process than the procedure developed

vt; for this project.
f;. AFIT Material
\gé The Air Force Institute of Technology School of Civil
SE Engineering distributes a guide called the "Introduction to
— Lighting Design®™ in conjunction with its electrical

‘ié engineering classes. The guide contains a procedure, the

:E Zonal Cavity Method, for calculating the number of lighting
E:l 7

f,

R
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fixtures required to provide a given footcandle level in a

[t .

N

;? rectangular room (2:2). This procedure forms the basis for
ﬁg determining what electric lighting is required in the

o preliminary analysis design room considered in this

fj project. The Method is one way of determining a room's

:ﬁ; Coefficient of Utilization (CU), that coefficient being the
o percentage of generated light that actually reaches the

;ﬁ workplane, The Zonal Cavity Method considers aspects of

;S; room geometry, such as fixture-to-workplane distance and
. fixture-to ceiling distance, from which guide numbers are
L calculated., The guide numbers are used to locate the

;ﬁ appropriate CU on a chart, such as the Photometric Data

ﬁ; Chart in the Illuminating Engineering Society's IES

s<? Lighting Handbook .

SE

M

X Air FPorce Guidance

-%3 Engineering Technical Letter (ETL) 82-5, entitled

*Solar Applications," and dated 10 November 1982 has been
distributed to the Air Force Major Commands by Headquarters
Air Porce, This document outlines current initiatives in
the implementation of passive solar technology. For
purposes of calculating daylight illumination, ETL 82-5
states that 20 feet is the maximum room depth to be

considered (6:6).

P '- 'I '. t' , '..- '-‘ Q’a ’:I. , ‘ t‘;.‘:&.;‘“

ETL 82-6, entitled "Normal Passive Solar
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Applications,” and dated 30 December 1982, provides details

of solar design considerations that must be considered in
all Air PForce building design., Of specific interest is the
guidance on orientation: maximum solar exposure is achieved
by situating a rectangular building with the long dimension
along the east-west axis, and all buildings should be sited
within 45 degrees of this orientation unless significant
factors indicate otherwise (8:2). Rooms with southern
exposure may get much of their heat and light from the sun,
Spaces that are less temperature- and light-sensitive, such
as corridors, closets, and mechanical rooms, should be
placed along the northern side to act as a "buffer between
the heated spaces and the colder north face" (8:3).

There must be available daylight for at least 6 hours
per day at all times of the year, and ETL 82-6 specifies
that those hours should be between 0900 and 1500 for

analysis purposes,
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CHAPTER 3

METHODOLOGY

The methodology employed in this project has been to
identify the variables and equations used in existing
lighting and daylighting prediction procedures, and to then
develop a computerized routine for the quantification of
electricity savings possible with the use of daylighting.
Such a routine would be useful as part of an economic
analysis of the cost effectiveness of daylighting

applications,

Choice of Methods

Because of their simplicity and the ease with which
they could be adapted to a computer program, the Libby-
Owens-Ford methods and the AFIT School of Civil Engineering
methods were chosen to form the basis of the daylighting
quantification procedure. Further, both methods have been
identified as acceptable for Air Force use in making

daylighting and electric lighting calculations,.

Automating the Procedure

While the LOF and AFIT methods are relatively simple

to use, they can also become tedious as the number of

10
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iterations increases. For example, the LOF procedure for
estimating daylight at a particular location involves
finding the angle of the sun at the specific hour, reading
direct and reflected light values from a series of charts,
and performing several mathematical calculations using
coefficients corresponding to the design conditions. In
order to estimate yearly savings, these calculations would
have to be repeated for each daylight hour on a
representative selection of days. Further, the calculations
would have to be done for both cloudy and clear conditions.
As the number calculations increases, the desirability of
using the LOF method to manually fiqure yearly savings
decreases,

By storing the required tables and equétions in a
computer, what are essentially the same calculations can be
performed for each hour, season, and sky condition. The
principal effort of this project has been directed at
automating the LOF procedure, and calculating the possible
gsavings when the electric lighting system chosen by the

AFIT procedure can be turned off,

Equipment

The computer equipment used to develop this project is
the Tandy Corporation TRS-80 Color Computer and disk

system, A microcomputer was chosen because such systems are

11
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increasingly available to private individuals and to
professionals at their places of work. Many of these
systems use a version of the BASIC computer language
licensed from the Microsoft Corporation, as does the TRS-
80. In that no version of BASIC is likely to be very
different from any other, the potential user of this
program should have no difficulty in finding a
microcomputer on which the routines may be run. The
principal changes that one might expect would be in the
input/output statements, as each manufacturer is likely to
address storage and printing devices in a different way.
It is necessary to have data available concerning

light fixtures and lamps, such as may be found in the IES

Lighting Handbook .

The Prodqram

The program for quantifying potential daylighting
savings is divided into five parts, as follows: calculating
required solar altitudes and azimuths for a given latitude;
setting illumination data into arrays for later use;
calculating available light for winter, spring, and autumn
skies; calculating available light for summer and cloudy
skies; and determining energy savings based on calculations
using the previously stored available light and room data.

Bach part is a separate program, the separations being made

12
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Lo
(; on the basis of the logical grouping of procedures and the
Eﬁ limitations of available computer memory. Their
;3:.3 interrelationship is depicted in Figure 1.

A The first program, PART1, calculates solar angles and
jﬁ - azimuths for a given latitude. The required latitude having
~§ been entered, the program searches through data statements
: Y until that value has been bracketed by latitudes for which
) A solar altitude angles and azimuths are available, The
i E altitude and azimuth data was obtained from the LOF "Sun
i&: Angle Calculator." For input latitudes not equal to one of
fa the index latitudes, altitudes and azimuths are obtained by
éfi linear interpolation, The altitude and azimuth calculations
éf“ are then written to a file for later use.
"J The second program, PART2, is designed.to set
3? information into arrays and to write it to files for later
[;i use. This information has been read from the charts in the
e LOF booklet, How to Predict Intefiot Daylight

‘Es Illumunation , and consists of data for sky illuminations,
;ﬁ: direct illuminations, and coefficients of utilization.
iz PART3 is the third program, which calculates the
fg available illumination under summer and cloudy skies. The
{ﬁ solar altitude angles and azimuths found in PART1 are
:; compared to the indexes of the available light tables
.l

stored in PART2. The resulting values for available light

o P
L 3

¥
°o
A

are saved in a file,

!
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PART4 performs the same function as PART3, but finds
and saves the available light for winter and spring/fall
skies. Because sun positions are symmetric with respect to
the summer and winter solstices, it is sufficient to use
the one chart for both seasons.

PARTS is the program in which the electric lighting
and daylighting calculations are made. The program consists
of two routines: finding a prototype electric lighting
system using the Zonal Cavity Method; and finding the
amount of time during the course of a year that daylight is
sufficient to allow turning off the electric lights,

Output of interest to the user is printed during the
course of the run to record the user's inputs and the
program's assumptions. The user may elect to have more
information printed, specifically the footcandle levels for
daylight under both clear and cloudy skies at three
reference points in the prototype room. As this information
is printed for each hour for seven months (the fall and
spring months being symmetrical about the solstices, as
previously noted) and for three glass areas, the user might
wish to stop the extended printout as soon as he was

satisfied that the values obtained were realistic.
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CHAPTER 4
-\_:
2 ANALYSIS
-
< This chapter describes a test case of the program
T. developed for this thesis., The progress of the program
& during the test run is followed and the results are discussed.
5: Recommendations are made with respect to further research.
T Location
N
N The program user describes the geographic location he
3§08
;; wishes to analyze in two ways: by choosing the location
A latitude; and by using actual or assumed weather data to
A
.% indicate the occurrence of clear, partly cloudy, and cloudy
N skies. For the purposes of this example, a latitude of 39
degrees north is assumed. Sky conditions are taken to be
« clear 20% of the time over the course of a year, partly
H
)1
& cloudy 50%, and cloudy 30%.
Also included in Appendix D are the outputs for two
-
y assumed locations near the northern and southern borders of
i the continental United States., The northern location was
&
1 chosen at 49 degrees north latitude, and the southern
o,
! location at 30 degrees north latitude.
<
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E;‘ Prototype Room
f;f The prototype room used in this test run is depicted
‘:ﬁ in Figqure 2. Clear thermopane glass is used to maximize
- light transmission, and also to minimize heat transfer
< even though heating and cooling considerations are not a
e
ﬁs part of this analysis.
= The lights are placed in three rows pa.allel to the
.
;E plane of the window. The lights are directly over the three
iS desktop-level points in the room (MAX, MID, and MIN) at
;Q which the illumination levels are predicted. Thus, if
5 daylight provides the required amount of light at a certain
Y1
53 distance into the room, all the lights at that distance may
s be turned off.
‘;, The design light level is 70 footcandles, which is
f.:l
:ﬁ suitable for such office tasks as reading manuscripts,
‘o
oy typing, and filing.
] On clear days, direct sunlight falls on the surface of
"4
;ﬁ the window. It is assumed that there is a macadam street or
N ~.“
:ﬁ parking lot outside the window, and that 18% of the
-
— daylight that falls on it is reflected to the window
1.
;f: (5:11),
43
o
“ Running the Program
o
;t Upon giving the command to run PART1l, the user is
o
;» asked to enter the latitude of the location to be analyzed.
s L%
- 17
"\
,'!
4
)
S .
N
- .
\,ﬁw Yo " e ,'.'_‘-'.1 RIS NS I N PN 'v‘;-_.".(\‘ ) “w :-;_‘v e -..;.....‘_ e .-’.._..‘_ - ._-.‘.‘.‘.:..“ e el '.‘A'd‘;" .. -._‘...:. '-..__.




.“.\ -

F :ny_
e 8-

— e
e e ¢ e i
o - m—————— e e e

e e o T ————— ————— T S o i

————

e .
. Tom
o, "
LY
‘e Sy

’-I'

L e

-
o




e,

5 c_ s - _"

-«

AR ® s Ve . ‘1.\1 w‘..-.\1 . -'\‘ o TN N ,_-‘ -'..-

In this example, the value 39 is entered. The program

proceeds to read data statements containing the solar
altitude angles and azimuths for each latitude until the
input latitude is bracketed by the stored latitudes (in
this case, 36 and 40). Solar altitudes and azimuths are
then estimated for the input latitude by linear
interpolation between the bracket latitudes. These
interpolated values are stored for later use in a file
called "ANGLES/DAT".

Executing program PART2 causes several tables, stored
as matrices, to be saved in files on disk. The tables
include sky illumination data for clear summer, winter, and
spring-fall skies; direct sunlight illumination values;
overcast sky illuminations; and coefficienté of
utilization,

PART3 and PART4 accomplish similar functions, Both use
the solar altitude angles and azimuths found in PART1, and
compare those angles to the indexes of the tables stored in
PART2. PART3 finds and saves available light information
for summer and cloudy skies; PART4 finds and saves
available 1light information for winter and spring/fall
skies. Spring and fall values are obtained from the same
chart because the sun positions in the two seasons are
symmetrical with respect to the summer and winter

solstices,

19
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The program PARTS consists of two sections. The first
section involves choosing an artificial lighting system.
The second part analyzes daylight in the same room, and
calculates the kilowatt-hour savings possible based on the

electric lighting system characteristics.

Choosing Electric Lighting

The first user inputs required in PARTS5 are room
dimensions, The user may choose from three room lengths:
20, 30, or 40 feet. The ceiling height may be chosen at 8,
10, or 12 feet. In this example, a 20 foot length and an 8
foot ceiling height were entered. The room depth is set at
20 feet, the upper limit imposed by Air Force guidance on
daylight analysis. |

The next user inputs involve the choice of a
particular electric lighting system. This example assumes
fluorescent light fixtures mounted in a suspended ceiling,
and thus the fixture-to~ceiling height is 0. Given these
room characteristics, the program is able to proceed with
the Zonal Cavity Method for interior light design. The Room
Cavity Ratio (RCR) is calculated and printed so that the
user may find the coefficient of utilization (CU) for his

choice of fixture in the IES Handbook . For the example,

given an RCR of 2.75, a two lamp unit with a flat prismatic

lens was chosen and the CU was found to be ,64 (2:C76}.
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Also chosen from the IES Handbook tables is the lamp

>

to be installed in the fixture, A 36-inch, 32.4 watt
ﬁ; (including ballast) Cool White lamp was chosen for the
example. A Lamp Lumen Depreciation factor (LLD) of .8l was

noted for the lamp (2:D83). The Luminaire Dirt Depreciation

N factor (LDD) of .9 was obtained from the IES Handbook

73 tables ,for clean conditions (2:B59). Multiplying the LLD
:; by the LDD gives the Maintenance Factor (.73 in this case),
E~ which is entered into the program.

Es Given the required footcandle level, the program

:z calculates the number of fixtures required to provide that
2 level. The user is given the opportunity to choose a whole
';; number of fixtures that could be symmetrically installed.,
3: For the example, 13 fixtures were required and 15 were

“ chosen for the final design. The user is aléo given the

d& opportunity to go back and change either room dimensions or
32 fixture and lamp characteristics.

: ]

;E. Daylight Analysis

"25 The electric light design having been accomplished,

_3; the daylighting analysis begins. The program reads in the
i

files containing the total available light that were

oy

previously obtained, and calculates glass areas as

percentages (15%, 30%, and 60%) of the wall area. The user

R Y

supplies the program with the percentage of light that is

LRGNy &
a2 .
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reflect;d to the window from the ground (obtained from IES
Handbook tables), and the percentage of light that passes
through the chosen window (obtained from manufacturer's
data). The reflectance entered for the example was 18%, and
the glass transmittance was 77%,

The user may choose to have all the footcandle levels
calculated for the room printed out, or may choose to save
time by printing only the final results. The example was
run twice: the short output is included as Figure 3; the

complete run, including the individual light levels, is

included as Appendix C.

Results

Figure 3 shows the output from the exaﬁple run, The
most significant observation to be made about this example
is that daylight seems to be able to provide a substantial
saving in terms of kilowatt-hours: a window that is 60% of
the wall area could be expected to save 591 kilowatt-hours
out of a total of 1769 kilowatt-hours per year, or better
than 33% of electric lighting costs per year given the
assumed weather. Whether daylighting would in fact be cost
effective under the circumstances analyzed in this example
would depend on the cost of installing the lardger window,

and on the cost of electricity. The cost-benefit analysis

would have to be carried out for the projected life of the
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The results for test runs at other latitudes (Appendix
D) support the observation that daylighting has a
significant impact on kilowatt-hour usage at a 70
footcandle design light level, at each latitude providing a
possible 23% and 33% savings in kilowatt-hour lighting use
for 30%- and 60%- of-wall-area windows, respectively. Of
course, even greater savings could be realized if the

design footcandle level was lower,

Recommendations for Further Research

The quantity of light at a given location is not the
only consideration of the lighting designer; Also important
are aspects of the quality of the light being provided,
such as contrast, glare, and veiling reflections. The
proper use of daylighting to address light quality can
result in greater task visibility, while footcandle
requirements can be reduced by 50% or more (4:6). Further
research might find ways af incorporating quality aspects
into the routine, so that without affecting task
visibility, the threshold at which daylight becomes
sufficient to replace electric light could be safely
lowered.

Further research might also develop a program that
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combines solar lighting and heating applications, and which

would consider installation and energy costs in determining
if an integrated solar energy system is cost effective for

a given situation,
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L

LA(2)
sa(2,7,7)
AA(7,7)
Sz2(2,7,7)
AzZ(7,7)
AT(1ll)
AW(1ll1)
AF(14)
cs(11,5)
cw(11,5)
CA(14,5)
BA(5)
DS(19,4)
DA(19)
0s(19,2)
CcuU(4,3,3)
TL(7,2,7,2)
E1-E4

TC

I1-17
J1=-J7

WB

S1-S3

GLUSON 7 UG4S TR GG ISR NG SO SV WA SV TR

VARIABLES USED

LATITUDE, LENGTH OF ROOM

INDEX LATITUDES

SOLAR ALTITUDE(ITERATION,MONTH,HOUR)
CALCULATED SOLAR ALTITUDE(MONTH,HOUR)
AZIMUTH (ITERATION,MONTH,HOUR)
CALCULATED AZIMUTH(MONTH, HOUR)

SOLAR ANGLE INDEX

SOLAR ANGLE INDEX

SOLAR ANGLE INDEX

ILLUMINATION ARRAY(ALT.,AZ.)
ILLUMINATION ARRAY

ILLUMINATION ARRAY

AZIMUTH INDEX

ILLUMINATION ARRAY(ALT.,AZ.)

ALTITUDE INDEX

OVERCAST ILLUMINATION ARRAY(ALT.,SURFACE)
COEFFICIENTS OF UTILIZATION

TOTAL LIGHT(MONTH,SKY,HR,SURF.)

LIGHT VALUE READ FROM TABLE

ELECTRIC USE WITHOUT DAYLIGHT, KW-HRS
FOOTCANDLE VALUES, CLR SKIES
FOOTCANDLE VALUES, CLDY SKIES
WATT-HRS PER BANK

WEATHER %'S
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THE QUANTIFICATION OF DAYLIGHTING

100 ' PROGRAM: PART1

110 °

120 ' PROGRAM STORES HOURLY SOLAR ANGLES AND AZIMUTHS FOR
130 ' LATITUDES 24 TO 52 (BY 4) AND INTERPOLATES TO FIND
VALUES

140 ' FOR ANY GIVEN LATITUDE BETWEEN 24 AND 52,

150 '

160 DIM LA(2),SA(2,7,7),AA(7,7),82(2,7,7),A2(7,7)
170 INPUT "LATITUDE":L

180 PRINT $-2,"LATITUDE =";L

190 PRINT#-2

200 °

210 ' READ IN STORED ANGLE DATA

220 READ LA(1l)

230 FOR M=1 TO 7

240 FOR H=1 TO 7

250 READ SA(1l,M,H):NEXT H

260 FOR J=1 TO 7

270 READ SZ(1,M,J):NEXT J

280 NEXT M

290 FOR I=1TO7

300 LA(2)=LA(1l)

310 READ LA(1l)

320 FOR M=1TO7

330 FOR H=1TO7

350 READ SA(1l,M,H)

360 ! BRACKET GIVEN LATITUDE BETWEEN AVAILABLE LATITUDES-
370 IF LA(1)>=L AND LA(2)<L THEN 420

380 GOTO 460

390 °

400

410 ' INTERPOLATION STEPS-SOLAR ANGLES
420 AA(M,H)=((LA(1l)-L)/4)*(SA(1,M,H)-SA(2,M,H))~SA(1,M,H)
430 AA(M,H)=AA(M,H)*-1

440 ' ROUND RESULT TO NEAREST 5 DEGREES
450 AA(M,H)=INT(AA(M,H)/5+.5)*5

460 NEXT H

470 !

480 FOR J=1TO7

490 SZ(2,M,J)=S2(1,M,J)

500 READ SZ(1l,M,J)

510 IF LA(1l)>=L AND LA{(2)<L THEN 540

520 GOTO 570
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$30 ' INTERPOLATION TO FIND AZIMUTHS FOR GIVEN LAT.
540 AZ(M,J)=((LA(l)-L)/4)*(S2(1,1,J)~-S2(2,M,J))=-S2(1,M,J)
550 AZ(M,J)sAZ(M'J)*‘l

560 °*

570 NEXT J

580 NEXT M

590 NEXT I

600 '

610 ' WRITE CALCULATED ANGLES AND AZIMUTHS TO FILE:
ANGLES/DAT

620 OPEN "O",%#1,"“ANGLES/DAT"

630 FOR A=1TO7

640
WRITE$#1,AA(A,1),AA(A,2),AA(A,3),AA(A,4),AA(A,S5),AA(A,6),AA(A
e 7)

650 NEXT A

660 FOR B=1TO7

670
WRITE#1,A2(8,1),az(B,2),A2(B,3),A2(B,4),A2(B,5),A2(B,6),AZ(B
e7)

680 NEXT B

690 CLOSE #1

700 °

710 ' DATA-

720 DATA 24,26,34,40,43,40,34,26
730 DATA 46,33,18,0,18,33,46
740 DATA 28,37,44,46,44,37,28
750 DATA 48,35,20,0,20,35,48
760 DATA 34,45,53,56,53,45,34
770 DATA 56,42,24,0,24,42,56
780 DATA 40,53,62,67,62,53,40
790 DATA 68,55,33,0,33,55,68
800 DATA 46,59,72,78,72,59,46
810 DATA 82,71,51,0,51,71,82
820 DATA 48,62,76,86,76,62,48
830 DATA 90,87,76,0,76,87,90
840 DATA 49,63,77,87,77,63,49
850 DATA 90,90,89,0,89,90,90
860 DATA 28,22,31,37,39,37,31,22
870 DATA 45,32,17,0,17,32,45
880 DATA 25,34,40,42,40,34,25
890 DATA 47,34,18,0,18,34,47
900 DATA 32,42,48,52,48,42,32
910 DATA 55,40,22,0,22,40,55
920 DATA 39,50,59,62,59,50,39
930 DATA 65,51,29,0,29,51,65
940 DATA 45,58,69,74,69,58,45
950 DATA 78,66,42,0,42,66,78
960 DATA 49,62,75,82,75,62,49
970 DATA 89,80,62,0,62,80,89
980 DATA 50,63,76,85,76,63,50
990 DATA 90,87,73,0,73,87,90
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:4 1000 paTA 32,20,27,33,35,33,27,20
\-’: 1010 DATA 43'31'16,0’16'31'43
"-::‘ 1020 DATA 22'31’36'38'36'31122
(- _ 1030 paTa 46,33,17,0,17,33,46
1040 DATA 30,38,45,47,45,38,30

g 1050 DATA 52,38,21,0,21,38,52

o 1060 DATA 37,48,55,58,55,48,37
1070 DATA 62,47,27,0,27,47,62
1080 DATA 45,56,66,70,66,56,45
1090 DATA 74,60,37,0,37,60,74
1100 DATA 48,61,72,78,72,61,48

N 1110 DATA 85,73,51,0,51,73,85
o 1130 DATA 89,79,59,0,59,79,89

1140 DATA 36,17,24,29,31,29,24,17
1150 DATA 42,30,16,0,16,30,42
1160 DATA 20,27,33,34,33,27,20
) 1170 DATA 44,31,16,0,16,31,44
L 1180 DATA 27,36,42,44,42,36,27
by 1190 DATA 51,37,19,0,19,37,51
1200 DATA 35,45,52,54,52,45,35
1210 DATA 59,44,24,0,24,44,59
1220 DATA 43,54,63,66,63,54,43

1d

5 1230 DATA 70,55,32,0,32,55,70
- 1240 DATA 48,60,70,74,70,60,48
i{ 1250 DpATA 80,66,42,0,42,66,80
0. 1260 DATA 50,62,72,77,72,62,50
5t 1270 DATA 84,71,48,0,48,71,84
R 1280 DATA 40,15,21,25,27,25,21,15
P 1290 DATA 42,30,15,0,15,30,42
! 1300 DATA 17,24,29,31,29,24,17
Al 1310 DATA 44,31,16,0,16,31,44
ol 1320 DpATA 25,33,38,40,38,33,25

o 1330 paTa 50,35,19,0,19,35,50
1340 DATA 33,42,48,51,48,42,33
A 1350 DATA 57,42,23,0,23,42,57
s 1360 DATA 42,52,59,62,59,52,42
' 1370 DATA 68,52,29,0,29,52,68
W 1380 paTa 47,58,67,71,67,58,47
) 1390 DATA 76,61,37,0,37,61,76

- 1400 DATA 49,60,70,74,70,60,49
& 1410 DATA 80,66,42,0,42,66,80
~ 1420 paTAa 44,11,17,21,23,21,17,11
3 1430 DATA 41,29,15,0,15,29,41
o 1440 DATA 14,20,25,26,25,20,14
N 1450 DATA 43,30,15,0,15,30,43
x 1460 DATA 22,29,34,36,34,29,22
o 1470 DATA 48,34,18,0,18,34,48
o 1480 DATA 31,39,44,47,44,39,31
;} 1490 DATA 55,39,21,0,21,39,55
< 1500 DATA 40,49,55,58,55,49,40
o 1510 DATA 64,47,26,0,26,47,64
"
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- 1520 DATA  46,56,63,67,63,56,46
:‘:n.‘-‘ 1530 DATA 72,55'32'0,32'55'72
2 1540 DATA 48,58,66,70,66,58,48
i 1550 DATA 75,59,35,0,35,59,75
(« 1560 DATA 48,8,14,17,18,17,14,8

b \.‘;' 1570 DATA 41'28'14'0’14’28'41
oy 1580 DATA 12,17,21,22,21,17,12
.‘ "-:: 1590 DATA 43’29'15'0'15'29'43
X 1600 DATA 20,26,30,32,30,26,20
50 1610 DATA 47,33,17,0,17,33,47
oo 1630 DATA 53,38,20,0,20,38,53
oy 1640 DATA  37,46,52,54,52,46,37
L 1650 DATA 61,45,24,0,24,45,61
A 1660 DATA 45,53,60,63,60,53,45
i':-‘ 1670 DATA 68'51'28'0’28'51'68
N 1680 DATA 47,56,63,66,63,56,47
(o 1690 DATA 71,54,31,0,31,54,71
;:l:» 1700 DATA 52,5,10,13,14,13,10'5
‘ﬁx 1710 DATA 41,28,14,0,14,28,41

1720 DATA 8,13,17,18,17,13,8

“
o 1730 DATA  42,29,15,0,15,29,42
W 1740 DATA 16,23,26,27,26,23,16
K, 1750 DATA 46,32,16,0,16,32,46
o 1760 DATA 26,33,37,38,37,33,26
Q% 1770 DATA 52,36,19,0,19,36,52
oo 1780 DATA 36,43,48,50,48,43,36
b~ 1790 DATA 59,42,22,0,22,42,59
A 1800 DATA 43,51,57,58,57,51,43
P 1810 DATA 65,47,26,0,26,47,65
s 1820 DATA 46,54,59,62,59,54,46
o 1830 DATA 67,50,27,0,27,50,67
ARE]
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100 °

110 '

I 120 ' PROGRAM READS IN DATA FOR SEASONAL AND OVERCAST SKY
130 ' ILLUMINATIONS, AND COEFFICIENTS OF UTILIZATION.

PROGRAM: PART2

o 140 ' DATA IS SAVED IN FILES FOR REFERENCE BY LATER
N PROGRAMS.
s 150 DIM
.{ AT(11) ,AW(11),AF(14),Cs(11,5),Cw(1l1,5),CA(14,5),3A(5)
= 160 '
170 * READS IN CLEAR SUMMER SKY ILLUMINATIONS.
N 180 ' AT(A) IS THE SOLAR ANGLE INDEX; BA(C) IS THE AZIMUTH
3 INDEX
_ﬁ 190 * Cs(aA,B) IS THE ILLUMINATION ARRAY.
. 200 °
210 1=35
\ 220 FOR A=1TOll
X 230 AT(A)=I+5
- 240 I=I+5
{v 250 FOR B=1TOS5
28 260 READ CS(A,B)
5 270 NEXT B:NEXT A
N 280 FOR C=1TO5
sﬂ 290 READ BA(C):NEXT C
.- 300 DATA 1480,1330,950,700,1350
i: 310 DATA 1490,1320,950,710,1450
e 320 DATA 1480,1300,950,730,1500
» 330 DATA 1450,1270,940,750,1580
340 DATA 1420,1210,930,750,1600
A 350 pAaTA 1380,1080,920,750,1600
W\, 360 DATA 1300,1050,900,750,1600
N 370 pATA 1250,1020,900,750,1600
N 380 paTa 1200,990,900,750,1600
- 390 DATA 1150,960,900,750,1600
400 DATA 1100,930,900,750,1600
W 410 DATA 0,45,70,90,100
. 420 !
y 430 '
g 440 ' READS IN CLEAR WINTER SKY ILLUMINATIONS.
$’ 450 * AW(A) IS THE SOLAR ANGLE INDEX; CW(A,B) IS ILLUM,
- ARRAY
= 460 °*
- 470 ¥Y=0
e 480 FOR A=1TOll
ot 490 AW(A)=Y
F 500 Y=Y+5
2 510 FOR B=1TOS
520 READ CW(A,B)
530 NEXT B:NEXT A
540 DATA 0,0,0,0,0
550 DATA 600,400,200,150,280
560 DATA 830,670,380,250,440

| AR
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, 570 pAaTA 970,800,490,330,580

- 580 DATA 1040,880,570,390,670
590 DATA 1100,910,620,430,770
. 600 DATA 1120,940,660,470,850
{ 610 DATA 1130,950,680,500,920
620 DATA 1130,940,690,520,980

o 630 DATA 1120,930,700,530,1030
- 640 DATA 1120,920,700,530,1050
W 650 *
o 660 '

670 ' READS IN CLEAR FALL/SPRING SKY ILLUMINATIONS.
™ 680 ' AF(A) IS THE SOLAR ANGLE INDEX; CA(A,B) IS ILLUM,
oS ARRAY
e 690 °
< 700 v=10
o 710 FOR A=1TOl4

720 AF(A)=V+5
ol 730 FOR B=1TOS

: 740 READ CA(A,B)
i 750 NEXTB:NEXTA
; 760 DATA 1040,830,590.380,630
b 770 DATA 1140,960,670,460,760
- 780 DATA 1200,1040,740,510,880
e 790 DATA 1250,1090,780,560,1000
¥ 800 DATA 1280,1120,810,590,1100
0y 816 DATA 1300,1130,830,610,1180
> 820 DATA 1300,1130,830,620,1250
N 830 DATA 1290,1110,820,610,1310
: 840 DATA 1270,1080,800,600,1360
‘e 850 DATA 1250,1050,780,590,1400
o 860 DATA 1230,1020,760,580,1440
4 870 DATA 1210,990,730,560,1470
ce 880 DATA 1180,960,700,540,1500
o 890 DATA 1150,920,670,510,1500
N 900 °*
‘ 910 '
<. 920 ' READS IN ILLUMINATIONS FROM DIRECT SUNSHINE,
§:i 930 ' DA(A) IS THE SOLAR ANGLE INDEX; DS(A,B) IS ILLUM,
. ARRAY
o 940 *
O 950 DIM DS(19,4),DA(19),0S8(19,2),CU(4,3,3)
~ 960 U=0
, 970 FOR A=1T019 :
N 980 DA(A)=U
;g 990 U=U+5
A 1000 FOR B=1TO04
AN 1010 READ DS(A,B)
= 1020 NEXT B:NEXT A
N3 1030 DATA ¢,0,0,0
QY 1040 DATA 1750,1250,300,175
14 1050 DATA 3000,2250,700,500
b 1060 DATA 4200,2900,1000,1000
i‘ 4
‘
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Y 1070 pAaTA 5000,3500,1250,750

. 1080 DATA 5500,3750,1400,2600
Lo 1090 paTA 5700,4000,1500,3500
l 1100 CATA 5800,4100,1600,4100
A 1110 DATA 5700,4100,1600,5000

. 1120 paTA 5500,3900,1500,5500
:{ 1130 DATA 5200,3600,1400,6000
A 1140 DATA 4700,3300,1250,6500

1150 DATA 4200,2900,1000,7000
1160 pATA 3500,2500,800,7500
o B 1170 pATA 3000,2000,600,7750

- 1180 DATA 2300,1500,500,8250
i 1190 DATA 1500,1000,250,8400

- 1200 DATA 800,500,100,8600
L% 1210 DATA 0,0,0,8800

‘ 1220 °
o 1230 °

% 1240 ' READS IN O'CAST ILLUMINATIONS
he 1250 ' INDEX SAME AS DIRECT ILLUM,NOT READ IN AGAIN;
o 0s(a,B) IS

N 1260 ' THE OVERCAST ILLUMINATION ARRAY

' 1270 FOR A=1TOl19
A 1280 FOR B=1TO2
S 1290 READ OS(A,B)
e 1300 NEXT B:NEXTA
e 1310 DATA 0,0,50,180,150,350

) 1320 DATA 200,540,280,700,350,850

& 1330 DATA 400,1050,480,1200,550,1300
\ 1340 DATA 650,1580,700,1750,800,1950
3 1350 DATA 900,2150,1000,2350,1100,2700
: 1360 DATA 1200,3200,1300,3300

N 1370 DATA 1400,3400,1500,3400

. 1380 °

N 1390 ' READS IN COEFFICIENTS OF UTILIZATION

1400 ' STORED IN ARRAY CU(A,B,C)

N 1410 FOR A=1TO4

o 1420 FOR B=1TO03

’s 1430 FOR C=1TO3

> 1440 READ CU(A,B,C)
y 1450 NEXT C:NEXTB:NEXTA

1460 DATA ,0276,.0159,.0087

N 1470 DATA .0191,.0101,.0063
50 1480 DATA ,0143,.0081,.005

3 1490 DATA ,125,.0908,,.0908

33 1500 DATA ,121,.107,.0951

REE | 1510 DATA .111,.111,.111
- 1520 DATA ,0206,.0153,.0106

- 1530 DATA ,0143,.01,.0079

A 1540 DATA ,011,.0083,.0067

o5 1550 DATA ,145,.110,.105

X 1560 DATA ,129,.116,.112

hd 1570 DATA .111,.111,.111.

1
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500

1580 °

1590

1600 '

1610 *

1620 OPEN "O",#1,"WINTER/DAT"

1630 FOR A=1TOll

1640 PRINT#%1,AW(A)

1650 FOR B=1TO5:WRITE#1,CW(A,B) :NEXT B

1660 NEXT A

1670 FOR C=1TOS:WRITE%1,BA(C):NEXT C

1680 FOR A=1TOl9

1690 PRINT#1,DA(A)

1700 FOR B=1TO4:WRITE$#1,DS(A,B):NEXT B

1710 NEXT A

1720 CLOSE #1

1730

1740 OPEN"O",#%l,"FALLSPR/DAT"

1750 FOR A=1TOl4

i 1760 WRITE41l,AF(A)

(s 1770 FOR B=1TOS:WRITE#1,CA(A,B):NEXT B

' 1780 NEXT A

1790 CLOSE#1l

1800 °

3 1810 OPEN"O",$l,"SUMMER/DAT"

1820 FOR A=1TOll

1830 WRITE$#1,AT(A)

1840 FOR B=1TOS5:WRITE#1,CS(A,B):NEXT B

1850 NEXT A

1860 FOR C=1TO5:WRITE#1,BA(C):NEXT C

> 1870 FOR A=1TOl9 |
1880 WRITE#1l,DA(A)

1890 FPOR B=1TO4:WRITE#1l,DS(A,B):NEXT B

1900 NEXT A

1910 CLOSE$#1

1920 !

1930 OPEN"O0O",#1,"OCAST/DAT"

1940 FOR A=1TOl9

1950 WRITE#1,DA(A)

1960 FOR B=1T02:WRITE#1,0S(A,B):NEXT B

1970 NEXT A

1980 CLOSE#1

1990 !

2000 OPEN"0",#1,"CUTBLS/DAT"

2010 FOR A=1TO4:FOR B=1TO3

2020 FOR C=1TO3:WRITE#1,CU(A,B,C):NEXT C

2030 NEXT B:NEXT A

2040 CLOSE#1

SAVE DATA TO FILES-
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100 'PROGRAM:PART3- SUMMER AND CLDY SKIES

110 ' THIS PROGRAM CALCULATES THE AVAILABLE ILLUMINATION
USING

120 ' THE STORED ANGLES FROM PART1 AND THE STORED TABLES
FROM

130 ' PART2. STORES RESULTS FOR CLEAR SUMMER AND O'CAST
SKIES.

140

150 DIM AA(7,7),A2(7,7)

160 DIM

T?(? +2,7,2),A7(11),c8(11,5),BA(S),DA(19),DS(19,4),0S(19,2)
170

180 OPEN"I",#1,"ANGLES/DAT"

190 FOR A=1TO7:FOR B=1TO7

200 INPUT#1,AA(A,B)

210 NEXT B:NEXT A

220 FOR A=1TO7:FOR B=1TO7

230 INPUT#1,AZ(A,B)

240 NEXT B:NEXT A

250 CLOSE#1

260

270 !

280 ' INPUT AVAIL. LIGHT FILES FOR SUMMER AND O'CAST SKIES
290 !

300 OPEN"I",#1,"SUMMER/DAT"

310 FOR A=1TOll

320 INPUT#1,AT(A)

330 FOR B=1TO5:INPUT#1,CS(A,B):NEXT B

340 NEXT A

350 FOR C=1TO5:INPUT%#1,BA(C):NEXT C

360 FOR A=1TOl9

370 INPUT#1,DA(A)

380 FOR B=1TO4:INPUT#1,DS(A,B) :NEXT B

390 NEXT A

400 CLOSE%l

410

420

430 OPEN"I",#1,"OCAST/DAT"

440 FOR A=1TOl9

450 INPUT#1,DA(A)

460 FOR B=1TO2

470 INPUT#1,0S(A,B):NEXT B

480 NEXT A

490 CLOSE$1l

500 '

510 °

520 ' FIND AND SAVE AVAILABLE LIGHT, CLEAR SUMMER SKY
530 FOR M=6TO7

540 FOR H=1TO7

550 FOR B=1 TO 11

560 IF AA(M,H)=AT(B)THEN K=B

39
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1070
1080

NEXT B

FOR C=1T04

IF AZ(M,H)>BA(C)AND AZ(M,H)<BA(C+1)THEN 610
GOT0640
El=(AZ(M,H)-BA(C+1))*(CS(K,C)=-CS(K,C+1))
El=El/(BA(C)~-BA(C+1l))+CS(K,C+1l)
E2=CS(K,5)

NEXT C

)

FOR A=1T019:E3=0

IF AA(M,H)<>DA(A)THEN 700

E4=DS(A, 4)

Q=A

NEXT A

IF AZ(M,H)>75 THEN 780

IF AZ(M,H)<=75 AND AZ(M,H)>45 THEN 760
E3=(AZ(M,H)-45)*(DsS(Q,1)-DS(Q,2))
E3=E3/-45 +DS(Q,2)

GOTO 780
E3=(AZ2(M,H)-75)*(DS(Q,2)-DsS(Q,3))
E3=E3/-30+DS(Q,3)

L4
’

TL(M,1,H,1)=E1+E3
TL(M,1,H,2)=E2+E4
NEXT H

NEXT M

'

OPEN"O",#1, "TLSMR/DAT"

FOR M=6TO7:FOR H=1TO7

FOR W=1TO2:WRITE#1,TL(M,1,H,W):NEXT W
NEXT H:NEXT M

CLOSE#1

1)

' FIND AND SAVE AVAILABLE LIGHT, O'CAST SKY

L]

FOR M=1TO7

FOR H=1TO7

K=0

FOR B=1T019

IF AA(M,H)=DA(B)THEN K=B
NEXT B
TL(M,Z,H,I)’OS(K,I)
TL(M'Z’H'2)=OS(K'2)
NEXT H
NEXT M
)

OPEN"0O", 41, "TLCLD/DAT"
FOR M=1TO7
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FOR H=1TO7

FOR W=1TO2
WRITE#1,TL(M,2,H,W)
NEXT W

NEXT H

NEXT M

CLOSE#1

41
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WO 100 'PROGRAM: PART4-WINTER AND SPRING/FALL
{+ 110 DIM TL(7,2,7,2)
7 120 DIM AF(14),CA(14,5)
e 130 DIM
o AAa(7,7),az(7,7),Ba(5),ps(20,5),DA(19) ,AW(11),CW(11,5)
Tl 140 °
o 150 °*
160 'READ FILES
s 170 '
N 180 OPEN"I",#1,"ANGLES/DAT"
AN 190 FOR A=1TO7:FOR B=1TO7
e 200 INPUT#1,AA(A,B)
S 210 NEXT B:NEXT A
X 220 FOR A=1TO7:FOR B=1TO7
AT 230 INPUT#1,AZ(A,B)
A 240 NEXT B:NEXT A
s 250 CLOSE#1l
e 260 OPEN "I",#1,"WINTER/DAT"
N 270 FOR A=1TOll
i 280 INPUT#1,AW(A)
g 290 FOR B=1TOS:INPUT#1,CW(A,B):NEXT B
N 300 NEXT A
o 310 FOR C=1TO0S5:INPUT#1,BA(C):NEXT C
a0 320 FOR A=1TOl9
e 330 INPUT#1,DA(A)
¥ 340 FOR B=1TO04:INPUT#1,DS(A,B):NEXT B
p— 350 NEXT A
95 360 CLOSE#1l
1232 370 OPEN"I",#l,"FALLSPR"
o 380 FOR A=1TOl4
o0 390 INPUT#1,AF(A)
i 400 POR B=1TOS5:INPUT#1,CA(A,B):NEXT B
4 410 NEXT A
P 420 CLOSE#1
R 430 '
L 440
2P 450 'FIND ILLUMINATIONS-WINTER
> 460 '
470 FOR M=1TO2
) 480 FOR H=1TO7
oo 490 FOR B=1TOll
o 500 IF AA(M,H)=AW(B)THEN K=B:NEXT B
3 510 FOR C=1TO4
e’ 520 IF AZ(M,H)>BA(C) AND AZ(M,H)<BA(C+l) THENS40
i 530 GOTO 570
o 540 El=(AZ(M,H)-BA(C+1))*(CW(K,C)-CW{K,C+1))
e 550 El=El/(BA(C)-BA(C+1))+CW(K,C+1)
b 560 E2=CW(X,5)
e 570 NEXT C:NEXT B
N
o,
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¥ 21

580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950

970

980

990

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090

44444

FOR A=1TOl9

IF AA(M,H)<>DA(A) THEN 670

E4=DS(A'4)

IF AZ(M,H)>75THENG670

IF AZ(M,H)<=75 AND AZ(M,H)>45THENG660
E3=(AZ(M,H)-45)*(DS(A,1l)- DS(A,2))/(-45)+DS(A,2)
GOTO670

E3=(AZ(M,H)-75)*(DS(A,2)- DS(A,3))/(-30)+DS(A,3)
NEXT A

]

TL(M,1,H,1)=E1+E3
TL(M,1,H,2)=E2+E4
NEXT H

NEXT M

]

'SAVE TOTAL WINTER ILLUMS.

OPEN "O",#1,"TLWTR/DAT"

FOR M=1TO2:FOR H=1TO7

FOR W=1TO2:WRITE#1,TL(M,1,H,W):NEXT W
NEXT H:NEXT M

CLOSE#1

]

'FIND SPRING/FALL ILLUMS.-
)

FOR M=3TO5

FOR H=1TO07

FOR B=1TOl4

IF AA(M,H)=AF(B)TH:N K=B:NEXT B

FOR C=1TO4

IF AZ(M,H)>BA(C) AND AZ(M,H)<BA(C+1l) THEN 950
GOTO0950
El=(AZ(M,H)-BA(C+1))*(CA(K,C)-CA(K,C+1))
El=E1/(BA(C)-BA(C+1) )+CA(K,C+1)
E2=CA(K,5)

NEXT C

)

FOR A=1 TO 19

IF AA(M,H)<>DA(A) THEN 1050

E4=DS(A74)

IF AZ(M,H)>75THEN1050

IF AZ(M,H)<=75 AND AZ(M,H)>45THEN1040
E3=(AZ(M,H)~-45)*(DS(A,1)- DS(A,2))/(-45)+DS(A,2)
GOTO01050

E3=(AZ(M,H)-75)*(DS(A,2)- DS(A,3))/(-30)+DS(A,3)
ysxr A

TL(M,1,H,1)=El+4E3

TL(M,1,H,2)=E2+E4
NEXT H:NEXT M
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o 1100 '

1110 ‘'SAVE SPRING/FALL ILLUMS,

1120 OPEN"O",#l,"TLSF/DAT"

U 1130 FOR M=3TO5:FOR H=1TO7

> 1140 FOR W=1TO2:WRITE#1,TL(M,1,H,W):NEXT W
o 1150 NEXT H:NEXT M

1160 CLOSE#1l
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100 ' THE QUANTIFICATION OF DAYLIGHTING

110 °

120 ' PROGRAM TO CALCULATE A TENTATIVE ARTIFICIAL LIGHT
SYSTEHN;

130 ' CALCULATE THE AMOUNT OF INTERIOR ILLUMINATION
POSSIBLE BY

140 ' USING PASSIVE DAYLIGHTING TECHNIQUES; AND CALCULATE
THE

150 ' NUMBER OF HOURS DURING WHICH DAYLIGHT IS SUFFICIENT
TO TURN

160 ' OFF SOME OR ALL OF THE ELECTRIC LIGHTING.

170
180
190
200
210
220 ' ROOM DIMENSIONS-

230 PRINT"CHOOSE LENGTH OF ROOM: 20, 30, OR 40 FEET"

240 INPUT L

250 PRINT#-2,"LENGTH OF ROOM:",L

260 PRINT#-2

270 PRINT#-2,"WIDTH OF ROOM ASSUMED TO BE 20 FEET"

280 PRINT$-2

290 wW=20

300 PRINT

310 PRINT"CEOOSE CEILING HEIGHT: 8, 10, OR 12 FEET"

320 INPUT "CEILING HEIGHT";Hl -

330 PRINT $-2,"CEILING HEIGHT=";Hl

340 PRINT%-2

350 PRINT

360 PRINT

370 PRINT#-2,"FLOOR TO WORKPLANE HEIGHT ASSUMED TO BE 2.5
PEET"

380 PRINT#-2

390 H2=2.5

400 PRINT

410 PRINT

420 INPUT "FIXTURE TO CEILING HEIGHT":;H3

430 PRINT%#-2,"FIXTURE TO CEILING HEIGHT=";H3

440 '

450

460 ' OTHER ROOM CHARACTERISTICS-

470 !

480 H4=H1-H2-H3

490 R1=(5*H4*(L+W))/(L*W)

500 PRINT4-2,"ROOM CAVITY RATIO=";Rl

510 Cl=(S5*H3*(L+W))/(L*W)

520 PRINT

530 PRINT

540 PRINT4-2,"CEILING CAVITY RATIO=";Cl

ARTIFICIAL LIGHT ANALYSIS




$ 550 Fl=(5*H2*(L+W))/(L*W)

b S60 PRINT

A 570 PRINT

) 580 PRINT#-2,"FLOOR CAVITY RATIO=";Fl

{ 590 PRINT#-2

< 600 PRINT"FROM IES HANDBOOK, FIND THE FOLLOWING:"

610 INPUT"CU FOR ROOM SPECIFIED";Ul
620 PRINT#-2,"COEFFICIENT OF UTILIZATION:";Ul
]

640 '
650 ' LUMINAIRE CHARACTERISTICS-
660 '
INPUT"INPUT THE LLD X LDD OR MAINTENANCE FACTOR" ;M1
680 PRINT#-2,"MAINTENANCE FACTOR:";Ml
INPUT"INPUT LAMPS PER LUMINAIRE";F2
700 PRINT#-2,"LAMPS PER LUMINAIRE:";F2
710 INPUT"HOW MANY LUMENS PER LAMP";Bl
, 720 PRINT$#-2,"LUMENS PER LAMP:";Bl
730 INPUT"WATTS PER LAMP(INCL BALLAST)";WL
740 PRINT#-2,"WATTS PER LAMP:" ;WL
750 PRINT%-2
760
770
780 INPUT"WHAT IS DESIRED FOOTCANDLE LEVEL";F3
: 790 PRINT#-2,"DESIGN FOOTCANDLE LEVEL:",F3
. 800 PRINT4#-2
a3 810 FS=(F3*(L*W))/(UL*B1L*M1*F2)

820 PRINT

830 PRINT :
s 840 PRINT®NO. OF FIXTURES REQ'D TO PROVIDE"
ke 850 PRINT"DESIRED FOOTCANDLE LEVEL FOR ROOM IS:";FS
: 860 PRINT
R 870 PRINT
A 880 INPUT"HOW MANY FIXTURES DO YOU INTEND TO USE";Al
: 890 A2=(Al/FS)*F3
. 900 PRINT
J 910 PRINT
N 920 PRINT"THE ACTUAL FOOTCANDLE LEVEL FOR YOUR NO, OF
! FIXTURES IS ":;A2
) 930'PRINT#-2,'THE ACTUAL FOOTCANDLE LEVEL FOR";Al;"FIXTURES
> IS:";:A2
| 940 PRINT
g 950 PRINT
" 960 INPUT"DO YOU WISH TO TRY ANOTHER CU (1l=YES, 0=NO)";2Z
X 970 IF Z=1 THEM 610
980 PRINT
990 INPUT"DO YOU WISH TO TRY ANOTHER ROOM";Z2
1000 IF 2Z2=]1 THEN 240
1010 TC=WL*Al*F2*7*260
1020 !
1030 '
1040 ' DAYLIGHTING ANALYSIS
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1050 °
1060 '
1070 bIM TL(7,2,7,2),CU(4,3,3),AG(3),580(3,2),c(3),K(3)
(\ 1080 pIM D(3,3),E(3,3)
1090 °
'y 1100 OPEN"I",4l,"CUTBLS/DAT"
> 1110 FOR A=1TO4:FOR B=1TO3
G 1120 FOR C=1TO3;:INPUT#1,CU(A,B,C):NEXT C
e 1130 NEXT B:NEXT A
> 1140 CLOSE #1
1150 !
b 1160 OPEN"I", 41, "TLSMR/DAT"
1170 FOR M=6TO7:FOR H=1TO7
1180 FOR W=1TO2:INPUT#1l,TL(M,1,H,W):NEXT W
1190 NEXT H:NEXT M
1200 CLOSE#1
1210 °
1220 OPEN"I",#1,"TLCLD/DAT"
1230 FOR M=1TO7
1240 FOR H=1TO7
1250 FOR W=1TO02
1260 INPUT#1,TL(M,2,H,W)
1270 NEXT W
1280 NEXT H
1290 NEXT M
1300 CLOSE%1
1310 °
1320 OPEN"I",#1,"TLWTR/DAT"
1330 FOR M=1T02:FOR H=1TO7 -

RARA
s .'//J“.

e «
<Aa:tonts '0a

- r. -_‘ . _' a' F
L GRRN

Is
.-

W

w3

>

x 1350 NEXT H:NEXT M
‘ 1360 °
1370 CLOSE#1
5 1380 OPEN"I",#1,"TLSF/DAT"
1390 FOR M=3TO5:FOR H=1TO7

° 1400 FOR W=1TO2:INPUT#1,TL(M,1,H,W)

3 1410 NEXT H:NEXT M

x 1420 °

- 1430 CLOSE#1
= 1440
> 1450 ' GLASS AREAS-

. 1460 AG(l)=,15*L*H]

N 1470 AG(2)=.3*L*H1

N 1480 AG(3)=.6*L¥H1l

4@ 1490 '
N3 1500 ' SITE CHARACTERISTICS-
el 1510 INPUT"GROUND REFLECTANCE RATIO";R
= 1520 INPUT"TRANSMITTANCE OF GLASS";T
o 1530 °
Ny 1540 PRINT #-2,"GROUND REFLECTANCE:";R
N 1550 PRINT 4-2,"GLASS TRANSMITTANCE:";T
X 1560 '

o™
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s/

.‘\
N\ 1570 PRINT"DO YOU WISH TEST OUTPUT GIVING ALL LIGHT VALUES
- ? (1=YES,0=NO)"
* 1580 INPUT OP
1590 '
{ 1600 L10=20:H10=8
. 1610 FOR A=1TO3
e 1620 IF L= L10 THEN X=A

N 1630 IF H1=H10 THEN Y=A
o 1640 L10=L10+10
1650 H10=H10+2
1660 NEXT A
1670 '
k. 1680 IF OP<>1THEN 1710
. 1690 PRINT#-2," ","MAX","MID","MIN"
¢ 1700 °
\ 1710 FOR M=1TO7
1720 IF OP<>1THEN 1740

i 1730 PRINT#-2,"MONTH:";M
. 1740 FOR H=1TO7

1 1750 IF OP<>1THEN 1780

i 1760 PRINT#-2

i 1770 PRINT#-2," HOUR:";H
' 1780 Il=TL(M,1,H,1)

2 1790 I2=TL(M,1,H,2)

y 1800 I3=I2*%.5#*R

1810 IF OP<>1THEN 1830
. 1820 ' FOR EACH INTERIOR LOCATION
1830 FOR A=1TO3
h 1840 °
: 1850 ' COEFFICIENTS OF UTILIZATION CHOSEN

2 1860 C(a)=CU(3,X,A)

7 1870 K(A)=CU(4,Y,A)

1 1880 IF OP<>1THEN 1900

] 1890 ' FOR EACH GLASS AREA |

1900 FOR B=1TO03
1910 IS=I1*AG(B)*T*C(A)*K(A)

v 1920 I6=I3*AG(B)*T*C(A)*K(A)

) 1930 I7=I5+I6

b 1940 p(A,B)=17

3 1950 IF OP<>1THEN 1960

L 1960 IF I7>=F3 THEN SO(B,l)=S0(B,1l)+l

1970 IFP M>1 AND M<7 AND I7>=F3 THEN SO(B,1)=S0(B,1l)+1
1980 NEXT B:NEXT A

1990 IF OP<>1THEN 2080

2000 PRINT#-2

2010 FOR B=1TO3

2020 PRINT#‘Z,' 'lD(l’B)’D(Z'B),D(3,B)
2030 NEXT B

2040 PRINT #-2

2050 '

2060 ' CLOUDY SKIES

2070 '

AL |- ¢ OO
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2090 J2=TL(M,2,H,2)

2100 J3=J2*,5*R

2110

2120 IF OP<>1THEN 2130

2130 FOR A=1TO3

2140 c(A)=CuU(1l,X,A)

2150 K(A)=CU(2,Y,A)

2160 IF OP<>1THEN 2170

2170 FOR B=1TO3

2180 JS=J1*AG(B)*T*C(A)*K(A)

2190 J6=J3*AG(B)*T*C(A)*K(A)

2200 J7=J5+J6

2210 E(A,B)=J7

2220 IF OP<>1THEN 2230

2230 IF J7>=F3 THEN SO(B,2)=S0(B,2)+1

2240 IF M>1 AND M<7 AND J7>=F3 THEN S0O(B,2)=S0(B,2)+1
2250 NEXT B:NEXT A

2260 IF OP<>1THEN 2300

2270 FOR B=1TO3

2280 PRINT#'Z" ',E(l,B),E(Z'B)'E(3'B)

2290 NEXT B

2300 NEXT H:NEXT M

2310 '

2320 ' *QUTPUT*

2330 PRINT $-2:PRINT#-2

2340 WD=WL*F2*A1*1820/1000

2350 PRINT $-2,"ELECTRIC USE WITHOUT DAYLIGHTING:" ;WD;"KW-
HRS/YR" :

2360 °

2370 ' FOR EACH GLASS AREA; FOR CLEAR AND CLOUDY SKIES
2380 PRINT#-2:PRINT#-2

2390 PRINT#-2,"THE FOLLOWING ARE LUMINAIRE ROW-HOURS WHEN
LIGHTS ARE OFF--"

2400 PRINT$#-2,"GLASS AREA","HRS OFF(SUN)","HRS OFF(CLD)"
2410 PRINT#-2

2420 PRINT#-2," 15%",S0(1,1)*12,S0(1,2)*12

2430 PRINT$#-2," 30%",sS0(2,1)*12,s50(2,2)*12

2440 PRINT#-Z" 60%',50(3'1)*12'80(3'2)*12

2450 PRINT#-2:PRINT$-2

2460 WB=WL*F2*Al/3:' WATTS PER BANK

2470 PRINT#-2,"GLASS AREA","KW-HRS OFF(SUN)","KW-HRS
OFF(CLD)"

2480 PRINT#-2

2490 PRINT#-2," 15%",S0(1,1)*wB*12/1000,S0(1,2)*WB*12/1000
2500 PRINT$#-2," 30%",S0(2,1)*wB*12/1000,S0(2,2)*WB*12/1000
2510 PRINT#-2," 60%",S0(3,1)*wB*12/1000,S0(3,2)*WB*12/1000
2520 PRINT#-2:PRINT#-~2

2530 '

2540 PRINT"ASSUME THREE POSSIBLE SKY CONDITIONS- CLEAR,
PARTLY CLOUDY, CLOUDY"

2550 INPUT"% CLEAR";S1
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N
L7
-~ 2560 INPUT"% CLOUDY";S3
v 2570 $2=100-S1-S3
e 2580 PRINT#-2,"CLEAR=";S1;"%, PTLY CLDY=";$2;"%,
-~ CLDY=";S3;"3%"
(- 2590 Y=15
v 2600 FOR X=1TO3
- 2610 S4=(S1*18.20)*(S0(X,1)/1820)
<~ 2620 S5=(S3*18.20)*(s0(X,2)/1820)
N 2630 S6=(S2/2)*18.20*(S0(X,1)/1820)
o 2640 S7=(S2/2)*18,.20*(S0(X,2)/1820)
2650 S8=S4+S5+S6+S7
- 2660 S9=S8*WB*12
N 2670 PRINT$#-2
Y 2680 PRINT#-2,"TOTAL EXPECTED KW~-HRS SAVINGS:";S9/1000
b2, 2690 PRINT#-2,"FOR GLASS =";Y;"% OF WALL AREA" |
N 2700 Y=Y*2
2710 PRINT$-2
N 2720 NEXT X
i
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COMPLETE OUTPUT: EXAMPLE RUN
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w T e T T, Th e W%
TS T T TR T s

LATITUDE = 33
LATITULE = 33

LEMGTH OF ROOM: 29

WIDTH OF ROOM ASSUMED TO EE 28 FERT

CEILIMG HEIGHT= 2

FLOOR T WORKFLANE HEIGHT HSSUMEL TU BE 2.5 FEET
FIXTURE TO CEILING HEIGHT= w

ROOM CAYITY RATIOS &, 7%

CEILING CRYITY RATIO= o

FLOOR CRAYITY RATIO= 1.25

COEFFICIEMT OF UTILLIZATLION: .ed
MAIMTEMANCE FACTOR: V3

LAMPS FER LUMINAIRE: 2 . .
LUMEMS PER LAMP: 23u0 :

WATTS PER LAMF: 22.4
DESLIGN FOUTCANDLE LEVEL: Ve

THE RCTURL FOOTCHMOLE LEVYEL FUR 1S FIATURES 135 oW, Swe
GROUND REFLECTRNCE: 138 ’
GLASS TRANSMITTHMCE: .77
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t

OUTPUT: 30 AND 49 DEGREES NORTH LATITUDE
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LATITUDE = 3B

LEMGTH OF ROOM: 213

WICTH OF ROOM ASSUMED TO BE 28 FEET

CEILING HEIGHT= 18

FLOOR T3 WORKPLAWME HEIGHT A=SUMED TO BE 2.9 FEET
FIATURE TO CEILIMG HEIGHT= @

ROOM CRAYITY RATIO=s 3.1:25

CEILIMG CRYITY RATIO= &

FLOOR CRYITY ERATIO= 1.u4188587

COEFFICIEMT OF UTILIZATION: .55

MRIHMTEMRNHCE FRCTOR: .72

LAMPS PER LUMIMRIRE: &

LUMENHS PER LAMP: 3201

WRTTS PER LHMP: 4w,7

DESIGH FOOTCAMOLE LEVEL: T

THE RCTURL FOOTCRMOLE LEWEL Foi 1w FIHTUREE I FeEless

GROUMD REFLECTAMLE: .6g
GLASS TRAMSMITTAMCE: .77

ELECTRIC UZE WITHOUT DAYLIGHTIMG: 2885.8ed ElW-HES- VR

THE FOLLOWINHG ARE LUMIHAIRE RUb-HOUES WHEH LIGHTS ARE OFF—=-
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CLERAR= 38 X, PTLY CLDY= SW X%, CLDV= 29 54
TOTAL ESPECTED EM=HES =EV LML A75, Pdieis
FOR GLRASS = 15 % 0OF WALL AREA

TOTAL EXFECTED Eb=HES SAYIHIZS: S, s=Edse
FOR GLASS = 33 % OF WALL ARER

TOTAL EXPECTED KW-HRES SAWVIMGS: 3@, oeSodl
FOR GLRASS = 88 % OF WALL AREA

LATITUDE = 4%

LENGTH OF ROOM: 3

WIDTH OF ROOM ASSUMED 10 BE 298 FEET
CEILIMG HEIGHT= 18

FLOOR TO MWORKPLAME HEIGHT A=SLMED T BE 2.9 FeET

FISTURE T CEILIMNG HEIGHT= @
pOOM CAYITY REAT1O0= 5,125
CEILING CRAYITY RATIO= ©

FLOOR CAYITY RATID= 1.44166667

COEFFICIENT OF UTILIZATION: .55
MRIMTEMAMCE FRCTOR: .72

LAMPS FER LUMINRIFE: 2

LUMENS PER LAMP: 3z9

WATTZ PER LAMP: 43,7

DESIGH FOOTCAMOLE LEVEL : 4

THE RCTURL FOOTCAMLDLE LEWVEL FOlk 1w FLraTuRE:= [ue:

GROUMD REFLECTAMCE : .3
GLRES TRAMSMITTAMCE: V7
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CLEARF= 28 =, PTLY CLDY= 45 X. CLLYv= 3% X
TOTAL EXPECTED KMW-HREZ SHAYLIHGES: 331.23770d
FOR GLASS = 13 X OF WALL RRERA

TOTAL EXPECTED EM-HES SAYIMGE: col.owdln
FOR GLRSS = 20 X OF WALL AREA

TOTAL EXPECTED KW-HRES SHAWIMGES: 3lg.ecid
FOR GLASS = &8 X OF WHLL ARER
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