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ABSTRACT

LEWIS, GARETH  The development of a sun-tracking system for solar modules,
Mechanical Engineering Department, June 2010

ADVISOR: Richard D. Wilk, Ph.D

The purpose of this project was to research and develop a sun-tracking system for
solar modules. Research and modeling were performed in the fall term to determine the
potential increase in sun exposure obtained with a tracking system rather than a stationary
array. Using hourly insolation data from the National Solar Radiation Data Base, |
determined that a sun-tracking system in Schenectady is capable of increasing the sun
exposure to upwards of 50%. This led to the design of a prototype tracking system, with
the emphasis on simplicity in manufacturing and low cost. The tracking system designed
is unique in that it simplifies dual axis tracking into a single active tracking axis. This
reduces the number of drives which in turn lowers the amount of power required to track,
thus allowing for more of the absorbed energy to be used as power.

| proposed this project because | am interested in renewable energies, specifically
solar, and wanted to apply my engineering and design skills with my passion for the
environment to a technical problem in the field. It is well known that solar technology’s
limiting factor is its low efficiency, and it is therefore struggling to compete with other
technologies. Since | could not hope to improve photovoltaic cell efficiency in an
academic year and with available funding, I sought out other ways of improving solar
power output and found sun-tracking systems interesting.

I gratefully acknowledge the support from the Union College Presidential Green

Grant and IEF.
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Introduction

The Problem

The movement to “go green” has been in motion for many years now. However, it
has gained momentum in the last few years with the growing public recognition of
several issues: of increasing fuel costs; the political and economic need for energy
independence; and our negative impact on the environment. The solution to these three
problems lies in the renewable energy sources such as: solar, wind, hydro, and bio-fuels.
Of these four sources, solar power has the greatest potential; in a single hour enough
sunlight reaches the earth's surface to meet the entire world's energy needs for a full year.
We are, however, unable to take advantage of this abundant resource, due to the low
conversion efficiency of solar technology.

There are two main ways of approaching this predicament. One solution is to
improve the efficiency of the solar technology so more of the sunlight is converted into
electricity. This however requires funding, research, and time. The other path is to
increase the amount of sunlight a solar panel absorbs over the course of the day, therefore
increasing power output. If the conversion efficiency of sunlight to electricity remains,
the only way to increase power is to increase the amount of energy the solar panels are
exposed to. There are various technologies already in the market taking the second
approach. Technologies such as mirrors, concentrators, and sun-tracking systems, all
increase the amount of sunlight directed towards solar modules and increase the power

output of the solar system.



The Objective

The objective of my senior project was to research and develop a sun-tracking
system for solar modules. The research portion focused on the benefits of a sun-tracking
system, including calculating and modeling the increase in sun exposure of tracking vs.
stationary arrangements. The development effort focused on designing, building, and
testing a prototype. The scope was to design a unique system to actively track the sun in
dual-axis—azimuth and altitude—to maximize the potential power output and to
minimize the power required to track. Emphasis was placed on simplicity in
manufacturing, and balancing cost with ease of installation and long term reliability. With
funding from the IEF and The Presidential Green Grant, | was able to purchase the
necessary parts. A prototype is in production and will be used to verify modeling and
prove design concept.
The Rationale

I have been interested in renewable energies, solar energy in particular, for a few
years prior to beginning the senior design project here at Union College. | wanted to
apply my engineering and design skills with my passion for the environment to a problem
in the renewable energy field. I investigated how solar power could be improved and
noticed a problem. The once leading contender in emerging renewable energy, solar, is
struggling to compete with other technologies, due to its low efficiency. Since | could not
hope to improve photovoltaic cell efficiency in an academic year and with available
funding, I sought out other ways of improving solar power output and found sun-tracking
systems interesting. | questioned if sun tracking systems improve power output, why are

there not more around?



Sun-Tracking

Due to the tilt of the earth’s axis of rotation, the path the sun follows over a day
changes over the course of the year. For example, during the winter months in the
northern hemisphere, the sun is lowest in the sky, and during the summer months, the sun
is highest in the sky. This variation offers a challenge to the way in which the sun can be
tracked. The position of the sun from east to west is described as azimuth, and the height
of the sun is measured in altitude.

A sun-tracking system in its most general definition is any system that orients
itself towards the sun over the course of the day. There are two drive types, active and
passive, and various mounting types. Active systems use drive mechanisms to actively
track the sun, where passive systems use a compressed fluid that, when exposed to
sunlight, heats up, expands, and changes the orientation of the panels. Passive systems
are ideal, as they require no external power, thus allowing all of the extra energy
absorbed from tracking to be converted into useable power. An active system, on the
other hand, draws power from the energy absorbed to power the drives.

The mounting type describes the axis of rotation in which the sun-tracking system
follows the sun. Dual-axis tracking systems follow the sun from east to west and the sun
in altitude. These systems offer the greatest accuracy and are therefore most commonly
used for concentrator systems. Single-axis tracking, tracking in either azimuth or
elevation, increases sun exposure, however less than a dual-axis system. As solar
modules are most effective when perpendicular to the sun, or exposed to direct sunlight, a

dual-axis system offers the greatest benefits in sun exposure.



Beyond the information described above, | was unable to find significant
published data on the increase a tracking system has on the insolation. Most sources
mentioned a potential insolation increase of 30 — 60%, however they did not show

calculations or identify the location of where the range was calculated.



Calculations

The research portion of this project focused on the benefits of a sun-tracking
system and represented the majority of the fall term work. Calculations and modeling
were performed to determine the increase in sun exposure of tracking vs. stationary or
fixed array arrangements. | used data from the National Solar Radiation Data Base and
averaged the data for 2000 — 2005 to ensure reliable results.

Most of the calculations were made possible with the knowledge | gathered from
MER 419: Solar Energy Analysis and Design, a course taught by Professor Wilk.
Initially, hourly data was used to determine the solar radiation for a tracking system, and
daily data was used to determine the solar radiation of a fixed system. I discovered
however, that this resulted in inconsistencies, and switched to using hourly data for both
tracking and fixed calculations. The data can be seen in Appendix C.

To calculate the total insolation, defined as the measure of solar radiation energy

received on a given surface area in a given time, the following equation is used:

H; =H,R,+HiR, + P(ﬁb +H, )Rqr

where the subscript “T” implies total, “b” stands for beam, “d” stands for diffuse, and
“gr” stands for ground reflected. In the hourly data, the beam normal is given and the
diffuse on a horizontal surface is given. To calculate the beam the following equation is

used.

I
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As both tracking and fixed systems are tilted, a tilting factor is required to account for the

amount of ground reflected <missing word?> an area absorbs:

R - cos( ¢ — p)cosdsnw + w.Sn(¢ — F)sSno
i COS ¢ COSSSN W, + . SN SN S

= (1-cog)
Ry=p
= (L+co¥)
R=

Where the subscripts “b”, “d”, and “gr” represent the same as before. The variable ¢

represents the latitude, in this case approximately 43 ° ﬂ is the tilt angle, and o is
the declination or the angle measured from the equatorial plane to the ecliptic plane at
solar noon. The variables . and «_ stand for the sunset hour angle. To calculate the

declination the following equation is used:

284 + nJ

0=23.45s n{360
365

where “n” is the number day of the year. | used the average day for each month taken
from a table in Solar Energy Analysis and Design Text Book [3]. In order to calculate the

sunset angle you require the latitude and the declination:



w, =Cos " (—tan(¢) tand)

The next step is to determine the solar time for each hour of the day where:

SolarTime = Sd.Time + 4(Lg; — L oc)+ E

Where Lsr is the longitude for the east coast, 75 ° W, and L, oc is the longitude for the

location, in this case 73 ° W. The “E” value is calculated using the following equation:

E =229.2(0.000075 + 0.001868cosB — 0.032077sinB — 0.014615c0s2B - 0.04089sin2B)

Where B, in degrees, is calculated:

360 (n - 1)
365

B

After the solar time is determined the solar hour angle can be calculated:

o =15°(SolarNoon — CurrentTime)

The solar azimuth angle, Y , the angle measured in horizontal plane from due south,

can also be calculated for each hour:

cosos ncoj

y,=180-s n‘(
cosx,



This value 7 < is later used to determine the tilt range the tracking system should

account for. In the last equation . is the solar altitude angle determined by the

following:

o, =sin"(cos¢ cosscosw + singsing)

From the calculated solar altitude angle, the required tilt of the module is determined by

subtracting 90 degrees:

NV -«

=
I

This then gives you the angle at which the modules should be positioned for a zero
incidence angle to receive the highest exposure since the module’s output is maximized
when perpendicular to the sun. From these calculations it is possible to see that the
incidence angle depends on the declination, solar hour angle, latitude, tilt angle, and solar

azimuth angle.

O , f(6,0.,0,8,7)



Tracking

Assuming the panels are directly facing the sun, incidence angle of zero, the
hourly beam values are given. Calculations are required to alter the values of diffuse and
ground reflected values given. The diffuse data is for a horizontal surface, I4p, SO @
correction factor is applied. The ground reflectance is similar, except it includes a

reflectance factor, p, for different times of the year.

1+ cosp
Id,T = Id,h 2

1-cos
orT =|p( 2 ’B)

I
All the hourly values for bean, diffuse, and ground reflectance are summed to determine
the daily insolation. The above calculations also enabled me to determine the maximum
and minimum angle of azimuth and altitude, which contributes to the final design of the

system.

Non-Tracking

As the national Solar Radiation Data Base gives direct beam, a correction factor is
also required involving the angle of incidence. This angle of incidence value is calculated
for each hour:

P _|sindsingcosp + SindcosgsinSCOSA ¢ + COSSO COS¢ cos,Bcost
; =C . . . .
' —C0SoSingsinBCosA ,; cosw —coséSINPA, SInw



From the angle of incidence, correction factors for beam and diffuse are used:

FixedBeam = (cos0;)(BeamDirectNormal)

FixedDif fuse = <¥)

Unit Conversion
The National Solar Radiation Data Base gives all values in W hr/m?, which is

converted into more common units of MJ/m? using the following conversion:

(M]/mz) = (0.0036) (W hr/mz)

10



Comparison of total collected energy

The results of the calculations show an insolation increase of upwards of 50% in
the Schenectady area. From the table and graph, it is possible to observe the significant
difference a tracking system has over a fixed system during the summer months, April to
September. Also worth noting, the increase is not as great over the winter months, which
is to be expected. This can be explained with the calculated values in Table 2.

During the winter months, the sun rises and sets at a more acute angle compared
to the summer months. For example, during the month of November, the angle between
sunrise and sunset is 140 degrees compared to the sunrise and sunsets angle of 225
degrees in June. Therefore, during the winter months, the fixed array is capable of
absorbing most of the sunlight since the sunlight is always coming from in front of the
panels. However, during the summer months, the sun rises and sets at a much greater
angle and can even be behind the fixed array. This means that a fixed array is unable to
receive any sunlight during the morning and evening, whereas the tracking system is
capable. This explains why the most extreme difference in insolation is during the
summer months.

The overall insolation increase over an entire year is approximately 33%, agreeing
with the range suggested, but not documented, in my research. See Table 1 for solar
radiation values over the months of the year and Figure 1 for the graphical representation.
Table 2 displays the primary calculated values used to determining the sunrise, sunset,

and tilt angles of the panel.
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Table 1. Daily average of solar radiation for tracking and fixed systems, difference, and

percent increase

Tracking Fixed Difference % Increase
(MJ/m2 Day) (MJ/m2 day) (MJ/m2 Day)
January 10.40 8.67 1.73 19.92
February 13.63 11.52 211 18.28
March 16.80 13.46 3.33 24.75
April 19.75 14.22 5.52 38.84
May 18.26 12.32 5.95 48.29
June 19.65 12.95 6.69 51.68
July 21.16 13.82 7.34 53.12
August 18.27 13.59 4.67 34.38
September 19.38 14.54 4.84 33.32
October 12.93 10.50 244 23.20
November 8.07 7.08 1.00 14.08
December 7.66 6.61 1.05 15.83
TOATLS 185.96 139.29 46.67 33.51

12
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Figure 1. Graph of the daily average of solar radiation for a tracking and fixed system



Table 2. Calculated values used in insolation calculations

Month |Date | n 5 (%) s () ose(®) |[N@ays) | v() | vO) | BO) | BO)
Sun Set | Sun Rise | Daylight
AVG | Day# | Declenation MAX MIN MAX MIN
Angle Angle Hours
January 1 17 17 -20.90 69.14 -69.14 9.22 59.68 |-59.68 | 88.96 | 64.27
February 2 16 47 -13.00 77.57 -17.57 10.34 7441 |-66.12 | 92.40 | 56.27
March 3 16 75 -2.40 87.76 -87.76 11.70 83.12 |-83.12 | 86.17 | 45.90
April 4 15 105 9.40 98.88 -98.88 13.18 87.13 |-89.17 | 90.09 | 34.01
May 5 15 135 18.80 108.51 -108.51 14.47 88.70 | -87.17 | 90.65 24.50
June 6 11 162 23.10 113.44 -113.44 15.13 85.57 |-88.13 | 88.20 | 20.42
July 7 17 198 21.20 111.20 -111.20 14.83 88.29 |-88.90 | 90.54 | 22.58
August 8 16 228 13.50 102.94 -102.94 13.72 85.36 |-85.61 | 86.83 | 30.04
September 9 15 258 2.20 92.05 -92.05 12.27 88.74 |-8553 | 91.57 | 40.97
October 10 15 288 -9.60 80.93 -80.93 10.79 8154 |-74.19 | 95.01 | 52.63
November 11 14 318 -18.90 71.38 -71.38 9.52 64.95 |-56.98 | 91.20 | 61.92
December 12 10 344 -23.00 66.68 -66.68 8.89 50.34 |-55.69 | 88.21 | 66.09
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Design

The development of the sun-tracking system involved the input and help of
several people. The ultimate goal of the project is to build the final design concept while
remaining focused on the design scope. At the start, my project was devoted to
developing an active solar-thermal sun-tracking system for the Achilles Rink. When the
news came that Union College was postponing all funding for new solar projects, |
consulted with my advisor and we agreed it would be best to broaden my senior project to
allow additional applications. The new project scope has a more generalized approach
that can be used for solar PV as well as thermal and would fit the Achilles Rink as well as
other roofs. See Appendix E for the Fall term report, “The Research and Development of
a sun-tracking system for the Achilles Rink.”

With the new project definition, the goals remained the same: to maximize the
power output of an array, minimize the power required to track the sun, and be roof
mountable. In order to maximize the power output, dual-axis tracking was required. To
address the second challenge of decreasing the power required to drive the system, two

approaches were considered: using small drives and using fewer drives.
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The design scope also remained on simplicity and low cost, and
manufacturability. After researching solar systems in various places around the globe, |
found that many small villages around the world find it more expensive to run wiring
from the nearest power plant than to have a solar power system installed. Motivated by a
desire to provide a solution applicable in the developing world as well as the
industrialized, | wanted to develop a system that was inexpensive to produce and
manufacture and capable of being built and fixed anywhere in the world with limited
equipment.

The final design concept accomplishes the goals and incorporates the design
scope. The unique feature of the design is the mechanisms by which the system tracks the
sun. Most tracking systems use a drive for each axis of rotation, which means more
power is drawn from the system to power each drive. The current design simplifies dual-
axis into a single axis of rotation while still tracking for azimuth and elevation. This
design decreases the number of drives from two to one, therefore reducing the power
drawn from the panels required to track the sun.

The panels are attached to a frame, which allows a variety of panel sizes and
shapes to be fastened. The panel frame is attached on its back to a center rotating shaft.
This shaft is driven, rotating the panel frame, while the bottom of the panel frame follows
along a track. The track is tilted at a 20-degree angle from the horizontal and is an ellipse
shape. Due to the tilt and shape of the ellipse, as the panel rotates around to follow the
sun from east to west the tilt of the panel frame and panel changes, tracking the sun in

altitude as well. See Figures 2 to 5.
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Figure 2. The image is of an isometric view of the sun-tracker

without panel. Notice the center shaft and ellipse discussed above.

Figure 3. An Isometric view of the sun-tracker with the panel attached

17



Figure 4. Front view of sun-tracker

Figure 5. Side view of sun-tracker, notice tilt of ellipse
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To account for the yearly variation in the altitude of the sun, the shaft length will
either decrease or increase. During the summer months the sun is much higher in the sky,
and the shaft length will be reduced, decreasing the tilt that the panels pass through
during midday. Over the winter months when the sun is lower, the shaft will elongate,
increasing the tilt of the panels over the course of the day. As a change in the shaft length
will vary only slightly during the year, this can be done manually, or with a linear drive.
If driven, the power required to alter the length will be minimal.

The structure, excluding the ellipse and drive mechanism, is constructed from
80/20 aluminum extrusions and could be constructed with other aluminum extrusion
products, not just 80/20. The aluminum extrusion allows for lightweight, all weather use,
easy construction, and availability of replacement parts. Weight is an important
consideration to take into account when designing for roof applications. The current
structure without ellipse and drive mechanism weighs around 40 Ibs. With the rest of the
equipment, it weighs less than 60 Ibs. The drive mechanism is comprised of off-the-shelf
parts as well. The only custom part is the ellipse, which will remain the same shape for
all latitudes of installations.

Other considerations that are taken into account are the angle at which the panel
rotates, the sunrise to sunset angle. As the angle varies from 140 to 225 degrees, the

concept was designed for an angle in the middle, capable of rotating up to 180 degrees.
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Conclusions

Connection between calculated and theoretical gains

It is difficult to determine if the calculations and modeling performed in the fall
term agree with the theoretical predictions, as there was little published research and data
found. The information uncovered cites a range of 30-60% increase of sun exposure that
a tracking system will have over a fixed array, but no calculations could be found. My
results fall within the range: an increase of upwards of 50% during the summer months
and a yearly increase of approximately 30%.

Currently, it is also difficult to determine how this increase in sun exposure will
affect the power output. Further efficiency calculations will be required to determine the
maximum power output a system would be capable of, since PV modules lose efficiency
when the temperature increases.

Design practicality

For this to be practical, the system would have to hold more panels. Sun-tracking
systems for PV modules on the market today carry from 6 to 10 panels. It is just not
practical to track a single panel due to the power the tracking system draws. The next
model, after testing of the current model is completed, would have to be scaled up to
carry multiple panels.

My market analysis indicates that there is a space in the market and this product
may be a lucrative product. Currently, there are only roof mounted fixed arrays and
ground mounted sun-tracking arrays. A product like this would bridge the gap and create

the first ever roof-mountable sun-tracking system for domestic homes.
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Future Work

Over the next term | hope to continue working on the project, the first step being
to finish construction of the prototype. This includes constructing the frame, mounting
the drive mechanism, and programming a control system. Once the design is built, testing
will be done to verify calculations, determining if insolation measurements match
calculated values. | will also prove the design concept by ensuring the system tracks in
dual-axis with the single axis of rotation. In addition to the proof of modeling and
concept, testing to determine the power the tracking system draws to rotate over the
course of the day will be required. If the system draws more power to rotate than it
receives from tracking, design changes, such as lowering the tilt of the ellipse, will be
required.
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Glossary

Declination: Angle measured from the equatorial plane to the ecliptic plane at solar noon.

Insolation: The measure of solar radiation energy received on a given surface area in a
given time, an area is exposed to.

Solar Incidence Angle: The angle between the perpendicular of a surface and the ray
from the sun.

Solar Azimuth: An angle used to define the position of the sun in the sky relative to due
south.

Solar Altitude: An angle used to define the position of the sun in the sky vertically,
relative to the horizon.
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Appendix A: SolidWorks Images and Drawings
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DIRECT MEANS

Month FL 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
January 1|K7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 55.8 246.2 356.3 369.3 383.7 336.7 302.0 313.5 293.3 86.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
February 2|K7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 80.7 325.3 389.7 444.3 460.2 455.7 430.8 371.7 331.8 230.0 11.8 0.0 0.0 0.0 0.0 0.0 0.0
March 3|K7 0.0 0.0 0.0 0.0 0.0 0.0 44.5 298.3 364.7 421.2 460.2 469.2 470.8 466.0 432.7 368.7 295.7 148.5 0.0 0.0 0.0 0.0 0.0 0.0
April 4|K6 0.0 0.0 0.0 0.0 0.0 29.8 308.5 374.0 416.0 429.5 458.3 482.5 494.0 462.0 440.2 400.0 331.0 249.7 35.8 0.0 0.0 0.0 0.0 0.0
May 5|K6 0.0 0.0 0.0 0.0 11.8 135.5 233.7 277.2 332.2 356.3 382.2 386.3 389.2 369.0 356.3 342.8 285.2 229.2 128.8 0.0 0.0 0.0 0.0 0.0
June 6|K6 0.0 0.0 0.0 0.0 37.8 134.5 209.0 291.2 358.8 404.5 400.8 425.3 420.5 393.2 407.0 361.7 308.7 230.2 145.3 0.0 0.0 0.0 0.0 0.0
July 7|K6 0.0 0.0 0.0 0.0 14.5 140.7 259.3 327.5 419.8 420.7 429.7 467.3 468.3 433.2 411.7 386.8 370.8 273.8 184.2 0.0 0.0 0.0 0.0 0.0
August 8|K6 0.0 0.0 0.0 0.0 0.0 17.3 174.5 256.7 346.3 413.0 416.7 457.7 443.5 445.8 411.2 376.0 297.5 198.2 54.5 0.0 0.0 0.0 0.0 0.0
September 9|K6 0.0 0.0 0.0 0.0 0.0 18.3 238.3 361.8 422.2 462.3 509.3 501.7 477.7 492.5 473.0 444.7 361.7 182.0 0.0 0.0 0.0 0.0 0.0 0.0
October 10|K7 0.0 0.0 0.0 0.0 0.0 0.0 35.2 273.3 364.0 354.2 366.0 345.8 356.5 367.7 347.2 306.7 198.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0
November 11|K7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 74.3 188.2 241.5 274.8 302.7 299.2 264.0 246.2 170.3 16.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
December 12|K7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 34.5 191.7 270.7 307.3 281.7 259.7 243.0 240.8 175.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AVERAGE 13|K7 0.0 0.0 0.0 0.0 5.2 39.5 125.3 225.3 331.2 376.5 401.7 413.7 406.0 389.0 370.8 320.8 231.8 127.3 45.7 0.0 0.0 0.0 0.0 0.0

DIFFUSE MEANS

Month FL 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
January 1|K5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 66.5 94.5 121.7 134.8 137.5 122.3 96.2 57.5 10.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
February 2|K5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 35.7 100.8 127.5 154.8 168.8 161.0 153.5 128.7 95.0 50.3 1.0 0.0 0.0 0.0 0.0 0.0 0.0
March 3|K5 0.0 0.0 0.0 0.0 0.0 0.0 20.0 99.8 138.0 164.0 187.8 198.5 188.5 185.2 160.3 131.5 81.8 26.5 0.0 0.0 0.0 0.0 0.0 0.0
April 4|K4 0.0 0.0 0.0 0.0 0.0 5.2 78.3 114.2 155.0 188.8 198.5 202.2 195.2 187.7 169.8 143.3 97.0 53.0 3.8 0.0 0.0 0.0 0.0 0.0
May 5|K4 0.0 0.0 0.0 0.0 0.0 62.2 106.0 149.2 199.7 231.2 249.0 263.2 263.0 252.2 219.7 190.5 137.8 84.5 29.3 0.0 0.0 0.0 0.0 0.0
June 6|K4 0.0 0.0 0.0 0.0 2.8 73.2 124.0 171.7 208.5 227.5 254.3 264.7 253.5 256.5 234.5 196.2 155.5 103.8 47.2 0.0 0.0 0.0 0.0 0.0
July 7|K4 0.0 0.0 0.0 0.0 0.0 55.5 107.2 156.8 190.2 234.8 245.2 247.8 253.2 243.7 224.7 190.0 146.7 93.2 42.5 0.0 0.0 0.0 0.0 0.0
August 8|K4 0.0 0.0 0.0 0.0 0.0 11.3 91.0 148.2 194.3 223.7 250.5 259.8 252.0 236.8 206.8 168.5 129.0 73.2 15.3 0.0 0.0 0.0 0.0 0.0
September 9|K4 0.0 0.0 0.0 0.0 0.0 0.0 54.7 93.7 135.8 158.7 168.0 189.3 182.3 167.7 142.3 110.8 70.7 21.7 0.0 0.0 0.0 0.0 0.0 0.0
October 10|K5 0.0 0.0 0.0 0.0 0.0 0.0 6.0 76.2 114.2 137.5 161.7 169.0 154.3 136.0 104.0 75.0 27.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
November 11|K5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 36.7 85.8 115.2 139.0 141.3 132.0 112.5 83.7 44.0 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
December 12|K5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 69.8 98.7 118.3 125.0 124.2 110.8 79.7 40.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AVERAGE 13|K4 0.0 0.0 0.0 0.0 0.0 17.3 49.0 90.5 138.5 166.8 187.5 197.2 191.3 180.3 154.2 120.3 75.7 37.8 11.5 0.0 0.0 0.0 0.0 0.0

DIRECT STANDARD DEVIATIONS
January 1|K7 0 0 0 0 0 0 160 593 887 908 967 915 887 829 646 278 0 0 0 0 0 0 0
February 2|K7 0 0 0 0 0 0 0 380 644 895 1005 1028 1045 1010 941 749 455 84 0 0 0 0 0 0
March 3|K7 0 0 0 0 0 0 208 652 953 1095 1114 1173 1142 1122 1071 990 789 345 0 0 0 0 0 0
April 4|K6 0 0 0 0 0 186 696 953 1052 1114 1158 1193 1242 1259 1176 1099 991 694 176 0 0 0 0 0
May 5|K6 0 0 0 0 66 375 740 886 943 977 1045 1085 1049 1033 990 910 836 683 329 0 0 0 0 0
June 6|K6 0 0 0 0 94 336 645 806 880 966 1009 1023 1041 1012 946 876 786 631 393 0 0 0 0 0
July 7|K6 0 0 0 0 80 356 653 830 913 933 989 1045 1022 995 930 914 810 704 436 0 0 0 0 0
August 8|K6 0 0 0 0 0 111 504 712 867 888 917 914 964 888 898 880 741 564 179 0 0 0 0 0
September 9|K6 0 0 0 0 0 118 603 887 999 1069 1100 1115 1100 1064 1031 958 749 441 0 0 0 0 0 0
October 10|K7 0 0 0 0 0 0 214 765 938 1010 1096 1121 1091 1104 1043 897 601 56 0 0 0 0 0 0
November 11|K7 0 0 0 0 0 0 0 349 672 834 903 088 974 905 806 564 119 0 0 0 0 0 0 0
December 12|K7 0 0 0 0 0 0 0 133 502 801 890 920 903 854 749 408 0 0 0 0 0 0 0 0
AVERAGE 13|K7 0 0 0 0 33 170 362 370 247 224 235 261 302 313 292 282 410 341 108 0 0 0 0 0

DIRECT DISTRIBUTIONS
January 1|K7 873 229 220 137 93 102 83 76 118 153 150 146 102 169 101 138 105 3 0 0 0 0 0 0
February 2|K7 1100 124 95 86 74 77 85 79 67 98 107 133 128 157 163 245 172 12 0 0 0 0 0 0
March 3|K7 1073 176 113 76 76 83 58 49 46 38 88 113 94 79 176 141 243 279 8 0 0 0 0 0
April 4|K6 1252 85 97 76 68 46 28 54 54 80 94 90 80 68 165 122 151 139 190 61 0 0 0 0
May 5|K6 1368 161 127 77 80 87 105 44 56 63 114 135 63 100 107 119 97 74 22 0 0 0 0 0
June 6|K6 1161 183 79 79 105 129 79 51 73 74 153 117 146 154 158 136 120 4 0 0 0 0 0 0
July 7|K6 1146 173 90 74 84 102 130 90 54 78 120 122 126 144 118 136 126 74 0 0 0 0 0 0
August 8|K6 1204 200 130 97 55 75 92 99 77 89 107 164 125 140 151 125 66 0 0 0 0 0 0 0
September 9|K6 1025 136 99 50 80 76 46 79 72 84 98 62 133 109 182 271 256 138 7 0 0 0 0 0
October 10|K7 1512 166 76 70 35 66 44 50 55 43 87 85 54 119 157 144 151 76 8 0 0 0 0 0
November 11|K7 1464 177 102 72 81 65 84 90 95 90 80 151 105 111 155 75 3 0 0 0 0 0 0 0
December 12|K7 1412 206 129 139 93 68 87 135 91 61 87 106 136 74 146 30 0 0 0 0 0 0 0 0
AVERAGE 13|K7 1217 169 113 86 76 81 77 74 71 80 108 119 108 119 148 140 125 66 20 5 0 0 0 0

DIFFUSE MEANS
January 1|K5 0 0 0 0 0 0 0 5 204 284 375 404 430 372 295 178 34 0 0 0 0 0 0
February 2|K5 0 0 0 0 0 0 0 107 306 375 437 467 457 440 371 276 150 3 0
March 3|K5 0 0 0 0 0 0 53 297 409 469 546 563 533 498 436 358 237 81 0 0 0 0 0 0
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Degrees Radians
725180 Latitude 43 075 ALBANY COUNTY AP NY -5 N 4245 W073 48 84 1003 2005
FIXED
Month Date n B 4(Lst-Lioc) +E 5(°) | ws (°) wsr (%) N (Days) P y(*) max I y(°) min Range (*) B () max *) min Hypeo Ho Difference | % Increase | Increase
Day # Declenation | Sun SetAngle | Sun RiseAnge | #of Daylight Hours | Ground Reflectance | (M)/m2 Day) [(MI/m2 day] (M)/m2 Day)
January 1 17 17 158 -133 -2090 69.14 -69.14 92 s 10.40) 867] 173 19.92 1.20
Februar 2 16 47 454 624 -1300 7757 7757 103 0.6 13.63 1152|211 18.28 1.18
March 3 16 75 730 136 240 87.76 8776 117 0.4 _| 13.46] 3.33 24.75 1.25
April 4 15 105 1026 776 940 98.88 9888 132 0.2 14.22] 552 38.84 1.39
May 5 15 135 1322 1194 18.80 10851 -10851 145 0.2 12.32] 595 48.29 1.48
June 6 i1 162 1588 881 2310 11344 -11344 151 0.2 12.95]  6.69 51.68 1.52
ouly 7 17 198 1943 199 2120 11120 11120 148 0.2 1382 7.34 53.12 1.53
August 16 228 239 31 1350 10294 -10294 137 13,@{ 467 34.38 1.34
September 15 258 535 1264 20 9205 9205 123 1454] a8 33.32 1.33
|Ozmbev 1 15 288 831 2241 960 8093 8093 108 10.50]  2.44 23.20 1.23
November 1 14 318 127 2333 -18.90 7138 7138 95 X 10% 1.00 14.08 114
[December 12 10 344 3383 1514 -2300 66.68 6668 89 0.4 661 105 15.83 1.16
AVERAGE 90.04 -90.04
4:30:00 AM  ######## 6:30:00AM  7:30:00AM  8:30:00 AM 9:30:00 AM 3:30:00PM 4:30:00 PM 5:30:00 PM #####it#i## 7:30:00 PM 8:30:00 PM
JANUARY 85 95 105 115 125 135 145 155 165
Solar Time 122800AM 12800AM 22800AM 32800AM 42800AM 52800AM 62800AM 72800 AM 8:28:00 AM 92800AM 102800 AM 112800AM 122800PM 12800PM 22800PM 32800PM 42800PM | 52800PM 62800PM 72800PM B828:00 PM
o) o() 675 525 -375 -225 75 75 225 375 525 675
asq a0 104 994 1738 2283 2573 2573 2283 1738 994 104
V() V) -59.68 -48.80 -36.58 2282 778 778 2282 3658 4880 5968
B() B() 88.96 8006 7262 67.17 6427 6427 67.17 72562 8006 88.96
Beam DirectNormal Whim2) 00 00 00 00 00 00 00 558 2462 3563 3693 3837 336.7 3020 3135 2933 865 00 00 00 00
Diffuse (Normal) Whem2) 001 574 14.12 2360 2927 2984 2373 1436 496 010
Beam & Diffuse (w/m2)
Diffuse (Horizonta) whima) 00 00 00 00 00 00 00 15 665 945 1217 1348 1375 1223 962 575 107 00 00 00 00
FEBRUARY 74 84 94 104 114 124 134 144 154 164 174
Solar Time 122500AM 12500 AM 22500 AM 32500AM 42500AM 52500AM 62500AM 72500 AM 82500 AM 92500AM 102500 AM 112500 AM 122500PM 12500PM 22500PM 32500PM 42500PM  52500PM | 62500PM 72500PM 82500 PM
o() o() -69 54 -39 -24 -9 6 2 36 51 6 81
as() @) 585 1539 2360 2984 33.40 3373 3079 2503 17.16 784 240
V() V) -66.12 5485 -42.00 2719 -1052 703 2398 39.20 5242 6397 7441
B(" B() 8415 7461 66.40 60.16 56.60 56.27 59.21 6497 72.84 82.16 92.40
Beam DirectNormal whimz) 00 00 00 00 00 00 00 80.7 3253 3897 4443 4602 4557 4308 3717 3318 2300 118 00 00 00
Diffuse (Normal) Whim2) 182 1338 2552 3852 46.46 44.70 39.29 2722 1401 343 -0.02
Beam &Dif fuse /m2)
Diffuse (Horizontl) whim2) 00 00 00 00 00 00 00 357 1008 1275 1548 1688 1610 1535 1287 950 503 10 00 00 00
MARCH 65 75 85 105 115 125 135 145 155 165 175
Solar Time 122800 AM 12800 AM 22800AM 32800AM 42800AM 52800AM 62800AM 72800 AM 82800 AM 92800AM  102800AM 112800 AM 122800PM 128:00PM 22800PM 32800PM 42800PM 528:00PM  62800PM 72800PM 8:28:00 PM
o() o () -825 675 -525 -375 -225 75 75 225 375 525 675 825
asq a0 383 1454 2460 3345 4028 4410 44.10 4028 3345 24560 1454 383
V() 176} -8312 -7248 6067 -46.80 -3008 -1046 1046 30.08 46.80 6067 7248 8312
b B() 86.17 7546 6540 5655 4972 4590 45.90 4972 5655 65.40 7546 86.17
Beam DirectNormal whimz) 00 00 00 00 00 00 445 2983 3647 4212 4602 4692 4708 4660 4327 368.7 2957 1485 00 00 00
Diffuse (Normal) Wh/m2) 067 1253 28.72 4519 50.72 69.07 6559 5986 4418 27.37 10.27 089
Beam & Diffuse (/) [ eas w2 aaiee 1ss 194 183 189 12 143 110 o054
Diffuse (Horizontal) whim2) 00 00 00 00 00 00 200 998 1380 1640 1878 1985 1885 1852 1603 1315 818 265 00 00 00
APRIL 56 66 76 86 06 116 126 136 146 156 166 176 186
Solar Time 12:3800AM 13800AM 23800AM 33800AM 43800AM 53800AM 63800AM  7:3800 AM 8:38:00 AM 93800AM  103800AM 113800AM 12:3800PM 13800PM 23800PM 33800PM 43800PM 53800PM 638:00PM| 73800PM 8:38:00PM
o) () -96 -81 -66 -51 -36 -21 6 9 24 39 54 69 84 99
as() as() 206 1296 2388 3443 4404 5172 55.99 5549 50.40 4223 3238 2171 1077 -0.09
V() v() 7905 8917 -8029 6837 5377 -3480 -1063 1581 39.02 56.98 7092 8247 87.13 7701
B() B() 8794 77.04 66.12 5557 4596 3828 3401 3451 39.60 4717 5762 68.29 7923 90.09
Beam DirectNormal Whim2) 00 00 00 00 00 298 3085 3740 4160 4295 4583 4825 4940 4620 4402 4000 3310 2497 358 00 00
Diffuse (Normal) Whim2) 009 878 23.11 4382 6563 77.91 83.79 8041 7230 5707 38.38 17.94 495 000
Beam & Diffuse (w2 [ om T wie T aas 0 iee 178 183 204 200 182 i7s  1s8 126 092 oi3
Diffuse (Horizonta) whima) 00 00 00 00 00 52 783 1142 155.0 1888 1985 2022 1952 1877 1698 1433 970 530 38 00 00
MAY 47 57 67 77 87 97 107 17 127 137 147 157 167 177 187
Solar Time 124200 AM 14200 AM 24200AM 34200AM 4:4200AM 54200AM 64200 AM  7:4200 AM 8:42:00 AM 94200AM 104200 AM 114200 AM 12:4200PM 14200PM 24200PM 34200PM 44200PM 54200PM 642:00PM| 74200PM B8:42:00 PM
o() () -1095 945 795 645 -495 -345 195 -45 105 255 405 555 705 855 1005
as() s 065 952 2024 3119 4202 5222 6074 6550 64.23 5764 4827 3773 26.80 1591 537
V) V) 6318 7312 8277 8717 -75.69 6107 -4028 -1032 2338 4958 67.45 8054 88.70 7891 6921
B() B() 9065 80.48 69.76 58.81 47.98 37.78 2926 2450 2577 3236 4173 5227 63.20 74.09 84.63
Beam DirectNormal whimz) 00 00 00 00 118 1355 2337 2772 3322 3563 3822 3863 3892 369.0 3563 3428 2852 2292 1288 00 00
Diffuse (Normal) Whm2) 000 514 1834 3862 6683 9135 10861 11974 11842 10650 8196 5829 3107 1158 137
Beam &Diffuse (w/2) o004 oSt 091 114 1a 1§t 177 18 183 171 158 144 114 087 047
Diffuse (Horizontl) whim2) 00 00 00 00 00 622 1060 1492 1997 2312 2490 2632 2630 2522 2197 1905 1378 845 293 00 00
JUNE 463 563 663 763 863 1063 1163 12563 1363 1463 1563 1663 1763 18563
Solar Time 123800AM 138:00AM 238:00AM 33800AM 4:3800AM 53800AM 63800AM  738:00 AM 83800 AM 103800 AM 113800 AM 12:38:00PM 13800PM 2:3800PM 33800PM 43800PM 53800PM 63800PM 73800PM 8:38:00 PM
o) () -11055 9555 -8055 -65.55 5055 -2055 555 945 2445 3945 5445 69.45 8445 99.45
as( ) 180 1168 2221 3309 4403 6383 6958 68.62 6164 5191 4120 3025 1943 904
V() v) 5951 6921 -7854 -88.13 -8107 -47.06 1477 2447 5327 7133 8407 8557 76.12 66.74
B() B() 88.20 78.32 67.79 5691 4597 2617 2042 2138 2836 38.09 48.80 5975 7057 80.96
Beam DirectNormal whan) 00 00 00 00 378 1345 209.0 2912 3588 4008 4253 4205 3932 4070 3617 308.7 2302 1453 00 00
Diffuse (Normal) why/m2) 004 741 2344 4687 7246 114.13 12401 118.02 11285 9228 6461 39.16 17.27 371
Beam & Diffuse (w2 [ oaaostose 122 185 79 185 1ss 194  1ls2 180 183 125 089 054
Diffuse (Horizontal) whim2) 00 00 00 00 28 732 1240 1717 2085 2275 2543 264.7 2535 2565 2345 1962 1555 1038 472 00 00
JuLy 453 553 653 753 853 953 1053 1153 1253 1353 1453 1553 1653 1753 1853
Solar Time 123200AM 13200AM 23200AM 33200AM 43200AM 53200AM 63200AM  7:3200 AM 832:00 AM 93200AM  103200AM 113200AM 123200PM 13200PM 23200PM 33200PM 43200PM 53200PM 63200PM| 73200PM 832:00 PM
o) () -11205 9705 8205 6705 5205 -3705 2205 705 795 2295 3795 5295 67.95 82.95 97.95
as() a0 054 938 19.93 3083 4176 5226 6148 67.42 67.21 60.99 5166 4111 3017 1929 876
V() 176} -59.79 -69.69 7918 -88.90 -8023 -66.61 -4713 1734 19.44 4855 6755 8094 8829 7861 69.11

st 10:30:00PM  11:30:00 PM
TOTALS
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90.6! 24.50
Diffuse Total per Day (MJ/
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B() 8062 70.07 2258 22.79 29.01 3834 4889 5983 7071

Beam DirectNormal Whimz) [ 22.58]
Diffuse (Normal) Wh/m2) 000 452 1827 4019 63.32 9286 107.70 11442 11670 10654 8810 6246 3686 1539 324 iffuse Total per Day (MJ/
Beam &Diffuse (y/nr2)

Diffuse (Horizontal) whimz)

AUGUST . 656 756 85 956 1056 1156 1256 1356 1456 1556 1656 1756 1856 TOTALS
Solar Time 53400AM 63400AM 73400 AM 83400 AM 93400AM  103400AM 113400AM 123400PM 13400PM 234:00PM 33400PM 43400PM 53400PM 63400PM
o) 966 816 -66.6 516 366 216 66 84 234 384 534 684 834 984
as() 444 15.25 2621 36.94 46.90 5513 59.96 59.62 54.28 4577 3568 2490 1394 317
v() -7566 -85.61 -84.07 -7244 -38.76 -1290 16.31 4141 59.98 7394 8536 8441 7445
B() 85.56 74.75 6379 . . 3487 30.04 30.38 3572 4423 5432 65.10 76.06 86.83
Beam DirectNormal whim2)
Diffuse (Normal) whi/m2)
Beam & Diffuse (wym2)

Diffuse (Horizontal) whim2)

SEPTEMBER 572 6.72 772 8.72 9.72 1072 1172 1272 13.72 14.72 15.72 16.72 17.72 TOTALS
Solar Time 54300AM 64300AM  7:43:00 AM 8:43:00 AM 9:43.00 AM 104300 AM 11:43:00AM 12:4300PM 14300PM 2:4300PM 34300PM  44300PM 54300PM
() -942 -79.2 -642 -492 -342 -192 -42 108 258 408 558 708 858
() 157 939 2014 3025 3910 4575 49.03 48.08 4317 35.41 2591 1546 457
v() 8553 -84.20 7338 6112 -46.36 -2810 641 1628 3661 53.24 66.76 7826 88.74
B() 9157 8061 69.86 59.75 50.90 4425 4097 4192 46.83 5459 64.09 7454 8543
Beam DirectNormal whimz)
Diffuse (Normal) whima)
Beam & Dif fuse My m2)

Diffuse (Horizontal) whimz)

OCTOBER 6.86 786 8.86 9.86 1086 1186 1286 1386 1486 1586 1686 1786 TOTALS
Solar Time 65200AM 75200 AM 852:00 AM 95200AM 105200 AM 115200 AM 125200PM 15200PM 25200PM 35200PM 45200PM  5:52:00 PM
o) 771 -62.1 471 -321 171 21 129 279 429 579 729 879
) 271 1293 2216 2981 3513 3737 3610 3157 2449 1563 564 501
v() -74.19 -6339 -5125 g -20.76 -261 1581 3279 4752 60.15 7126 8154
B() 87.29 7707 g . 5487 5263 53.90 5843 6551 7437 8436 95.01
Beam DirectNormal whim2)
Diffuse (Normal) whi/m2)
Beam &Diffuse (y/m2)

Diffuse (Horizontal) whimz)

NOVEMBER 788

888 88 1088 1188 12588 1388 1488 1588 16.88 TOTALS
Solar Time 75300 AM 85300 AM

9
953:00 AM 105300 AM 1153:00AM 1255300PM 15300PM 253:00PM 35300PM  453:00 PM

o() 618 468 -318 -168 18 132 282 432 582 732
a0 609 1464 2154 2620 2808 26.92 2289 1647 826 -120
v() -56.98 -45.46 -193 14.02 2903 4248 5434 64.95
B() 8391 ¥ . . 61.92 63.08 6711 7353 8174 91.20
Beam DirectNormal Whimz)
Diffuse (Norma) whi'm2)
Beam &Diffuse (vmv2)

Diffuse (Horizontal) whimz)

DECEMBER 775 875 975 1075 1175 1275 1375 1475 1575 TOTALS
Solar Time 7:45:00 AM 8:45:00 AM 9:45:00 AM 104500 AM 114500 AM 12:4500PM 1:4500PM 2:4500PM 3:45:00PM

() -63.75 -48.75 -33.75 1875 375 1125 2625 4125 56.25
as() 179 1022 1705 2178 2391 2319 1971 1387 6.17
v() 5569 -44.69 -3234 1858 -3.78 1127 2562 38.69 5034
B() 88.21 7978 72.95 68.22 66.09 66.81 7029 76.13 83.83
Beam DirectNormal whimz)
Diffuse(Normal) whi/m2) 2195 2533 2445
Beam & Dif fuse My m2)

Diffuse (Horizontal) whimz)



4:30:00 PM  5:30:00 PM  6:30:00 PM  7:30:00 PM  8:30:00 PM  9:30:00 PM

4:28:00 PM  5:28:00 PM  6:28:00 PM  7:28:00 PM 8:28:00 PM  9:28:00 PM

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

6:25:00 PM  7:25:00 PM  8:25:00 PM

0.0

0.0

6:28:00 PM  7:28:00 PM  8:28:00 PM

0.0

0.0

6:38:00 PM | 7:38:00 PM  8:38:00 PM

0.0

0.0

0.0

0.0

9:25:00 PM

0.0

0.0

9:28:00 PM

0.0

0.0

9:38:00 PM

0.0

0.0

FIXED ARRAY CALCULATIONS Degrees  Radians
725180 Latitude 43 0.75 ALBANY COUNTY AP NY -5 N 4245 WO73 48 84 1003 2005
Month Date n B ALseLitE| (%) ws (%) wsa (°) N (Days) ° \ v () max y()min | yRange(") | B()max | B()min H pea Hr Difference | % Increase
Day # Declenation |Sun Set Angk| Sun Rise Anglef Daylight Ho pund Reflectance (MJ/m2 Day)| (M3/m2 Day)| (MJ/m2 Day)
January 1 17 17 15.8 -1.33 -20.90 69.14 -69.14 9.2 0.6 0.00 0.00 1] 43.00 43.00 8.67 9.91 -1.24 -12.49
February 2 16 47 45.4 -6.24 -13.00 77.57 -77.57 10.3 0.6 0.00 0.00 1] 43.00 43.00 11.52 13.59 -2.07 -15.21
March 3 16 75 73.0 -1.36 -2.40 87.76 -87.76 17 0.4 0.00 0.00 o 43.00 43.00 13.46 15.46 -1.99 -12.89
| April 4 15 105 102.6 7.76 9.40 98.88 -98.88 132 0.2 0.00 0.00 o 43.00 43.00 14.22 16.76 -2.54 -15.13
May 5 15 135 132.2 11.94 18.80 108.51 -108.51 14.5 0.2 0.00 0.00 o 43.00 43.00 12.32 17.43 -5.11 -29.32
June 6 11 162 158.8 8.81 23.10 113.44 -113.44 151 0.2 0.00 0.00 ] 43.00 43.00 12.95 18.10 -5.14 -28.42
July 7 17 198 1943 1.99 21.20 111.20 -111.20 14.8 0.2 0.00 0.00 ] 43.00 43.00 13.82 18.45 -4.63 -25.07
August 8 16 228 2239 331 13.50 102.94 -102.94 13.7 0.2 0.00 0.00 ] 43.00 43.00 13.59 17.80 -4.20 -23.62
September 9 15 258 253.5 12.64 2.20 92.05 -92.05 123 0.2 0.00 0.00 [ 43.00 43.00 14.54 16.76 -2.23 -13.29
October 10 15 288 283.1 2241 -9.60 80.93 -80.93 108 0.2 0.00 0.00 [ 43.00 43.00 10.50 13.84 -3.34 -24.15
November 11 14 318 312.7 23.33 -18.90 71.38 -71.38 9.5 0.2 0.00 0.00 o 43.00 43.00 7.08 8.75 -1.67 -19.12
December 12 10 344 338.3 15.14 -23.00 66.68 -66.68 8.9 0.4 0.00 0.00 [ 43.00 43.00 6.61 7.90 -1.28 -16.24
AVERAGE = 90.04 -90.04 0.00 0.00 43.00 43.00
12:30:00 AM  1:30:00 AM 2:30:00 AM 3:30:00 AM 4:30:00 AM 5:30:00 AM 6:30:00 AM 7:30:00 AM 8:30:00 AM 9:30:00 AM 10:30:00 AM 11:30:00 AM 12:30:00 PM 1:30:00 PM 2:30:00 PM 3:30:00 PM
JANUARY 75 8.5 9.5 105 115 125 135 145 155 16.5
Solar Time 12:28:00 AM  1:28:00 AM 2:28:00 AM 3:28:00 AM 4:28:00 AM 5:28:00 AM 6:28:00 AM 7:28:00 AM  8:28:00 AM 9:28:00 AM 10:28:00 AM 11:28:00 AM 12:28:00 PM 1:28:00 PM 2:28:00 PM  3:28:00 PM
o) o () -67.5 -52.5 -37.5 -225 -7.5 75 225 375 52.5 67.5
as () as() 1.04 9.94 17.38 22.83 25.73 25.73 22.83 17.38 9.94 1.04
v() v() 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B() B() 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00
Incidence Angle 69.05 55.34 42.17 30.33 22.15 22.15 30.33 42.17 55.34 69.05
Beam Direct Normal whrim2) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 55.8 246.2 356.3 369.3 383.7 336.7 302.0 3135 293.3 86.5 0.0 0.0
I+ (Wh/m2) 20.0 140.0 264.1 318.8 355.4 311.8 260.7 232.4 166.8 30.9
Diffuse (Normal) (whi/m2) 0.55 24.32 34.56 44.49 49.31 50.28 44.73 35.17 21.03 3.90
Beam & Diffuse (w2 [ oo ose iesisl 146 13 110 0% 0 013
Diffuse (Horizontal) whrima) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 il 66.5 94.5 1217 134.8 1375 122.3 96.2 57.5 10.7 0.0 0.0
FEBRUARY 7.4 8.4 9.4 104 114 124 134 14.4 15.4 16.4 17.4
Solar Time 12:25:00 AM  1:25:00 AM  2:25:00 AM  3:25:00 AM 4:25:00 AM 5:25:00 AM 6:25:00 AM  7:25:00 AM  8:25:00 AM  9:25:00 AM  10:25:00 AM  11:25:00 AM 12:25:00 PM 1:25.00 PM 2:25.00 PM 3:25.00 PM 4:25:00 PM 5:25:00 PM
() o () -69 -54 -39 -24 -9 6 21 36 51 66 81
as () as() 5.85 15.39 23.60 29.84 33.40 33.73 30.79 25.03 17.16 7.84 -2.40
v() v() 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B() B() 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00
Incidence Angle 69.56 55.06 40.78 27.11 15.77 14.30 24.54 37.97 52.18 66.65 81.23
Beam Direct Normal whrim2) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 80.7 325.3 389.7 4443 460.2 455.7 430.8 3717 3318 230.0 118 0.0
I+ (Wh/m2) 28.2 186.3 295.1 395.5 442.9 4416 391.9 293.0 203.5 91.2 18
Diffuse (Normal) (whi/m2) 13.04 36.87 46.62 56.62 61.74 58.87 56.13 47.05 34.74 18.41 0.37
Beam & Diffuse vumr2)
Diffuse (Horizontal) whrima) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 35.7 100.8 1275 154.8 168.8 161.0 153.5 128.7 95.0 50.3 10 0.0
MARCH 6.5 75 85 95 105 115 125 135 145 155 16.5 175
Solar Time 12:28:00 AM  1:28:00 AM 2:28:00 AM 3:28:00 AM 4:28:00 AM 5:28:00 AM 6:28:00 AM  7:28:00 AM  8:28:00 AM 9:28:00 AM  10:28:00 AM 11:28:00 AM 12:28:00 PM 1:28:00 PM 2:28:00 PM 3:28.00 PM 4:28:00 PM 5:28:00 PM
o) o () -825 -67.5 -52.5 -37.5 -225 -7.5 75 225 375 52.5 67.5 82.5
as () as() 3.83 14.54 24.60 33.45 40.28 44.10 44.10 40.28 33.45 24.60 14.54 3.83
v() v() 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 B() 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00
Incidence Angle 82.51 67.52 52.54 37.57 22.62 7.87 7.87 22.62 37.57 52.54 67.52 82.51
Beam Direct Normal whrim2) 0.0 0.0 0.0 0.0 0.0 0.0 445 298.3 364.7 421.2 460.2 469.2 470.8 466.0 432.7 368.7 295.7 1485 0.0
I+ (Wh/m2) 5.8 1141 221.8 333.8 424.8 464.7 466.4 430.2 343.0 224.2 113.0 19.4
Diffuse (Normal) (whr/m2) 7.31 36.51 50.46 59.97 68.69 72.59 68.93 67.71 58.63 48.09 29.92 9.69
Beam & Diffuse (w2 [ oos osa oss 142 178 163 188 179 145 088 051 010
Diffuse (Horizontal) whrima) 0.0 0.0 0.0 0.0 0.0 0.0 20.0 99.8 138.0 164.0 187.8 198.5 188.5 185.2 160.3 1315 81.8 26.5 0.0
APRIL 5.6 6.6 76 8.6 9.6 10.6 11.6 12.6 13.6 14.6 15.6 16.6 17.6 18.6
Solar Time 12:38:00 AM  1:38:00 AM 2:38:00 AM 3:38:00 AM 4:38:00 AM 5:38:00 AM 6:38:00 AM  7:38:00 AM  8:38:00 AM 9:38:00 AM 10:38:00 AM 11:38:00 AM 12:38:00 PM 1:38.00 PM 2:38.00 PM 3:38.00 PM 4:38.00 PM 5:38:00 PM
() o () -96 -81 -66 -51 -36 -21 -6 9 24 39 54 69 84 99
as () as() 2.06 12.96 23.88 34.43 44.04 51.72 55.99 55.49 50.40 42.23 32.38 2171 10.77 -0.09
v() v() 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B() B() 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00
Incidence Angle 95.92 81.12 66.34 51.62 37.05 22.92 1114 12.99 25.67 39.94 54.56 69.30 84.08 98.88
Beam Direct Normal whrim2) 0.0 0.0 0.0 0.0 0.0 29.8 308.5 374.0 416.0 4295 458.3 4825 494.0 462.0 440.2 400.0 3310 249.7 35.8
I+ (Wh/m2) -31 476 150.1 258.3 342.8 422.1 4734 481.4 416.4 3375 232.0 117.0 25.7 -5.5
Diffuse (Normal) (whr/m2) 1.89 28.64 41.75 56.68 69.05 72.59 73.93 71.37 68.63 62.10 52.41 35.47 19.38 1.40
Beam & Diffuse (w2 [ oo0 oz ose 118 148 178 17 1 175 14 102 08 016 -001
Diffuse (Horizontal) whrima) 0.0 0.0 0.0 0.0 0.0 5.2 78.3 114.2 155.0 188.8 198.5 202.2 195.2 187.7 169.8 1433 97.0 53.0 38
MAY 4.7 5.7 6.7 7.7 8.7 9.7 10.7 1.7 127 137 14.7 15.7 16.7 177 18.7
Solar Time 12:42:00 AM  1:42:00 AM  2:42:00 AM  3:42:00 AM  4:42:00 AM  5:42:00 AM  6:42:00 AM  7:42:00 AM  8:42:00 AM 9:42:00 AM 10:42:00 AM 11:42:00 AM 12:42:00 PM 1:42.00 PM 2:42.00 PM 3:42.00 PM 4:42.00 PM 5:42:00 PM 6:42:00 PM ' 7:42:00 PM 8:42:00 PM 9:42:00 PM
o) o () -109.5 -94.5 -79.5 -64.5 -49.5 -345 -195 -4.5 105 255 40.5 55.5 70.5 85.5 100.5
as () as() -0.65 9.52 20.24 3119 42.02 52.22 60.74 65.50 64.23 57.64 48.27 37.73 26.80 15.91 5.37

10:30:00 PM

10:28:00 PM

0.0

0.0

10:25:00 PM

0.0

0.0

10:28:00 PM

0.0

0.0

10:38:00 PM

0.0

0.0

10:42:00 PM

11:30:00 PM

11:28:00 PM

0.0

0.0

11:25:00 PM

0.0

0.0

11:28:00 PM

0.0

0.0

11:38:00 PM

0.0

0.0

11:42:00 PM

TOTALS

Movement Range
Max

Tilt Range

. Diffuse Total per Day (M
8.67

TOTALS

Movement Range

gi
8
&

Tilt Range

. Diffuse Total per Day (M
1152

TOTALS

Movement Range

gi
8
&

Tilt Range

. Diffuse Total per Day (M
13.46

TOTALS

Movement Range
Max

Tilt Range

. Diffuse Total per Day (M
14.22
TOTALS

Movement Range
Max



Beam Direct Normal whim2)

I+ (Wh/m2) =37 -10.1 40.3 113.0 204.2 278.0 3410 364.6 362.2 315.3 256.5 183.8 90.1 17.0 -22.2

Diffuse (Normal) (whr/m2)
Beam & Diffuse vumr2)

Diffuse (Horizontal) whrimz)

JUNE 4.63 5.63 6.63 7.63 8.63 9.63 10.63 11.63 12.63 13.63 14.63 15.63 16.63 17.63 18.63 TOTALS
Solar Time 4:38:00 AM  5:38:00 AM  6:38:00 AM  7:38.00 AM  8:38:00 AM 9:38:00 AM 10:38:00 AM 11:38:00 AM 12:38:00 PM 138 3:38:00 PM -
o () -110.55 -95.55 -80.55 -65.55 -50.55 -35.55 -20.55 -5.55 9.45 54.45 Movement Range
9 1.80 11.68 2221 33.09 44.03 54.58 63.83 69.58 68.62 41.20
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

43.00

Beam Direct Normal whim2)

I+ (Wh/m2)
Diffuse (Normal) (whr/m2)
Beam & Diffuse vumr2)

Diffuse (Horizontal) whrimz)

JuLy 4.53 5.53 6.53 7.53 8.53 9.53 10.53 11.53 12.53 13.53 14.53 15.53 16.53 17.53 18.53 TOTALS
Solar Time 4:32:00 AM  5:32:00 AM  6:32:00 AM  7:32.00 AM  8:32.00 AM 9:32:00 AM 10:32.00 AM 11:32.00 AM 12:32:00 PM 1:32:00 PM 2:32:00 PM 3:32:00 PM 4:32.00 PM 5:32:00 PM 6:32:00 PM
() -112.05 -97.05 -82.05 -67.05 -52.05 -37.05 -22.05 -7.05 7.95 22.95 37.95 52.95 67.95 82.95 97.95 Movement Range
9 -0.54 9.38 19.93 30.83 41.76 52.26 61.48 67.42 67.21 60.99 51.66 4111 30.17 19.29 8.76
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Beam Direct Normal whiim2)

I+ (Wh/m2)
Diffuse (Normal) (whr/m2)
Beam & Diffuse vumr2)

Diffuse (Horizontal) whrimz)

AUGUST 5.56 6.56 7.56 8.56 9.56 10.56 11.56 12.56 13.56 14.56 15.56 16.56 17.56 18.56 TOTALS
Solar Time 5:34:.00 AM  6:34:00 AM  7:34.00 AM  8:34:00 AM 9:34:00 AM 10:34:00 AM 11:34:00 AM 12:34:00 PM 1:34:00 PM 2:34:00 PM 3:34:00 PM 4:34:00 PM 5:34:00 PM 6:34:00 PM
o () -96.6 -81.6 -66.6 -51.6 -36.6 -216 -6.6 8.4 23.4 38.4 53.4 68.4 83.4 98.4 Movement Range
as() 4.44 15.25 26.21 36.94 46.90 55.13 59.96 59.62 54.28 45.77 35.68 24.90 13.94 3.17

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

v(O)
9 43.00 43.00 43.00 43.00 43.00 43.00

B

Beam Direct Normal whim2)
I+ (Wh/m2) =iy 24.8 99.1 209.2 3224 376.7 4421 426.6 397.9 3133 218.0 106.5 221 =Tl

Diffuse (Normal) (whr/m2)
Beam & Diffuse vumr2)
Diffuse (Horizontal) whrimz)

SEPTEMBER 5.72 6.72 7.72 8.72 9.72 10.72 11.72 12.72 13.72 14.72 15.72 16.72 17.72 TOTALS
Solar Time 5:43:00 AM  6:43:00 AM  7:43.00 AM  8:43.00 AM 9:43:00 AM 10:43.00 AM 11:43.00 AM 12:43:00 PM 1:43:00 PM 2:43:00 PM 3:43:.00 PM 4:43.00 PM 5:43:00 PM
o () -94.2 -79.2 -64.2 -49.2 -34.2 -19.2 -4.2 10.8 25.8 40.8 55.8 70.8 85.8 Movement Range
-157 9.39 20.14 30.25 39.10 45.75 49.03 48.08 43.17 35.41 25.91 15.46 4.57

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
43.00

Beam Direct Normal whiim2)

I+ (Wh/m2) -13 44.6 157.4 275.6 3821 480.6 500.0 468.9 4431 357.8 249.8 118.9 133
Diffuse (Normal) (whr/m2) 61.43
Beam & Diffuse vumr2)
Diffuse (Horizontal) whrimz)

OCTOBER 6.86 7.86 8.86 9.86 10.86 11.86 12.86 13.86 14.86 15.86 16.86 17.86 TOTALS
Solar Time 6:52:00 AM  7:5200 AM  8:52:00 AM  9:52:00 AM 10:52.00 AM 11:52:00 AM 12:52:00 PM 1:52:00 PM 2:52:00 PM 3:52:00 PM 4:52:00 PM 552:00 PM
o () -1 -62.1 -47.1 -321 -17.1 -21 12.9 279 429 57.9 72.9 87.9 Movement Range
as () 271 12.93 22.16 29.81 35.13 37.37 36.10 31.57 24.49 15.63 5.64 -5.01

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

v(O)
B (] 43.00 43.00 43.00 43.00 43.00

Beam Direct Normal whiim2)

I+ (Wh/m2) 7.7 126.1 2443 295.8 344.9 340.8 3426 320.4 250.8 160.7 57.4 0.1

Diffuse (Normal) (whr/m2)
Beam & Diffuse (vumr2)

Diffuse (Horizontal) whrimz)

NOVEMBER 7.88 8.88 9.88 10.88 11.88 12.88 13.88 14.88 15.88 16.88 TOTALS



Solar Time 7:53:00 AM  8:53:00 AM  9:53:00 AM  10:53:00 AM  11:53:00 AM  12:53:00 PM 1:53:00 PM 2:53:00 PM 3:53:00 PM 4:53:00 PM

() -61.8 -46.8 -31.8 -16.8 -1.8 132 28.2 43.2 58.2 73.2 Movement Range
as() 6.09 14.64 21.54 26.20 28.08 26.92 22.89 16.47 8.26 -1.20
v() 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Beam Direct Normal whiim2)
I+ (Wh/m2) 33.2 121.9 194.2 248.9 286.2 275.6 220.1 169.8 84.9 45

Diffuse (Normal) (whr/m2)
Beam & Diffuse (u/m~2)
Diffuse (Horizontal) whrimz)

DECEMBER 7.75 8.75 9.75 10.75 1175 12.75 13.75 14.75 15.75
Solar Time

()

TOTALS

Movement Range

Beam Direct Normal whim2)

I+ (Wh/m2) 14.0 116.3 207.2 267.9 258.7 234.4 200.6 166.7 89.8

Diffuse (Normal) (whr/m2)
Beam & Diffuse (u/m~2)

Diffuse (Horizontal) whrimz)

Diffuse Total per Day (M
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! SunFlower Solar
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SunFlower Solar is entering into a competitive and ever-expanding market space,
environmentally friendly renewable energy, which has enormous potential for growth. Within
the market, our product, the SolarFlower, will be reshaping an existing category, sun-tracking
systems, into a new direction. Currently, most sun-tracking systems are for large solar power
farms and are limited to ground installation. The majority of homes using solar power mount
stationary array on the roofs, out of the way and out of the shade, but they lack the benefit of
sun-tracking. Domestic sun-tracking systems for solar panels are ground-mounted, usually
custom designed and made, complicated, require a large investment, and consume important real
estate, but maximize the power output of the solar panels. Why not combine the benefits of both
situations?

The SolarFlower bridges the gap between ground-mounted sun-tracking systems, and
roof mounted stationary solar panel arrays, becoming the first roof-mounting sun-tracking
system for domestic homes.

Advantages of SolarFlower:

e Robust construction, aluminum profiles

Easy installation

e Unattended operation

e No maintenance of the assembly required
» Works even in winter

e Self-locking gear protects against wind
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Over the past few years, fuel costs have increased, consumers have become more
environmentally conscious, and the government has increased energy subsidies. All this
awareness has increased the demand for green alternative energy produced by means such as
solar, wind, hydro, and biomass. Although solar power is one of the greatest potential sources of
the renewable energy, it is currently limited by the low efficiency of photovoltaic solar panels,
approximately 20%. There are two ways of approaching this problem, either improving the
technology to increase the efficiency, which will come with research and funding, or by
increasing the amount of sun light the panel is exposed to, which can be done now.

Our engineering team went back to the drawing board and did some R & D with the
ultimate goal of developing a sun-tracking system for solar panels. Research and computer
modeling were performed to determine the potential increase in sun exposure with a tracking
system. The design goal was to develop an unattended operational dual-axis tracking system,
capable of being mounted to the roof and robust enough to stand Mother Nature. Emphasis was
placed on simplicity in manufacturing and low cost. A prototype is in production and will be
used to prove the concept and verify the modeling calculations.

The solution is the SolarFlower. The system is capable of improving the power output of
existing and new solar panels immediately, and upwards of 40% over the course of a day. An
increase in the solar power from your solar array means less power you have to pay for from the
grid, lowering your carbon footprint, and decreasing the payback period of the solar system you

invested in.!
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