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OVERVIEW

This user manual and accompanying Microsoft Excel
spreadsheet (http://aces.nmsu.edu/pubs/_circulars/
CR674/CR674.xlsm) are intended to be used as a guide
for calculating solar time, angles, and irradiation, and to
aid in feasibility and implementation decisions for solar
energy projects. The spreadsheet is designed to allow
you to enter a variety of values such as system location
(i.e., latitude and longitude angles), date, local time,
panel tilt angle, etc. By entering different values, you
can investigate a variety of scenarios before making final
implementation decisions.

There are NO expressed or implied guarantees with
this spreadsheet/user manual, nor is it intended to re-
place professional expertise. It is important to note that
the system is designed using some average values. Spe-
cific values may vary, and this spreadsheet should ONLY
be used as an educational tool.

The spreadsheet consists of different “sheets” or
pages that are indexed via tabs at the very bottom of the
spreadsheet window. There is a title sheet and five sheets
that represent the five main sequential steps in the cal-
culation methodology (Figure 1). The currently selected
sheet has a white background, and in Figure 1 this is the
Title Page sheet.

On each sheet, there are different shaded boxes, areas,
or spreadsheet cells. There are light-purple shaded areas
that are instructions and user notes that you should read
when using each sheet. The green cells are where you
can enter information. To enter a value, move the cursor
and click on the green cell (or box), enter your value in
that cell (typically a number), and press the “enter” or
“return” key on your keyboard.

Some cells have a red triangle in their top right cor-
ner. When you place the cursor onto that cell, a “pop-
up” note is displayed giving an additional short explana-
tion related to that cell. Some cell entries are restricted

in their allowable values. For example, the “Hr” cell in
the Time sheet (Figure 3) will only accept entries be-
tween 0 and 23. If you enter a value outside this range,
an error message will be displayed and you must re-enter
a valid value in this cell before continuing.

Some cells may also have a “drop-down” menu associ-
ated with them. A drop-down menu will list the cell’s
valid entries and allow you to just click on a menu entry.
A cell’s menu can be accessed by placing the cursor on
the cell and clicking on it. A note and a drop-down
menu tab are displayed to the right of the cell. When
this tab is clicked, the drop-down menu displays the
valid entries for this cell. Just move the cursor and click
on any menu entry to make it the cell’s input value.

Finally, orange boxes display intermediate values that
are calculated by the spreadsheet, while yellow boxes
show the final calculations in this design step.

Step-by-Step Design Procedure

Step 1. Determine the Solar Time and Angles at a
Specific Location and Date
Begin by opening the spreadsheet and clicking on the
Title Page sheet (the left-most tab at the bottom of the
spreadsheet; see Figure 1). Read the title page material
and view the solar energy internet videos. Next, contin-
ue to the first design sheet by clicking on the 77me sheet
tab at the bottom of the spreadsheet (Figures 2 and 3).
The purpose of the Zime sheet is to determine the
solar time at a given location and time. Solar time de-
pends on the sun’s position and is different from “clock”
or “local” time. For example, solar noon is when the sun
is at its highest point during the day—when it is at true
south in the sky’. The input cells in the top-right box
allow you to specify your exact location by entering the
latitude and longitude as well as the date of interest. The
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*This is for the northern hemisphere. True south is different than magnetic south.
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spreadsheet.

Determining Solar versus Local Time

Step 1: In the table to the right enter the local latitude and longitude angles of the location in degrees. For
example, Las Cruces, NM is at latitude 32.32 degrees north from the Equator and at longitude 106.75 degrees west
from the Prime Meridian.

Step 2: In the same table to the right, enter the month and day for which you want to caleulate the corresponding
Julian Day (1-365) of the year with 1 being Jan 1st and 345 being Dec 31st.

Step 3: In the green cells below enter the local time in the green cell "local standard time”. Enter the value for the
hour using military time - for example 2:30 pm would be 14 hours (Hr) and 30 minutes (Min). Finally, enter if the
Daylight Savings Time is active and the corresponding Time Zone of the location.

Month

_

Location's Latitude Angle in degrees
Location's Longitude Angle in degrees

Enter the month and day to calculate the Julian day number:

degrees
degrees

Day Julian Da
|

Figure 2. Time sheet

(part 1).

Step 4: To convert from solar time to local time use the input cells below. Enter the solar time in the green cells
(hours in military time). A decimal hour value and the corresponding local time for the location previously entered
will be displaved.

12-hour Format
3:09PM |
EET I |

Time in decimal
[1532 ] [
| 158 | |

Solar Time (ST)
Local Time (CT)

11

Hr Min Time in decimal Julian Day Number for the 1st Day of Each Month
Enter the focal time: (hours and min) Month n= Month n= Manth n=
Are you in Daylight Savings Time (Y/N)? January i May 21 September 244
Time Zone (use drop-down menu) February 3z June i52 October 274
March 6 July 52 November 305
Calculations: h April S August 213 December 335
Longitude Correction (B) 234.40 | degrees
Equation of Time (E) 14.95 | minutes Local Time Zones
Local Meridian (degrees West of Greenwich) 105] degrees Eastern 75 | degrees West
Hours before {+) or after {-) solar noon =270 hours or AFI'ER solar noon Central 90 degrees West
Mountain 105 degrees West
Time Conversion Pacific 120 degrees West
Decimal IMilitary Format 12-hour Format
Solar Time is: [ 1470 ] [ 14:41 | [ zaiem ] =
On this day, solar_noon is e
ar this local time: [ nsr | [ 11:52 ] [szam ]

Pacilic

Mountain

Figure 3. Time sheet
(part 2).

spreadsheet will automatically calculate the correspond-
ing Julian day, which is used in subsequent calculations.
Julian days are the ordinal number of the day of the
year, starting with 1 on January Ist and ending with 365
on December 31st. The spreadsheet is designed to only
accept values for latitudes and longitudes within the
continental U.S.

The time entry cells allow you to input the local time,
time zone, and whether Daylight Saving Time is active
on the specified date. The time must be entered in 24-
hour format. A map and a table located at the bottom-
right of the sheet can be used as an aid to enter the time
zone. Using the entered values, the spreadsheet will
calculate solar time, angles, and irradiation (i.e., sunlight
intensity) in the corresponding sheets. The spreadsheet
shows some intermediate calculations and displays the
solar time highlighted in yellow. It also displays the local
time at which solar noon occurs. Finally, at the bottom
of the sheet there are two more input cells that allow

you to convert from solar to local time. This time must
be entered in 24-hour format as well, and the local time-
value will be shown highlighted in yellow at the bottom
of the sheet.

Move to the next sheet titled Angles (Figure 4), which
automatically calculates the solar angles relative to the
position of the sun in the sky at the specified time and
location. The spreadsheet calculates the sun angles at
two different times of day. The first is at solar noon,
when the sun reaches its maximum altitude in the sky
and irradiates the maximum energy for that day. The
second is at the given local time. You DO NOT have to
enter any values within this sheet.

Sun angles depend upon the day, time of day (solar
time), and latitude location. Solar declination (3) is
the angle formed between the plane of the equator line
drawn from the center of the sun to the center of the
earth. This angle varies between +23.45° on the summer
(June 21) and winter solstices (December 21), and is 0°
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Determining Sun Angles for any

y Day/Time

Step 5: The table to the right shows the values previously entered - Latitude and Longitude
angles, Julian day, Local Time and Solar Time. These values are taken from the previous
"Time Sheet” entries. In the cells below, the Solar angles are caleulated for both the Solar
Noon and the time specified. You do not have to enter any values within this sheet.

Latitude| 3228
Longitude| 106.75
Julian Day 318
Local Time in Decimal|  14.57
Solar Time in Decimal | 14.70

Solar Calculations at Solar Noon

Solar Declination (8) h -18.91 |degrees
Solar Altitude (fn) sun angle from horizon at noon h JBB1 |deprees -
Collector Tilt Angle (£) h 51.19 ]degrees
Air Mass Ratio (m) h 1.596 sunse < .
Easi of 5 ] N
Solar Calculations with Time Component e S
Hours before/after solar noon (+/-) =2.70 |Hours After g West of : ¢
Solar Hour Angle (H) h -40.49 | degrees
Solar Altitude (fs) 25.80 |degrees
Solar Azimuth Angle (Ds) h 43.02 |degrees West e
Collector Tilt Angle (X) (opsimal} 64.20 |degrees b Figure 4. Angles
Adr Mass Ratio (m) 2.298
sheet.
- -T TS -_hoon
sunrise
1
E East of S: \
1
1
1
|
1
1
West of S: 9s>0 !
Figure 5. Altitude
/ sunset and azimuth solar
W angles. Source:
Masters, 2004.

on the two equinoxes (March 21 and September 21).
The altitude angle () is determined by measuring the
angle between the sun and the local horizon directly be-
neath the sun. The solar azimuth angle (®s) is the angle
formed between the current east/west position of the
sun from true south, where true south is used as the ref-
erence in the northern hemisphere and has a 0° relative
angle. A positive azimuth angle is before solar noon and
a negative angle is after solar noon; remember that solar
noon is when the sun is pointing true south. The hour
angle (H) is the number of degrees the earth must rotate
before the sun is directly over the local latitude. The air
mass ratio (m) is how much atmosphere the solar radia-
tion has to pass through to reach the earth’s surface. If
the sun is directly overhead, the air mass number is 1,

indicating one full atmosphere that the sunlight must
pass through. If the sun is low in the sky, the air mass
number will be greater than 1 since the angle causes the
sun to pass through more atmosphere, resulting in a loss
of solar insolation. Finally, the optimal tilt angle (¥) is
the angle at which the solar panel needs to be set to col-
lect the most energy from the sun. Figure 5 illustrates
these angles.

Step 2. Determine Total Insolation on a Panel
Navigate to the next sheet titled /nsolation (Figure 6),
whose purpose is to calculate the amount of solar energy
available depending on the date, time, location, and
angle configurations of the previous sheets.
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Solar Insolation

Sicp 6: This sheet calculates the three diferent components of the solar isolation (direct, diffuse, and
reflected) and values related to these calculations. It will also display the insolation for different types of

Local Time| 2:34 PM

Solar Time | 2:41 PM

Ground Reflectance (p) 1
Fresh snow 0.80]

collector angles (flat, optimal tilted, 1-axis, and 2-axis trackers). In the green cells to the right enter the

Date | November

Ocean Ice 0.60|

azimuth angle and the tilt angle of the collector. Azimuth angles are positive (+) in the southeast and
negative (-) in the southwest. Finally, enter the coefficient for the reflectance of the surface. Use the table
to the right as a guide.

Collector tilt angle (¥)
Reflectance of surface (p)

Collector azimuth angle (®c)

Desert Sand 0.40]
Ordinary Ground/Grass 0.20|
Gravel roof 0.10]

4
degrees
degrees

1402.15
1210.58|
0.154]

Wim'
Wim'

Extraterrestrial Solar Insalation (1,)
Apparent Extraterrestrial Solar Insolation (A)
Oprical Depth - how hard is it for light to pass (k)

Sky diffuse factor (€) 0.072]
AT SOLAR NOON: 11:52:03 AM Total Daily Insolation
Clear Sky Beam Radiation at the Earth (1,) 1546565 | wim' Flat Panel 411 kWhiday
Tilted Panel 6.26__kwhiday
FLAT TILTED ™ 1-AXIS TRACKER  72-AXIS TRACKER Y T-Axis Tracker 7.57_kwihiday
Angle of Incidence (cos8) hi D.627]51.10 0,046 15,01 0:946] 1891 I 2-Axis Tracker 791 kWhiday
Beam Insolation on a Collector Face (Inc) 593.48 | W/m' #9585 | Wim’ #95.85 | W/m' 946.96 | Wim’
Diffuse Radiation (Iuc) hi 68.23 | W/m' 62.96 | Wim® 62.96| Wim' 55.49|Wim’
Reflected Radiation (Inc) 0.00 | W/m' 10.23 | Wim® 10.23 | Wim’ 24.70 | Wim® Total Yearly Insolation
Total Insolation on a Collector (Lc) 661.70] W/m' 969.03| wim’ 969.03| Wim’ 1027.16] Wim’ Flat Panel 2252 kWh/m' -yt
Power generated compared to the TILTED option 68.29% 100.00% 100.00% 106.00% Tilted Panel 2528 kW‘hJ'm"-E
1-Axis Tracker 3313 kWh/m’ yr
AT GIVEN TIME: 2:34:00 PM 2-Axis Tracker 3455 kWh/m’-yr
Clear Sky Beam Radiation at the Earth (1,) Wim'
FLAT ¥ TILTED Y 1-AXIS TRACKER ~ “2-AXIS TRACKER
Angle of Incidence (cost) 0435 0120 0718] 3.9 084931 92 T.000] 0.00
Beam Insolation on a Collector Face (Inc) 369.90| W/m' 61154 | Wim’ 804.08 | W/m' 849.96 | Wim’
Diffuse Radiation (Inc) 61.24| W/m' 5651 | Wim’ 52.16 | W/m' 43.95| Wim’
Reflected Radiation (Iuc) J 0.00| Wim' 6.66 | Wim’ 1278 | Wim' 2435 | Wim®
Total Insolation on a Collector (Ic) 431.14] wim' 67471 wim’ 869.02| wim' 91826 wim’ Fi 6. I la .
Pawer generated compared to the TILTED ption 63.90% 100.00% 128.80% 136.10% tgure 0. Inso tion

sheet.

In the green cells at the top of the sheet, input the
panel azimuth and tilt angles and the reflectance of the
ground surface. Similar to solar azimuth, the azimuth
angle of the panel is its +/- angle relative to true south
(0°). Tilt angle is the angle the panel is tilted from flat.
Finally, the reflectance of the ground surrounding the
solar panels must be taken into account because sunlight
can reflect off of a surface onto a tilted panel and alter
the total solar irradiance collected. The local and solar
times, as well as the date entered in the previous sheet,
are shown in the box above the green cells as a reference.

Solar irradiation reaches the earth in three different
ways: direct, diffuse, and reflected radiation. Each com-
ponent is affected by several factors, such as the angle of
incidence for the direct insolation, sky conditions (e.g.,
clouds, etc.) for the diffuse radiation, and reflectance of
the surface for the reflected radiation. The spreadsheet
calculates the amount of radiation for each component
depending on the angle or tracker system used to mount
the solar panels, then it adds the radiation values and
shows the total available insolation reaching that surface
and its efficiency compared to the tilted option. The
“FLAT” option assumes a solar panel placed parallel to
the ground (i.e., horizontal) and it is not affected by
any of the previous entries. The “TILTED” option takes
into consideration the azimuth and tilt angles. A rule of
thumb is to use a tilt angle equal to the latitude of the
location; for example, at 32° latitude, the panel would
be tilted 32°. The “1-AXIS TRACKER” option assumes
that the panels are tilted to an optimal angle (i.e., equal
to the latitude) and that they track the sun as it moves
across the sky from east to west. Since it tracks the sun, it
is not affected by the azimuth angle entry. The “2-AXIS
TRACKER?” option is not affected by either the azimuth

or tilt angles because this system always points the panels
directly to the sun in both azimuth and elevation.

At the right of this sheet, two tables are shown. The
first table shows the “Total Daily Insolation” for the
specified day and location. The spreadsheet sums the
insolation for each hour of the day and then adds all
these values to get this final value. It is assumed that
the insolation remains constant during the entire hour.
The “Total Daily Insolation” is shown for the four
panel-mounting options (i.e., flat, tilted, 1-axis track-
ing, and 2-axis tracking). The second table shows the
“Total Yearly Insolation” for the location. To aid in this
calculation, the total insolation for the 15th day of each
month is first calculated, and then it is assumed that
this mid-month insolation remains constant during
the entire month. Finally, the total insolation for each
month is calculated and added to get the “Total Yearly
Insolation” value, which is shown for each of the four
mounting options.

At the very bottom of the sheet, you can enter the
physical size and the rated voltage, current, and power
values of a solar panel in order to calculate the panel’s
efficiency. The spreadsheet takes into consideration the
information entered and the total insolation available to
predict voltage, current, power, and efficiency values for
that solar panel. These predicted values are obtained using
standard test conditions (1000 W/m? irradiance, 25°C
cell temperature, and 1.5 air mass ratio; see Figure 7).

Step 3. Determine the Sun’s Path and the Sunrise and
Sunset Hours

Now that the location and calculated angles of the sun
at a given time of day have been determined, the posi-
tion of the sun at any time of day as well as its intensity
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Step 7. The next table calculates the actual amount of power penerated by a solar panel. Enter the
physical size of the solar panel you plan to use as well as its rated voltage, current, and power values at
Standard Test Conditions (1000 W/m’ irradiance, 25°C cell temperature, and 1.5 Air Mass Ratio). The
width and length values are in inches.

Length ACTUAL POWER GENERATED
Width 197 | Amps

Current (1) 26.6|V

Voltage (V) 206.62 | W

Power (P ,..) 14.69% | Efficiency

Sunrise and Sunset

Step B: This sheet caleulates the approximate hour for the sunrise and sunset at the date and location previously
specified . It also shows the duration of visible sunlight during that day. You do not have to enter any values within

this sheet,
Sunrise
Hour angle 77.50] degrees
Hours Before Solar Noon 5.1 ?|hﬁu.rs
Geometric Sunrise h
Solar Time 683 or 6:50 AM
Local Time 6.70 or 6:42 AM
Adjustment Factor () 4.44] min
Conventional sunrise
Solar Time 6.76 or 6:45 AM
Local Time 6,63 or 6:37 AM
Sunset
Hour angle T?.j?]degrees
Hours After Solar Noon 5.17| hours
Geometric Sunset h
Solar Time 17.17 or 5:10 PM
Local Time 17.03 or 5:02 PM
Adjustment Factor (Q) 4 44 min
Conventional sunrise
Solar Time 17.24 or 3:14 PM
Local Time 17.11 or 5:06 PM
Day duration 1048 Hours
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Solar angles and Insolation -
Azimuth Angle |
130 120 110 100 50 B0 70 EeD 0 40 30 20 10 0 <10 -20 -30 -2 -50 <50 -70 -BO -90 -100-110-120-130
100000 2500 |
930,00 -—LﬂJ—- 2000 |
- ,. 3500 i
30,00 .
500,00 o0 |
TE0.00 mon |
e / A |
= e f \ 15.00 .§
§ o / \ DB
B sm <
[k 500 24
£ som I \ 0 3 :
200,00 I IL .
35000 ‘[ 'k
10.00
350,00 f I 45.00
Jrac ki) j 1 2000
- +215.00
100.00
3000 -30.00
. A
Q00 L L R N -35.00 .
4 5 8 7 B 9 W # 1 i M 15 1 7 W 13 W Figure 9. Ef(ample
Solar Time of a graph in the
Position sheet.

can be predicted. Using the same method used to cal-
culate the total daily insolation and the position and
irradiance of the sun for any time of day, the sunrise and
sunset times can also be calculated.

The next sheet, Sunrise-Sunset (Figure 8), determines
the sunrise and sunset hours for the given location. This
sheet calculates the time the sun begins to be visible
before solar noon and the time the sun is no longer vis-
ible after solar noon, assuming a flat horizon. Then, this
value is used to calculate the solar and local times for
the sunrise and sunset. There are two values—geomet-
ric and conventional—calculated for both the sunrise
and sunset times. The geometric values are obtained
using angles measured to the center of the sun, which
means that the calculations represent the time when the
center of the sun crosses the horizon. The conventional
sunrise and sunset values are influenced by an adjust-
ment factor, which takes into consideration atmospher-
ic refraction as well as other atmospheric conditions
that make the sun appear to rise sooner and set later.
The total time the sun is visible is shown at the bottom
of the sheet.

Next, navigate to the Position sheet, where graphs
showing the position of the sun at any time of the speci-
fied day are displayed (Figure 9). These graphs are ob-
tained by plotting the hourly values of insolation, angles
of the sun, and time of day. There are separate graphs

for insolation, time, azimuth angle, and altitude angles
to ease the reading these values. With these graphs you
can analyze and determine sun values at any time of the
day at the given location.

We’re Done

Now you have gone through the process of determin-
ing solar angles, insolation, and time values, as well as
the position of the sun at any time of day. If you want,
print out the calculated values before closing the spread-
sheet. Remember that this is an educational tool and
should only be used in that manner. If you need fur-
ther assistance, you can contact local solar installers,
the NMSU College of Engineering’s Engineering NM
program, or your local county Extension agent.

Thomas Jenkins has been a professor in
NMSUs Department of Engineering Tech-
nology and Surveying Engineering since
1990. He previously worked for many years
in both private and public sectors as a com-
puter scientist and engineer. Professor Jenkins
lead the effort to develop the College of Engi-
neering Renewable Energy Technology minor
and helped establish the NMSU student
organization Engineers Without Borders.
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INTERNET LINKS

NMSU YouTube Videos on Renewable Energy Topics:
http://www.youtube.com/playlist?list=PL89870B418A
514D27
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Disclaimer: This document is intended for educational purposes only, i.e., to provide a basic understanding of termi-
nology and concepts of design. It is not intended to be used beyond this purpose. The author tried to use good engineer-
ing analysis; however, all situations are different, and you should consult a professional in all cases.

Contents of publications may be freely reproduced for educational purposes. All other rights reserved. For permission to use
publications for other purposes, contact pubs@nmsu.edu or the authors listed on the publication.
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